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1 Introduction

A fundamental question in corporate finance is how firms manage their capital structures.

The tax shield of debt is traditionally viewed as a key determinant of firms’ leverage. Yet

many firms appear underleveraged, seemingly leaving money on the table. Notably, over 1/5

of firms have close to zero leverage (Strebulaev and Yang, 2013), despite typically having

high profitability and good liquidity, which suggests a low risk of financial distress. It is,

therefore, puzzling that these firms do not lever up to take advantage of the tax shield.

Moreover, while leverage tends to adjust slowly toward target levels (e.g., Flannery and

Rangan, 2006), exhibiting persistence (Lemmon et al., 2008) and mean reversion (Huang

and Ritter, 2009) consistent with trade-off theory augmented by leverage ratchet effects

(Admati et al., 2018; DeMarzo and He, 2021), empirical evidence shows that debt issuance

is often driven by operational and investment needs rather than proactive adjustment to

targets (e.g., Denis and McKeon, 2012), and proactive deleveraging is common (DeAngelo

et al., 2018).

This paper demonstrates that corporate and personal taxes themselves—not other frictions—

can explain these puzzling facts. Most literature and textbooks traditionally interpret the

tax shield of debt using Miller’s (1977) definition, (1− τb)− (1− τc)(1− τe), which evaluates

the tax benefits of firms’ outstanding debt by comparing the tax cost difference between

delivering each dollar to debt holders and delivering each dollar to equity holders. When

firms pay debtholders, the debtholders are charged a personal tax on income from bonds at

rate τb. When firms pay equity holders, there is a corporate income tax at rate τc charged on

firms’ profits and a personal tax on income from equity at rate τe charged on equity holders’

capital gains.1 However, this definition may not properly assess the tax benefits of issuing

new debt because it only counts taxes on firms’ future cash flow but fails to capture the tax

consequence of the use of the proceeds from the debt issue. As the proceeds from debt are

available to shareholders and added to the firm’s value, they are subject to a personal tax

on income from equity, either in the form of a dividend tax if they are directly distributed

as dividends or in the form of a capital gains tax otherwise.

1Personal taxes on equity income may take various forms in practice. For example, in the US by 2019, only
24% of stocks are held by directly taxable accounts, 40% of stocks are held by foreign investors paying
income taxes to their home countries, 30% of stocks are held by retirement accounts that are usually
taxed at distribution, and the rest held by nonprofits and the government that are tax-exempt (Rosenthal
and Burke, 2020). Although a substantial part of the stock holdings are not directly taxable, most are
still subject to income taxes. Moreover, Lin and Flannery (2013) find that personal tax is an important
determinant of firms’ leverage by studying evidence from the 2003 tax cut.
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I develop a dynamic capital structure model with continuous leverage adjustments and

no security issuance costs following DeMarzo and He (2021). The frictions are just corporate

and personal taxes and bankruptcy costs. I show that the tax benefits of debt issuance can

be defined as the sum of two parts: (1) corporate tax savings minus personal tax costs on

interest expenses and (2) personal tax savings/costs on the net reduction of equity payouts.

The model generates leverage dynamics in which capital structure policies depend on firms’

financing needs for investments and debt repayments, and the marginal source of financing

may be debt or equity. As a result, a firm’s leverage slowly adjusts to one target when

leverage is above a threshold or another when leverage is below the threshold, and may

switch targets if leverage crosses the threshold due to shocks. With reasonable parameter

choices, the model’s simulated leverage distribution matches the leverage distribution of

Compustat firms, with zero-leverage firms representing about 1/4 of all firms.

Based on the theory, I build a novel empirical measure of marginal tax benefits from

debt issuance and estimate it for Compustat firms during the period between 1980 and

2021 at the firm-year level. The measure assesses the marginal tax consequences of issuing

new debt on current and future cash flows, rather than the marginal tax rate of additional

interest expense as in the previous literature (e.g., Graham, 2000) that are based on Miller’s

formula. I find that a substantial proportion of firms that seem underleveraged according to

the traditional measure would see no benefit to levering up.

It has been a long-standing puzzle in the literature that firms seem to exploit the tax

shield of debt inadequately. Graham (2000) notes low-leverage firms’ puzzling choices not to

lever up in his conclusion: “Paradoxically, large, liquid, profitable firms with low expected

distress costs use debt conservatively.” Moreover, Strebulaev and Yang (2013) demonstrate

that trade-off models of capital structure in the previous literature (e.g., Goldstein, Ju, and

Leland, 2001; Strebulaev, 2007) hardly account for the cross-sectional distribution of corpo-

rate leverage ratios, especially the presence of numerous firms with less than 5% leverage.

Figure 1 shows the cross-sectional distribution of book and market leverage among Com-

pustat nonfinancial firms in the U.S. from 1962 to 2021. Approximately one-quarter of

firm-year observations exhibit leverage below 5%. Moreover, the fractions of observations

within each 5% bin of market leverage ratios decrease in leverage levels. Notably, the cross-

sectional distribution of book leverage (Panel (a) in Figure 1 and Figure 2) and market

leverage of certain industries (Figure 2) displays a bimodal pattern, suggesting the potential

presence of two distinct leverage targets. This is inconsistent with standard trade-off models

featuring a single positive leverage target, which typically imply a bell-shaped cross-sectional
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distribution centered around that target.

Figure 1: Leverage of Compustat nonfinancial firms in the US, 1962-2021

(a) Book leverage (b) Market leverage

Notes. Panel (a) plots the book leverage, defined by Book value of debt (DLTT+DLC)
Book value of asset (AT ) , of firms head-

quartered in the U.S. in the Compustat-CRSP merged data set from 1962 to 2020 annually. Firms in
the financial industry [Standard Industrial Classification (SIC) codes 6000-6999], American depos-
itory receipts (“ADR”) (SIC codes 8800-8999), non-publicly traded firms [stock ownership variable
(STKO) 1 or 2], and firm-years with total book value of assets (AT) less than 10 million inflation-
adjusted year 2000 dollars are excluded. There are 283,702 firm-year observations. Panel (b) plots

the market leverage, defined by Book value of debt (DLTT+DLC)
Book value of debt (DLTT+DLC)+Market value of equity (CSHO×PRCC F ) of

these firms.

DeMarzo and He (2021) explain the zero-leverage puzzle by a commitment problem:

investors expect firms to maintain high leverage and charge a high credit spread so that

firms gain no benefit from debt. In their model, firms either never issue debt or continuously

issue debt toward a target. In the data, however, many currently low-leverage firms had

greater leverage in their earlier years. For example, Nike’s and Costco’s market leverages, as

seen in Figure 3, were as high as 30% in the 1980s, but were lower than 5% in recent years.
2 A fully satisfactory explanation has yet to be found.

This paper argues that firms may keep their leverage as low as zero—not due to the high

costs of debt or precautionary motives, but because they face no tax benefits from issuing

debt. Suppose, for example, a low-leverage firm attempts to shield its earnings with more

2Among firms with less than 5% leverage in the sample of Figure 1, about 2/3 had over 10% leverage,
and half had over 20% leverage. DeAngelo et al. (2018) documents that most firms deleverage from their
historical peaks to almost zero market leverage. Such deleveraging is suboptimal for firms in the DeMarzo
and He (2021) model, as it leads to a value transfer from shareholders to debtholders.

3



Figure 2: Leverage of Compustat US firms in Transportation, Communications, Electric,
Gas and Sanitary service, 1962-2021

(a) Book leverage (b) Market leverage

Notes. Panel (a) plots the book leverage, defined by Book value of debt (DLTT+DLC)
Book value of asset (AT ) , of firms head-

quartered in the U.S. in the Compustat-CRSP merged data set from 1962 to 2020 annually. The
sample includes firms in the Transportation, Communications, Electric, Gas and Sanitary service
industries [Standard Industrial Classification (SIC) codes 4000-4999]. Non-publicly traded firms
[stock ownership variable (STKO) 1 or 2], and firm-years with total book value of assets (AT)
less than 10 million inflation-adjusted year 2000 dollars are excluded. Panel (b) plots the market

leverage, defined by Book value of debt (DLTT+DLC)
Book value of debt (DLTT+DLC)+Market value of equity (CSHO×PRCC F ) of these firms.

interest expenses (net of interest income). In this case, the firm recapitalizes by issuing

debt and distributing the proceeds from debt issuance to shareholders as payouts. Such

payouts lead to tax consequences not captured by Miller’s definition of the tax benefits

of outstanding debt. Shareholders must pay dividend taxes immediately if the proceeds

are distributed as dividends. Otherwise, the share repurchase increases the stock value,

thereby increasing shareholders’ capital gains taxes. 3 Assuming that the firm’s payout

policy is constant over time, this incremental personal tax cost for shareholders fully offsets

their personal tax savings from interest expenses. Indeed, debt issuance does not directly

result in shareholders’ personal tax savings on income from equity; rather, it only transfers

it intertemporally. The tax savings (or costs) for such recapitalization, then, depends on

comparing the firm’s corporate tax rate and the bondholders’ personal income tax rate.

Since the top federal personal tax rates are higher than the top corporate tax rates in most

3Here, I consider the increase in outstanding debt and distribution of the proceeds from debt issuance sepa-
rately. While additional outstanding debt reduces stock value, the share repurchase offsets such reduction.
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Figure 3: Time series of Market leverage for Nike and Costco

(a) Nike (b) Costco

Notes. Panel (a) and (b) plot the time series of Nike and Costco’s market leverage at the annual
frequency, defined by book value of debt / (book value of debt + market value of equity), from
their first observation in Compustat data to 2020, respectively.

years, it is reasonable that firms have little or no tax incentive for such recapitalization.4

In the model, the firm can continuously adjust its leverage without issuance costs and

default strategically, as in DeMarzo and He (2021). I solve a smooth equilibrium without

discrete leverage adjustments. Equity value and debt price functions are determined by a pair

of piecewise non-linear non-homogeneous differential equations with no known closed-form

solutions. I develop a novel numerical method using a fourth-order Runge-Kutta-Nyström

algorithm to solve the differential equations. The results of the model are expressed directly

as functions of the equity value and debt price functions. These analytical expressions deliver

interesting results even before the model is fully solved.

The tax benefits (or costs) of issuing a marginal dollar of debt can be decomposed into two

parts. First, each dollar of the firm’s EBIT is charged either a corporate tax or bondholders’

personal tax, depending on whether or not it is used for interest expenses. The firm, thus,

saves the difference between the two tax rates with each dollar of interest payment. Second,

debt issuance leads to changes in current and future payouts. Shareholders save the personal

tax rate on income from equity with each dollar reduction in net payouts. This part is

negative when the proceeds from debt are distributed as payouts and positive otherwise.

With reasonable corporate and personal tax rates, a marginal debt issuance brings the firm

4The empirical literature (e.g., Ang, Bhansali, and Xing, 2010; Longstaff, 2011) finds that the implicit tax
rates priced in bonds are close to the top federal tax rates.
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positive or negative tax savings depending on its current and expected future financing

margins. When the firm’s external financing need is monotone in its leverage, I characterize

its optimal financing policies, depending on parameters, by at most four financing rules for

different regions of state variables. The marginal sources of financing in each region are

equity issuance, debt issuance/repurchase, and dividend distribution.

The model generates leverage dynamics with two local leverage targets for firms with

higher and lower leverage than a threshold level. When the corporate tax rate is not higher

than the personal tax rate for bond income, high-leverage firms slowly adjust to a high

leverage target, and low-leverage firms slowly adjust to zero leverage. Since firms with higher

leverage need more external financing due to payments to debtholders, leverage differences

between firms persist even if they have identical earnings flow afterward. Such persistence

in leverage differences is consistent with empirical evidence in the literature (e.g., Baker and

Wurgler, 2002; Lemmon, Roberts, and Zender, 2008). A simulation of the model generates a

stationary cross-sectional leverage distribution that matches the leverage distribution in the

data, in which about 1/4 of firms have close to zero leverage. In addition, the model generates

a novel testable empirical implication that firms with and without external financing need

would adjust their leverage differently and have different responses to tax rate changes.

The model has several implications for economic efficiency. First, it allows us to determine

the levels at which a policymaker should set the tax rates. This conclusion is possible because

the corporate and personal taxes on equity income in the model affect the firm’s financing

policies differently—in contrast to Miller’s formula in which they are always charged together.

I decompose the firm’s pre-tax value into the values of equity, debt, tax revenue, and expected

bankruptcy loss. I find that when a government aims to collect a target level of tax revenue

and reduce expected deadweight bankruptcy loss due to leverage distortions, it can improve

efficiency by taxing equity holders more at the personal level and less at the corporate level.

The firm prefers to issue debt with a longer maturity, but a shorter maturity improves

welfare.5 In an extension with endogenous investment and debt overhang, a corporate tax

cut increases investments more than a payout tax cut in the short run.6

5Long maturity reduces rollover risk as in He and Xiong (2012) and Diamond and He (2014). As a result,
the firm takes higher leverage and assumes more bankruptcy risk. In DeMarzo and He (2021), firms are
indifferent to longer and shorter maturity since they gain no benefit from debt. Forces that favor shorter
maturity, for example, could be investors’ liquidity preference (He and Milbradt, 2014) and commitment
concerns on long-term debt (Hu et al., 2021).

6The short-run effects are characterized by investment changes without change in leverage since leverage
adjustments are slow. In the long run, however, policies also affect investments through firms’ leverage
changes. Decreasing the tax benefits of debt reduces debt usage, alleviates debt overhang, and improves
investment. DeMarzo and He (2021) and Crouzet and Tourre (2021) show that policies cutting the cost of
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I then build a novel empirical measure of the marginal tax benefits to issuing debt based

on the model. The measure differs from Miller’s formula estimated by Graham (2000) in

two ways. First, it takes personal taxes into account in a more realistic way because firms

cannot save personal tax on equity income when proceeds from debt would be distributed

as payouts. Second, it measures the ex-ante marginal tax benefit from issuing new debt

that increases future interest expenses, while Graham (2000) estimates the ex-post marginal

tax rate by adding interest expense to realized current-year earnings. I also estimate the

ex-post marginal tax rates for comparison. I measure marginal corporate tax rates following

Graham (2000) and Blouin, Core, and Guay (2010) to account for detailed tax codes such

as the carryforward and carryback of net operating losses.

The measure generates lower marginal tax benefits and a smaller mass of underleveraged

firms than previous measures that use Miller’s formula. Based on the new measure, 9.85%

of firms face a positive marginal tax benefit, and 4.67% of firms can double debt before tax

benefits decline. By contrast, the traditional measure indicates that 35.35% of firms face a

positive marginal tax benefit and 20.36% of firms can double debt before tax benefits decline.

The large mass of zero-leverage firms no longer seems a mystery—only about 5% of firms

with below 5% book leverage can gain positive tax benefits from raising leverage.

The remainder of the paper is organized as follows. Section 2 reviews the literature. Sec-

tion 3 discusses the differences between the tax consequences of debt issuance and changes

in the tax shield value of outstanding debt. Section 4 sets up the model and characterizes

optimal financing policies. Section 5 demonstrates the leverage dynamics and leverage distri-

bution generated by the model. Section 6 discusses the model’s welfare implications. Section

7 builds an empirical measure of marginal tax benefits. Section 8 discusses the empirical

results. Section 9 concludes.

2 Literature Review

This paper contributes primarily to the extensive literature on the trade-off theory of capital

structure. Ai, Frank, and Sanati (2020) provide a thorough review of this literature. The

literature (for example, Leland, 1994a, 1994b, Goldstein et al., 2001, and DeMarzo and He,

2021) typically assume a constant rate of tax benefits on interest payments, which can be

interpreted as the corporate tax or the tax benefits defined by Miller (1977). Exceptions

include models with real investment opportunities that incorporate a wide range of frictions

debt may reduce investment in the long run.
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(e.g., Hennessy and Whited, 2005, 2007; Gamba and Triantis, 2008) and models that capture

the deferral of capital gains tax (Lewellen and Lewellen, 2006; Bolton, Chen, and Wang,

2014). In contrast, I argue that the net tax consequence of debt issuance can be a cost

instead of a benefit for firms. That is because, in a leveraged recapitalization, tax costs

on distributing the proceeds from debt as payouts can exceed the tax savings from future

interest expenses.

My consideration of different tax benefits from debt issuance for financing investments

and leveraged restructuring is closely related to Hennessy and Whited (2005), which points

out the importance of analyzing the trade-off theory dynamically. In their discrete-time

model with one-period debt, Hennessy and Whited (2005) show that marginal debt issuance

generates more tax savings when replacing equity issuance than financing distributions.

Compared to their quantitative model, my model highlights how taxes affect leverage dy-

namics in a framework with fewer frictions, showing that taxes can generate the observed

leverage distribution without security issuance costs.7 The continuous-time model with long-

term debt allows me to construct a general definition of tax benefits and analyze more char-

acteristics of capital structure policies. Such a neat setting is also more suitable for studying

the implications for tax policies. Ivanov, Pettit, and Whited (2020) also model a nonstan-

dard relationship between tax rates and leverage to rationalize their empirical findings that

small private firms’ leverage rises after tax cuts. Their model features a different mechanism,

in which higher tax rates raise the default threshold since defaults are triggered when firms

cannot repay their debt by after-tax earnings, thus increasing the cost of debt.

My theory contributes to a large group of continuous-time dynamic capital structure

models pioneered by, for example, Fischer et al. (1989) and Leland (1994). My model is

closest to DeMarzo and He (2021), in which firms can adjust capital structure dynamically

at no cost.8 DeMarzo and He (2021) show that the increase in credit spread caused by the

leverage ratchet effect can fully offset the tax benefits of debt when firms cannot commit to

a leverage policy.9 I introduce personal taxes—and, most importantly, the personal taxation

difference between positive and negative payouts—to the DeMarzo and He (2021) framework.

7Hennessy and Whited (2005) assume the top corporate tax rate to be higher than the personal tax rate
on bond income. In their model, firms have low leverage mainly because of precautionary incentives. As a
result, their model is unlikely to match the fraction of zero-leverage firms with a reasonable equity flotation
cost.

8Earlier models assume firms never restructure (e.g., Leland, 1994a, 1994b) or retire all debt when restruc-
turing (e.g., Fischer, Heinkel, and Zechner, 1989; Goldstein, Ju, and Leland, 2001; Strebulaev, 2007; Dangl
and Zechner, 2021).

