NBER WORKING PAPER SERIES

OPTIMAL CORPORATE TAXATION UNDER FINANCIAL FRICTIONS

Eduardo Davila
Benjamin M. Hébert

Working Paper 25520
http://lwww.nber.org/papers/w25520

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
January 2019

We would like to thank our discussant Vish Viswanathan, Anat Admati, VIadimir Asriyan, Andy
Atkeson, V. V. Chari, John Cochrane, Peter DeMarzo, Sebastian Di Tella, Peter Diamond,
Darrell Duffie, Emmanuel Farhi, Michael Faulkender, Piero Gottardi, Oleg Itskhoki, Anton
Korinek, Hanno Lustig, Tim McQuade, Holger Mueller, Adriano Rampini, Martin Schneider,
Andy Skrzypacz, Jeremy Stein, Felipe Varas, as well as seminar and conference participants for
helpful comments. All remaining errors are our own. The views expressed herein are those of the
authors and do not necessarily reflect the views of the National Bureau of Economic Research.

NBER working papers are circulated for discussion and comment purposes. They have not been
peer-reviewed or been subject to the review by the NBER Board of Directors that accompanies
official NBER publications.

© 2019 by Eduardo Davila and Benjamin M. Hébert. All rights reserved. Short sections of text,
not to exceed two paragraphs, may be quoted without explicit permission provided that full
credit, including © notice, is given to the source.



Optimal Corporate Taxation Under Financial Frictions
Eduardo Déavila and Benjamin M. Hébert

NBER Working Paper No. 25520

January 2019

JEL No. G38,H21,H25

ABSTRACT

We study optimal corporate taxation when firms are financially constrained. We describe a
corporate taxation principle: taxes should be levied on unconstrained firms, which value
resources inside the firm less than constrained firms. Under complete information, this principle
completely characterizes optimal corporate tax policy. With incomplete information, the
government can use payout policy to elicit whether a firm is constrained, and tax accordingly. In
our static model, optimal corporate taxation can be implemented by a corporate dividend tax, and
in our dynamic model, the optimal sequence of mechanisms can also be implemented by a
corporate dividend tax.

Eduardo Davila

Stern School of Business
New York University

44 West 4th Street

New York, NY 10012
and NBER
edavila@stern.nyu.edu

Benjamin M. Hébert
Graduate School of Business
Stanford University

655 Knight Way

Stanford, CA 94305

and NBER
bhebert@stanford.edu



1 Introduction

Virtually every developed country collects taxes from corporations. In this paper, we take as
given the desire to tax firms, and ask how firms should be taxed or, equivalently, which firms
should be taxed. We consider economies with financial frictions, in which, for some firms, the
marginal value of funds inside the firm is higher than outside the firm. We refer to these firms
as constrained firms.

By studying the problem of a government that seeks to maximize the total value of the
corporate sector in the economy subject to a tax revenue target, we identify an elementary
but general principle that shapes any optimal corporate taxation exercise. We refer to it as
the corporate taxation principle: corporate taxes should be designed to minimize the tax burden
faced by constrained firms. In other words, whenever possible, corporate taxes should be levied
on unconstrained firms. If the government had full information about firms’ financing and
investment opportunities, this principle would be enough to implement an optimal allocation
in which only unconstrained firms are taxed. However, it is not easy for the government
to determine whether a firm is constrained or not. When firms have private information
about their future investment opportunities, the government must design an optimal incentive
compatible mechanism to induce firms to reveal whether or not they are constrained. The
optimal mechanism must account for the fact that firms understand that if they reveal themselves
to be unconstrained, they will be taxed. The set of possible mechanisms includes very complex
policies. However, we show that the optimal mechanism features a simple implementation: a
corporate dividend tax.

The existence of a rich literature that seeks to identify financially constrained firms supports
our premise that it is difficult for the government to determine whether a firm is financially
constrained. Our results build on this literature by making use of the notion that the payout
policy of a firm can help reveal whether it is financially constrained. This argument, which
arises endogenously in our a model, has a long history, going back to, at least, Fazzari, Hubbard
and Petersen (1988), who a priori argue that firms that are consistently paying large dividends
are not likely to be financially constrained. Kaplan and Zingales (1997) provide direct evidence
relating dividend payments to financial constraints. They show that, even within a sample
of low-dividend-paying firms, paying relatively more dividends is associated with a reduced
likelihood of reporting being financially constrained. Consistent with these ideas, the optimal
mechanism in our model uses the payout policy of a firm to determine whether a firm should be
taxed or not.

Throughout the paper, and motivated by the richness of our framework, we define corporate

taxes as “taxes collected from corporations.” Our framework allows for conventional corporate



income taxes, which in practice are based on a firm’s profit, adjusted for numerous credits
and deductions. The optimal policy in our model endogenously determines whether taxes
on corporations should be based on profits or alternative variables. We show that corporate
dividend taxes, defined as taxes that are paid by corporations in proportion to the amount of
dividends they pay, characterize the optimal mechanism. Note that the corporate dividend tax
that we identify is distinct from a personal dividend tax, which taxes dividends received by an
individual within the personal income tax system. There is a key difference between corporate
and personal dividend taxes. Because some shareholders do not pay personal income taxes (e.g.,
endowments), dividend taxes in the personal income tax code can generate clientele effects that
are absent from the dividend taxes in the corporate tax system that we describe.!

In our model, firms make investment and financing decisions at the beginning of each
date, before production materializes. As in Rampini and Viswanathan (2010), we consider an
environment with limited enforcement and no exclusion after default. This constrains the ability
of firms to raise financing, as well as the ability of the government to set taxes. After production
occurs, firms make a dividend decision, face taxes, and contemplate the possibility of defaulting.
We sequentially study i) a static model with perfect information, which illustrates the corporate
taxation principle; ii) a static model in which firms have private information about their future
investment opportunities, and iii) a dynamic model in which firms have private information
about future investment opportunities.

In the first static model that we study, we characterize optimal tax policy in a single-
date model under perfect information about the firms future investment opportunities. If a
government who seeks to raise revenue can tax, but not subsidize, firms, the optimal policy
is to tax only unconstrained firms, provided that this policy generates sufficient revenue. This
is the corporate taxation principle. Intuitively, the government, valuing the welfare of all firms
equally, wishes to collect taxes from the firms for whom paying taxes is least costly. Even without
a revenue raising goal, if the government could both tax and subsidize firms — a scenario that we
do not study — the optimal policy involves undoing all financial frictions by taxing unconstrained
tirms and subsiding constrained firms.

Next, we study a two-date model, in which the second date corresponds to the solution to
the single-date full-information optimal tax problem. In the first date, firms privately learn their
productivity in the second date. The government can use the firm’s payout policy to elicit this
information. Our main result shows that the optimal mechanism can be implemented with a

corporate dividend tax, provided that this policy raises sufficient revenue. The key intuition

IThe personal income tax also can treat share repurchases and dividends differently; our model treats dividends
and share repurchases as equivalent. See Allen, Bernardo and Welch (2000) for a theory of dividend determination
under clientele effects.



is that the desire to pay dividends separates firms that will be unconstrained in the second
date from firms that will be constrained. Firms that will be unconstrained in the second date
anticipate that they will be taxed, and have low marginal products, and therefore prefer paying
dividends in the first date to retaining earnings. Firms that will be constrained in the second
date are in the opposite situation. They will have high marginal products and will not be
taxed, and therefore prefer to not pay dividends. This difference between constrained and
unconstrained firms allows the government to raise taxes in an incentive-compatible way by
taxing dividends. Other choices by the firm (in our model, capital/investment during the first
date) are not distorted in the optimal mechanism, because they are determined by firms’ current
productivity, not its future productivity. As a result, they cannot be used to separate firms that
have good or bad investment opportunities in the future.

Our most general set of results arise in the context an infinite-horizon dynamic model in
which the productivity of a given firm is time varying, and at each date the firm but not the
government knows its productivity in the next date. This model allows for entry and exit, has
to deal with the evolution of the distribution of firms, and must account for the ability of the
government to borrow and save. Although, in general, it is well-known that solving dynamic
models with asymmetric information is challenging (e.g., Pavan, Segal and Toikka (2009)), our
results from the static model allow us to guess and verify the optimal policies in the dynamic
model. We show that the optimal sequence of mechanisms can also be implemented by a
corporate dividend tax.

The corporate taxation principle that underlies our results has a strong analogy to the
personal taxation principle in Mirrlees (1971). However, there are also two key differences.
First, we adopt the view that the government has no particular desire to equalize the value
of various firms. In the classic non-linear optimal income taxation literature, the goal of the
government is to transfer resources from individuals with low marginal utility to individuals
with high marginal utility. In contrast, the issue in our model is not “incentives vs. equality,”
but rather “plucking the goose as to obtain the largest amount of feathers with the least possible
amount of hissing.” Second, the financial frictions in our model arise from the firms’ ability to
default or restructure. The tax authority does not have any special power to circumvent these
constraints. As a result, the possibility of defaulting acts as an interim participation constraint
in our model that limits the ability of the government to extract as much as it would like from
unconstrained firms.

Our approach integrates several well-developed literatures. There is an extensive literature
on corporate taxation, surveyed by Auerbach (2002) and Graham (2013). This literature includes

both theoretical models and empirical work, but largely takes as given the existing structure



of corporate taxes. One strand of this literature that is particularly close to our work is the
literature on dividend taxation in the personal income tax system. The “old view” (e.g., Poterba
and Summers (1985)) is that dividend taxes raise the cost of equity financing, distorting firms’
investment decisions. The “new view” (expressed, for example, in Korinek and Stiglitz (2009))
is that firms, except at the beginning of their life-cycle, do not actively issue equity, and as a
result dividend taxes are not distortionary for existing firms. Our model, in effect, embeds this
perspective — the optimality of dividend taxes, as opposed to some other kinds of corporate
taxation, is closely related to this fact. Our model assumes that firms maximize the expected
value of dividends, and therefore is not obviously compatible with the “agency view” advocated
by Chetty and Saez (2010).> We further discuss how our results relate to some of the existing
literature in section 5.