9See, for instance, He and Milbradt (2016), Admati et al. (2018), and Demarzo (2019) for discussions of the
commitment problem.
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Leverage dynamics in my model differ from those in the previous literature in several ways.

First, there are two local leverage targets for firms with higher or lower leverage compared

to a threshold, while the standard trade-off theory has a single leverage target. Second, the

marginal source of financing can be debt or equity, and firms may repurchase debt at the

cost of the leverage ratchet effect. And third, firms gain from the tax shield even without

committing to a leverage policy.

Other recent papers that feature non-standard leverage dynamics with multiple regions

of financing rules include Malenko and Tsoy (2020) and Bolton et al. (2021). Malenko and

Tsoy (2020) study optimal time-consistent debt policies and find that the firm actively ad-

justs to a leverage target in the stable region but stops adjustments when getting a large

enough negative shock and falling into the distress region. Bolton et al. (2021) study lever-

age dynamics with equity issuance costs, which generates a pecking-order preference due to

avoidance of costly equity issuance. Equity issuance costs can also generate asymmetric ben-

efits of debt with positive and negative payouts (e.g., Cooley and Quadrini, 2001; Hennessy

and Whited, 2005; Bolton, Wang, and Yang, 2021). The difference is that equity issuance

costs increase the benefits of debt when it replaces equity issuance, while a personal tax on

payouts decreases the benefits of debt when it finances payouts. Compared to these papers,

my model creates non-standard leverage dynamics by a different mechanism — corporate

and personal taxes, and generates a realistic cross-sectional distribution of leverage.

Explaining the cross-sectional distribution of firms’ leverage—and especially the levels

of low- and zero-leverage firms—has historically posed a critical challenge to the trade-off

theory. The benchmark Leland (1994) model, in which firms cannot adjust their debt levels

as earnings grow, predicts a leverage ratio of over 70% with reasonable values of parameters,

which is way too high compared to the average market leverage of 26% for Compustat

firms in the period between 1987 and 2003 (Strebulaev and Yang, 2013). Some papers (e.g.

Tserlukevich, 2008) suggest that firms should fully shield their corporate income from taxes

by setting interest expenses equal to revenue when leverage adjustments are costless. Models

with infrequent leverage adjustments, such as Goldstein et al. (2001), Ju et al. (2005), and

Strebulaev (2007), generate more reasonable average leverage ratios, but very few or no firms

with leverage below 5%. Finally, models with endogenous investment and fixed costs (e.g.,

Hennessy and Whited, 2005; Hackbarth and Mauer, 2012; Kurshev and Strebulaev, 2015)

can generate zero-leverage firms, but they are unlikely to generate a large proportion of

zero-leverage firms with a low cost of debt, as documented in Strebulaev and Yang (2013).

In contrast, the simulated leverage distribution of my model can match the cross-sectional
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leverage distribution in the data, in which about 1/4 of firms have close to zero leverage.

Moreover, this paper relates to the public economic literature on payout taxation. Early

works in the “trapped equity” view (also often referred to as the “new” view) of dividend

taxation (e.g., King 1974, 1977; Auerbach, 1979, 1981) point out that dividend taxation

does not affect firms’ decisions when the firm issues no equity.10 Internal equity is “trapped”

in firms and has to be taxed when distributed to shareholders. Auerbach (2002) reviews

literature on this topic. This paper applies a similar argument regarding the tax benefits

of debt: debt issuance cannot save tax on shareholders’ equity income unless it reduces

equity issuance. Relatedly, the paper also contributes to the literature on optimal taxation

design. For example, Dávila and Hébert (2019) show that governments should tax financially

unconstrained firms to maximize the efficiency of investments and production while collecting

a given amount of tax revenue. The optimal policy is to tax firms on their payouts to

shareholders instead of their income. This paper achieves the same result in a different

setting. Besides the investment channel as in Dávila and Hébert (2019), I reveal a new

channel working through distortions on firms’ leverage that makes payout taxation better

than corporate income taxation. While raising the same amount of tax revenue, taxes on

corporate income lead to more expected deadweight bankruptcy loss than taxes on payouts

to shareholders.

In addition, this paper contributes to the empirical literature on tax benefits and the

underleveraged puzzle. Graham (2000) estimates the marginal tax rates for adding interest

expenses to firms’ earnings, following Miller’s definition of tax benefits of debt. He notes

that many firms seem underleveraged, and he finds that a typical firm can double its debt

without leading to a reduction in the marginal tax benefit of interest expenses. Blouin,

Core, and Guay (2010) show that a better simulation method for firms’ future earnings

partly resolves the puzzle and generates a smaller mass of underleveraged firms.11 Strebu-

laev and Yang (2013) document that about 1/5 of firms have close to zero leverage that

cannot be explained by the previous literature. They all find that underleveraged firms tend

to have high profits, cash balances, and dividend distributions, which is perplexing from

the perspective of financial distress costs. This paper’s new marginal tax benefit measure

incorporates the equity income tax costs on proceeds from debt issuance, showing that a

10See, e.g., Poterba and Summers (1984) for discussions of the “traditional” and “new” views of dividend
taxation.

11Estimating firms’ marginal corporate tax rates requires simulations of future earnings to capture the effect
of carryback and carryforward rules for operating losses. Shevlin (1990) and Graham (1996aa, 1996bb,
2000) assume that future earnings follow random walks. Blouin, Core, and Guay (2010) show that random
walks lead to biased estimations and propose a non-parametric simulation method.
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typical payouts-distributing firm faces no tax benefits from a leveraged recapitalization.

3 Tax benefits from debt issuance

Miller (1977) defines the value of tax shield from each dollar (market value) of outstanding

perpetual debt by
[
1− (1−τc)(1−τe)

1−τb

]
, which is widely used in the literature and textbooks

for evaluating firms’ existing debts and the benefits from new debt issuances.1213 Changes

in the value of tax shields on future earnings, however, may not be the correct measure

of tax benefits generated by issuing new debt since they do not capture the potential tax

consequences at the debt issuance time. For example, if proceeds from debt issuance are

distributed as payouts, taxes on these payouts are not captured by the definition above.

Below, I consider tax incentives for real-world scenarios in which firms may issue new debt,

and I discuss whether Miller’s formula applies in these scenarios.

When considering new debt issuance, a firm may face two scenarios depending on whether

an investment opportunity needs to be financed externally and has a positive net present

value (NPV) if financed most cheaply. Here I define the tax benefits as the tax savings by

issuing a marginal dollar of debt relative to the best alternative without such debt issuance.

In the first case, when there is a positive NPV project to finance externally, additional debt

issuance leads to a reduction in equity issuance, no change in current payouts or cash on

hand, and a reduction in future payouts due to additional interest expenses. Therefore, debt

issuance, in this case, does save personal tax for shareholders, and Miller’s formula applies

in general. 14

Since positive NPV investment opportunities are limited, there is a second case in which

the firm has no positive NPV project to invest in but considers a capital restructure to issue

debt and take advantage of the tax shield.15 In this case, the firm must distribute the debt

12A scaled definition (1− τb)− (1− τc)(1− τe) describes the difference between after-tax income earned by
debtholders and shareholders from each dollar of the firm’s earnings. It can be viewed as the tax shield
from each dollar of interest expense.

13Miller (1977) describes a market equilibrium in which (1− τb) = (1− τc)(1− τe) and there is no optimal
capital structure for individual firms. In Online Appendix I, I discuss how the different tax consequences of
financing investments by debt and leveraged recapitalization allow firms to gain a surplus from tax shields
in a similar market equilibrium.

14Tax benefits can be lower than Miller’s formula when the project’s NPV is negative if financed by equity
and when the firm expects to distribute no payouts in the near future.

15Securities such as treasury bonds have the same risk-adjusted returns as the firm’s bond and a zero NPV
when fairly priced. When savings are expected to increase the firm’s value through, for example, the
value of financial flexibility, they are considered positive NPV opportunities in the first scenario, with the
alternative being equity issuance.
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proceeds as payouts to reduce taxable income. Debt issuance transfers future payouts to

current payouts and does not save personal taxes for shareholders as long as the expected

future tax rates on payouts do not exceed the current tax rates. Indeed, the payouts from

debt proceeds are double taxed by the personal tax on payouts and the personal tax priced

in bonds. The following example illustrates this point.

Consider an entirely equity-financed firm that generates a constant cash flow of δ each

period perpetually, discounted at rate r. Then its after-tax value is V = (1− τc)(1− τe)δ/r.

Now suppose the firms issues debt with per-period coupon C < δ. The after-tax value

of the debt is D = (1 − τb)C/r. The new equity value after debt is in place becomes

E = (1− τc)(1− τe)(δ−C)/r = V − (1−τc)(1−τe)
(1−τb)

D. The equity value before debt-equity-swap

is E− = E + (1− τe)D = V +
[
(1− τe)− (1−τc)(1−τe)

(1−τb)

]
D, instead of V +

[
1− (1−τc)(1−τe)

(1−τb)

]
D

suggested by Miller’s formula. If τb = τc, then E− = V , implying there is zero net benefit

for the debt-equity swap. If τb > τc, then E− < V , implying negative tax benefits.

Therefore, in this case we should multiply the first term in Miller’s formula by (1− τe),

and the tax benefits become (1− τb)(1− τe)− (1− τc)(1− τe) = (1− τe)(τc − τb). The tax

benefits on each dollar of interest expense are the difference between the corporate tax rate

and the personal tax rate on bond income, scaled by one minus the rate of unavoidable tax

on equity income. Miller’s formula, (1−τb)−(1−τc)(1−τe), overstates the tax benefits from

debt issuance in this scenario. The differences are substantial and may flip the sign of tax

benefits (or costs) from debt issuance. For example, if we apply the top federal rates in 2022

(21% corporate tax, 37% personal tax on bond income, and 23.8% personal tax on equity

income) to the definitions above, tax benefits per dollar of interest expense are (1 - 37%) - (1

- 21%)(1 - 23.8%) = 2.8% for financing investments and (21% - 37%)(1 - 23.8%) = -12.19%

for capital restructuring. The use of 2017 rates before the tax reform (39% corporate tax,

40.79% personal tax on bond income, and 24.99% personal tax on equity income) results in

tax benefits of 13.45% vs. -1.34% for the two cases. A firm facing such tax rates would gain

tax benefits from financing investments but not from capital structuring.

4 The model

The following model elucidates firms’ optimal capital structure decisions when considering

corporate and personal taxes and bankruptcy costs. The firm adjusts leverage freely without

commitment as in DeMarzo and He (2021), at no cost of security issuance/repurchase. The

key difference between this model and DeMarzo and He (2021) is that this model features
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personal taxes on bond and equity income. The leverage dynamics differ from DeMarzo and

He (2021) in several ways. First, there are two local leverage targets for firms with leverage

above and below a threshold; the lower target is 0 when the corporate tax rate τc is lower

than the personal tax rate on bond income τb. Second, if τc < τb, the firm repurchases debt

when: (1) it has existing debt and generates more earnings than expenses or (2) it expects

to keep using external financing in a relatively long future. And third, firms gain from tax

benefits even without a commitment device.

(a) Model setup

Agents are risk neutral with a discount rate r, and they face a corporate tax at rate τc, a

personal tax on bond income at rate τb, and a personal tax on equity income at rate τe. A

firm’s EBIT follows:

dYt = [µ(Yt) + I(Yt)] dt+ σ(Yt)dZt (1)

Investment I(Yt) can be financed by internal cash flow and issuance of debt and equity. For

simplicity, in the baseline model I assume investment is exogenous with a linear cost κI(Yt).

I study endogenous investment choice and debt overhang in Section 6.

The firm issues debt with a coupon rate c > 0 that matures exponentially at a rate

m > 0. Let Ft be the face value of existing debt.16 Then, the payment flow to debtholders

is (c+m)Ftdt. Let Φt be the endogenous cumulative debt issuance, and dΦt < 0 represents

a debt repurchase. Existing debt evolves by dFt = dΦt −mFtdt. Denote the price of debt

issuance as p(Yt, Ft). Debtholders receive an after-tax cash flow of [(1−τb)c+m]Ftdt until the

firm goes bankrupt.17 For simplicity, assume the firm’s recovery value is zero at bankruptcy.

Let Γt be the endogenous cumulative proceeds from equity issuance, with Γt ≥ 0 by

definition.18 In this simple setting, without security issuance costs, the firm cannot get

better off with cash holdings than using the cash for debt repurchase, so the firm never holds

16No Ponzi assumption: Ft < F̄ (Yt), where F̄ (Yt) exceeds the unleveraged value of the firm.
17Here, I assume only coupons are taxed on a bond and exempt from the corporate tax for tractability, as
in Leland (1994b). In practice, interest may differ from the coupon when bonds are not issued at par.

18I assume there are no frictions in the equity market, so there is no need to characterize equity issuance
prices. Maximizing value for all shareholders is equivalent to maximizing value for existing shareholders.
Since payouts are taxed but equity issuance is not, they are modeled separately here.
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cash when it has outstanding debt.19 The payout flow can be written as:

d∆t = [Yt− τc(Yt − cFt)︸ ︷︷ ︸
corporate tax

− (c+m)Ft︸ ︷︷ ︸
payments to debt

− κI(Yt)︸ ︷︷ ︸
investment

]dt+ p(Yt, Ft)dΦt︸ ︷︷ ︸
proceeds from debt

+ dΓt︸︷︷︸
proceeds from equity

(2)

where d∆t ≥ 0 since payouts are nonnegative. The firm maximizes the expected net payouts

to shareholders

Vt = max
T,Φ,Γ

E

[∫ T

t

e−r(s−t) [(1− τe)d∆s − dΓs]

]
(3)

by choosing optimal capital structure over time and bankruptcy time T .

(b) Security valuations

Substitute (2) into (3), the value function can be written as

V (Yt, Ft) = max
T,Φ,Γ

Et

{∫ T

t

e−r(s−t) [(1− τe) {[Ys − τc(Ys − cFs)− (c+m)Fs − κI(Ys)] ds+ p(Ys, Fs)dΦs} ds− τedΓs]

}
(4)

Observe that if a firm issues a dollar of equity and distributes a dollar of payouts simul-

taneously, there is a net loss of τe due to the personal income tax paid on the payouts. We

then have the following rule for equity issuance:

Proposition 1. (Optimal equity issuance) The firm does not issue equity and distribute

payouts at the same time. Optimal equity issuance is uniquely pinned down by optimal debt

issuance.

dΓt = max {− [Yt − τc(Yt − cFt)− (c+m)Ft − κI(Yt)] dt− p(Yt, Ft)dΦt, 0} (5)

When the firm issues equity, the proceeds are “trapped” in the firm and cannot be

taken back by the shareholders without paying a personal income tax. Therefore, a firm

that maximizes the total payoff of all shareholders should never issue equity and distribute

payouts simultaneously. Equity financing policies can be characterized by net payouts, with

negative payouts representing an equity issuance.

19Consider a firm with both cash holdings and debt outstanding. When investing the cash holdings into
fairly priced securities that are not correlated with the firm’s default risk, the firm earns the risk-free rate
under the risk-neutral measure while paying a higher rate on its outstanding debt.
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Following DeMarzo and He (2021), I look for a smooth equilibrium with continuous

issuance policy, where dΦt = ϕtdt and dΓt = γtdt. For simplicity of notations, I compress

the time subscripts in the rest of the analysis.

Proposition 2. (Smooth equilibrium) V (Y, F ) is strictly decreasing in F when p(Y, F ) >

0. If for any F and F ′, V (Y, F ) > V (Y, F ′) +
(
1− 1{F ′−F>0}τe

)
p(Y, F )(F ′ − F ), then Φt

and Γt are continuous. If V (Y, F ) is differentiable in F , then (1−τe)p(Y, F ) ≤ −VF (Y, F ) ≤
p(Y, F ). A sufficient condition for a smooth equilibrium is that V (Y, F ) is strictly convex in

F .

Proof. The firm always has the option to adjust debt from F to F ′. If F ′ < F , adjusting

debt to F ′ discretely is a debt repurchase financed by equity issuance. Otherwise it is a

discrete debt issuance that leads to a payout distribution subject to a personal tax τe, so

V (Y, F ) ≥ V (Y, F ′) + (F ′ − F )p(Y, F )− 1{F ′−F>0}τe(F
′ − F )p(Y, F )

= V (Y, F ′) +
(
1− 1{F ′−F>0}τe

)
p(Y, F )(F ′ − F ) (6)

When the inequality is strict, the firm never discretely adjusts leverage. Then following

Proposition 1, there is no discrete equity issuance either. The issuance policies are continu-

ous. If V (Y, F ) is differentiable in F , after taking the limit of F ′ to F , inequality (6) can be

reorganized as (1− τe)p(Y, F ) ≤ −VF (Y, F ) ≤ p(Y, F ).

If V (Y, F ) is strictly convex in F , that is, V (Y, F ) > V (Y, F ′)− VF (Y, F )(F ′ −F ), when

F ′ > F ,

V (Y, F ) > V (Y, F ′)− VF (Y, F )(F ′ − F ) ≥ V (Y, F ′) + (1− τe)p(Y, F )(F ′ − F ) (7)

so there is no discrete debt adjustment. When F ′ < F ,

V (Y, F ) > V (Y, F ′)− VF (Y, F )(F ′ − F ) ≥ V (Y, F ′) + p(Y, F )(F ′ − F ) (8)

there is no discrete debt adjustment either. Therefore, V (Y, F ) strictly convex in F is

sufficient for a smooth equilibrium.

Now I derive optimality conditions for an equilibrium. I look for an equilibrium where

V is twice continuously differentiable, p is continuously differentiable, and pF (Y, F ) < 0,

which means debt price decreases with the amount of outstanding debt given EBIT. Given
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Proposition 1, it is enough to find conditions for optimal debt policies since payouts and

equity issuance are pinned down by the state variables and debt policies.