Our approach shares the emphasis on optimal allocations, rather than particular taxes, with
the existing work that studies optimal non-linear taxation, following Mirrlees (1971). Our
dynamic model shares some features with the work in dynamic public finance, recently surveyed
in Golosov, Tsyvinski and Werquin (2016). The key difference between our paper and these large
literatures is our focus on firms and financial frictions. Dynamic Mirrleesian models of optimal
taxation focus on the behavior of households and treat firms as a veil (see, e.g., Farhi and Werning
(2012)). We adopt, for simplicity, a partial equilibrium perspective that emphasizes how financial
frictions create a meaningful distinction between corporate and household taxes. The financial
frictions we employ build, in particular, on the work of Kehoe and Levine (1993), Alvarez and
Jermann (2000), and, more closely, Rampini and Viswanathan (2010). Like Li, Whited and Wu
(2016), we add taxes to a financial frictions model of the firm, but study optimal mechanisms
rather than particular tax instruments. Because we simply assume that the government must
raise revenues by taxing firms, our results cannot speak to the question of whether taxing firms
is ever optimal. Much (but not all, Straub and Werning (2014)) of the work on capital taxation
under full information (Judd (1985); Chamley (1986); Chari and Kehoe (1999)) argues that, at
least in the long-run, capital taxes should be zero. With asymmetric information, this exact
result is overturned, but the welfare gains of capital taxation might be quite small (Farhi and
Werning (2012)). To our knowledge, there are no results about the optimality or sub-optimality of
corporate taxation with asymmetric information and financial frictions in a general equilibrium
model. There is also a large literature on the incidence of corporate taxation, going back to
Harberger (1962), and on the related issue of the choice of organizational form. Our partial

equilibrium approach can be thought of as a building block towards addressing the more general

2Given the additivity property of corrective and revenue raising policy objectives (Sandmo, 1975; Kopczuk,
2003), it seems reasonable to study optimal revenue raising policies in an environment that features no corrective
policies.



questions of whether corporate taxation is desirable at all, its incidence, and its interactions with
the taxation of households.

Section 2 describes the common environment that applies to a single date in all of our
models. Section 3 studies static models with perfect information and asymmetric information,
introducing our main results, while section 4 extends our results to a richer dynamic
environment. Section 5 interprets our results and discusses policy implications, and section 6

concludes. The Appendix contains all proofs and derivations.

2 Environment

We begin by describing the common structure of a single date that applies to both the static and
dynamic environments that we consider. There are three groups of agents in the economy: firms,
outside investors, and a government. There is a single consumption good (dollar), which serves
as numeraire. Both firms and outside investors are risk-neutral, and discount cash-flows within
the date, between the beginning and end, at a gross real interest rate of R.>

Figure 1 illustrates the timeline of events within a date. At the beginning of the date, before
production occurs, firms make financing and investment decisions. At the end of the date,
after production and depreciation materialize, firms choose dividend payments, pay taxes, make

repayments to outside investors, and consider the possibility of defaulting.
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Figure 1: Single Date Timeline

Financing/Investment stage Firms are initially endowed with resources w;, and can raise
additional funds from outside investors, m; > 0. We assume that the government cannot
subsidize firms. Firms invest these resources in capital k;, broadly defined, satisfying the
following budget constraint:

ki < wi +my. @

3Note that the interest rate is constant and invariant to policy — this is what we mean when we say that our
analysis is partial equilibrium. One might expect the structure of corporate taxation to affect the real interest rate
and the stochastic discount factor. Indeed, these sort of effects are central to the literature on capital taxation. As
mentioned above, we view our analysis as building towards a consideration of these general equilibrium effects.



An investment of k; dollars at the beginning of date ¢ yields f (k¢, 6;) dollars when production
occurs. Firms’ date t productivity depends on their date t type, 6;, which is observed by all
agents as of the beginning of date t. We assume that f (k, 6;) is increasing and differentiable in
both arguments, and concave in capital. We also assume that the marginal product of capital is
increasing in the firm’s type. Formally, the derivative fiy exists almost everywhere and is weakly
positive wherever it exists. Firms that employ no capital receive no output, thatis, f (0,6;) =0
for all types. Capital depreciates neo-classically at a rate § € [0, 1]. Initial wealth, financing and
investment choices, and production outcomes are observable to the government and outside
investors. We assume that there exists a first-best level of capital, k* (6;), which is the smallest
level of capital such that*
fe (k" (6:),6) +1 =0 =R.

We further assume that once capital exceeds the first-best level, the marginal product of capital

remains constant:
fk(k,gt)—f—l—(SZR, Vk>k*(9t)

This assumption mimics the ability of the firm, after exhausting its ability to invest in physical
capital, to invest at the risk-free rate. We discuss this assumption in more detail below.

The source of asymmetric information in this model arises from the privately known
future investment opportunities of the firm. At the beginning of date t, firms learn their
type for the next date, 6,1, which determines their future productivity. This generates
asymmetric information, since outside investors and the government do not learn the firm’s
future productivity until the beginning of date t + 1. Because the firm learns its next period
type at the beginning of the period, it may condition its dividend, capital, and default decisions
on this information. Repayments to outside investors and taxes can be assessed based on the
tirm’s decisions, and therefore could be conditioned on the firm’s type next period. However,
the next period type itself is private to the firm. Therefore, repayments to outside investors and

tax payments must satisfy incentive-compatibility conditions.

Dividend/Taxes stage After production and depreciation take place, firms declare a weakly
positive dividend, d; > 0. After this dividend is declared, firms must pay back by > 0 to
outside investors and pay taxes 7; > 0 to the government. As we formally describe below
when introducing the possibility of defaulting, the government/outside investors can allow or
block the proposed dividend. Blocking the dividend prevents the money from leaving the firm,

although it cannot prevent default. The firm decides whether or not to default to maximize the

4That is, the first-best level of capital for a firm of type 0 corresponds to the smallest solution of the problem:
max; f (k,0) + (1 —9) k — Rk.



payoff to its owners.
The continuation wealth of a firm that repays its obligations is given by w;1, which can be
expressed as
wigr = f (ke 0) + (1 =0)kt —dy — by — 1, )

provided that this quantity is weakly positive. If this quantity is not weakly positive, repayment
is not feasible, and the firm is forced to default, a situation that we describe next.

As in Rampini and Viswanathan (2010), we consider an environment with limited
enforcement but no exclusion. If a firm defaults, it receives its continuation wealth wP, which
corresponds to the flow production and a fraction 1 — ¢ of the depreciated capital stock. The
continuation wealth wP (k¢, 0¢) can be expressed as a function of the firm’s capital choice, k¢, and

its date t productivity, 6;, as follows:

wP (ki 0r) = f (ki 0r) + (1 — @) (1 —06)ky, (3)

where ¢ € (0,1]. The value of ¢ captures a form of limited enforcement that restricts the amount
of funds that other parties (outside investors and the government) can receive from a firm. We
require that a firm declare a dividend no larger than its continuation wealth in the event of
default, so d; < wP (k¢, 0¢), which prevents the firm from continuing with negative wealth.

In case of default, firm owners cannot be excluded from starting a new firm with the same
type as the defaulting firm. To ensure the government cannot circumvent this friction, it is
natural to suppose that the government cannot condition on a firms” history, only its current
wealth level and type. Consistent with this assumption, we will also assume that the government
lacks commitment. Otherwise, the government might commit to treating new firms, which result

from a default, differently, and thereby discourage default. Formally, a firm will not default if

di + V (wi1,0641) > max {dt +V <wD (ks 0;) — dy, etH) v (wD (kt, ;) ,em) } . @

where V (w, 8) denotes the continuation value for a firm that start a new date with resources w
and type 6. The max operator in the right-hand side of Equation (4) reflects the government and
creditors’” ability to block the firm’s proposed dividend. The firm can either propose a dividend
acceptable to the government and creditors, in which case the first term in the maximization is
the relevant constraint, or propose an unacceptable dividend, which will be blocked, making
the second term in the maximization the relevant constraint. To avoid default, both of these
deviations to default by the firm must be unprofitable. In what follows, we study mechanisms
that avoid default. In our settings, it is without loss of generality to avoid default, and strictly

optimal in the presence of inefficiencies associated with default.
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We allow the repayments b; to be contingent on the firm’s capital, k;, and the firm’s current
type, 0;, but not the firm’s dividend payment. The simplest interpretation of this restriction is
that we allow our firms to issue only one-period debt. As a result, we set m; = R~ 'b;. An
alternative interpretation is that the outside investors also know the firm’s next period type, and
hence must break-even for each type. However, this interpretation requires the outside investors
to have an informational advantage over the government, and the government may be able to

extract this information almost costlessly (Cremer and McLean, 1988).

Remarks on the environment The environment considered here is meant to be the simplest
one that allows for meaningful financing, investment, dividend, and default decisions, all of
them necessary to study corporate taxation. We now briefly discuss several simplifications and
conjecture how our results might apply to richer environments.

First, our environment has a single production input, capital, and decreasing returns to scale.
Including labor or intermediate inputs should not affect our results. Constant returns to scale in
production, combined with decreasing demand for each firms” unique variety, should also allow
our results to hold.

Second, our environment features no uncertainty, with the exception of the process governing
the firm’s type, 6;. Our results remain unaltered by the addition of observable and contractible
shocks, as in Rampini and Viswanathan (2010), under the assumption that both creditors and
the government can condition their payments/taxes on this shock. Adding such a shock would
allow us to discuss issues like security design in more detail, at the expense of additional
notation.