Let ϕ̄(Y, F ) = − 1
p(Y,F )

[Y − τc(Y − cF )− (c+m)F − κI(Y )], representing the debt is-

suance/repurchase such that there is no payout distribution or equity issuance. Consider

when F > 0 so that debt repurchase is not bounded by zero. Then the HJB equation for

the value function (4) is

rV (Y, F ) = max

(
max
ϕ≥ϕ̄

{
(1− τe) [Y − τc(Y − cF )− (c+m)F − κI(Y ) + p(Y, F )ϕ]︸ ︷︷ ︸

positive net payouts

+ (ϕ−mF )VF (Y, F )︸ ︷︷ ︸
debt evolution

+ [µ(Y ) + I(Y )]VY (Y, F ) +
1

2
σ(Y )2VY Y (Y, F )︸ ︷︷ ︸

earnings evolution

}
,

max
ϕ<ϕ̄

{
[Y − τc(Y − cF )− (c+m)F − κI(Y ) + p(Y, F )ϕ]︸ ︷︷ ︸

negative net payouts (equity issuance)

+ (ϕ−mF )VF (Y, F )︸ ︷︷ ︸
debt evolution

+ [µ(Y ) + I(Y )]VY (Y, F ) +
1

2
σ(Y )2VY Y (Y, F )︸ ︷︷ ︸

earnings evolution

})

(9)

When ϕ(Y, F ) > ϕ̄(Y, F ), the firm is distributing a positive amount of payouts, so a

personal tax on equity income at rate τe is charged on the payouts. In contrast, when

ϕ(Y, F ) < ϕ̄(Y, F ), net payouts are negative, representing an equity issuance, and there

is no tax charged. If ϕ(Y, F ) = ϕ̄(Y, F ), net payouts are zero, and the two parts of the

maximization are identical.

A necessary condition for ϕ to be optimal is that either the first order condition holds or

a constraint is binding, so an optimal debt policy must satisfy either

ϕ(Y, F ) > ϕ̄(Y, F ) and p(Y, F ) = −VF (Y, F )

1− τe
(10)

or

ϕ(Y, F ) = ϕ̄(Y, F ) and − VF (Y, F ) ≤ p(Y, F ) ≤ −VF (Y, F )

1− τe
(11)

or

ϕ(Y, F ) < ϕ̄(Y, F ) and p(Y, F ) = −VF (Y, F ) (12)

Here the conditions (10) and (12) represent the cases that ϕ(Y, F ) > ϕ̄(Y, F ) or ϕ(Y, F ) <
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ϕ̄(Y, F ) and corresponding first order condition holds. The condition (11) represents the case

that ϕ(Y, F ) = ϕ̄(Y, F ) is binding, and we cannot further characterize the relation between

p(Y, F ) and VF (Y, F ) than Proposition 2. Since both parts of the value function’s HJB

equation are linear in ϕ(Y, F ), these conditions are also sufficient. When the condition (10)

holds, the firm distributes payouts and is indifferent to issuing extra debt for distributing

payouts. When the condition (11) holds, the firm issues no equity and distributes no payouts,

issuing exactly enough debt to finance expenses or repurchasing debt with all free cash flow.

When the condition (12) holds, the firm issues equity and is indifferent between debt and

equity financing.

(c) Optimal debt policies

Next, I derive debt issuance/repurchase rules when one of the first order conditions holds,

using HJB equations for the value function and the debt price. I then determine if these

financing policies are feasible, that is, consistent with the inequalities comparing ϕ to ϕ̄

corresponding to the first order conditions in each case.

The equilibrium debt price satisfies

p(Y, F ) = Et

{∫ T

t

e−(r+m)(s−t) [(1− τb)c+m] ds

}
(13)

The HJB equation for debt price (13) is

rp(Y, F ) =(1− τb)c+m[1− p(Y, F )] + [ϕ(Y, F )−mF ]pF (Y, F )

+ [µ(Y ) + I(Y )] pY (Y, F ) +
1

2
σ(Y )2pY Y (Y, F ) (14)

When the firm distributes payouts, take derivative of the first part of the maximization

in (9) to F and substitute the value function with p(Y, F ) = −VF (Y,F )
1−τe

, we get

−rp(Y, F ) =τcc− (c+m) + pF (Y, F )ϕ(Y, F ) +mp(Y, F )− [ϕ(Y, F )−mF ]pF (Y, F )

− [µ(Y ) + I(Y )] pY (Y, F )− 1

2
σ(Y )2pY Y (Y, F ) (15)

Add (15) to (14), then

0 = (τc − τb)c+ pF (Y, F )ϕ(Y, F ) (16)
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Hence when p(Y, F ) = −VF (Y,F )
1−τe

, the debt policy is

ϕ(Y, F ) = −(τc − τb)c

pF (Y, F )
=

(1− τe)(τc − τb)c

VFF (Y, F )
(17)

Since pF (Y, F ) < 0, ϕ(Y, F ) has the same sign as τc−τb. If τc < τb, then ϕ(Y, F ) < 0 and this

represents the case that the firm repurchases debt while distributing payouts. The firm earns

more than the costs and uses part of the cash left for debt repurchase to save the personal

tax priced in debt at the cost of the corporate tax. But due to the leverage ratchet effect, it

does not spend all the cash left on debt repurchase but also distributes payouts. If τc > τb,

then ϕ(Y, F ) > 0 and this represents the case that the firm issues debt while distributing

payouts. The firm issues debt to save the corporate tax at the cost of the personal tax priced

in debt and distributes the extra cash raised as payouts. Here τe is not a key determinant

for debt policies because the influence of debt repurchase/issuance on future personal tax

costs for shareholders is offset by the changes in current personal tax costs on payouts.

Similarly, when the firm issues equity, take derivative of the second part of the maxi-

mization in (9) to F and substitute the value function with p(Y, F ) = −VF (Y, F ), we get

ϕ(Y, F ) = −(τc − τb)c

pF (Y, F )
=

(τc − τb)c

VFF (Y, F )
(18)

In this case, ϕ also has the same sign as τc − τb. If τc < τb, then ϕ < 0 and this represents

the case that the firm repurchases debt while issuing equity. The firm repurchases debt,

financing it by equity issuance, to save the personal tax priced in debt at the cost of the

corporate tax. If τc > τb, then ϕ > 0 and this represents the case that the firm issues debt

and equity at the same time. The firm issues debt to save the corporate tax at the cost of

the personal tax priced in debt, but also issues equity due to bankruptcy concerns. Here

τe is not a key determinant for debt policies because the firm does not expect to distribute

payouts in the near future, and debt repurchase/issuance has little effect on shareholders’

personal tax costs. Then, I summarize the firm’s equilibrium debt policies as the following

result.

Proposition 3. (Debt strategies conditional on security values) Depending on the

comparison between the debt price p(Y, F ) and the value function’s marginal change to out-

standing debt VF (Y, F ), the firm’s equilibrium debt policy ϕ(Y, F ) is given by one of follow-

ings:
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1. If p(Y, F ) = −VF (Y,F )
1−τe

,

ϕ(Y, F ) =
(1− τe)(τc − τb)c

VFF (Y, F )

2. If −VF (Y, F ) < p(Y, F ) < −VF (Y,F )
1−τe

,

ϕ(Y, F ) = ϕ̄(Y, F ) = − 1

p(Y, F )
[Y − τc(Y − cF )− (c+m)F − κI(Y )]

3. If p(Y, F ) = −VF (Y, F ),

ϕ(Y, F ) =
(τc − τb)c

VFF (Y, F )

In the first and third cases, when the firm distributes payouts or issues equity, debt policy

ϕ(Y, F ) can be represented as the marginal tax benefit of debt divided by the value function’s

second-order derivative to outstanding debt, as in DeMarzo and He (2021). However, the

marginal tax benefit here, either (1−τe)(τc−τb) or (τc−τb) per a dollar of coupon payment, is

different from both DeMarzo and He (2021) (τc) and the traditional definition with personal

taxes (1− τb)− (1− τc)(1− τe). In the first case, proceeds from additional debt issuance are

distributed as payouts, so the personal tax on equity income at rate τe cannot be saved. In

the third case, the firm expects to issue equity continuously and distributes no payouts in

the near future, when most coupons on additional debt are paid, so personal tax on equity

income at rate τe is not paid or saved. The marginal tax benefits in both cases have the

same sign as (τc − τb), which is negative for top statutory rates in most years in the U.S.

In contrast, the traditional definition of marginal tax benefits—with or without personal

taxes—always leads to a positive benefit based on top statutory tax rates.

If V (Y, F ) is strictly convex in F , VFF (Y, F ) > 0 and ϕ(Y, F ) has the same sign as τc− τb

in these two cases, the firm repurchases debt when τc < τb and issues debt otherwise. Al-

though the tax benefits align with reducing bankruptcy risk when τc < τb, the firm does not

repurchase as much debt as possible. This conclusion follows because the debt ratchet effect

means that debt repurchase reduces the risk of existing debt and benefits the debtholders at

the cost of shareholders. Such cost increases with debt repurchase, and the firm repurchases

debt until it is indifferent with additional debt. With the equilibrium levels of debt repur-

chase, the firm is indifferent between using a marginal dollar of internal cash for payouts and

debt repurchase in the first case when (1− τe)p(Y, F ) = −VF (Y, F ), and indifferent between

issuing a marginal dollar of debt and equity in the third case when p(Y, F ) = −VF (Y, F ).

19



In the second case when −VF (Y, F ) < p(Y, F ) < −VF (Y,F )
1−τe

, debt financing is cheaper than

external equity but more expensive than internal cash. The firm prefers debt financing to

equity financing, and it prefers debt repurchase to payout distribution. It breaks even by

issuing or repurchasing debt without any cash flow to or from the shareholders.

Proposition 3 shows the firms’ debt policies conditional on the relations between the debt

price p(Y, F ) and the value function’s marginal change on debt VF (Y, F ). We can further

characterize debt strategies based on the state variables (Y, F ) by checking the conditions at

extreme values of parameters and the boundaries between regions of state variables where

each of the above debt policies applies. Then I find general relations between the state

variables (Y, F ) and the comparison of p(Y, F ) and VF (Y, F ) by continuity and monotonicity

without further specifications of functional forms and without solving p(Y, F ) and V (Y, F ).

Proposition 4 summarizes the results, with proof in the Appendix.

Proposition 4. (Optimal financing policies) If (1 − τc)Y − κI(Y ) monotonically in-

creases in Y , the firm’s optimal debt policies on the space of state variables (Y, F ) can be

described by four regions, with leverage from high to low:

Region 1 (Equity issuing region): p(Y, F ) = −VF (Y, F ), the firm issues equity and is-

sues/repurchases debt if τc − τb is positive/negative.

Region 2 and 4 (Break even by debt regions): −VF (Y, F ) < p(Y, F ) < −VF (Y,F )
1−τe

, the firm

issues no equity and distributes no payouts, and it breaks even by issuing/repurchasing debt

if earnings are less/more than expenses.

Region 3 (Payout distributing region): This region may contain two types of sub-regions.

(1) p(Y, F ) = −VF (Y,F )
1−τe

, the firm distributes payouts and issues/repurchases debt if τc − τb is

positive/negative, (2) the firm breaks even by debt as in region 2 and 4. When ϕ̄(Y, F ) and

− (τc−τb)c
pF (Y,F )

satisfies single-crossing condition, (1) is always true in this region.

Regions 2 always exists. Regions 3 must exist if τc ≥ τb.

Figure (4) illustrate the results of Proposition 4 indicating the variation in the debt

policies with the scaled interest coverage ratio Y/F for any given value of Y , in the cases

when τc < τb and τc ≥ τb. The red line represents the bankruptcy-triggering level of interest

coverage ratio. On its right, when leverage is high and close to bankruptcy (Region 1 ),

the firm issues equity, and the first order condition p(Y, F ) = −VF (Y, F ) holds. The firm’s

debt policy is given by ϕ(Y, F ) = (τc−τb)c
VFF (Y,F )

, representing a debt repurchase if τc < τb or a

debt issuance if τc > τb. When leverage is lower (Region 2 ), the firm prefers debt financing

to equity financing and prefers debt repurchase to payout distribution. Debt price satisfies

−VF (Y, F ) < p(Y, F ) < −VF (Y,F )
1−τe

and the debt policy is given by ϕ(Y, F ) = ϕ̄(Y, F ), so that
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there is no equity issuance nor payout distribution. The dotted purple line represents when

the firm breaks even internally, with earnings exactly meeting expenses. When leverage is

further lower (Region 3 ), the firm distributes payouts and the first order condition p(Y, F ) =

−VF (Y,F )
1−τe

holds. The firm’s debt policy is given by ϕ(Y, F ) = (1−τe)(τc−τb)c
VFF (Y,F )

, representing a

debt repurchase if τc < τb or a debt issuance if τc > τb. In the case that τc < τb, when

leverage is low and close to zero (Region 4 ), the firm spends all free cash flow on debt

repurchase without distributing payouts until there is no outstanding debt. Debt price

satisfies −VF (Y, F ) < p(Y, F ) < −VF (Y,F )
1−τe

and the debt policy is given by ϕ(Y, F ) = ϕ̄(Y, F ).

The firm always issues debt when τc > τb but also repurchases debt when τc < τb.

Figure 4: Optimal financing policies

(a) Optimal financing policies with τc < τb
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(b) Optimal financing policies with τc ≥ τb
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In contrast to standard trade-off models in which the marginal source of financing is

always equity (for example, Leland, 1994, DeMarzo and He, 2021), here the marginal source

of financing is debt in the break-even by debt regions or equity in the other regions. Such a

difference results from a wedge between the costs of internal and external equity due to taxes

on payouts. When the cost of debt financing falls between the costs of internal and external

equity, the firm has a pecking order preference, prioritizing the use of internal equity to debt

to external equity.

Although the model features no commitment to future leverage policies as in DeMarzo

and He (2021), the lack of commitment does not fully offset tax benefits. When −VF (Y, F ) <
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p(Y, F ) < −VF (Y,F )
1−τe

, the HJB equation of the value function with the optimal debt policy

ϕ(Y, F ) = ϕ̄(Y, F ) is different from its counterpart with ϕ(Y, F ) = 0. Then, since τe > 0 and

the high leverage break-even by debt region (region 2 ) always exists, the no-trade valuation

in DeMarzo and He (2021) no longer applies in this model. Noticing that no trade of debt

is always a feasible option for the firm, we have the following result.

Corollary 1. As long as τe > 0, the firm benefits from the tax shield of debt even if there

is no commitment to future leverage policies, V (Y, F ) > V 0(Y, F ) where V 0(Y, F ) represents

the value of the firm with no trade of debt.

(d) Tax benefits

When τc < τb, the firm repurchases debt not only when earnings exceed expenses but also

when leverage is high and close to the bankruptcy threshold. This behavior occurs because

coupons do not save personal equity income tax for shareholders unless they reduce payout

distribution. To further understand tax benefits in this model, I discuss the expected value

of total and marginal tax benefits below.

The value function can be decomposed as

V (Y, F ) = V (Y, 0) + TB(Y, F )−BC(Y, F ) (19)

where the value of net corporate and personal tax savings by debt follows

rTB(Y, F ) =(τc − τb)cF + 1{ϕ>ϕ̄}τe {[(1− τc)c+m]F − p(Y, F )ϕ}

+ (ϕ−mF )TBF (Y, F ) + [µ(Y ) + I(Y )]TBY (Y, F ) +
1

2
σ(Y )2TBY Y (Y, F )

(20)

and the bankruptcy cost follows

rBC(Y, F ) =(ϕ−mF )BCF (Y, F ) + [µ(Y ) + I(Y )]BCY (Y, F ) +
1

2
σ(Y )2BCY Y (Y, F ) (21)

with ϕ(Y, F ), ϕ̄(Y, F ) written as ϕ, ϕ̄ for short.

When the firm does not distribute payouts, the flow payoff is the difference between the

corporate tax saved and the personal tax paid on coupons. If τb > τc, such flow payoff is

negative, representing a tax cost to the firm. When the firm distributes payouts, besides the

(negative) saving of τc − τb on coupons discounted by the personal tax on equity income τe,
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the payments to debtholders net of proceeds from debtholders reduce payouts and generate

a saving of personal tax on equity income. The firm gains a flow tax benefit from existing

debt but not from issuing new debt. When issuing new debt with a face value of a dollar,

the firm’s expected marginal tax benefit is

MTB(Y, F ) =

−1{ϕ0>ϕ̄0}τep(Y, F ) + E

[∫ T

0

e−(r+m)t
{
(τc − τb)c+ 1{ϕt>ϕ̄t}τe [(1− τc)c+m]

}
dt

∣∣∣∣Y, F]
(22)

The marginal tax benefit is higher when the firm is not distributing payouts and when it is

more likely to distribute payouts in the near future when coupons and principals are paid

to debtholders. In an extreme case, if the firm is not distributing now but is expected to

distribute payouts all the time in the future, the marginal tax benefit on each dollar of

coupon coincides with Miller’s formula (1 − τb) − (1 − τe)(1 − τc). Miller’s formula, then,

represents an upper bound for the marginal tax benefits of debt after adjusting for personal

taxes.

(e) A roadmap for solving the general model

An equilibrium of the general model can be found by:

1. Find the bankruptcy threshold {Y, F}b and the boundaries between the equity issuing

region (Region 1 ) and the break-even by debt region (Region 2 ) {Y, F}e. Start with arbitrary

positive initial values with higher leverage than the internal break-even level, and generate

value and price functions by (9) and (14), setting

� V b = V b
Y = V b

F = 0, pb = 0,

� ϕ(Y, F ) = (τc−τb)c
VFF (Y,F )

in the equity issuing region (Region 1 ),

� ϕ(Y, F ) = ϕ̄(Y, F ) = − 1
p(Y,F )

[Y − τc(Y − cF )− (c+m)F − κI(Y )] if p(Y, F ) < −VF (Y,F )
1−τe

,

and ϕ = (1−τe)(τc−τb)c
VFF (Y,F )

if p(Y, F ) = −VF (Y,F )
1−τe

in the regions with lower leverage than the

equity issuing region (Region 2, 3 and 4 ).

and check if the firm’s value and debt price converge to their limits when Y goes to infinity

for each F . Adjust the boundaries until reaching convergence.

2. Generate the equilibrium debt issuance ϕ, value function V (Y, F ) and debt price

p(Y, F ) as above using the boundaries found.
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3. Verify that V (Y, F ) and p(Y, F ) are strictly decreasing in F , V (Y, F ) is strictly convex

in F , and −VF (Y, F ) ≤ p(Y, F ) ≤ −VF (Y,F )
1−τe

.

4. Generate equity issuance γ by (5).

5 Leverage dynamics

Next, I discuss the leverage dynamics when the model is homogeneous, such that all variables

can be expressed as a function of a single state variable yt = Yt

Ft
. I focus on the baseline

scenario in which 1 − τc ≥ 1 − τb > (1 − τc)(1 − τe). This relation holds for the U.S. top

federal statutory rates in most years.

(a) A homogeneous model

Consider the case that µ(Yt) = µYt, I(Yt) = iYt, and σ(Yt) = σYt, with parameters satisfying

µ + i < r and τc + κi < 1. Define yt ≡ Yt

Ft
, v(yt) ≡ V

(
Yt

Ft
, 1
)
, and p(yt) ≡ p

(
Yt

Ft
, 1
)
. Then

the model is homogeneous and

V (Yt, Ft) = V

(
Yt

Ft

, 1

)
Ft = v(yt)Ft (23)

p(Yt, Ft) = p

(
Yt

Ft

, 1

)
= p(yt) (24)

Since

dYt = (µ+ i)Ytdt+ σYtdZt (25)

dFt = (ϕt −mFt)dt (26)

yt follows
dyt
yt

=

(
µ+ i+m− ϕt

Ft

)
dt+ σdZt (27)

We can rewrite the HJB equations (9) and (14) in yt using

VF (Y, F ) = v(y)− yv′(y), VY (Y, F ) = v′(y), VY Y =
1

F
v′′(y) (28)

pF (Y, F ) = − y

F
p′(y), pY (Y, F ) =

1

F
p′(y), pY Y =

1

F 2
p′′(y) (29)

24



Then the HJB equation for the value function (9) becomes

rv(y) = max

(
max
ϕ≥ϕ̄

{
(1− τe)

[
y − τc(y − c)− (c+m)− κiy + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + (µ+ i)yv′(y) +

1

2
σ2y2v′′(y)

}
,

max
ϕ<ϕ̄

{[
y − τc(y − c)− (c+m)− κiy + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + (µ+ i)yv′(y) +

1

2
σ2y2v′′(y)

})
(30)

and the HJB equation for the price function (14) becomes

rp(y) = (1− τb)c+m(1− p(y))− (ϕ−mF )
y

F
p′(y) + (µ+ i)yp′(y) +

1

2
σ2y2p′′(y) (31)

I solve the model by finding the boundaries between regions of financing strategies and the

bankruptcy threshold, such that the value and price functions converge to their limits as yt

goes to infinity, following the roadmap in the previous section. Denote yb as the bankruptcy

threshold and ye ≥ yb as the boundary between the equity issuing region (Region 1) and

the high-leverage break-even by debt region (Region 2). In the equity issuing region, when

y < ye, p(y) = −v(y) + yv′(y), ϕ = (τc−τb)cF
yp′(y)

and the firm issues equity, the HJB equations

are

(r +m) v(y) = (1− τc − κi)y − (1− τc)c−m+ (m+ µ+ i) yv′(y) +
1

2
σ2y2v′′(y) (32)

(r +m) p(y) = (1− τc)c+m+ (m+ µ+ i) yp′(y) +
1

2
σ2y2p′′(y) (33)

In the break-even by debt regions, when y ≥ ye,
1

1−τe
[−v(y) + yv′(y)] ≥ p(y) ≥ −v(y) +

yv′(y), ϕ = − F
p(y)

[(1− τc − κi)y − (1− τc)c−m], the HJB equations are

(r +m) v(y) = − 1

p(y)
[(1− τc − κi)y − (1− τc)c−m] [v(y)− yv′(y)] + (m+ µ+ i) yv′(y) +

1

2
σ2y2v′′(y)

(34)

(r +m) p(y) = (1− τb)c+m+ [(1− τc − κi)y − (1− τc)c−m] y
p′(y)

p(y)
+ (m+ µ+ i) yp′(y) +

1

2
σ2y2p′′(y)

(35)
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In the payout distributing region, when y ≥ ye and p(y) = 1
1−τe

[−v(y) + yv′(y)], ϕ =
(τc−τb)cF

yp′(y)
and the firm distributes payouts, the HJB equations are

(r +m) v(y) = (1− τe)[(1− τc − κi)y − (1− τc)c−m] + (m+ µ+ i) yv′(y) +
1

2
σ2y2v′′(y)

(36)

(r +m) p(y) = (1− τc)c+m+ (m+ µ+ i) yp′(y) +
1

2
σ2y2p′′(y) (37)

A solution of the model can be pinned down by the following boundary conditions

lim
y→∞

p(y) =
(1− τb)c+m

r +m
lim
y→∞

v(y) =
(1− τe)(1− τc − κi)y

r − µ− i
(38)

p(yb) = 0 v(yb) = 0 (39)

and smooth pasting conditions that v′(yb) = 0, v′(y) and p′(y) are continuous at the bound-

aries between regions. The differential equations (34) and (35) have no known closed-

form solutions. Therefore, I solve v(y) and p(y) numerically by picking yb, ye and gen-

erating function values from yb to infinity using the HJB equations and the bankruptcy

values, then check if the values converge to their closed-form limits above. The functions

are generated by a fourth-order Runge-Kutta-Nyström algorithm, which allows me to find

v(y + h), v′(y + h), p(y + h), p′(y + h) given the HJB equations and v(y), v′(y), p(y), p′(y),

where h is the step size. Appendix B shows the details of the algorithm.

(b) Optimal debt policies and leverage targets

Figure 5 shows the firm’s optimal net debt issuance rate ϕ
F
−m as a function of its market

leverage, defined by book value of debt
market value of equity + book value of debt

= F
V (Y,F )+F

= 1
v(y)+1

, in a baseline case

with r = 5%, τc = 30%, τb = 35%, τe = 20%, µ = 0, i = 2%, σ = 40%, c = r
1−τb

,m = 5%, κ =

20. 20 A negative debt issuance rate ϕ
F
, or equivalently, a net debt issuance rate lower than

the maturity rate −m, represents debt repurchasing. Unlike a firm in the DeMarzo and He

(2021) model, which never repurchases debt, the firm repurchases debt both when leverage is

high and when leverage is low. Since I am assuming that investments are linear in earnings

in this homogeneous case, the firm’s net financing need − [(1− τc − κi)y − (1− τc)c−m] is

20Parameters of the geometric Brownian motion µ+ i = 2% and σ = 40% follows DeMarzo and He (2021).
κi = 40% is chosen based on net investments (capital expenditures net of depreciation) to EBIT of
Compustat firms with positive net investments.
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monotonically increasing in leverage. When financing need is non-positive, the firm cannot

save tax on payouts for shareholders by debt since the proceeds are also taxed when dis-

tributed to shareholders as payouts. When financing need is high, the firm does not expect to

distribute payouts and pay taxes on payouts in the near future. Therefore, in both scenarios,

debt issuance depends on the comparison between the corporate tax rate and the personal

tax rate on bond income τc−τb, and the firm repurchases debt if τc < τb. The firm only issues

debt in the break-even by debt region when it has a moderate level of leverage. There is a

jump in debt issuance at the boundary between the equity issuing region and the break-even

by debt region when the firm switches between equity financing and debt financing.

Figure 5: Net debt issuance rate at different levels of leverage

Notes. The figure plots the firm’s net debt issuance rate ϕ/F−m, given its current market leverage
1/(v(y) + 1). The gray dashed line represents zero net debt issuance and no leverage adjustment.
The green dotted line represents no debt issuance or repurchase, and the net debt issuance rate
equals the maturity rate of −m. The figure shows two local leverage targets at 0.62 (red dashed
line) and 0 (red dotted line). The firm’s leverage converges to 0.62 when above 0.5 and converges
to 0 otherwise. The parameters are r = 5%, τc = 30%, τb = 35%, τe = 20%, µ = 0, i = 2%, σ =
40%, c = r

1−τb
,m = 5%, κ = 20.

The firm adjusts towards higher leverage when the net debt issuance rate is positive and

adjusts towards lower leverage when it is negative. Adjustments are faster when the absolute

value of the net debt issuance rate is higher. If the firm adjusts leverage upwards when it is

below a level and downwards when it is above that level, I refer to that leverage level as a

local leverage target. If the firm always adjusts to a level of leverage regardless of its current
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leverage, I refer to that leverage level as a global leverage target. In the illustration of Figure

5, there are two local leverage targets, 0.62 and 0. The adjustments are faster when the firm

is closer to the leverage targets.

Unlike the traditional wisdom of the trade-off theory that firms should have a single

global leverage target, this model allows for two local leverage targets. When leverage is

high, the firm’s leverage converges to a “upper leverage target”—the boundary between the

equity issuing region and the high-leverage break-even by debt region—by issuing debt when

leverage is below target and repurchasing debt when leverage is above target. When leverage

is low, the firm converges to zero leverage as a “lower leverage target” by repurchasing debt

until it reaches zero. Proposition 5 shows the conditions for the model to have two leverage

targets.

Proposition 5. (Leverage targets) If (1) τc < τb or (2) m > 0, τc = τb, then 0 is a

local leverage target. If ye <
(1−τc)c+m[1−p(ye)]

1−τc−κi
, the model has two local leverage targets, and a

market leverage of 1
v(ye)+1

is also a local leverage target.

(c) Leverage dynamics

Since marginal tax benefits of debt depend on the firm’s financing needs, the firm’s financing

strategy depends on how well earnings can cover its expenses, including payments to debt

holders. The asymmetry in savings on personal equity income tax from debt can be another

force—in addition to the debt ratchet effect—that makes debt policies path-dependent. For

example, when a firm is in the break-even by debt region, it borrows as much as its financing

needs, including payments to debt outstanding.

Figure 6 illustrates an example of the model’s simulated leverage dynamics with the

baseline parameter values. To highlight the potential persistence of the leverage differences

between firms, I show the evolutions of two firms’ leverage where both firms have the same

earnings process Yt all-time but a slightly different initial debt level. One has 5% more

initial debt than the other, which may arise due to an earnings shock. For example, suppose

both firms operate at the upper leverage target before time 0, and one has slightly higher

earnings than the other. In that case, a permanent negative earnings shock to the firm with

higher earnings can make their earnings equal while leaving them with different levels of

outstanding debt. Alternatively, the difference in initial debt may also arise from a temporary

shock to one of the ex-ante identical firms that makes the firm raise some additional debt.

Subfigures on the left show the evolutions of the two firms’ market leverage
(

1
v(y)+1

)
, face
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value of outstanding debt (F ) and equity values (v(y)F ), and subfigures on the right show

the differences between the two firms.

Both firms start with leverage close to the upper leverage target. Their leverages deviate

from the target after receiving earnings shocks and adjust to targets slowly. The gray dashed

line in the upper-left subfigure represents the threshold leverage level above which the firm

adjusts to the upper leverage target and otherwise to the lower leverage target. While both

firms start at the upper leverage target, they converge to the lower target at the end of the

30-year period, and the low-debt firm reaches zero leverage.21 Importantly, their leverages

can cross the threshold level due to earnings shocks and slow adjustments, so their leverage

target can switch between the upper and lower targets.

21Such deleveraging is consistent with the empirical findings of DeAngelo et al. (2018) that most firms
deleverage from peak market leverage over 0.5 at the median to near zero, which is difficult to reconcile
with traditional trade-off theory.
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Figure 6: Leverage dynamics and persistence of differences

Notes. The figure plots the simulated leverage dynamics in 30 years of two firms with identical
EBIT flows but starting with different levels of debt. The gray dashed line in the upper left sub-
figure represents the leverage level such that net debt issuance is 0, as in 5. Leverage adjusts to
targets slowly. A firm’s leverage target can switch from one to the other due to earnings shocks
until it reaches zero leverage. Differences in leverage, debt, and equity value can persist for long.
The parameters are r = 5%, τc = 30%, τb = 35%, τe = 20%, µ = 0, i = 2%, σ = 40%, c = r

1−τb
,m =

5%, κ = 20.

Although the two firms have the same earnings flow, their leverage and valuation differ-
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ences persist throughout the 30-year period and even grow larger. Before the low-debt firm

reached zero leverage, the leverage difference reached 16%, and the equity value difference

reached 8%—more than double the initial differences that were below 4%. A temporary

shock, then, can have long-persisting effects on a firm’s capital structure. Such persistence

implies that cross-sectional differences in leverage between firms can continue for a long time

period, even without differences in earnings.

(d) A Simulation of leverage distribution

To further explore the model’s implications for the cross-sectional differences in firms’ lever-

age, I simulate the cross-sectional distribution of firms’ leverage in the model and compare it

to the data. To generate a stationary leverage distribution and allow zero-leverage firms to

fail, I assume that firms face an exogenous random Poisson shock such that EBIT drops to

zero. Such a shock can be interpreted as, for example, the firm’s product becoming outdated

due to competitors’ technological advance.22 Each bankruptcy firm, either due to debt pay-

ments or the technology shock, is replaced by a new firm that makes a lump-sum investment

to enter and chooses the optimal fractions of debt and equity to finance the investment.

Let λ be the density of the Poisson technology shock dNt. Then we can write the earnings

process as

dYt = (µ+ i)Ytdt+ σYtdZt − Y −
t dNt (40)

where Y −
t denotes earnings before the shock. The HJB equations become

22In reality, earnings are not always positive as in a geometric Brownian motion. I match the rate of such
shocks to the proportion of Compustat firms with earnings that drop from positive to negative and remain
negative for at least three consecutive years (about 2%).

31



rv(y) = max

(
max
ϕ≥ϕ̄

{
(1− τe)

[
y − τc(y − c)− (c+m)− κiy + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + (µ+ i)yv′(y) +

1

2
σ2y2v′′(y)− λv(y)

}
,

max
ϕ<ϕ̄

{[
y − τc(y − c)− (c+m)− κiy + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + (µ+ i)yv′(y) +

1

2
σ2y2v′′(y)− λv(y)

})
(41)

For a new firm that needs to invest I0 to enter and receive an earnings flow starting with

Y0, it chooses debt and equity financing to maximize the continuation value of the firm plus

the payoff to shareholders at entry, that is,

v (y0)F0 +
(
1− 1p(y0)F0−I0>0τe

)
[p (y0)F0 − I0] (42)

Since y = Y
F

is the only state variable in this homogeneous case, I normalize initial

earnings as Y0 = 1. When I0 is large enough, the firm gains a full tax shield without being

constrained from saving personal tax on equity income. The following result describes the

firm’s optimal debt issuance.

Proposition 6. (Unconstrained optimal leverage) Let F ∗
0 = argmaxF0

[
v
(

1
F0

)
+ p

(
1
F0

)]
F0

be the debt issuance that maximizes the firm’s total enterprise value. If p
(

1
F ∗
0

)
F ∗
0 ≤ I0 ≤[

p
(

1
F ∗
0

)
+ v

(
1
F ∗
0

)]
F ∗
0 , the firm’s optimal debt issuance is F ∗

0 .

Proof. [
v

(
1

F ∗
0

)
+ p

(
1

F ∗
0

)]
F ∗
0 − I0 ≥

[
v

(
1

F0

)
+ p

(
1

F0

)]
F0 − I0

≥
[
v

(
1

F0

)
+ p

(
1

F0

)]
F0 − I0 − 1p(y0)F0−I0>0τe

[
p

(
1

F0

)
F0 − I0

]
(43)

I assume that the initial investment for new firms satisfies the conditions above. Then,
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I simulate the leverage dynamics of 5,000 firms that start with the unconstrained opti-

mal leverage. Suppose any firm fails due to the interest coverage ratio y falling below the

bankruptcy threshold yb or the technology shock. In that case, it is replaced by a new firm

starting with the unconstrained optimal leverage. I simulate the evolutions of firms’ leverage

until it reaches a stationary distribution, with parameters r = 5%, τc = 30%, τb = 30%, τe =

20%, µ = 0, i = 2%, σ = 40%, c = r
1−τb

,m = 1/15, κ = 20, λ = 2%. Here the Poisson shock

density λ matches the proportion of Compustat firms with earnings that drop from positive

to negative and remain negative for at least three consecutive years.

As exhibited in Figure 7, the simulated leverage distribution matches the leverage distri-

bution of Compustat firms in the data in Figure 1, showing that the mechanism of the model

can generate the observed cross-sectional patterns of leverage in the data even if firms are

ex-ante identical. Leverage in both the simulation and the data are measured by Book value

of debt/(Book value of debt + Market value of equity). As in the data, about 1/4 of firms

have lower than 5% market leverage, and the fractions of firms in each 5% bin are decreasing

in leverage levels.23 Such a distribution contrasts with the bell-shaped distribution implied

by traditional trade-off models that have a single global leverage target, suggesting the im-

portance of the different tax incentives for financing investments and capital restructuring

in understanding the leverage cross-sections.

(e) Empirical implications

The model has several empirical implications for firms’ financing policies that align with

existing empirical evidence or can be tested in the data. First, the model generates a rea-

sonable fraction of zero-leverage firms and helps explain the zero-leverage puzzle (Strebulaev

and Yang, 2013). The potentially zero or negative tax benefits of leveraged recapitaliza-

tion rationalize zero-leverage firms’ reluctance to increase leverage. Such an explanation can

be tested by measuring firms’ marginal tax benefits for issuing additional debt in the data

following equation (22). The marginal benefits depend on firms’ financing needs and can

be negative with reasonable tax rates when there is no need for external financing. The

traditional measure (1− τb)− (1− τc)(1− τe) overestimates marginal tax benefits for issuing

additional debt, especially for firms without external financing need.

Second, leverage dynamics in the model are path-dependent with persistent differences,

23A difference is that the simulated distribution has a thicker tail. The thinner tail in the data may be gen-
erated by more realistic assumptions about financially distressed firms, such as allowing for restructuring.
I leave that for future work.