Third, and related to the previous point about security design, there are multiple ways
of interpreting the environment. In the model, the agent receiving dividends is the agent
controlling the firm’s decisions. If firms maximize value for their shareholders, then dividends in
the model map indeed to payments to shareholders in reality. Alternatively, one might interpret
the model under the assumption of managerial control of the firm. In this case, “dividends” are
really managerial compensation, which may include in-kind benefits or wages, and the outside
investors might hold debt or equity claims. In other words, our results implicitly assume that it
is possible to identify payments to the agents who control the firm. Our model also assumes that
dividends cannot be negative, meaning that the shareholders or manager are unable to inject
additional funds into the firm. We conjecture that our results would hold if negative dividends
were feasible but costly, as in many models of financial frictions (e.g., Bolton, Chen and Wang
(2011)). We leave the development of a richer model, in which there are conflicts of interest

between manager and shareholders and both influence the firm’s decisions, to future work.



Fourth, note that taxes and payments enter symmetrically in the model, operating entirely
through the continuation wealth w;, 1. That is, substituting repayments b; for taxes 7; does not
change either the default constraints or the initial budget constraint. This formulation ensures
that the government cannot circumvent the financial frictions by assessing taxes that are not
subject to default. Note also that any tax increase will tighten firms” financing constraint — this
follows immediately from Equations 2 through 4. The key intuition behind our result that a
dividend tax is optimal is that firms for whom the no-default constraint is binding will not pay
dividends, and hence will not be taxed if taxes are proportional to dividends.

Lastly, our information structure is different from the one usually assumed in dynamic
public finance (e.g., Golosov, Tsyvinski and Werquin (2016)), which emphasizes the “Inverse
Euler Equation.” Capital taxation in those models arises through a Jensen’s inequality effect,
which requires uncertainty about the household’s future type or other relevant variables. In
contrast, in our model, the firms are perfectly informed about their type (the only exogenous
state variable) in the next period. Moreover, the curvature of the value functions in our model
arises from financial frictions, instead of utility functions, and in our model the possibility of

default constrains the set of mechanisms that can be employed.

3 Static Optimal Taxation

We begin by studying a single-date model with full information and linear continuation values.
Subsequently, we study a single-date model with asymmetric information about firms future

continuation values. We assume that the space of types is the unit interval, 6; € [0,1].

3.1 Full Information

We refer to the date in this single-date model as t = 1. We assume that the firm simply consumes
whatever wealth remains inside the firm at the end of date one. Formally, the continuation value
corresponds to

V2 (ZUQ, 02) = W»y.

The firm’s value function at the beginning of date 1, given its initial wealth w; and type 63, is

Vi (wl, 91) =R {d1 (wl, 91) + wo (wl, 91)} , 5)

>Focusing on a one-dimensional type space is not without loss of generality. In particular, it may be useful
to draw distinctions between average and marginal products. We believe that it is more appropriate to interpret
our type as controlling marginal, not average, productivity. Assuming a one-dimensional type space allows us to
convey the intuition of the model in a more straightforward way.
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where dy (wq,61) and w, (w1, 01) correspond to optimal allocations. The no-default constraint,

defined in Equation (4), can be expressed as follows:
d1 (w1, 61) + wy (wr, 01) > wP (ky (we,61),61),

where kj (w1, 61) denotes the optimal level of capital.

We adopt the language of mechanism design to describe the government’s optimal policy,
even though, with full information, there are no incentive compatibility constraints. In the rest of
the paper, we will introduce asymmetric information and exploit direct revelation mechanisms
to characterize the optimal policy. We proceed as if the government chooses all of firm’s choice
variables, {ki, b1, my,d1}, and taxes 17, for each level of wealth w; and type 61, which are both
observable variables. Each of these choice variables is required to be weakly positive, and the
upper bound on dividends, d; < wP(ky,0;), must also be satisfied. The government must
respect the financing /investment budget constraint (1) and the definition of continuation wealth
and wealth after default, introduced in Equations (2) and (3).

The government must also respect the no-default constraint, which can be interpreted as
an interim participation constraint. The no-default constraint arises from the possibility of the
firm complying with the government’s mechanism, but then defaulting instead of paying its
obligations. There is a second interim participation constraint that arises from the possibility of
the firm disregarding the government’s mechanism entirely. If a firm does this, the government
can respond by assigning the firm infinite taxes, inducing default and preventing outside
borrowing. As a result, the firm would be limited to investing its initial wealth in capital and

then defaulting. The constraint to ensure this deviation is unprofitable is
dy (w1, 01) + wy (wy,61) > w® (ky (wy,61),61).

This constraint will always be satisfied, so long as the firm'’s level of capital, k; (w1, 61), is weakly
greater than its wealth, w;, and the no-default constraint is satisfied. This will always be the case,
and consequently this constraint is redundant.

Finally, the government must, across the population of firms, raise sufficient resources
through taxation. Let y11 (w1, 01) denote the measure of firms with wealth w; and type 6;. The

government’s tax policies must satisfy

o pl
R—l/o /0 71 (w1, 01) p1 (w1, 01) ddw; > G + By >0,

where G denotes the (strictly positive) required expenditure and B; is government debt that

11



must be repaid. In this one-period model, G and B; play exactly the same role; we introduce
government debt to connect this model to our two-period and dynamic models.

Subject to all of these constraints, the government maximizes the welfare of firms,

o 1
/o /o Vi (wr, 01) 1 (w1, 61) dO1dw,.

Although the government’s problem features numerous constraints, it can be simplified as
follows. First, note that the firm’s choice of dividends is irrelevant — the wealth of the firm at the
end of the period will be consumed, one way or another. It is also straightforward to observe
that the financing/investment budget constraint always binds. As a result, there is really only a
single choice variable for the firm (in the lemma below, we choose capital, but this is arbitrary).
The problem can also be simplified by introducing a multiplier, x1, on the government’s revenue-
raising constraint. Aside from this constraint, there is no interaction between the firms, and the
Lagrangian version of the problem can be studied firm by firm. The multiplier x; has a simple
interpretation: it is the marginal cost to the firms of raising an additional unit of revenue through

taxation. The following lemma summarizes these claims.

Lemma 1. The government’s mechanism design problem can be written as

0 1
Ji(n, B) = )rcni>r(1);(1(G + By) +/o /o Uy (wn, 015 x1) pa (w1, 61) d6rdws,
1=

where

U1 (w1,01;)(1) = maxX R_l {f(k1,91)+(1—5) kl—Rkl}-l-wl-l-R_l (Xl_l) T, (6)

k1>0,11>0

subject to the constraint that

wl—Rfl’L’l
<k < .
=R =T TR, (1-0)

Proof. See the Appendix, Section B.1. O

First, note that, if constraints on the government’s choice of capital do not bind, the
government can choose to set the capital equal to its first-best level, k* (61). If the firm has
so much wealth that it can achieve more than the first-best capital level without any borrowing,
w > k*(6), the government can choose to set capital equal to wealth. Because the marginal
product of capital is equal to the risk-free rate for all k > k* (), this is equally good from the
perspective of government. In contrast, if wealth is insufficient to reach the first-best level of

capital, in the absence of taxes, then the government cannot set k; > k* (61). As a result, the

12



marginal product of capital, in equilibrium, will be greater than the risk-free rate, and we will
call the firm constrained.

The marginal benefit to the government of taxation, R~ (x1 — 1), is the same for all firms.
When x; = 1, for the unconstrained firms, there is no particular reason to tax one firm instead
of another; so the optimal policy is not determined. However, it will never be optimal to tax a
constrained firm if there exists an unconstrained firm that could be taxed instead. As a result, if
the government can raise a sufficient quantity of revenue from the unconstrained firms, it will

not tax the constrained firms. The following proposition summarizes these results.

Proposition 1. (Single-date optimal tax) If the level of required expenditure G is sufficiently small and

there exists a positive mass of firms with k* (61) < there exists an optimal policy in which

w1
1-R-1p(1-0)’
X1 = 1 and the government sets

T (w1,91) :TRmax{wl—w(Ql),O}, (7)

for some T € [0, ¢ (1 —6)], where we define w (6), which corresponds to the level of wealth required to

achieve the first-best level of capital in the absence of taxes,

@ (0) = (1 ~Rlp(1 —5)) K (6). )

Proof. See the Appendix, Section B.2. O

Note that @ (6;) corresponds to the level of wealth required to achieve the first-best level
of capital in the absence of taxes. We have chosen to focus on a particular policy — a linear
tax on “excess wealth” — because of its simplicity and because it generates certain properties in
the government and firm’s date one value functions that resemble the results of our dynamic
model without commitment. Specifically, the following corollary describes the properties of the

functions V; and U; under the particular policy we have chosen.

Corollary 1. The functions Vq (w, 0) and Uy (w, ) are increasing and concave in wealth, and Lipschitz
continuous in firm type. Forallw > @ (0), Vi (w,0) = 1 —tand Uy, (w,0) = 1, and forallw < w (6),
Vi (w,0) > 1 and Uy, (w,0) > 1. Forw < w(0), U and V are strictly concave in wealth and have

strictly positive cross-partials Vg and Uyg.
Proof. See the Appendix, Section B.3. O

These properties summarize the intuitive idea that firms with wealth levels below @ (6) are
constrained and untaxed, whereas firms with wealth levels above @ (0) pay a tax rate T on excess

wealth. In the next subsection, we will use this full-information equilibrium as the second date
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in a two-date model with asymmetric information. The date one value functions described in
this section will be the continuation value functions at date zero (the first date in the model). The
properties of the marginal value of wealth, for firms and for the government, just described will
lead to a particular optimal mechanism at date zero, a dividend tax.