33



Figure 7: Simulated leverage distribution

Notes. The figure plots a simulated stationary distribution of 5,000 firms’ market leverage. Failed
firms are replaced by new firms entering at the unconstrained optimal leverage. The distribution
matches the market leverage distribution in the data shown in Figure 1. The parameters are r =
5%, τc = 30%, τb = 30%, τe = 20%, µ = 0, i = 2%, σ = 40%, c = r

1−τb
,m = 1/15, κ = 20, λ = 2%.

which is consistent with empirical evidence of persistent effect from past capital structure

decisions (e.g., Baker and Wurgler, 2002) and persistent cross-sectional differences (e.g.,

Lemmon et al., 2008). Both the financing needs to pay debtholders and the debt ratchet

effect make firms with higher leverage continue to issue more debt.

Third, in contrast to a traditional trade-off theory, the model features two local lever-

age targets instead of one. This difference allows the model to generate new empirical

implications for firms’ leverage adjustments to targets. A firm’s leverage target can switch

between two targets with significant differences due to changes in its leverage and financ-

ing needs. For example, in the model where investment is assumed to be a fixed pro-

portion of EBIT, there is a threshold level of leverage such that the firm adjusts lever-

age upwards when above that threshold and downwards otherwise, and slow adjustments

allow the firm’s leverage to cross the threshold due to earnings shocks. Firms actively

adjust leverage to targets when leverage is high (equity issuing region) regardless of fi-

nancing needs, but they only passively adjust leverage with a financing pecking order of
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internal cash ≺ debt financing ≺ equity financing when leverage is low. Such behavior

essentially differs from the traditional understanding of the trade-off theory that a firm al-

ways actively—although perhaps slowly or infrequently—adjusts to a single leverage target.

Lastly, the dependence of tax benefits on firms’ financing needs implies that firms less

able to finance their investments with internal cash can better take advantage of the tax

benefits and should have higher leverage. This implication is consistent with Denis and

McKeon (2012)’s finding that firms’ leverage evolution mainly depends on financial surplus,

and firms predominantly cover deficits with debt. It is also consistent with the empirical

characterization of the long-standing low-leverage puzzle that low-leverage firms typically

have good profit and liquidity (e.g., Graham, 2000; Strebulaev and Yang, 2013). Such an

inverse correlation between profitability and leverage has been viewed as evidence against

the static trade-off theory (e.g., Myers, 1993). Future research can test whether firms with

more external financing needs, that is, more investments and less profits, generally have

higher leverage if their taxable income is still positive.

6 Welfare analysis and optimal taxation

In the traditional definition, interest expenses generate tax savings at a constant rate (1 −
τb) − (1 − τc)(1 − τe). In that case, taxing shareholders at the firm and personal levels are

equivalent, given a fixed value of (1− τc)(1− τe). However, this paper shows that corporate

and personal taxes on equity income affect firms’ financing policies differently. As a result,

analyzing the effect of tax rates τc and τe on economic efficiencies in this model can lead to

important policy implications. In addition, I discuss optimal maturity from the firm and

social welfare perspectives.

(a) Tax efficiency

In order to analyze the distortion of taxes on firms’ capital structure and the resulting

inefficient bankruptcy loss, I first decompose the firm’s pre-tax unleveraged value into the

values of equity, debt, expected tax revenue, and expected bankruptcy loss. The pre-tax value

of a leveraged firm, including equity value, debt value, and expected tax revenue, equals the

firm’s pre-tax unleveraged value net of the expected bankruptcy loss. Normalizing F = 1,

the unleveraged pre-tax value of the firm equals vpre−tax
0 (y) = y(1− κI)/(r− I). Equity and
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debt values are v(y) and p(y). Expected bankruptcy loss is

BL(y) = BC(y)
1− κI

(1− τe)(1− τc − κI)
(44)

where BC(y) solves HJB equation (21). Then the expected tax revenue equals

TR(y) = vpre−tax
0 (y)− v(y)− p(y)−BL(y) (45)

Figure 8 shows the decompositions of the firm’s pre- and after-tax values at different

interest coverage ratios (y/c) with parameters r = 5%, τc = 30%, τb = 35%, τe = 20%, µ =

0, i = 2%, σ = 40%, c = r
1−τb

,m = 5%, κ = 10. Panel (a) decomposes the firm’s pre-

tax unleveraged value into equity value, debt value, expected tax revenue, and expected

bankruptcy loss following equation (45). Panel (b) presents the firm’s equity value, debt

value, and tax shield value as percentages of its after-tax unleveraged value. As the interest

coverage ratio increases, there is lower bankruptcy risk, higher expected tax revenue, and a

shift of the firm’s capital structure from debt to equity. Taxes take up to 50% of the firm’s

earnings net of investments. The value of debt peaks at 26.73% when the interest coverage

ratio is 0.92. Total enterprise value (equity + debt) peaks at the unconstrained optimal

leverage when the interest coverage ratio is 4.31. In that case, the firm earns 3.26% of its

after-tax unleveraged value from the tax shield of debt net of expected bankruptcy cost. The

tax shield of debt is worth 5.58% of the firm’s after-tax unleveraged value at the maximum,

lower than (1− τb)− (1− τc)(1− τe) = 9% in the traditional definition of tax shield.
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Figure 8: Decomposition of the firm’s value

(a) Pre-tax value decomposition

(b) After-tax value decomposition

Notes. This figure shows decompositions of the firm’s value at different interest coverage ratios
(y/c) before and after taxes. Panel (a) decomposes the firm’s pre-tax unleveraged value into the
values of equity, debt, expected tax revenue, and expected bankruptcy loss. Panel (b) plots the
firm’s equity and debt value normalized by its after-tax unleveraged value. Pictures on the left plot
the cumulative sum of the components, and pictures on the right plot values of each component.
The parameters are r = 5%, τc = 30%, τb = 35%, τe = 20%, µ = 0, i = 2%, σ = 40%, c = r

1−τb
,m =

5%, κ = 10.

A government may want to collect more tax revenue or a target level of tax revenue while

minimizing the deadweight bankruptcy loss caused by leverage distortions. The following

analysis focuses on the case in which the policymaker chooses a combination of corporate tax

rate τc and personal tax rate on equity income τe, given a fixed personal tax rate on bond

income τb. If the government can choose all three tax rates τc, τb, τe freely, it can set τb high

37



enough that firms never use debt. The government can then tax an arbitrary proportion of

the firm’s earnings without causing inefficiency since the only source of inefficiency in this

model is the deadweight bankruptcy loss. In the real world, however, personal tax rates

on bond income are usually the same as the rates on wages. It is reasonable to take such

personal tax rates as given in the problem discussed here since these rates involve other

redistributive concerns that are not covered in this paper.

Figure 9 plots feasible pairs of expected bankruptcy loss and tax revenue, normalized by

the firm’s unleveraged pre-tax value for different combinations of corporate tax rate τc and

personal tax rate on equity income τe. Assume that the personal tax rate on bond income

is fixed at τb = 35%. Each line plots the feasible sets with different values of τe when the

corporate tax rate τc is 10%, 20%, and 30%. Pictures on the left and right plot the cases

in which the firm’s interest coverage ratio is 1 and 3, as examples for high and low leverage

firms. The other parameters are r = 5%, µ = 0, i = 2%, σ = 40%, c = r
1−τb

,m = 5%, κ = 10.

The government aims to achieve outcomes in the lower right with higher tax revenue and

lower expected bankruptcy loss. The upward-sloping parts of the lines represent the desirable

choices where the government faces a trade-off between tax revenue and expected bankruptcy

loss. The figure shows that for both high- and low-leverage firms, a lower corporate tax rate

can push the line of feasible outcomes to the right, which is preferred.

In Figure 10, I study the optimal choice of corporate tax rate when the policymaker has

a fixed tax revenue target. The figure plots the expected bankruptcy loss normalized by the

firm’s unleveraged pre-tax value when the policymaker collects a target tax revenue with

different corporate tax rates τc. In this case, the personal tax rate on equity income τe is

automatically pinned down by the target tax revenue and the other tax rates. The picture

on the left plots the case in which the firm’s interest coverage ratio is one, and the target

tax revenue is 35% of the firm’s unleveraged pre-tax value. This case serves as an example

of a high-leverage firm. The picture on the right plots the case in which the firm’s interest

coverage ratio is three, and the target tax revenue is 45% of the firm’s unleveraged pre-tax

value. This case is an example of a low-leverage firm. Other parameters are the same as

above. Given the tax revenue targets, expected bankruptcy loss increases with the corporate

tax rate in both cases. Therefore, in these cases, the optimal approach to collecting tax

revenue is to set the corporate tax rate at 0 and only tax the shareholders with the personal

tax on equity income. In general, the government can reduce expected bankruptcy loss due to

leverage distortions without losing tax revenue by taxing shareholders more at the personal

level and less at the corporate level. That is because when the firm cannot reduce payouts
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Figure 9: Feasible pairs of expected bankruptcy loss and tax revenue

Notes. This figure shows feasible pairs of expected bankruptcy loss and tax revenue, both nor-
malized by the firm’s unleveraged pre-tax value, for different combinations of corporate tax rate τc
and personal tax rate on equity income τe. Personal tax rate on bond income is fixed at τb = 35%.
Each line plots the feasible sets with different values of τe given τc = 10%/20%/30%. Pictures on
the left and right plot the cases when the firm’s interest coverage ratio is 1 and 3, as examples
for high- and low-leverage firms. The other parameters are r = 5%, µ = 0, i = 2%, σ = 40%, c =

r
1−τb

,m = 5%, κ = 10.

by additional debt issuance, the tax on payouts allows the government to collect tax revenue

without incentivizing higher leverage. I illustrate this intuition in a simple two-period model

in Appendix C.

(b) Optimal maturity

Similarly, we can assess the firm’s maturity preference by comparing the values of securities

with different maturity rates. Figure 11 plots the firm’s security values when it issues debt

with different fixed maturity rates. The picture on the left plots equity values normalized by

the firm’s after-tax unleveraged value at different leverage levels when the expected maturity

is 1, 5, 20 years, or infinity. The picture on the right plots the total enterprise value (debt

+ equity) normalized by the firm’s after-tax unleveraged value at different leverage levels

when the expected maturity is 1 year, 5 years, 20 years, or infinity. The equity value

increases with expected maturity, but total enterprise value decreases with expected maturity

because longer maturity lowers rollover risk for firms and transfers risk from shareholders to

debtholders. Without other frictions, firms issue long-term debt, which is suboptimal from

a social welfare perspective and leads to higher leverage and bankruptcy risk.
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Figure 10: Optimal corporate tax rate given target tax revenue

Notes. This figure shows the expected bankruptcy loss normalized by the firm’s unleveraged pre-
tax value when the policymaker collects a target tax revenue with different corporate tax rates τc.
Personal tax rate on bond income is fixed at τb = 35%. Personal tax rate on equity income τe is
automatically pinned down by the target tax revenue and the other tax rates. The picture on the
left plots the case in which the firm’s interest coverage ratio is 1 and the target tax revenue is 35%
of the firm’s unleveraged pre-tax value as an example of a high-leverage firm. The picture on the
right plots the case in which the firm’s interest coverage ratio is 3 and the target tax revenue is 45%
of the firm’s unleveraged pre-tax value as an example of a low-leverage firm. The other parameters
are r = 5%, µ = 0, i = 2%, σ = 40%, c = r

1−τb
,m = 5%, κ = 10.

(c) Endogenous investment and debt overhang

Here, I assume that investments are endogenous with quadratic costs 1
2
κi2Y , and I study

optimal investment rates and debt overhang. In this case, we can rewrite the HJB equation

as

rv(y) = max

(
max
ϕ≥ϕ̄

{
(1− τe)

[
y − τc(y − c)− (c+m)− 1

2
κi2y + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + iyv′(y) +

1

2
σ2y2v′′(y)

}
,

max
ϕ<ϕ̄

{[
y − τc(y − c)− (c+m)− 1

2
κi2y + p(y)

ϕ

F

]

+

(
ϕ

F
−m

)
[v(y)− yv′(y)] + iyv′(y) +

1

2
σ2y2v′′(y)

})
(46)
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Figure 11: Security values with different debt maturity rates

Notes. This figure shows the firm’s security values when it issues debt with different fixed rates of
maturity. The picture on the left plots equity values normalized by the firm’s after-tax unleveraged
value at different levels of leverage, when the expected maturity is 1 year, 5 years, 20 years, or
infinity. The firm’s equity value is higher when debt maturity is longer, given any level of leverage.
The picture on the right plots total enterprise value (debt + equity) normalized by the firm’s after-
tax unleveraged value at different levels of leverage, when the expected maturity is 1 year, 5 years,
20 years, or infinity. The firm’s total enterprise value is higher when debt maturity is shorter, given
any level of leverage.

Taking the first order condition to i, the optimal investment is

i =


v′(y)
κ

if ϕ < ϕ̄

v′(y)
κ

p(y)
−[v(y)−yv′(y)]

if ϕ = ϕ̄

v′(y)
(1−τe)κ

if ϕ > ϕ̄

(47)

In addition to the standard result, the optimal investment rate is multiplied by p(y)
−VF (Y,F )

=
p(y)

−[v(y)−yv′(y)]
when ϕ = ϕ̄ and by 1

1−τe
when ϕ > ϕ̄. Since −VF (Y, F ) ≤ p(y) ≤ −VF (Y,F )

1−τe

according to Proposition 2, these multipliers imply that the firm invests more given the

marginal gain v′(y) when the marginal source of financing is internal equity than when the

marginal source of financing is debt than when the marginal source of financing is external

equity. The costs of financing have a pecking order relation. Internal equity, which is

“trapped” in the firm and taxed when distributed, is cheaper than external equity. When

debt serves as the marginal source of financing, it is cheaper than external equity and more

expensive than internal equity.

41



When the firm is unleveraged, the optimal investment rate is

iunlev = r − µ−
√

(r − µ)2 − 2(1− τc)

κ
(48)

Figure 12 plots firms’ optimal investment rates at different levels of leverage, compared

to the first best investment without leverage, and compared across different tax rates. Panel

(a) plots the investment rates when the corporate tax rate is 25% and 30%. Panel (b)

plots the investment rates when the personal tax rate on equity income is 20% and 25%.

Investment rates decrease in leverage due to debt overhang. Given the level of leverage, a

5% corporate tax cut improves investment much more than a 5% cut on payout tax. This

can be interpreted as the short-term effect of tax cuts since leverages adjust slowly, and the

indirect effect of tax cuts through their impact on leverages happens in the long term. Notice

that only τc affects the investment rate of an unleveraged firm since when investments are

financed internally, the firm always pays τe whether it distributes the money or invests it.

Figure 12: Equilibrium investment rates with differnt tax rates

(a) Investment with different corporate tax rates (b) Investment with different payout tax rates

Notes. This figure shows the equilibrium investment rates compared to the first best investment
rates at different levels of leverage. Panel (a) plots the investment rates when the corporate tax
rate is 25% and 30%. Panel (b) plots the investment rates when the personal tax rate on equity
income is 20% and 25%. Investment rates decrease in leverage due to debt overhang. A higher
corporate tax rate leads to lower equilibrium and first best investment rates. A higher personal tax
rate on equity income leads to slightly higher investment rates.
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7 An empirical measure of marginal tax benefits

In this section, I build a new empirical measure of marginal tax benefits for a firm to issue

an additional dollar of debt. The measure captures the different tax consequences of issuing

debt to finance investment and recapitalizing the firm. As a result, I can estimate the extent

to which we can explain the data, especially the low-leverage puzzle, by simply revising our

view of tax benefits.

(a) Measuring marginal tax benefits of debt issuance

The previous literature (e.g., Graham, 2000) measures the marginal tax benefits of debt by

estimating firms’ marginal corporate tax rates net of personal tax penalty, that is

(1− τb)− (1− τc)(1− τe) (49)

This measure differs from the actual marginal tax benefits firms can earn from issuing new

debt in two major ways. First, it does not capture the personal tax consequence of distribut-

ing the proceeds from debt to shareholders. In order to generate additional interest expense

net of interest income, a firm either reduces equity issuance or distributes additional payouts

when issuing debt. There is an increase in shareholders’ personal tax on equity income if

the firm’s new debt issuance is expected to finance payouts.

Second, firms cannot add interest expenses to reduce current realized taxable income. If

a firm issues new debt at the end of the year after observing the realized earnings, the new

debt increases its interest expenses in the coming years until it matures.

To include these features in my model, I first write the theoretical marginal tax benefits

expression (22) into a discrete-time expression that can be directly estimated from data.

E0

[
M∑
t=1

1

(1 + (1− τb)r)t
r [(1− τb)(1− 1payτe,i0)− (1− τc,it)(1− τe,it)]

]
(50)

Expression (50) defines the marginal tax benefits from issuing a debt that pays a dollar of

coupon each period for M periods. Each dollar of interest expense generates proceeds from

debt by the present value of (1− τb), where τb is the marginal debtholder’s personal income

tax rate that is priced in bonds. It increases the firm’s current net payouts to shareholders

by the present value of (1− τb)(1− 1payτe,i0), where 1pay = 1 when proceeds from additional
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debt are expected to be distributed as payouts. On the other hand, each dollar of interest

expense reduces the firms’ net payouts by (1− τc,it)(1− τe,it).

Assume that firms expect no changes in tax policies. Firms then take the marginal

debtholder’s personal tax rate τb as given. Because of the gradient tax rates and allowance

for carryback and carryforward of net operating losses, τc,it depends on firms’ specific earnings

expectation. Since a dollar of net payouts is taxed differently when used for reducing equity

issuance, repurchasing stock, and paying dividends, τe,i0, τe,it depends on the expectations of

the forms of net payouts. I discuss measurement of these tax rates below.

(b) Marginal corporate tax rates

I measure the marginal corporate tax rates following Graham (2000) and Blouin, Core, and

Guay (2010). Since net operating losses (NOL) can be carried back or forward to offset

taxable income in other years, estimating the corporate tax rates requires not only current

taxable income but also an estimate of expected earnings in the future.24 For example,

estimating time t marginal tax benefits for an observation before 1997 requires simulating

the earnings from t+1 to t+18. Graham (2000) simulates future earnings by a random-walk

process ∆EBIT = µ + ϵ. Blouin, Core, and Guay (2010) simulates future earnings by a

non-parametric method in which firms estimate future growth in ROA and average assets

by the growth rates of other firms with similar ROA and average assets and show that this

method matches earnings growth in the data better. I account for taxable incomes using

Compustat data following Appendix A in Blouin, Core, and Guay (2010) and adjust taxable

incomes for NOL carryback and carryforward following Appendix A in Graham (2000). In

Appendix D, I report the summary statistics of my replications of pre-financing marginal

corporate tax rates using the two simulation methods in Table (4). In the following analysis,

I use the measure based on the non-parametric simulation of earnings growth as the baseline

measure.