Our choice to study this particular full-information policy and to use it as the continuation
value in our two-period model anticipates the results we will show in the infinite-horizon
model. In particular, the results of Corollary 1 are almost identical to the properties that we
will conjecture in our dynamic model (Conjecture 1).°

Figure 2 below graphically illustrates the firm’s continuation value function.

Vi (w,6)

o ‘(9) w
Figure 2: Continuation value

Remark. (Corporate Taxation Principle) Proposition 1 illustrates the principle that optimal corporate
taxation under financial frictions implies taxing unconstrained firms, which have a low marginal
value of funds inside the firm, and leaving untaxed constrained firms, which have a high
marginal value of funds. We next study how this principle manifests in a richer model in which

the government has asymmetric information about firms’ investment opportunities.

3.2 Asymmetric Information

We now study a two-date model in which firms have private information about their future
productivity /investment opportunities. We refer to the first date in this two-date model as t = 0.
We assume for simplicity that all firms start with the same values of initial wealth wy and current
productivity 0y, although it is straightforward to introduced observable heterogeneity along both
dimensions, and we consider such heterogeneity in our dynamic model. We assume that the

second date of the model is the full-information model described in the previous sub-section.

6The difference is that, in the dynamic model, V, (w, #) can be in the interval (1 — 7, 1) for unconstrained firms.
This difference is a consequence of the fact that in the one and two-date models, firms can pay out wealth to their
shareholders at the end of date one without ever paying a “dividend.”
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We will impose some assumptions on the initial wealth wy, the initial productivity 6y, and
the distribution of types at date one, which we denote y(61|6p). These assumptions simplify our

analysis of the two-period model, but play no role in the dynamic model.

Assumption 1. The most productive type 61 in the support of 11(61|6o) will be constrained at date one,
and the least productive type in the support of 1 (61|60) cannot be constrained at date one, but has some

productive investment opportunities. Formally,

f(k*(60),60) + (1 —6) = R) K" (o) + Rwo <~ max @ (61) )
O1:14(61160)>0

f(wo,6p)+(1—¢)(1—=0)wp> min @ (61) > ¢ (1—0)wp (10)
O1:p4(61160) >0
We also assume that reaching the date zero first-best level of capital is possible but not required,

wo < k* (90) < WWQ.

Note that @ (6) is increasing in 6, meaning that firms with higher types become constrained
at higher levels of wealth. Under assumption 1, we show that it is feasible to raise funds without
distortions, and that the optimal government policy can be implemented using a dividend tax.

We are now ready to describe the optimal mechanism design problem of the government. We
allow for the possibility of a “double” deviation in the mechanism, in which a firm reports some
type 6] initially, when choosing investment/financing, and then reports another type 6] when
declaring a dividend /making a default decision. Formally, we use the notation dy (67, 67') to refer
to the dividend allocated to a firm that reports 6] at the investment/financing, and then reports
6} at the dividend/tax stage. We use the same two-argument notation for other variables. For
variables that exclusively depend on the first report, like kg or by, we use a single argument
notation, of the form ko (6]) and by (7). We consider incentive-compatible direct revelation
mechanisms with IC constraints at the financing/investment stage and the dividend /taxes stage.

The government faces a revenue raising constraint across the population of firms. However,
we allow the government to borrow and save at the risk-free rate. Government borrowing and
saving plays a crucial role in the model: it allows the date zero government to control the tax
rate set by the date one government, even though the government lacks commitment.

As described in Proposition 1, assuming truthful reporting by firms in date zero, the date one

government will set
1
B1+G= R_lTR/ max{w1 (91,91) —w (91) ,0}}[(91|90)d91
0
for some 7 € [0, ¢ (1 —9)], if such a policy is feasible. By controlling firm continuation wealth
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w1 (61,61) and the debt By, the date zero government can in-effect determine the next period’s
tax rate.
The date one debt B; is determined (again assuming truthful reporting by firms at date zero)

by the flow budget constraint

1
R_lBl =By+G— R_l/(; T()(Gl, 91)}[(91|90)d91.

We divide the government’s problems into two steps, consisting of a choice of tax rate T
to implement at date one and an optimal mechanism given that tax rate. The government

maximizes the current value of the firms,

1
Jo(wo,0p) =  max maXR_l/ {do(61,61) + V1(w1(01,61),61;T) }1(61]60)db1,
T€[0,p(1-0)] - 0

subject to a single intertemporal budget constraint

1
Bo G(L+R™) =R [ 1o(6r, 60)1(61160)d6:
0
1
+ R_lT/ max{w1 (91,91) —w (91) ,0}}[(91|90)d91,
0

maximizing over the capital, dividends, debt, continuation wealth, and date zero taxes for
firms. We use the notation Vi (w1, 61; T) to emphasize that the firms’ continuation value function
depends on the tax rate being implemented in the next period.

The government is subject to multiple constraints. In particular, it must respect firms’ budget
constraints, which imply that investment must be funded with internal resources and outside

investors funds,
ko (07) <wo+R'by (0]), V6.  (Budget Constraint) (11)

The government also faces the no-default constraint as well as the upper limit on dividend

payments, which can be expressed as

ws (07) < do (61,07) +wf (61,07), V61,67, (No Default) (12)
do (01,67) <wh (87), vo;,6f. (Upper Limit on Dividends) (13)

Note that the no-default constraint has a simpler form than Equation (4), because we will

separately consider deviations to a blocked dividend. In fact, it follows from the definitions
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of continuation wealth that the default constraint can be reformulated as
bo (61) + 70 (61,61) < ¢ (1 —0)ko (61), V6y,67 (14)

which effectively limits the amount of capital and is almost identical to the constraint described
in Rampini and Viswanathan (2010).

The government needs to account for three sets of incentive constraints. The first set of
constraints apply at the financing/investment stage. These constraints guarantee that firms
find it optimal not to deviate at the beginning of the date, when investment is determined and
financing from outside investors is received. The second set of constraints prevents firms from
deviating at the time in which dividends are paid and taxes are collected. Finally, the last set of
constraints guarantees that firms declare a dividend that will not be blocked by the government

or outside investors. Formally, these

dy (93,91) +W (w1 ((9{,91) ,91;'() <dp (61,01) + V1 (wy (61,61),61;7T), V61,01, (Financing/Investment IC)

(15)

do (01,07) + Vi (w1 (61,607) ,61;T) < do (01,61) + Vi (ws (61,61),64;T), V61,601,607, (Dividend / Taxes IC)
(16)

v (wD (ko(67),60) ,91;1') <dy (01,61) + Vi (w1 (67,61) ,61;T), V64,61 (Blocked Dividend IC)
(17)

Finally, the government is subject to non-negativity constraints regarding dividend payments
do (61,0]) > 0, tax levels, 1y (01,60]) > 0, outside funding, by (6}), and continuation wealth , and
must have kg (67) > wp.

Summing up, the problem of the government is to maximize its objective, subject to
constraints (11), (12), (13), (15), (16) and (17). Our description of the problem assumes that it
is optimal for the government at date zero to induce the government at date one to implement
the full-information allocation we described in the previous section; we prove this as part of
the theorem below. We state a more general version of the full mechanism design problem in
Appendix Section A.3.

Theorem 1 introduces our main result.

Theorem 1. Under Assumption 1, if the amount of funds to be raised By + G (1 + R™1) is not too large,

the optimal mechanism can be implemented by a dividend tax.

Proof. See the Appendix, Section B.2. O

Theorem 1 shows that the principle of taxing only unconstrained firms remains valid even

when the government has asymmetric information about firms’ continuation values. The
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dividend tax allows the government to cleanly separate constrained and unconstrained firms

while raising revenue.

4 Dynamic Optimal Taxation

In this section, we extend the static analysis of the previous section to an infinite-horizon
context. To extend our static model to a dynamic context, we introduce firm entry and exit, firm
heterogeneity, and government borrowing and saving. We discuss each of these elements before
formally describing the government’s problem. After introducing the government’s problem,
we conjecture (and subsequently verify) a functional form for the government’s value function
that assumes a structure for continuation values that is essentially the same as the one assumed
for the static model in the previous section. We eventually show that most of the conclusions of
the previous section carry over to the dynamic model. Our main result will again show that a
dividend tax is optimal, provided that the amount of money required by the government is not

too large.

4.1 Firm Entry and Exit

In our dynamic model, we consider firm entry and firm exit. We will begin by describing firm
exit. Each period, some firms are exogenously forced to become “exiting,” meaning that they
will be forced to exit next period. Firms that are not forced to become exiting can nevertheless
choose to become exiting. This will not occur in equilibrium, but the threat of premature firm
exit will limit the government’s ability to tax the firms.

Formally, we assume that the lowest type, 8 = 0, is “exiting.” For this type, k* (0) = 0,
meaning that the firm has no productive opportunities and can only hold cash. Once the firm is
exiting, it will remain exiting forever. Formally, in the notation we use below, u (6|0) is the Dirac

delta function. As a result, the value function of an exiting firm with wealth w is
Vi (w,0) = R™" (di (w,0) + Vir1 (w1 (w,0),0)).

A firm of type 6 will be forced to become exiting next period with probability u (0/6). As in
the static model, firms privately know their current and next period type, including whether or
not they are exiting, at the beginning of the current period. The government only observes the
tirms’ current type. As a result, the government can identify which firms are exiting, but will not
know ex-ante which firms will become exiting next period. Firms that are not forced to become

exiting can choose to become exiting instead of or in addition to defaulting. If the government
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does not want a firm to voluntarily exit (which it will not), the government must ensure that the

firm has an incentive to continue if it does not default,

Vigr (W1, 0i41) > Vg1 (we41,0),

and that it has no incentive to deviate by both defaulting and exiting,

d; + Visq (wis1, 0i41) > max {dt + Vit <w,P —d, o) Vi (wP,o> } .