(c) Marginal personal tax rates on bond income

Which investors’ personal tax rates should firms take into account? Below, I assume firms

maximize shareholder value, and I discuss the personal tax consequences in the two scenarios

24During the sample periods in this paper (1980-2021), the tax rules allow for (1) a 3-year carryback and
15-year carryforward in 1980-1997; (2) a 2-year carryback and 20-year carryforward in 1998-2017; and (3)
no carryback, but indefinitely carry forward for up to 80% of taxable income since 2018. In addition, the
CARES Act provided for a special 5-year carryback.
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with positive and negative net payouts.

When net payouts are positive, proceeds from debt issuance are expected to be distributed

to shareholders. Without changing their current consumption, shareholders can rebalance

their portfolio by investing the payouts into a fixed-income security that earns the same

return as the firm’s debt issued. In that case, such recapitalization has an arbitrage-like effect

on the shareholders’ after-tax incomes. After the payouts at issue, they earn (1− τb)(1− τe)

more from interest income and (1 − τc)(1 − τe) less from equity income per each dollar

of interest expense on the new debt. The marginal tax benefits for the firm to issue new

debt depend on comparing shareholders’ marginal personal tax rates and the firms’ marginal

corporate tax rates. This finding is consistent with findings in Strebulaev and Yang (2013)

that firms owned by family or with a large CEO ownership share tend to be zero-leveraged.

Wealthy owners usually face the highest tax brackets and cannot benefit from leveraged

recapitalizations.

When net payouts are negative, proceeds from debt issuance are expected to replace eq-

uity issuance. This replacement reduces the dilution of share value for existing shareholders.

In this case, it is the marginal debtholder’s personal rate priced in bonds that affects the

amount the firm can raise from debt issuance and should be used for measuring tax benefits.

Due to the difficulty of observing shareholders’ personal income tax rates and marginal

bondholders’ rates priced in bonds, I use the top federal statutory rates as a proxy. In the

municipal bonds literature, Ang, Bhansali, and Xing (2010), Longstaff (2011), and Kueng

(2018) find the short-term implied tax rates in bonds are close to the top rates, and Schwert

(2017) uses the top statutory rates as a proxy for implied tax rates. Since measures of implied

tax rates based on market prices are usually too volatile over time and sometimes exceed

the top rates, using the top federal rates as a proxy can generate a more time-consistent

estimate of marginal tax benefits.25 A caveat is that this proxy may be biased for estimating

the tax consequences of leveraged recapitalizations. That is because tax-exempt shareholders

can potentially gain the difference between the priced tax rates and their own rates from

investing the payouts. A better estimate requires observing the composition of shareholders

and their personal income tax rates.

25For example, Ang, Bhansali, and Xing (2010) estimate an implied tax rate of over 70% based on transactions
in the secondary market. Longstaff (2011) estimates the implied tax rates to be above the top rates in 2007
and around 10% during the financial crisis. An exception is Graham’s (2000) measure using data from
Fortune (1996). However, Fortune (1996) uses data from Salomon Brothers that is no longer available.
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(d) Marginal personal tax rates on equity income

Each dollar of a firm’s cash inflows is subject to a dividend tax when directly paid to

shareholders as dividends or a capital gains tax (with potential deferral benefits) if retained

or used for share repurchase. Therefore, τe,i0 and τe,it are weighted averages of dividend

and capital gains tax rates depending on the proportion of the payouts or earnings that are

expected to be distributed as dividends.

τe,i0 is the expected marginal tax rate for current payouts in year 0 when the firm issues

debt. Assuming that the firm uses the same payouts strategy as in the past year, I estimate

it by τe,i0 = dividendsi0
payoutsi0

τdiv,0 +
(
1− dividendsi0

payoutsi0

)
τcg,0α. Here, dividendsi0 and payoutsi0 are

observed dividends and payouts paid in year 0, τdiv,0 and τcg,0 are the dividends and capital

gains tax rates in year 0, and α = 0.25, following Graham (2000), captures the benefits of

deferring capital gains.

τe,it is the expected marginal tax rate on the reduced earnings by future interest expenses.

To be conservative, I assume the marginal earnings are used for payouts, that is, τe,it = τe,i0.

Alternatively, we may assume that the marginal earnings reduced by interest expenses are

not necessarily distributed, yielding lower estimates of marginal tax benefits.26

8 Estimated marginal tax benefits from debt issuance

This section discusses findings from estimating marginal tax benefits from debt issues at

the firm-year level. Compared to the traditional measure, the new measure described above

better rationalizes many firms’ decisions to keep leverage low, indicating that most firms

have adequately exploited the potential tax shield from debt.

(a) Data

I use annual Compustat data for firm fundamentals. The sample includes firms headquar-

tered in the US with at least three years of observations in 1980-2021, excluding those in the

financial industry and American depository receipts (“ADR”). There are 199,436 firm-year

observations.

I use Moody’s Baa bond yields as the discount rates. Corporation income tax brackets

and rates are from the Internal Revenue Service website. Top personal income tax rates are

26For example, one alternative is to assume firms only distribute the marginal earnings when earnings are
positive.
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from Daniel Feenberg’s taxsim website.

(b) Summary statistics

Table 1 reports the summary statistics for the estimated marginal tax benefits with the

new measure (50) and the traditional measure (49) for firm-year observations with positive

taxable income. The full sample’s summary statistics are reported in 5 in Appendix D. I

estimate the measures in two ways: (1) the ex-ante tax benefits for firms to raise a dollar

of new perpetual debt after observing the current year’s earnings; and (2) the ex-post tax

benefits for firms to add a dollar of interest expense directly to the observed current-year

earnings. Pre-financing and post-financing measures estimate the marginal tax benefits

before and after accounting for the firms’ actual interest expenses. Measures using the new

definition generate lower marginal tax benefits than those using the traditional definitions.

The average pre-financing marginal tax benefits are -7.12% for these firms with the new

measure, compared to 2.86% with the traditional measure. This difference occurs because

firms typically face negative marginal tax benefits from leveraged recapitalization with the

new measure. 9.85% firms face a positive marginal tax benefit to issuing more debt than

they actually did, compared to 35.35% based on the traditional measure.

[Insert Table 1 near here]

Figure 13 plots the time series of marginal tax benefits (new measure) and marginal

tax rates (traditional measure) from 1980 to 2021 in the first, second, and third quartiles

for observations with positive taxable income. In most years, the median marginal tax

benefits are slightly below zero (between 0 and -10%), and the marginal tax rates are slightly

above zero (between 0 and 10%). A typical profit-making firm faces no positive marginal

tax benefits to issuing additional debt after adjusting for the personal tax consequences of

leveraged recapitalization. Marginal tax benefits are left-skewed, while marginal tax rates

are right-skewed. Under the traditional measure, firms with high earnings and relatively low

interest expenses face high marginal tax rates even if adjusted with personal tax penalties

by (1− τb)− (1− τc)(1− τe). However, since these firms usually have positive net payouts,

issuing debt to raise future interest expenses leads to additional payouts with personal tax

costs. Few firms face high marginal tax benefits after adjusting for such costs. In contrast,

under the new measure, firms with low marginal corporate tax rates and positive net payouts

face substantial personal tax costs for issuing debt through a leveraged recapitalization but
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little corporate tax savings. As a result, these firms face considerable negative marginal tax

benefits for additional debt issuance.

[Insert Figure 13 near here]

Several tax reforms have substantially affected firms’ tax incentives for taking leverage.

Ronald Reagan’s tax reform in 1986 lowered the top federal personal income tax rates from

50% to 28% and top corporate income tax rates from 46% to 34%, effective in 1988. The

larger cut in personal rates leads to a substantial increase in firms’ marginal tax benefits

from debt issuance. Bill Clinton’s Omnibus Budget Reconciliation Act of 1993 raised the

top personal rate to 39.6% and the top corporate rate to 35%, decreasing firms’ marginal

tax benefits from debt issuance. George W. Bush lowered the personal tax rates in his 2001

and 2003 tax reforms, with the top personal income rate dropping to 35%. After the reform,

dividends are taxed at the rate of 15% instead of investors’ personal income rates, which

can be as high as 39.6% before the reform. The cut in personal income tax rates raised the

marginal tax benefits, and the drop in dividend tax rates essentially shrank the difference

between the first quartile and median marginal tax benefits in the new measure. In 2017,

Donald Trump’s tax cut substantially lowered the corporate tax rates from 35% to 21%.

Marginal tax benefits dropped a lot. Since 2018 when the tax reform became effective, most

firms are facing negative marginal tax benefits for debt issuance, even in the traditional

measure. Given the low corporate rate relative to the personal rates, firms no longer have

tax incentives to lever up, regardless of the purpose of debt.

(c) The “kink” analysis

Here, I study the “kink” analysis, following Graham (2000) as a way to examine firms’

success in utilizing the tax shield of debt. Kinks are defined by the first level of interest

expense, presented as multiples of actual interest expenses, where the marginal tax benefits

drop by more than 50 basis points compared to the pre-financing level. Table 2 shows the

summary statistics of estimated kinks. Estimates of the new measure show that over 90%

of observations are already on the downward-sloping part of marginal tax benefits. The new

measure implies a much smaller mass of underleveraged firms than the traditional measure.

Only 4.67% of firms can double debt before tax benefits decline based on the new measure,

compared to 20.36% based on the conventional measure. Most of the difference comes from

correctly accounting for tax consequences of debt issuance on shareholders’ personal taxes
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on equity income. Assessing the tax benefits from interest expenses in the future instead of

current earnings further lowers estimations of unexploited tax benefits.

[Insert Table 2 near here]

(d) The zero-leverage puzzle

Strebulaev and Yang (2013) document a zero-leverage puzzle that about 1/5 firms have below

5% leverage, potentially leaving a substantial amount of money on the table by not taking

advantage of the tax shield of debt. They did not adjust tax benefits of debt for personal

tax penalty in their analysis due to the difficulty of observing firm-specific marginal personal

rates. However, that effectively assumes the personal tax rates to be zero, as if tax-exempt

institutions fully hold firms. However, a majority of shares are directly or indirectly owned

by wealthy households who pay high tax rates on their income.27 Here, I analyze whether

firms with zero leverage or almost zero leverage can gain tax benefits from levering up after

adjusting for personal taxes as described above.

Table 3 reports the summary statistics of marginal tax benefits for firms with below 5%

book leverage to issue additional debt. Statistics for the subsample of observations with

positive taxable income and the full sample are separately reported. The new definition

considers all personal tax consequences of marginal debt issuance. The traditional definition

adjusts tax benefits by Miller’s formula. 46% of the observations have no taxable income

to shield against. Firms with positive taxable income face a median marginal tax benefit of

3.7% by the traditional definition. Adjusting marginal tax benefits in the traditional way

rationalizes the low leverage of over 25% firms with positive taxable income. Firms with

positive taxable income face a median marginal tax benefit of -6.04% by the new definition.

Additional tax cost from recapitalization rationalizes the low leverage of most firms that

still seem underleveraged after the traditional adjustment. Only about 10% of firms with

positive taxable income and 5% of all (almost) zero-leverage firms face positive tax benefits

from additional debt issuance.

[Insert Table 3 near here]

27Households may defer the tax payments if they hold securities, for example, through retirement plans.
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9 Conclusion

This paper shows that the tax benefits of debt for financing investment and leveraged re-

capitalization are different. A dynamic trade-off model with corporate and personal taxes

and bankruptcy costs features two local leverage targets. Depending on a firm’s leverage

compared to a threshold, it adjusts to one target or the other and may switch targets due

to earnings shocks. When the corporate tax rate is lower than the personal tax rate on

bond income, the lower leverage target is 0, which helps explain the zero-leverage puzzle

(Strebulaev and Yang, 2013) that over 1/5 of firms have close to zero leverage. A simulation

of the model generates a cross-sectional leverage distribution that matches the data.

The paper also studies policymakers’ choice of tax rates with a trade-off between tax

revenue and expected deadweight bankruptcy loss due to leverage distortions. I show that

policymakers can reduce expected bankruptcy loss without losing tax revenue by taxing

shareholders more at the personal level and less at the corporate level. A corporate tax cut

also improves investments more than a personal tax cut on equity income of the same size.

In addition, the paper estimates a new empirical measure of marginal tax benefits for

firms to issue new debt at the firm-year level. While many firms seem underleveraged

according to the traditional measure, the new measure indicates that most firms see no

benefits to levering up. The empirical evidence suggests that many firms having close to

zero leverage is no longer a puzzle if we fully account for the personal tax costs for leveraged

recapitalization.
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Figure 13: Marginal tax benefits of debt 1980-2021

(a) Marginal tax benefits (new measure)

(b) Marginal tax benefits (traditional measure)

Notes. This figure shows the evolution of marginal tax benefits of debt from 1980 to 2021 in the first,
second, and third quartiles for observations with positive taxable income. Panel (a) plots estimations of
the new measure, that is, the marginal tax benefits for firms to raise a dollar of new perpetual debt after
observing the current year’s earnings. Panel (b) plots estimations of the traditional measure, that is, the
marginal tax rates adjusted for personal taxes estimated, (1− τb)− (1− τc)(1− τe). Periods of tax reforms
that substantially impact tax benefits of debt are marked in grey.
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Table 1: Descriptive statistics for marginal tax benefits

Ex-ante prefin Ex-post prefin Ex-ante postfin Ex-post postfin
new traditional new traditional new traditional new traditional

obs 134,402 134,402 134,402 134,402 134,402 134,402 134,402 134,402
mean -7.12% 1.25% -5.5% 2.86% -10.65% -2.29% -8.45% -0.08%
std 11.79% 14.13% 11.67% 13.83% 13.93% 16.64% 13.79% 16.34%
min -47.5% -45% -47.5% -45% -47.5% -45% -47.5% -45%
1st quartile -9.9% -4.6% -6.29% -2.33% -20.16% -8.69% -14.15% -4.83%
median -4.46% 0 -3.04% 1.47% -5.83% -0.62% -3.84% 0
3rd quartile -1.25% 8.78% -0.3% 9.95% -2.04% 7.33% -0.77% 9.16%
max 25.26% 25.28% 33.12% 36.72% 25.26% 25.28% 33.12% 36.72%

Notes. This table shows the summary statistics for the marginal tax benefits for observations
with positive taxable income in the 1980-2021 sample period. Ex-ante measures estimate the tax
benefits for firms to raise a dollar of new perpetual debt after observing the current year earnings.
Ex-post measures estimate the tax benefits for firms to add a dollar of interest expense directly
to the observed current year earnings. Pre-financing and post-financing measures estimate the
tax benefits before and after accounting for the firms’ actual interest expenses, respectively. New
definitions are those taking the personal tax consequence of leveraged recapitalization into account,
as discussed above. Traditional definitions are given by (1 − τb) − (1 − τc)(1 − τe). See appendix
for summary statistics for the full sample.

Table 2: Descriptive statistics for the kink analysis

Ex-ante (1980-2021) Ex-post (1980-2021)
new traditional new traditional

obs fraction obs fraction obs fraction obs fraction
kink <1 184,091 92.31% 149,046 74.73% 178,697 89.6% 139,997 70.2%
1 <= kink <2 4,451 2.23% 12,328 6.18% 5,631 2.82% 13,528 6.78%
kink = 2 1,571 0.79% 4,617 2.32% 2,018 1.01% 5,317 2.67%
kink = 3 2,573 1.29% 8,206 4.11% 3,507 1.76% 9,447 4.74%
kink >= 4 6,750 3.38% 25,239 12.66% 9,583 4.81% 31,147 15.62%
total 199,436 100% 199,436 100% 199,436 100% 199,436 100%

Notes. This table reports the number and fractions of observations with different levels of kinks,
defined by the first increment of interest expense such that marginal tax benefits drop by at least 50
basis points. Ex-ante measures estimate the tax benefits for firms to raise a dollar of new perpetual
debt after observing the current year earnings. Ex-post measures estimate the tax benefits for firms
to add a dollar of interest expense directly to the observed current year earnings. New definitions are
those taking the personal tax consequence of leveraged recapitalization into account, as discussed
above. Traditional definitions are given by (1− τb)− (1− τc)(1− τe).
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Table 3: Marginal tax benefits for firms close to zero leverage

positive taxable income full sample
new traditional new traditional

obs 33,733 33,733 62,552 62,552
mean -9.7% 2.75% -13.21% -4.97%
std 12.5% 14.15% 12.16% 15.22%
min -47.5% -40% -47.5% -40%
1st quartile -13.81% -0.47% -19.31% -15.61%
median -6.04% 3.7% -11.24% -3.94%
3rd quartile -2.18% 9.68% -4.54% 4.98%
max 24.97% 35.92% 24.97% 35.92%

Notes. This table shows the summary statistics of marginal tax benefits for observations with below
5% book leverage in the 1980-2021 sample period. Columns 2-3 show the summary statistics for
observations with positive taxable income, and columns 4-5 show the summary statistics for the full
sample. New definitions are those taking the personal tax consequence of leveraged recapitalization
into account, as discussed above. Tradition definitions are given by (1− τb)− (1− τc)(1− τe).
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Appendix A: Proofs

Proof of proposition 4

I characterize the relations between regions of financing strategies where different equilibrium

conditions hold by checking the limiting conditions for extreme values of state variables and

the boundary conditions between regions. By continuity, the regions in which conditions 1

and 3 in Proposition 3 hold (equity issuing region and payout distributing region) do not

connect. Therefore, in the followings, I check equilibrium conditions at bankruptcy, when Y
F

converges to infinity and at the boundaries where a break-even by debt region connects to

an equity issuing region or a payout distributing region.

When bankruptcy is triggered, both the debt price and the first order partial derivative

of the value function are zero, that is, pb(Y, F ) = V b
F (Y, F ) = 0, where pb(Y, F ), V b(Y, F )

denote the debt price and the value function at a pair of (Y, F ) such that bankruptcy is

triggered.