In the solution to the government’s problem that we will guess and verify, these constraints will
be satisfied in any allocation satisfying the no-default constraint, and the government does not
want any firm to exit prematurely.”

We now turn to describing firm entry. At the end of each period, a measure of potential
entrants, e (@, §), are born with outside wealth @ and type 6 > 0 (no firm is born exiting). Each
potential entrant faces the same fixed cost of entry, F. Each potential entrant can choose how

much wealth to put into the firm. We define wr (@, 8) as an entry wealth that maximizes utility,

we (,0) € argwrél[gé] Vit (w,0) —w,

and firms will choose to enter if
Vit1 (ZUE (ZT), 9) ,9) — WE (ZT),Q) > F.

The measure of firms entering the economy is therefore

et (w,0) = /0 /0 Sairae (0E (@,0) — )1 {Viss (wE (@,0),0) — wg (,60) > F} e (@, 0) dvdw,
(18)
where 9,4 (+) denotes the Dirac delta function.

We have assumed that, if there are multiple levels of entry wealth that maximize utility,
wg (@, 0) will implement an arbitrary rule to determine which level of wealth entrants choose.
In the equilibrium we construct, there will be only one optimal level of entry wealth. Our
assumption that the mass of potential entrants, e (@, ), is the same each period simplifies the
exposition but is not necessary. Relatedly, for simplicity we have assumed that entry is a one-

shot option, rather than allowing potential entrants to wait before entering.

"The form of exit we contemplate truly involves shutting down the firm. We do not model the possibility that
firms may shift their activities to a different tax jurisdiction, but speculate that adding such a possibility would limit
the taxes the government could collect but otherwise leave the problem unchanged.
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Observe that, because entry happens at the end of the period, the government in the next
period will take whatever entry decisions are made as given. That is, the government lacks
commitment regarding entry. This assumption simplifies the problem, and brings it closer to the
static problem analyzed in the previous section; we speculate it is not necessary for the results.
Having described the entry and exit of firms, we turn next to the dynamics of the population of

firms.

4.2 The Population of Firms

In our discussion of the static model, we assumed (mainly for expositional purposes) that there
was a single common type and initial wealth level. In the dynamic model, we will instead have
a population of firms with different wealth levels, current types, and types next period. We
will use the measure y; (w, 0) to denote the mass of firms at time ¢ with wealth w and current
(observable) type 0.

We assume that the type structure is Markov, and let 4#(6'|6) denote the likelihood that a firm
of current type 6 will have type 6’ at the next date. Of course, the next period’s type €’ is known
to the firm (but not the government) in the current period; this is the private information of the
model. We assume that 1(6’|0) is Lipschitz continuous with respect to 6 for 6 € (0,1], and that
14(6|61) strictly first-order stochastically dominates 1 (8'|6,) for all 8; > 6,.8

At each date t, the government inherits a joint distribution y;, and through its policies will
influence the distribution p;1 that carries over to the next period. Let w1 (w,6,60") denote
the continuation wealth for a firm with current wealth w, current type 6, and future type ¢’,
assuming truthful reporting of the firms’ future type 6’. Assuming that the government avoids

premature exit by firms, the next period’s distribution of firm types is
oo 1
i (,6) = ee(@',6) + [ [ Slaoria(w,6,6) — (@'} (w,6) dbdko (19)
0o Jot
F10 = 0) [ Snac(wrsa(,0) = ) (w, O

Having described the evolution of the population of the firms in the model, we are now able

to describe the government’s problem.

80ur first-order stochastic dominance assumption implies, at least to some degree, persistence of types. It is a
sufficient but not necessary assumption to prove our conjecture; in particular, the case of IID types could be handled
through a slightly different argument.
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4.3 The Government’s Problem

In our dynamic model, the government is able to borrow and save freely, but lacks commitment.
Each period, the government inherits debt B; and a population of firms y;. The government

spends G each period, and hence the next period’s debt is

0 1 1
R'Biy1 =B;+G—R7! / / / 7w, 0,0 )1 (6'10) s (w, 0) d6’d0dw
0 0+ Jo

— R /Oo T (w, 0)pe(w, 0)dw, (20)
0

where 1;(w, 0,0") is the tax revenue raised under truthful reporting from a firm with wealth w,
current type 6 > 0, and next period’s type 6’, and 7;(w,0) is the revenue raised from exiting
firms.

Let J;(B, it) denote the government’s value function, and let V; (w, 8) denote the firm’s value
function (or, equivalently, the net present value of dividends under the current and future
optimal policies of the government). At each time ¢, the government takes the policies of
future governments, and hence J;11(B’, #') and V.1 (w’,6'; B',3t'), as given. Note that the firm
continuation values V;,1 depend on both the firm specific variables (w’, ') and government debt
B’ and the measure y’ , because the latter two could determine future government policies and
hence future firm continuation values.

Each period, the government designs an incentive-compatible direct-revelation mechanism
for the current period, of the sort described in our static model, which allocates debt, capital,
taxes, dividends, and continuation wealth to each of the firms. Let M denote the set of such
mechanisms, and let m € M be a particular mechanism, including the functions 7; and w; 1 that
are necessary to define the evolution of the population of firms and of government debt, and the
function d; that describes the dividends paid in the current period. For a detailed description
of this mechanism design problem, which is a slight generalization of the mechanism design
problem for the static model, see Appendix Section A.3.

We study a Markov sub-game perfect equilibrium of the game between the current
government and its future selves. The government’s problem (again assuming that no firms

are exiting prematurely), in recursive form, is

Jit (By, ) = max R~ / / / di(w, 0,0 )u(0'|0) s (w,0) do’dbdw
myeM 0+

—|—R‘/ de(w,0) e (w, 0)dw
0

+ R0 (Brsa, ), (21)
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subject to the equations describing the evolution of debt (20) and of the firm population (19), a
transversality condition,

Lim R™%Jtys (Brys, pht+s) = 0,

and a No-Ponzi condition,
].im Rith+s S O,

S—00

taking all future policies as given Markov functions of By 1 and ;1.

The solution to this problem induces a value function for the non-exiting firms,

1
Vi(w, 6; By, pt) = Rl/ {di (w0,0,0") + Vira (wjy1 (w,0,0'), 0 Ber, pes) b (0'10)d0’
0
and for exiting firms,
Vi(w,0; By, ) = R™H{d} (w,0) + Viga (w1 (w,0),0; Byr, 1)},

where di and wy, ; denote policies under the government’s optimal mechanism.
In this equilibrium, sub-game perfection requires that each government optimizes, meaning

that
Ji(B,u) = Ji+1(B, ),

and we impose the additional stationarity restriction’ that V;(w, 6; B, ) = Vi 11(w, 6; B, ).

The equilibrium we study is equivalent to a problem in which an infinitely-lived government
maximizes the net present value of the dividends for all current and future firms, subject to a
single inter-temporal budget constraint (arising from the No-Ponzi restriction) and a restriction
to Markov policies in the set of history-independent mechanisms. This equivalence follows
from that fact that our equilibrium satisfies the transversality condition mentioned above. The
restriction to the set of history-independent mechanisms is important, and a consequence of
the government’s lack of commitment. A government that could punish defaulting firms that
re-enter the economy (which is ruled out by history-independence) could relax the financial
frictions in the economy.”

The government’s ability to borrow and save is critical for our main result in the presence of
any kind of transition dynamics (that is, if the population of firms does not start in a steady state).

If the government were required to raise a particular amount of tax revenue each period, with

9This restriction is mild, but rules out equilibria in which the government oscillates between different policies
that achieve the same value for the government but have different continuation values for specific firms.
19We leave open the question of whether there are non-Markov “sustainable” equilibria (Chari and Kehoe, 1990)
in which a government without commitment nevertheless punishes defaulting firms and circumvents the financial
frictions. We thank Felipe Varas for pointing out this possibility.
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no ability to smooth distortions across periods, the government would need to impose different
dividend tax rates in each period (assuming a dividend tax is the optimal policy). However,
because firms can defer dividend payments at no cost by accumulating cash, if dividend taxes
will be lower in the future, the government will not be able to collect any dividend taxes today.
Consequently, a dividend tax would not be optimal in this case. In our model, because the
government can borrow and save, today’s government can leave tomorrow’s government with
a debt level that ensures tomorrow’s government will implement the same dividend tax rate that
today’s government implements. Consequently, it is possible for the government to maintain a
constant dividend tax rate. This discussion should also make it clear that our assumption of
constant government spending G is not important- only the net present value of the stream of
government spending matters.

Having introduced the new elements of the model, we next describe our assumption
that ensures the feasibility of dividend taxation and our conjecture about the form of the

government’s value function, and then discuss our result.

4.4 Assumptions, Conjecture, and Result

To discuss our assumptions that ensure the finiteness of value functions, we introduce the value
function V(w, 6; 1), which is the value function for a firm in a market equilibrium with wealth
w and type 6 given a dividend tax rate 7;. By “market equilibrium” we mean that the firm
chooses its own borrowing, capital, dividends, and continuation wealth, subject to all of the
limits and financial frictions in our model, in the presence of a dividend tax. We provide a more
precise description of this function in Appendix A.1. Our assumptions will also be defined using
the mass of firms that enter each period in the presence of a dividend tax, é(w, 6; t;), which is
defined by (18) with the value function V(w, §; ;) in the place of the continuation value.

Our first assumption ensures that the firm and government value functions we study are

finite. We use the notation p (w, ) to denote the initial population of firms.