When Y
F
→ ∞, the firm’s securities converge to the risk-free values,

prf (Y, F ) =
(1− τb)c+m

r +m
(51)

V rf (Y, F ) = V rf (Y, 0)− (1− τe)
(1− τc)c+m

r +m
F (52)

where prf (Y, F ), V rf (Y, F ) denote the risk-free limit of the debt price and the value function.

If τb > τc, then −V rf
F (Y,F )

1−τe
> prf (Y, F ) > −V rf

F (Y, F ), and ϕrf (Y, F ) = ϕ̄rf (Y, F ). The firm

spends all free cash on debt repurchase when Y
F

is large enough, to save the difference

between personal income tax rates priced in bonds and the corporate tax rates. The tax

benefits dominate the debt ratchet effect of debt repurchase when the remaining debt is low

enough. If τb < τc, then −V rf (Y,F )
1−τe

< prf (Y, F ) and the equilibrium security prices cannot

converge to the risk-free valuations since otherwise the firm will issue debt discretely to take

advantage of the high debt price until −V rf (Y,F )
1−τe

= prf (Y, F ). That is because investors

always expect the firm to lever up when leverage is low.

Then I analyze the boundary conditions between regions. Suppose there exists a region of

(Y, F ) such that the first order condition p(Y, F ) = −VF (Y, F ) holds (equity issuing region).

Then at the boundary between this region and the region in which −V rf (Y,F )
1−τe

> p(Y, F ) >
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−VF (Y, F ) (break-even by debt region),

−rVF (Y, F ) =(1− τc)c− pF (Y, F )ϕ+m[1 + VF (Y, F )]− (ϕ−mF )VFF (Y, F )

− [µ(Y ) + I(Y )]VFY (Y, F )− 1

2
σ(Y )2VFY Y (Y, F ) (53)

where p(Y, F ) = −VF (Y, F ), pF (Y, F ) = −VFF (Y, F ), pY (Y, F ) = −VFY (Y, F ) by smooth

pasting conditions. ϕ(Y, F ) = ϕ̄(Y, F ) in the break-even by debt region, and ϕ(Y, F ) =
(τb−τc)c
pF (Y,F )

in the equity issuing region. Compare (53) with (14), if ϕ̄(Y + ϵY , F + ϵF ) >
(τb−τc)c

pF (Y+ϵY ,F+ϵF )
within a neighborhood of the boundary in the break-even by debt region,

then −VFY Y (Y + ϵY , F + ϵF ) < pY Y (Y + ϵY , F + ϵF ). Then, since p(Y, F ) > −VF (Y, F ) in

the break-even by debt region, this region must be on the “lower-right” side (with higher
Y
F
) of the equity issuing region. Otherwise if ϕ̄(Y + ϵY , F + ϵF ) < (τb−τc)c

pF (Y+ϵY ,F+ϵF )
within a

neighborhood of the boundary in the break-even by debt region, the break-even by debt

region must be on the “upper-left” side (with lower Y
F
) of the equity issuing region. How-

ever, since equity issuance is positive at the “upper-left” boundary of the equity issuing

region, by continuity, the firm should issue more debt when not issuing equity, that is,

ϕ̄(Y + ϵY , F + ϵF ) >
(τb−τc)c

pF (Y+ϵY ,F+ϵF )
. That leads to a contradiction. Therefore, the break-even

by debt region must be on the “lower-right” side of the equity issuing region. There is at

most one continuous equity issuing region where p(Y, F ) = −VF (Y, F ).

Similarly, if there exists a region of (Y, F ) such that the first order condition p(Y, F ) =

−VF (Y,F )
1−τe

holds (payout distributing region), at the boundary between this region and the

break-even by debt region,

−rVF (Y, F ) =(1− τe) [(1− τc)c− pF (Y, F )ϕ+m] +mVF (Y, F ))− (ϕ−mF )VFF (Y, F )

− (µ(Y ) + I(Y ))VFY − 1

2
σ(Y )2VFY Y (Y, F ) (54)

where p(Y, F ) = −VF (Y,F )
1−τe

, pF (Y, F ) = −VFF (Y,F )
1−τe

, pY (Y, F ) = −VFY (Y,F )
1−τe

by smooth pasting

conditions. ϕ(Y, F ) = ϕ̄(Y, F ) in the break-even by debt region, and ϕ(Y, F ) = (τb−τc)c
pF (Y,F )

in the

payout distributing region. Compare (54) with (14), if ϕ̄(Y + ϵY , F + ϵF ) >
(τb−τc)c

pF (Y+ϵY ,F+ϵF )

within a neighborhood of the boundary in the break-even by debt region, then −VFY Y (Y +

ϵY , F + ϵF ) < pY Y (Y + ϵY , F + ϵF ). Then since p(Y, F ) < −VF (Y,F )
1−τe

in the break-even by

debt region, this region must be on the “upper-left” side of the payout distributing region.

If ϕ̄(Y + ϵY , F + ϵF ) <
(τb−τc)c

pF (Y+ϵY ,F+ϵF )
within a neighborhood of the boundary in the break-

even by debt region, then −VFY Y (Y + ϵY , F + ϵF ) > pY Y (Y + ϵY , F + ϵF ). Then since

60



p(Y, F ) < −VF (Y,F )
1−τe

in the break-even by debt region, this region must be on the “lower-

right” side of the payout distributing region. When ϕ̄(Y, F ) and (τb−τc)c
pF (Y,F )

satisfies single-

crossing condition, a break-even by debt region cannot be on the “lower-right” of one payout

distributing region while being on the “upper-left” of another payout distributing region.

Then there is at most one continuous payout distributing region where p(Y, F ) = −VF (Y,F )
1−τe

.

Then we can summarize the regions of financing policies as in Proposition 4.

Proof of proposition 5

By Proposition 4, when y = Y
F

is large enough, ϕ(y) = ϕ̄(y) < 0 if τc < τb and ϕ(y) = 0 if

τc = τb. Therefore, the firm’s leverage converges to zero when it is low enough.

If ye <
(1−τc)c+m[1−p(ye)]

1−τc−κi
, let y0 > ye be a solution of y = (1−τc)c+m[1−p(y)]

1−τc−κi
, which exists by

the continuity of p(y). Then for y ∈ (ye, y
0), ϕ(y) = ϕ̄(y) = − F

p(y)
[(1− τc − κi)ye − (1− τc)c−m] >

mF . The firm’s leverage converges to the leverage at ye. When y < ye, ϕ(y) =
(τc−τb)cF

yp′(y)
<

mF . The firm’s leverage also converges to the leverage at ye. Therefore, the leverage ratio

at ye is also a local leverage target.

By Proposition 4 and the monotonicity of ϕ̄(y), there cannot be other leverage targets.

Appendix B: The algorithm for solving the model nu-

merically

Here I describe the algorithm for solving the HJB differential equations for the security values

v(y) and p(y).

Step 1. Start with a guess of the bankruptcy threshold ŷb.

Step 2. Make a guess of the boundary ŷe between the equity issuing region and the

break-even by debt region, which is larger than yb.

Step 3. Starting with v̂(ŷb) = v̂′(ŷb) = p̂(ŷb) = 0 and p̂′(ŷb) found by closed-form

solutions in the equity issuing region, generate v̂(y), p̂(y) by the following algorithm.

A fourth-order Runge-Kutta-Nyström algorithm for v′′(y) = G (y, p(y), p′(y), v(y), v′(y))

and p′′(y) = H (y, p(y), p′(y), v(y), v′(y)):
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(1) Let

lv1 = G (y, p(y), p′(y), v(y), v′(y)) (55)

lp1 = H (y, p(y), p′(y), v(y), v′(y)) (56)

v′1 = v′(y) + lv1h/2 (57)

p′1 = p′(y) + lp1h/2 (58)

v1 = v(y) + (v′(y) + v′1)/2× h/2 (59)

p1 = p(y) + (p′(y) + p′1)/2× h/2 (60)

where h is a small step size.

(2) Let

lv2 = G (y + h/2, p1, p
′
1, v1, v

′
1) (61)

lp2 = H (y + h/2, p1, p
′
1, v1, v

′
1) (62)

v′2 = v′(y) + lv2h/2 (63)

p′2 = p′(y) + lp2h/2 (64)

v2 = v(y) + (v′(y) + v′2)/2× h/2 (65)

p2 = p(y) + (p′(y) + p′2)/2× h/2 (66)

(3) Let

lv3 = G (y + h/2, p2, p
′
2, v2, v

′
2) (67)

lp3 = H (y + h/2, p2, p
′
2, v2, v

′
2) (68)

v′3 = v′(y) + lv3h (69)

p′3 = p′(y) + lp3h (70)

v3 = v(y) + (v′(y) + v′3)/2× h (71)

p3 = p(y) + (p′(y) + p′3)/2× h (72)
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(4) Let

lv4 = G (y + h, p3, p
′
3, v3, v

′
3) (73)

lp4 = H (y + h, p3, p
′
3, v3, v

′
3) (74)

v′(y + h) = v′(y) + h/6× (lv1 + 2lv2 + 2lv3 + lv4) (75)

p′(y + h) = p′(y) + h/6× (lp1 + 2lp2 + 2lp3 + lp4) (76)

v(y + h) = v(y) + h/6× (v′1 + 2v′2 + 2v′3 + v′(y + h)) (77)

p(y + h) = p(y) + h/6× (p′1 + 2p′2 + 2p′3 + p′(y + h)) (78)

Here G (y, p(y), p′(y), v(y), v′(y)) and H (y, p(y), p′(y), v(y), v′(y)) are determined by re-

organizing the HJB equations in each region.

Then iterate for y + h, until y reachs a large enough threshold such that the security

values are close enough to their limits for y converging to infinity.

Step 4. Check if p̂(y) converges to (1−τb)c+m
r+m

. If not, adjust ŷe and repeat steps 3-4 until

convergence.

Step 5. Check if v̂(y) converges to (1−τe)(1−τc−κi)y
r−µ−i

. If not, adjust ŷb and repeat steps 2-4

until convergence.

Step 6. Check if the results satisfy the equilibrium conditions.

Appendix C: Tax efficiency problem in a two-period

model

Here I illustrate why it is more efficient to tax shareholders at the personal level (τe) than

the corporate level (τc) in a simple two-period model.

Suppose a firm is making an investment that needs external financing I in period 0,

with I = 0 representing the investment can be self-financed. The investment generates an

uncertain profit that is revealed in period 1. For simplicity, assume the profit is earned in

perpetuity with EBIT Y ∈ (0,∞) per period. Let h(Y ) and H(Y ) be the probability density

function and cumulative distribution function of Y . In period 0, the firm issues perpetual

debt with coupon c per period to maxmize the after-tax profits for the shareholders. In

period 1, the firm defaults if Y is lower than the interest expense c and there is no recovery

value at bankruptcy. Assume all agents are risk neutral and the risk-free rate is r. Then we
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can write the firm’s problem as

max
c

(1− 1{p(c)−I>0}τe)(p(c)− I) +
1

r
(1− τe)(1− τc)

∫ ∞

c

h(Y ) (Y − c) dY (79)

and the debt price is

p(c) =
1

r
(1− τb)c [1−H(c)] (80)

Then the first order condition is[
1− (1− τe)(1− τc)

(1− 1{p(c)−I>0}τe)(1− τb)

]
[1−H(c)] = ch(c) (81)

representing the trade-off between the marginal tax benefits on the left and the marginal

bankruptcy cost on the right. When ch(c)
1−H(c)

is increasing in c, higher marginal tax benefits

leads to higher leverage and expected bankruptcy cost. For example, when Y follows an

exponential distribution, the optimal leverage c∗ is linear in (1−1{p(c∗)−I>0}τe)(1− τb)− (1−
τe)(1− τc).

The expected tax revenue is

1{p(c)−I>0}τe(p(c)− I) +
1

r

∫ ∞

c

h(Y ) {[1− (1− τe)(1− τc)] (Y − c) + τbc} dY (82)

Notice that optimal leverage c is determined by either (1−τe)(1−τc)
1−τb

or 1−τc
1−τb

depending on I

and the tax rates. When keeping (1− τe)(1− τc) and τb fixed, increasing τe and decreasing

τc correspondingly increases tax revenue and decreases the expected bankruptcy cost when

p(c∗)−I > 0, and has no effect otherwise. Therefore, taxing shareholders at the personal level

(τe) is generally more efficient than the corporate level (τc). While the corporate tax τc can

always be shielded by interest expenses and encourages leverage, sometimes the government

can gain tax revenue from taxing payouts at τe without affecting leverage.
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Appendix D: Additional tables

Table 4: Summary statistics of replicated marginal corporate tax rates (1980-2007)

np mtr rw mtr np Blouin rw Blouin rw Graham

obs 146,579 146,579 157,513 157,513 125,669
mean 27% 26% 29% 28% 29%
std 15% 16% 12% 14% 15%
min 0% 0% 0% 0% 0%
1st quartile 17% 10% 19% 17% 18%
median 34% 34% 33% 34% 34%
3rd quartile 35% 35% 35% 35% 36%
max 51% 51% 51% 51% 51%

Notes. This table provides summary statistics of my replication of marginal corporate tax rate
estimates by Blouin, Core, and Guay (2010) and Graham (2000), compared to their original esti-
mated reported in Blouin, Core, and Guay (2010).

Table 5: Summary statistics of marginal tax benefits for the whole sample

Ex-ante Ex-post
new traditional new traditional

obs 199,436 199,436 199,436 199,436
mean -12.9% -6.32% -12.24% -5.66%
std 13.44% 16.41% 14.01% 17.16%
min -47.5% -45% -47.5% -45%
1st quartile -21.36% -16.1% -22.44% -18.55%
median -9.92% -4.62% -8% -2.37%
3rd quartile -3.36% 2.82% -2% 5.27%
max 25.26% 25.28% 33.12% 36.72%

Notes. This table reports the summary statistics of my marginal tax benefit measures for the
whole sample.
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Online Appendix of “Debt and Taxes: Revisited in
Dynamics”, Hu (2024)

(Not Intended for Publication)

Online Appendix I: Extended discussion on Miller (1977)

Miller (1977) describes a market equilibrium where (1− τc)(1− τe) = 1− τmarginal bondholder
b .

In this equilibrium, firms gain no tax benefits on their values. There is no optimal leverage

ratio for individual firms but only an equilibrium leverage ratio for the whole corporate

sector. Cross-sectional leverage differences are determined by the clientele of firms’ bonds

with different personal tax rates. The figure below plots all firms’ and investors’ supply

and demand of bonds in this equilibrium following Figure 1 in Miller (1977). There are no

frictions except taxes. r0 is the interest rate of tax-exempt bonds. The upward-sloping part

of the demand curve represents that interest rates have to increase to attract investors in

higher tax brackets as the amount of debt outstanding grows. Investors with low personal

tax rates gain all the surplus.

Figure: Market equilibrium in Miller’s (1977) framework

Such equilibrium requires shareholders to make tax rates on capital gains small enough

by tax concessions. “In the limiting case ... that (1 − τc)(1 − τps) implied a value for ταpb
greater than the top bracket of the income tax, then no interior market equilibrium would be

*Jingxiong Hu is with Warwick Business School, email: tony.hu@wbs.ac.uk.
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possible.” However, empirical measures of effective tax rates on equity income are typically

not small enough for the equation to hold without τb exceeding the top rates. Then the

supply and demand curves become the following .1

Figure: No interior equilibrium in Miller’s (1977) framework

The different tax consequences of financing investments by debt and leveraged recapi-

talizations imply a different shape of the supply curve. Therefore, firms supply bonds at

rate r0
1

(1−τc)(1−τe)
only for financing investments. When recapitalizing for tax shields, firms

offer rate r0
1

(1−τc)
. The figure below plots a revised equilibrium in this manner. In such an

equilibrium, the marginal bondholders’ personal tax rate can be anywhere between τc and

1− (1− τc)(1− τe). Firms gain a surplus from debt. Cross-sectional distributions of leverage

depend on firms’ external financing need.

1One way to recover an interior equilibrium here is to consider gradient corporate tax rates, which make the
supply curve downward sloping.
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Figure: Market equilibrium in revised framework

Online Appendix II: A model without leverage adjust-

ments (following Leland 1994)

Here I model the key mechanism of this paper into a stylized model without dynamic leverage

adjustments following Leland (1994b). A firm earns an exogenous cash flow following a

lognormal process, issues debt at time 0, and rolls over the debt. In addition, I assume

the firm needs external financing at the beginning and considers personal taxes. I solve the

model in closed form and show that the firm’s capital structure choice largely depends on

the amount of external financing needed at time 0 due to the tax benefit differences between

external financing and recapitalizing. When the firm needs no external financing, as in

Leland (1994b), opposite to the traditional result without personal taxes, the firm issues no

debt if the personal income tax rate on interest payments is no less than the corporate tax

rate.

(a) Model setup

Investors and the firm are risk neutral. There exists a risk-free asset paying a constant rate

of return r after tax. A firm’s before-tax cash flow follows

dYt

Yt

= µdt+ σdZt (1)
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where µ < r. At time 0, the firm needs to finance an investment I ≥ 0 by issuing debt or

equity to earn the cash flow.2 Assume that I < (1−τc)(1−τe)Y
r−µ

, the investment does not exceed

the firm’s unleveraged value. The firm issues homogeneous debt with a coupon rate c and

total principal F that matures exponentially at rate m ≥ 0. It rolls over matured debt until

bankruptcy.

There are three taxes at constant rates: a corporate tax at rate τc, a personal income tax

on bonds at rate τb, and a personal income tax on equity at rate τe. By a constant rate of

personal tax on equity, I am assuming that the firm’s distribution strategy and shareholders’

tax deferral streategy are fixed over time, so that each dollar available to shareholders are

taxed equally.3 For simplicity, assume the firm holds no cash and distributes all free cash

flow as dividends.The firm maximizes the total value of after-tax dividends for shareholders

and claims bankruptcy when it is optimal. At bankruptcy, a fraction α ∈ [0, 1) of the

firm’s unleveraged after-tax value vunlev(Yb) = (1−τc)(1−τe)Yb

r−µ
can be recovered and paid to

debtholders, where Yb denotes pre-tax earnings at bankruptcy.

(b) Optimal debt issuance

Denote v(Y ) as the firm’s equity value after dividends or equity issuance for t ≥ 0 and v0(Y )

as the equity value before dividends or equity issuance at time 0. Let p(Y ) be the price

of debt with a unit face value that rolls over until bankruptcy, equaling the after-tax value

of payments earned by debtholders, and p̃(Y ) be the value of the firm’s payments to this

debt before personal income tax on bonds. Then v0(Y ) can be written as the sum of time 0

after-tax dividends (with negative value representing equity issuance) and the equity value

after dividends or equity issuance v(Y ), where v(Y ) equals the unleveraged cash flow value

vunlev(Y ) plus tax benefits for saving corporate tax T Bc(Y ) and personal income tax on

equity T Be(Y ) on the cash flow minus bankruptcy costs BC(Y ) and the value of payments

to debtholders p̃(Y )F . At time 0, the firm chooses a face value of debt F to maximize

v0(Y ) =
(
1− 1{p(Y )F−I≥0}τe

)
[p(Y )F − I] + v(Y )

=
(
1− 1{p(Y )F−I≥0}τe

)
[p(Y )F − I] + vunlev(Y ) + T Bc(Y ) + T Be(Y )− BC(Y )− p̃(Y )F

(2)

2If I = 0, the firm starts with no need for external financing as in Leland (1994b).
3Deferring the realizations of personal taxes on equity by stock repurchases or cash holdings can be rep-
resented by a lower value of the parameter τe, as long as the firm’s distribution strategy is fixed over
time.
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Here 1{p(Y )F−I≥0} equals 1 if the firm distributes dividends at time 0 and equals 0 if the

firm issues equity. Let T Cb(Y ) = [p̃(Y )−p(Y )]F be the personal income tax costs on bonds,

then we can rewrite (2) as

v0(Y ) = −I − 1{p(Y )F−I≥0}τe[p(Y )F − I] + vunlev(Y ) + T Bc(Y ) + T Be(Y )− T Cb(Y )− BC(Y )

(3)

Besides tax benefits and costs on the cash flow, personal income taxes also reduce share-

holders’ payoff at time 0 by τe[p(Y )F − I] if there is a dividend payment. Therefore, the net

tax benefits of debt are reduced if the firm issues more debt than needed for financing the

investment.

Solving the value function

Next, I solve each component of v0(Y ) by their HJB equations. The price of debt follows

rp(Y )︸ ︷︷ ︸
required return

= (1− τb)c︸ ︷︷ ︸
after-tax coupon

+m[1− p(Y )]︸ ︷︷ ︸
rollover gain

+µY p′(Y ) +
1

2
σ2Y 2p′′(Y )︸ ︷︷ ︸

cash flow evolution

(4)

with boundary conditions at infinity p(∞) = (1−τb)c+m
r+m

, and at bankruptcy p(Yb) =
1
F
αvunlev(Yb).

Then the after-tax value of a par bond is 4

p(Y ) =
c(1− τb) +m

r +m

[
1−

(
Y

Yb

)γ1]
+

1

F
αvunlev(Yb)

(
Y

Yb

)γ1

(5)

where

γ =
−
(
µ− 1

2
σ2
)
±
√(

µ− 1
2
σ2
)2

+ 2σ2(m+ r)

σ2
(6)

The value of payments to a unit face value of debt before personal income taxes p̃(Y )

follows

rp̃(Y )︸ ︷︷ ︸
required return

= c︸︷︷︸
pre-tax coupon

+m[1− p(Y )]︸ ︷︷ ︸
rollover gain

+µY p̃′(Y ) +
1

2
σ2Y 2p̃′′(Y )︸ ︷︷ ︸

cash flow evolution

(7)

4Here, I assume only coupons are taxed on a bond for tractability, as in Leland (1994b). The value of a unit

principal bond that is taxed only on its coupon is m+c(1−τb)
m+yield(1−τb)

, while that of a bond taxed on its yield is
m+c−τbyield
m+yield(1−τb)

. There is a difference (yield−c)τb
m+yield(1−τb)

that makes the simplifying assumption increase the debt

price and decrease the tax shield for lower coupon rates. It slightly increases the rollover gain when the
firm is close to bankruptcy and the yield is high if τb − τc > 0.
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Substract (4) from (7) and multiply by F , we get

rT Cb(Y ) = τbcF + µY T C ′
b(Y ) +

1

2
σ2Y 2T C ′′

b (Y ) (8)

with boundary conditions at infinity T Cb(∞) = τbcF
r

, and at bankruptcy T Cb(Yb) = 0. Then

the personal income tax cost on bonds is

T Cb(Y ) =
τbcF

r

[
1−

(
Y

Yb

)η1]
(9)

where

η =
−
(
µ− 1

2
σ2
)
±
√(

µ− 1
2
σ2
)2

+ 2σ2r

σ2
(10)

Since r > µ, m ≥ 0, γ1 ≤ η1 < 0 < 1 < η2 ≤ γ2.

Similarly, the tax benefit from saving corporate taxes is

T Bc(Y ) =
τccF

r

[
1−

(
Y

Yb

)η1]
(11)

The value of corporate tax savings (11) differs from the value of personal income tax cost

on bonds (9) only by the tax rates, because they are both based on coupon payments. Each

dollar of the firm’s cash flow is taxed either by the personal income rate τb or the corporate

rate τc, depending on whether it is used for coupon payments.

The bankruptcy cost follows

rBC(Y ) = µY BC ′(Y ) +
1

2
σ2Y 2BC ′′(Y ) (12)

with boundary conditions at infinity BC(∞) = 0, and at bankruptcy BC(Yb) = (1 −
α)vunlev(Yb). Then

BC(Y ) = (1− α)vunlev(Yb)

(
Y

Yb

)η1

(13)

The tax benefit from saving personal tax on equity follows 5

rT Be(Y ) = τe(1− τc)cF + τem[1− p(Y )]F + µY T B′
e(Y ) +

1

2
σ2Y 2T B′′

e(Y ) (14)

5Here I abstract from the tax differences between payouts and equity issuance for tractability, assuming that
all cash flow between the firm and equity holders faces a flat rate of τe. I model this difference in the next
section.
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with boundary conditions at infinity T Be(∞) = τeF
r

{(1− τc)c+m[1− p(∞)]}, and at

bankruptcy T Be(Yb) = 0. Then

T Be(Y ) = τe

[
p̃(Y )F − T Bc(Y )− α

1− α
BC(Y )

]
(15)

The firm saves personal income tax for equity holders by reducing cash available to them,

that is, payments to debtholders net of corporate tax and payment at bankruptcy.

Substitute (4)(11)(15)(9)(13) into (3) and reorganize. If p(Y )F − I ≥ 0, then

v0(Y ) = −(1− τe)I︸ ︷︷ ︸
investment cost

+
(1− τc)(1− τe)Y

r − µ︸ ︷︷ ︸
unleveraged value

+ (τc − τb)(1− τe)
cF

r

[
1−

(
Y

Yb

)η1]
︸ ︷︷ ︸
tax benefits on cash flow net of costs at issuance

− [(1− α) + τeα]
(1− τc)(1− τe)Yb

r − µ

(
Y

Yb

)η1

︸ ︷︷ ︸
bankruptcy cost including prepaid tax

(16)

If p(Y )F − I ≤ 0, then

v0(Y ) =− I︸︷︷︸
investment cost

+
(1− τc)(1− τe)Y

r − µ︸ ︷︷ ︸
unleveraged value

+ [(1− τb)− (1− τc)(1− τe)]
cF

r

[
1−

(
Y

Yb

)η1]
︸ ︷︷ ︸

tax benefits on cash flow net of costs at issuance

+ τeF

{
(1− τb)c+m

r +m

[
1−

(
Y

Yb

)γ1]
− (1− τb)c

r

[
1−

(
Y

Yb

)η1]}
︸ ︷︷ ︸

tax savings from rollover

−
{
(1− α)

(
Y

Yb

)η1

+ τeα

[(
Y

Yb

)η1

−
(
Y

Yb

)γ1]} (1− τc)(1− τe)Yb

r − µ︸ ︷︷ ︸
bankruptcy cost including prepaid tax

(17)

The tax benefits for generating each dollar of interest expense is (τc−τb)(1−τe) when it is

generated by recapitalizing and is (1− τb)− (1− τc)(1− τe) when it is generated by financing

investment by debt. The difference τe(1−τb) is due to personal income tax on equity charged

on time 0 dividends. In the first case, when p(Y )F − I ≥ 0, all terms in (16) are scaled by

(1 − τe) – as in the literature about the trapped equity view of dividend taxation,6 when

equity issuance is bounded at 0 and cannot be further reduced, all the firm’s cash flow is

subject to personal income tax on equity. Besides the deadweight loss at bankruptcy, there

is an additional tax cost on the recovery value because the recovery value is priced in debt

6See, for example, Auerbach (1981).
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and added to the dividends at time 0. In the second case, when p(Y )F −I ≤ 0, debt reduces

the cash flow available to shareholders by both interest expenses and rollover losses, leading

to an additional term of personal income tax savings on equity.

When τc ≤ τb, (16) is no larger than the firm’s unleveraged value since the tax benefits

are negative, so the firm always wants to issue less debt if F > I
p(Y )

. Then we have the

following result

Proposition 7. (no recapitalization) If τb ≥ τc, optimal debt issuance F ∗ ≤ I
p(Y )

, the

firm never issues more debt than needed for financing investments.

This is because the marginal tax benefit of debt issuance becomes negative when equity

issuance drops to 0 and cannot be further reduced. Proceeds from additional debt have to be

distributed to equity holders and taxed by τe, so the tax benefit only depends on comparing

the corporate tax rate to the personal income tax rate on coupons.

Optimal default

The bankruptcy threshold Yb in (16)(17) is chosen endogenously such that the firm claims

bankruptcy when equity value and it’s dirivative to earnings reaches 0, ie.e, v(Yb) = 0 and

v′(Yb) = 0. The equity value after time 0 is

v(Y ) =vunlev(Y ) + T Bc(Y ) + T Be(Y )− BC(Y )− p̃(Y )F (18)

=
(1− τc)(1− τe)Y

r − µ︸ ︷︷ ︸
unleveraged value

+
(1− τe)(τc − τb)cF

r

[
1−

(
Y

Yb

)η1]
︸ ︷︷ ︸

tax benefits on cash flow

− (1− τe)
c(1− τb) +m

r +m
F

[
1−

(
Y

Yb

)γ1]
︸ ︷︷ ︸

flow payments to debtholders

+ (1− τe)αvunlev(Yb)

[(
Y

Yb

)η1

−
(
Y

Yb

)γ1]
− vunlev(Yb)

(
Y

Yb

)η1

︸ ︷︷ ︸
bankruptcy cost to equity holders’

(19)

By the smooth pasting condition v′(Yb) = 0, we get

Yb =

(τc−τb)c
r

η1 − (1−τb)c+m
r+m

γ1
1−τc
r−µ

[1− (1− τe)α(γ1 − η1)− η1]
F (20)

When debt is perpetual, i.e., m = 0, there is no rollover of debt and γ1 = η1, then

Yb =
−(r−µ)η1c
r(1−η1)

F , the same as in Leland (1994a). Tax rates does not affect default decisions.

When debt has finite maturity, i.e, m > 0, then the bankruptcy threshold Yb increases with
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τb and decreases with τe, since debtholders’ personal income tax decreases the rollover gain

while equity holders’ personal income tax increases the rollover gain.

Optimal debt issuance

We can solve the optimal debt issuance F by substituting (20) into ((16)) and (17), then

maximize the time-0 value function over F . For simplicity, I focus on the case when debt is

perpetual so that m = 0. 7 I denote F̃ as the optimal debt issuance when the firm issues

equity at time 0 and refer to it as the opitmal financing leverage. When p(Y )F − I ≤ 0,

debt issuance that maximizes (17) is

F̃ ∗ = min

{
F̃ ,

I

p(Y )

}
(21)

where

F̃ =
r(1− η)

−η(r − µ)c

[
1− η − (1− τc)(1− τe)

(1− τb)− (1− τc)(1− τe)
(1− α)η

] 1
η

Y (22)

The optimal financing leverage is increasing in the corporate tax rate τc and the personal

income tax rate on equity τe, and decreasing in the personal income tax rate on bond

τb. It coincides with a Leland model setting the constant tax benefit as Miller’s formula

(1 − τb) − (1 − τc)(1 − τe) and the unleveraged value of the firm as (1−τc)(1−τe)
r−µ

Y . Next, I

denote F̂ as the optimal debt issuance when the firm distributes dividends at time 0 and

refer to it as the opitmal recapitalizing leverage. When p(Y )F − I ≥ 0, debt issuance that

maximizes (16) is

F̂ ∗ = max

{
F̂ ,

I

p(Y )

}
(23)

where

F̂ =
r(1− η)

−η(r − µ)c

[
1− η − 1− τc

τc − τb
[(1− α) + τeα]η

] 1
η

Y (24)

7When m > 0, optimal debt issuance cannot be solved in closed form due to the rollover gains term of
equity holders’ personal tax. I discuss results with rollover and optimal maturity in the next section with
endogenous leverage adjustments and leave the analysis without leverage adjustments in the appendix.
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The optimal recapitalizing leverage is increasing in the corporate tax rate τc and decreasing

in the personal income tax rates τb and τe. Personal income tax on equity becomes a cost

rather than benefit for recapitalizing since the recovery value at bankruptcy is priced in

debt and included in the proceeds from debt at time 0, which is paid to equity holders

and taxed. The optimal recapitalizing leverage is strictly lower than the optimal financing

leverage when τe > 0, τc < 1, and (1 − τb) > (1 − τc)(1 − τe). The Figure below plots the

optimal financing leverage and optimal recapitalizing leverage with different corporate tax

rates τc and fixed personal tax rates τb = 35%, τe = 20%. When τc < τb, F̂ < 0 and the

firm does not recapitalize. 8 The difference between two leverage targets is largest when

the corporate tax rate τb is close to the personal tax rate on bond τb. Since the corporate

tax rates and personal income tax rates are usually close in practice, the model implies that

leverage targets for a firm facing an investment problem and a recapitalization problem are

very different.

Figure: Leverage targets without leverage adjustments

The firm chooses between the optimal financing leverage F̃ ∗ and the optimal recapitalizing

leverage F̂ ∗ to maximize v0(Y ).

Proposition 8. (optimal debt issuance) The optimal financing leverage F̃ is higher than

the optimal recapitalizing leverage F̂ . Let F be the smallest F such that I = p(Y, F )F if such

8Since the firm starts with no debt, negative debt issuance at time zero is infeasible.
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F exists. The firm’s optimal debt issuance is

F ∗ =


F̂ if I

p(Y,F̂ )
≤ F̂

F if I

p(Y,F̂ )
> F̂ and I

p(Y,F̃ )
≤ F̃

F̃ if I

p(Y,F̃ )
> F̃

(25)

The firm chooses the optimal recapitalizing leverage when it is enough to finance the

investment. Otherwise, the firm chooses the lowest level of debt that can exactly finance

the investment if proceeds from the optimal financing leverage exceeds the financing need

for investment, and chooses the optimal financing leverage if it is not enough the finance

the investment. The Figure below plots optimal debt issuance with different investment I

and fixed personal tax rates τb = 35%, τe = 20% when the corporate rate is τc = 30% and

τc = 40%. The firm issues debt at the recapitalizing target when required investment I is

low, and at the financing target when required investment I is high. Besides the two leverage

targets, the firm issues (the minimum level of) debt that exactly meets the investment need

without paying dividends or issuing equity when facing a moderate level of investment. Debt

issuance is lower than the financing target so issuing debt is cheaper than issuing equity and

reducing debt issuance is suboptimal. On the other hand, debt issuance is higher than the

recapitalizing target, so issuing more debt and distributing the proceeds as dividends is also

suboptimal.

Figure: Optimal Debt issuance without leverage adjustments
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(c) Debt policies with existing debt

Debt issuance is bounded at 0 when there is no financing need for investment and the personal

tax rate is higher than the corporate tax rate. Now we relax this bound by assuming that

the firm has existing debt at time 0 with principal F0 and the same c and m as the new

debt. The initial debt has no covenants and does not restrict the firm’s issuance of new debt.

Also, we allow I to be negative here, representing the financing need net of internal cash

at time 0. When I is negative, there are some internal cash available for payouts or debt

repurchase. Let F be the total principal of debt after time 0. Then equity holders’ payoff at

time 0 becomes
(
1− 1{p(Y )(F−F0)−I≥0}τe

)
[p(Y )(F − F0)− I] and the time-0 value function

is

v0(Y ) =− p(Y )F0 − I − 1{p(Y )(F−F0)−I≥0}τe[p(Y )(F − F0)− I] + vunlev(Y )

+ T Bc(Y ) + T Be(Y )− T Cb(Y )− BC(Y ) (26)

The initial debt decreases the firm’s value by its value at the current price. A lower debt

price impairs the existing debt holders and benefits the equity holders. Such friction between

equity holders and debt holders leads to the debt ratchet effect, making the firm take higher

leverage.

Proposition 9. (Optimal debt issuance with existing debt) If the firm has existing

debt with face value F0 > 0 at the beginning of time 0, the optimal debt issuance F ∗∗(Y, F0) >

F ∗(Y )− F0. When τb > τc and I < 0, the firm repurchases debt if

F0 < Y
(1− η)r

−η(r − µ)c

(
τb − τc

τb − τc − η
1−η

(1− τc)(1− τe)α

)− 1
η

(27)

When the net financing need I < 0, equity is trapped with equity issuance bounded at 0,

so all payouts to shareholders are taxed at τe. Debt repurchase earns a marginal tax benefit

proportional to τb − τc. Such benefit dominates the debt ratchet effect if the existing debt

F0 is not too large, leading to a debt repurchase. The figure below plots the optimal debt

issuance when F0 = 1, compared to the issuance that adjusts debt from F0 to the leverage

targets F̃ and F̂ without existing debt. The firm repurchases debt when I < 0 and issues

debt otherwise. Debt issuance/repurchase are fixed at target levels when I is large/small

enough, with both targets higher than targets without exisitng debt. As before, the firm
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issues debt that exactly meets the financing need for moderate levels of I.

Figure: Optimal Debt issuance with existng debt
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