Assumption 2. There exists a constant, Viyay, such that, for all 0 € [0,1] and w € [0, 00) with either
to (w,0) > 0ore(w,0;0) >0, V(w,0;0) < Vyax, and the total value of all present and future dividends

in the economy is strictly positive and finite for all T € [0, T), for some T > 0:

() 1 0 1
o</ /V(w,e;r)yo(w,e)dede/ /V(w,();r)é(w,();r)d@dw<oo.
o Jo R—-=1Jo Jo

This assumption is necessary, from a technical perspective, to ensure that the optimization
problems we study are well-behaved. It implicitly embeds restrictions on the transition

probabilities of types, u(0'|6), along with the production functions for each type, to ensure that
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tirm’s net present value of dividends is finite. It also requires that the initial mass of firms and
entering firms have finite wealth, and that the total mass of firms be finite. The requirement
that the net present value of all dividends in the economy is strictly positive and finite ensures
that the government’s value function is finite and that the government can raise at least some
revenue from the firms through a dividend tax.

Next, we conjecture a form for the government’s value function. Our proof strategy is to
derive the optimal mechanism, using this conjecture as the continuation value, and then show

that the resulting value functions satisfy the conditions of our conjecture.

Conjecture 1. The optimal mechanism m € M and firm value function V(w,0; B, u) = V (w, 8) do not
depend on B or y or time. There existsa T € [0,1), a continuous increasing function w(8), and a function
U (w, 0) such that, for all w > @(6), Vo (w,0) =1 — 1 and Uy, (w,0) = 1, and for all w < @(0),
Vi (w,0) > 1—7and Uy, (w,0) > 1, with V and U concave in w and with V(0,0) = U(0,0) = 0,
such that

G 00 1
](Bt/ ,ut) - ]E - m - Bt + / / u (w,O) Ut (ZU, 9) dew,
- 0 0

where Jg is a positive constant. Furthermore, U and V are Lipschitz continuous in 6, and, for w < @(6),
U and V are strictly concave in wealth and have strictly positive cross-partials V9 and Uy,g. The function

U (w,0), for 8 > 0, is the net present value of future taxes and dividends,

1
U (w,6) = R / [di(w,6,8') + 1:(w,6,8') + Uwp1(w,6,6'),8)} 1u(6'|6)d6’, V8 > 0,
0

U(w,0) = R {d;(w,0) + 1:(w, 0) 4+ U (w41 (w,0),0)}.

The function U (w, 0) can be thought of as the “social value” of the firm. It is always greater
than the private value of the firm, V (w,0). The constant Jr represents the value of the future
entering firms.

Verifying the conjecture involves several steps. First, we solve for the optimal mechanism that
characterizes d;, T, wy+1, and other variables, assuming that the continuation value functions U
and V have the properties described in the conjecture. This step is essentially identical to our
analysis of the static model, and also allows us to show that the optimal mechanism can be
implemented by a dividend tax. Second, having solved for the optimal mechanism, we show
that the value functions U and V indeed have the conjectured properties. Third, it is relatively
straightforward to show that the conjectured value function | satisfies the recursive equation
characterizing equilibrium (21), and to state a condition under which the No-Ponzi condition
will be satisfied.

The following theorem states our main result. The theorem is expressed in terms of the
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“funding need” at date zero, By + %, which is the net present value of the funds the

government needs to raise. Note that there is a maximum amount of revenue that can be raised
by the government, since higher taxes are associated with lower firm entry, which reduces the

total tax base and generates a revenue Laffer curve.

_G
1-R-T

holds, the equilibrium satisfies the No-Ponzi condition and the transversality condition, and the optimal

Theorem 2. There exists a non-empty interval of the funding need, By + such that Conjecture 1

sequence of mechanisms can be implemented by a constant dividend tax.

Proof. See the Appendix, Section B.5. O

5 Interpretation and Policy Implications

In this section, we discuss a variety of practical and theoretical issues related to our results.
We will begin by discussing the relationship between our corporate dividend tax and corporate
taxes as they are implemented in the United States and most other developed countries. We will
then discuss forces that are absent from our model but have been used to explain firms’ dividend
policies, and conjecture how our results might change in the presence of these forces. We also
emphasize that the optimal policy may be sensitive to the nature of financial frictions assumed
in the model, and discuss general equilibrium considerations that are absent from our analysis.
Finally, we will mention a proposed tax reform in France along the lines of our optimal policy.

First, at various time periods in the United States, dividends and share repurchases were
treated differently for individual income tax purposes. In our model, “dividends” include all
payments to the agents controlling the firm, and hence should be interpreted to include share
repurchases. That is, our optimal policy would tax dividends and share repurchases at the same
rate. Related to this, in the United States and most other countries, corporate taxes are assessed
on earnings, net of various deductions. Our results show that this is in fact a reasonable way to
structure taxes, provided that deductions are given for all retained earnings. After all, earnings
less retained earnings is by definition equal to dividends plus share repurchases.'!

Intriguingly, at a high level, the current tax system, modified to have full expensing of
investment, may not be too far from this policy. This conclusion is reminiscent of the “new view”
of dividend taxation (described in, for example, Auerbach (2002)). Perhaps more strikingly, the

model justifies taxing dividends but not interest payments on debt (interpreting the claims of

Hmplementing the corporate dividend tax found to be optimal in this paper within the current personal tax
system may impact individuals” investment decisions. For instance, households may have incentives to use firms
as tax-deferred investment vehicles in order to avoid capital taxes. We thank Michael Faulkender for pointing out
this issue.
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outside investors in the model as debt). The key distinction, from the model’s perspective, is
control. A time-invariant tax on payments to the agents controlling the firm (which we interpret
as dividends) does not distort the intertemporal decisions of firms, only entry (a point made
by Korinek and Stiglitz (2009)). Any other tax would both distort intertemporal decisions and
entry. Our model currently does not allow the firm to issue equity except on entry, so we cannot
say if dividend taxes distort debt/equity choices after entry. However, in our dynamic model,
dividend taxes do distort equity issuance downwards at entry, and hence lead to firms having
more debt and less equity at various points in their lifecycle. Despite this, dividend taxes are
optimal, because all taxes that raised the same amount of value from the firm would distort the
equity issuance decision by at least as much. This emphasizes the point that interest deductibility
might both distort debt/equity decisions and be optimal.

This discussion leads naturally to the second point we wish to emphasize, which is related
to forces that are absent from the model but perhaps related to firms” dividend policies. Our
assumption that shareholders control the firm, and hence that “payments to the agent controlling
the firm” are indeed dividends, may not apply to all firms. Managerial entrenchment (Zwiebel,
1996) or other agency conflicts between shareholders and managers (Chetty and Saez, 2010)
might result in managerial, as opposed to shareholder, control of the firm. In this case, we
speculate that our model could be reinterpreted to justify a tax on managerial compensation.
However, if managers and shareholders have the same information and can engage in an optimal
contract, then it may not matter which one is taxed. The simplest case in which this is true is
when the manager is paid in proportion to the dividends shareholders receive. Regardless of
who controls the firm, it might also be possible for the agent controlling the firm to extract value
from the firm through in-kind benefits, as markups for goods or services provided, or disguised
as payments to unrelated parties. If these payments destroy value relative to dividend payments
(along the lines of, e.g., DeMarzo and Sannikov (2006)), then the possibility of such payments
will limit the dividend tax rate the government can implement but otherwise leave our results
unchanged.

Our model also omits signaling and catering explanations for firms” dividend choices, both
of which have been discussed in the literature and may be relevant for optimal policy. With
regards to catering, we have little to say; welfare analysis in the presence of behavioral biases on
the part of investors is beyond the scope of our model. With regards to signaling, recall that our
model does feature asymmetric information. The key missing dimension is a reason for the firm
to care about creditors’ (as opposed to the government’s) perceptions, because our creditors only
purchase debt in the firm. However, the firm is concerned about signaling its marginal value of

wealth to the government — this is the essence of the model. Augmenting the model with choices
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about which securities to issue to outside investors would allow us to speak more directly to the
signaling value of dividends.

One change to our model that would drastically change results is altering the nature of
the financial friction. In a previous version of the paper, we considered a model with full
commitment by the government and creditors, including the ability to prevent defaulting firms
from re-entering. The resulting financial friction was equivalent to the one introduced by Kehoe
and Levine (1993). In this model, only the firm’s continuation value (the present value of its
future dividends) matters for the financial friction, and the firm’s current wealth is irrelevant.
In this model, if the government could assess a tax on firms entering the economy and then
commit to never tax them again, this would be the optimal policy. The principle of avoiding
taxing constrained firms still applies in this model, but because of the forward-looking nature
of the constraint, dividend taxes in the future exacerbate the constraints of firms today. As
a result, dividend taxes do not avoid taxing constrained firms, and hence are not optimal.
The key distinction between the two models concerns firms’ ability to borrow against their
entire continuation value (which can be interpreted as future earnings) or only their tangible
assets. Rampini and Viswanathan (2013) provide evidence that tangible assets are an important
determinant of firm borrowing capacity, but which of these constraints apply to which firms is,
to our knowledge, an open question.'?

Our model takes a partial equilibrium approach, neglecting general equilibrium
considerations. In practice, corporate taxes are likely to influence equilibrium interest rates (and
stochastic discount factors more generally), and these concerns are in fact central to the extensive
literature on capital taxation. Our model features both asymmetric information and financial
frictions, and hence the classic capital taxation results cannot be directly applied to the model.
Other taxes, such as labor income or consumption taxes, will likely affect both constrained
and unconstrained firms, and (speculatively) our corporate taxation principle suggests that a
corporate dividend tax may be preferable to these taxes. We intend to pursue this question in
future research.

Finally, we should highlight that France in 2012 implemented a corporate dividend tax
somewhat along the lines suggested by our analysis (in addition to the more traditional
corporate taxes). France assessed a 3% tax on all dividends paid. Court rulings eventually
caused the tax to be declared unconstitutional, apparently because of double taxation, and in

2017 the tax was repealed.

12Considering a scenario with limited enforcement and no exclusion after default, as in Rampini and Viswanathan
(2010), but with a government with full commitment, is problematic, since the government can use its commitment
ability to overcome financial frictions.
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6 Conclusion

We have provided a normative analysis of optimal corporate taxation under financial frictions.
Without financial frictions, all firms operate at the first-best level. With financial frictions, if the
government has full information, it is optimal to tax only the unconstrained firms, consistent
with the corporate taxation principle that we introduce in this paper. When firms’ future
investment opportunities are private information, the government must use a mechanism to
elicit which firms are unconstrained in an incentive compatible way. Although the structure of
the problem appears complicated, we show that a dividend tax can both separate constrained
and unconstrained firms and raise revenue, and hence is optimal. Practically, this dividend tax
could be implemented in our current tax system by allowing for full deductibility of retained
earnings.

To our knowledge, this paper is the first to address the question of how corporate taxes
should be structured in an environment in which any feasible tax instrument can be employed.
Future work taking into account manager-shareholder conflict, security design, interactions
between personal and corporate taxation, and general equilibrium considerations should result

in a deeper understanding of optimal corporate taxation.
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APPENDIX

A Problem Definitions

In this appendix section, we formally define a variety of value functions and mechanism design
problems. These definitions are used in our proofs and referenced in the main text. Section A.1
defined the function V that described the net present value of a firm’s dividends in the dynamic
model under a constant dividend tax. Section A.2 defines V) and Vj, which are the net present
value of a firm’s dividends under a constant dividend tax in the static model, at dates zero and
one respectively.

Section A.3 describes the full mechanism design problem for a non-exiting firm in the
dynamic model, and Section A.4 describes the mechanism design problem for an exiting firm.
Sections A.5 and A.6 describe the “capital sub-problem” and “capital choice problem,” which
break down the full mechanism design problem of Section A.3 into two parts. The capital choice
problem corresponds to the first report of the firms, which determines their debt and capital
levels, and the capital sub-problem corresponds to the second report, which occurs after capital

is observed and determines the firm’s dividend payment and taxes.

A.1 Definition of V (w, 6; T)

Define
nt(k,0) = f(k,6)+ (1 —6)k — Rk.

Consider the firm’s problem in the presence of a dividend tax, assuming that firm knows its next
period type 6:

= . o -1 = ! Al
V(w,6,6;1) = bzo,kr,g?zxo,dzoR {d+V (v, 0;7)}

subject to

w' = 7 (k,6) + Rk — (1+1T )d—b

w<k<w+R

T

—d+b<9(1-0)k
d<m(k8)+k(R—¢(1-9))
d+ V@', 0;71)>V(r(k8)+k(R—¢(1-90)),60;7)

and note that voluntary exit is never optimal (V(w',0’; ) > V(w',0; 1) for all w’, 6).
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The firm’s continuation value function prior to learning its type is
— 1 —
V(w,0;71) = / V(w,0,0;7)u(0'10)do’.
0
This defines a Bellman equation that, along with the transversality condition

lim R~V (wy, 0;;7) = 0

t—o0

defines a unique value function V(w, 6; 7).

A.2 Definition of Vy(w, 0; T) and V;(w, 0; T)

In the static problem, the firm’s value function in the presence of a dividend tax rate T in both

periods is
Vi(w,0;7) = max R Md+w'}
b>0k,w' >0,d>0
subject to
w' = 7 (k,0) + Rk — (1+ ‘ )d—b
1-7
w<k<w+Rb
T
< _
1_Td+b_ p(1—-96)k
d<nmn(k0)+k(R—¢(1l-9))
and
Vo(w,6,0';7) = R™Hd+W(w',0';
o(w0,057) = max REH{d+Vi(w, 057}
subject to

w’:n(k,9)+Rk—(1+ ‘ )d—b
1-71
w<k<w+R '
T
1—7

d+b<¢e(1-0)k

d<m(k0)+k(R—¢(1-9))

d+Vi(w,0;7) > Vi(7t (k,0) + k(R — ¢ (1 6)),6';7),
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with .
Vo(w, 0;7) = / o(w,0,0; 7)u(6']0)d6.
0

A.3 Statement of the Mechanism Design Problem for Non-Exiting Types

In this subsection, we describe the mechanism described problem given observable wealth w;
and current type 6; > 0. The multiplier x; controls the relative value of taxes and dividends,
from the government’s perspective. In the dynamic problem, in Conjecture 1 we have implicitly
assumed that x; = 1. In the static problem, we will show that x; > 1, and the theorem will apply
in the case in which x; = 1 by focusing on situations in which required spending G is sufficiently
small.

Given our timing assumptions, illustrated in Figure 1, firms sequentially choose capital
and financing, and then make dividend and default decisions. We allow for the possibility
of a “double” deviation in the mechanism, in which a firm reports some type 6;_ , initially,
when choosing capital/financing, and then reports another type 6} ;, when declaring a
dividend /making a default decision. Formally, we use the notation d; (6;_,,6/ ;) to refer to the
dividend allocated to a firm that reports 6; ; at the investment/financing, and then reports 6’
at the dividend/tax accrual stage. We use the same two-argument notation for other variables.
We consider incentive-compatible direct revelation mechanisms, with both initial and interim IC
constraints.

Formally, the government solves the following problem:

max

R-1 /1 d (wy, 0, 0p41,0p11) + U (w1 (wr, 01,0411, 011) ,6011)
di(+),be (), wp g1 () ke (+), T (+) 0

p (041 0r) 6111
+xtTt (Wt 0t 0r41, 0141) }

subject to the following constrains:

- Financing /Investment Budget Constraint:

ki’ (wi’/ 61’/ Hi/'+]) S wt + Rilbt (wti 61’/ 91/'+]) ’ thl th 61/'+1/

- Dividend /Taxes Budget Constraint:

w1 (we, O, 0141, 041) < 7k (we, 01,0111) ,0¢) + Ry (wr, 0, 0y1) — di (we, O, 6741, 6711)

!/ / 1 / 1
- bf (wtr et/ 9t+1) — T (wi/ Qt/ t+1s t+1) ’ vZ’Uf/ th 6t+1/ 0t+1/ t+1s

- No Default:
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wD (kt (wt/ 91’/ 9£+1> s 0t> S dt (wl’/ et/ 9;+1/ 9;;1) + Wr+1 (wtl Gt/ 91/'+1I £/+1) s th/ 91’/ 91{+1/ [/'/Jrll

- Upper Limit on Dividends:

d (we, 01, 0141,0/41) < WP (ke (wr,0:,6,1) ,6:), Vior, 01,611,611

- Dividend /Taxes IC:

dr (we, 0r,0111,011) + V (wes1 (wr, 01, 0141,607 1), Or1) < di (wr, 01,011, 60141)

+ V (g1 (we, 04,011, 0141) ,0141) , Yy, 64,0141, 011,071,

- Financing /Investment IC:

di (wr,01,01,1,0141) + V (wigq (wr,01,0141,0141) ,0r11) < di (wr, 0,041, 0141)

+ 1% (wt+] (wt/ th 9t+1/ 9t+1) 7 9t+1) ’ th/ 91’/ 9t+1/ 6;4_1/

- Blocked Dividend No Default:

14 (wD (ke (we, 64, 0;,1) ,6¢) ,9t+1) < di (wr, 04,0r41,0:41)

+ V (g1 (wy, 01,0141, 0141) , Op41) , Ywr, 0, 0141, 04

as well as non-negativity constraints and the lower bound on capital,

dt (u)t, Gt, 924_1, 9;5,_1) > 0/ Tt (wtl Gf/ 9;4—1/ 2/4-1) > 0’ W41 (ZUt, et’ 924—1’9;/-"-1) > 0’

by (wt/ 04, 9£+1) >0, k¢ (wt, 0:, 9;+1) > Wy

and the definitions

7 (k,0) := f (k,0) + (1 — &)k — Rk,
wP (k,0) := f (k,0) + (1 —¢) (1—9)k.

Note that this formulation omits deviations to exit, because we do not permit such deviations
in the static model, and under our conjecture in the dynamic model will never be occur or be a
binding constraint.

A.4 Statement of the Mechanism Design Problem for Exiting Types

For exiting types, there is no asymmetric information, and no production. That is,
f(k,0)=Rk—(1-9)k,

and therefore 7t (k,0) = 0 and wP (k,0) = (R — ¢ (1 — §))k.

34



The government solves

U(w,0) = max RY4d; (wy, 0) + U(wsaq (wr,0),0) + 1 (wy, 0)},
0 = O X 1 (00 0) + Ulwi (01,0),0) 1 (wr, 0)}

subject to the constraints

ki (we,0) < wy + Ry, (wy,0), Ywy, (Financing/Investment Budget Constraint)
wWit1 (we, 0) < Rkg (wy,0) — dy (wy, 0)
— by (w,0) — ¢ (we, 0), Yy, (Dividend /Taxes Budget Constraint)
wP (k¢ (wy,0),0) < dy (wy,0) + wiyq (wr, 0), Yy, (No Default)
de (w,0) < wP (k¢ (we,0),0), Yy, (Upper Limit on Dividends)
V(wD (k¢ (wt,0),0),0) < dy (we,0) + V(wssq (we,0),0), Yy, (Blocked Dividend No Default)

observing that the two no-default constraints are identical, as well as non-negativity constraints
and the lower bound on capital,

di (wy,0) >0, T (wy,0) >0, wir1 (we,0) >0, by (wr,0) >0, ki (wy, 0) > wp.

A.5 Statement of the Capital Sub-Problem

In this subsection, we consider the mechanism design problem described in the Appendix
Section A.3, taking as given the initial wealth w;, initial type 0; > 0, and initial capital level
k chosen. The initial capital choice decisions generate an endogenous measure of types,

(01, k) = u(0r1110:) 1 (ki (wy, 01, 0111) = k).

To keep notation compact, in what follows we will use the shorthand w;.1(f) to mean
wit1 (wy, 0;,0”,0) for some 0] such that ki(wy, 0y, 6141) = k, and likewise for d¢(6) and 7(6).
Note by Lemma 2 below that it is without loss of generality to assume all such 6 have the same
allocations. We define the variable y; (6) as

Yt (0r) 1= w1 (0) +d (0).

We also constrain the problem to have a particular value of y;(1) for the top type, y:(1) = y;.
That is, we will consider the value of y;(1) for the top type as part of the capital choice problem
(see below).

The sub-problem can be expressed as a function of two controls, d; () and y; (6):

R Y xi(m (K, 6:) + Ruwr) — xeye (6)
0, we, 0, k,y1, V') = max —/ ! 1(0;k)do,
T oGl V) = | o) [T a(e;k)de Jo {+U(yt ©) —d: (9),0) +dy (6) [ M
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subject to the constraints

wP (k,0:) < y; (0), V6 (No Default)
d; (0) < wP (k,6;), V6 (Upper Limit on Dividends)
0<4d;(0), Vo (Non-Negative Dividends)

v (0) < 7 (k,0¢) + Rwy, V0, (Non-Negative Taxes)

and the incentive constraints

de (0)) +V (v (0) —dy (8),0) < dy (8) + V (v () — di (8),0), V6,6’ (Dividend/Taxes IC)
v (w 9) di () +V (i (6) —dy (0),6), V8,  (Blocked Dividend No Default)
v

de (0)+V (y: (0) —d; (0),0) < V*(0), VOs.t.1(6;k) =0, (Financing /Investment IC)

and the constraints on the top type allocation, y:(1) = y.

The function V*(0) from the financing/investment IC is shorthand: V*(08) =
de (W, 01,0441,0:11) + V (wit1 (W, 01, 0441,60:41) ,0¢1+1) in the mechanism of Appendix Section
A.3. In other words, for types 6 that do not receive this capital level in equilibrium, the
tinancing/investment IC is relaxed by reducing that type’s payoff from this capital level.

The problem is well-defined given a feasible value of y; € [wD (k,0¢), 7 (k,0) + th} and a
function V*(0) such that is it possible to satisfy all of the constraints. We adopt the convention
that J (7, wy, 04, k,d1,y1, V*) = —oo for infeasible problems.

A.6 Statement of the Capital Choice Sub-Problem

In this subsection, we rewrite the mechanism design problem of A.3 by separating it into the
capital choice problem and the capital sub-problem described in the previous section. We
simplify the problem using the result of Lemma 2 below that both budget constraints bind, and
hence eliminate the debt and taxes choice variables.

The problem is

d maX V* / ] kl’ wt/ Gt/ ))/wtl 9t/kf (wi‘/ 91’/6) Yt (wt/ 91’/ 9/1) /V*(G))]’l(9|9t)d9
subject to the constraints

P (ki (wr, 04, 0141) ,64)

Ve (we, 04,0141, 1) Ywy, 64,0141, (No Default at Top)
yi (wr, 0r,0i11,1) <7t

<
< 7t (k¢ (wy, O, 0¢41) ,0¢) + Rwe Ywy, 04,0141, (Non-Negative Debt/Taxes at Top)

and lower bounds on dividends at the top and capital,

kl’ (wt/ et/ 9;4_1) 2 wo,
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and the requirement that d;(wy, 0y, 6, 41 7). Yi(wy, O, 0; 1 -) are in the set of optimal policies of the

capital sub-problem for all 6;_;, the form of the financing/investment IC constraint,

V*(0r11) < di (we,04,0141,0:11) +V (Vi1 (wi, O, 0411, 0141) — di (wy, 01,0441, 0¢41) ,041)

and using the definitions

ﬁ(@’;kt (wt, Gt, 9)) = ]/l(9/|9t)1(kt (wt, Qt, 9) = kt (ZUt, Qt, 9/))

Note that we can write V*(0) as a choice variable and use the inequality constraint because
the function J(-, V*) is weakly greater than J(-, V*') if V*(8) > V*'(6) for all 6.

B Proofs

B.1 Proof of Lemmal

The government solves the following problem:

e} 1
rnax/0 /0 R1 {dy (w1, 61) + wy (w1, 61)} p1(we, 61)dw,d6,,

subject to the following set of constraints, which must apply for each level of wealth w; and type

ki (wq,601) < R (w1, 01) + wq, Ywy, V61 (Financing /Investment Budget Constraint)
wy(wy,01) < f(k,01)+(1—=8)ky—di—b1— 1 (Dividend /Taxes Budget Constraint)
wP (ky (w,01),01) < dy (wr,0;) +wf (wy,0:), Yw, V0, (No Default)
dy (wy,01) < w? (ky (wy,61),61), Ywy, V6, (Upper Limit on Dividends)

as well as the revenue-raising constraint,
Bi+G< //erl (w1,61)dF (wq,601), (Revenue Raising)

and the non-negativity constraints for k1, d1, b1, and 7.
Observe immediately that the dividend/taxes budget constraint must bind. We can express
dy (wq,61) + wy (wy, 01) as follows:

dq (w1,91) %) (w1,91) = f (kl (w1,91) ,91) + (1 — (5) k1 (w1,91) — b (w1,91) -T (w1,91) .

When combined with the definition of continuation wealth after default in Equation (3), the
no-default constraint simplifies to

b1 (w1,01) + 11 (w1,01) < @ (1 —6)ky (wy,01)-
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As a result, dj (wq,61) enters only in the limit on dividends, and therefore it is without loss of
generality to assume dq (wq,6;) = 0 and ignore the limit on dividends. Moreover, if the initial
budget constraint does not bind, the government can increase kj (w1, 61), increasing the objective
and relaxing the no-default constraint, which implies that budget constraints must bind at the
optimum.

Therefore, the government’s problem can be reformulated in simplified form as follows:

o0 1
max/o /0 R {F (ky (w1,61),61) + (1 — 8) Ky (wy,6) — by (wr, 1) — 11 (w3, 00) )} 1iq (ws, By ) d6ydoy
subject to

kq (wl, 91) = R_lbl (w1,91) + wq, Ywy, V6, (Budget Constraint)
by (w1,61) + 11 (w1, 01) < @ (1—0)ky (wr,01), Ywy, Vo, (No Default)

00 1
Bi1+G< / / Ry (w1, 0:) 1 (we, 6:) dw;déy, (Revenue Raising)
0o Jo

in addition to the the non-negativity constraints. This problem has affine constraints and a
concave objective function, and therefore the infinite dimensional analog of the KKT conditions
are necessary and sufficient to find an optimum. Solving for b; (w1, 6;) in the budget constraint
and substituting in, allows us to rewrite the objective function as follows:

/ / f (ky (wy,01),01) + (1 —98) k1 (w1, 01) — 1 (w1, 01) — Rkq (w1/91))+w1}ﬂ1 (wq,01) dBrdw,.

Solving for by (w1, 61) in the budget constraint and substituting in, we can rewrite the no default
constraint as follows,

The non-negativity constraint on b; implies that w; < kj. By defining the Lagrange multiplier
on the revenue raising constraint by )1, we can express the new objective function as

/ / f (k1 (w1,01),01) + (1= 0) k1 (wy,01) — (1 — x1) 71 (wq,01) — Rky (w1, 01)) + wl} 1 (wy, 61)d6 dw,

which concludes the proof.

B.2 Proof of Proposition 1

First, note that if x; < 1, it will be optimal to set 77 = 0 always, and therefore raise no revenue.
Therefore, it must be that x; > 1, and that, if 1 = 1 is feasible, it will be optimal.
If x1 = 1, the government’s problem corresponds to

LI1 (w1,91;1) = max R~ {f(k1,91) (1—§)k1—Rk1}+w1,

kl >0 ,T1 = >0
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subject to the following constraint on capital allocations

w1 — R_lTl

wlgklél—R*M)(l—(S)’

and non-negativity constraint for k; and 7. Let y and ¢ be the multipliers on the upper and
lower bounds for capital, and let v be the multiplier on the constraint that 7, > 0. We can
therefore define the following Lagrangian:

L£L=R! {f(kl,gl) + (1—5)](1 —Rk1}+w1 — U (k1 — ) +(P(k1 —wl) + 7.

1-R1p(1-19)
Note that, under the assumption that w; > 0 for all firms, the capital non-negativity constraint
becomes redundant. The optimality conditions for k1 and 7 respectively are

R™H{fie(k1,01) + (1=0) =R} —p+¢=0= R {fi (k,01) + (1-0) R} =p—¢ (A1)

! (A2)

V+V:0:>V:m]/l

" R-—¢(1-9)

Equation (A2) implies that if 4 > 0, thenv > 0 and 7y = 0. In general, # > 0 and ¢ > O are
mutually exclusive. Therefore, if 71 = 0, thatis, v > 0, it must be that > 0 and ¢ = 0.

Because fi (k1,01) + (1 —6) — R > 0, Vky, with equality if and only if k; > k* (61), it follows

that ky < k* (6;) implies that 4 > 0 and ¢ = 0, and also v > 0 and 7y = 0. This case requires that

w1
1—R1p(1-9¢)

k* (91) >
If k1 > k* (61), then we must have u = ¢ = 0 and v = 0. This case requires that

. w1
< .
k* (61) 1 T 1= 3)

In this case, the tax is indeterminate, but must necessarily satisfy
OS T S g0(1—5)w1,

so that the feasible set for capital is non-empty.'® In the statement of Proposition 1, we propose
the following tax function

71 (w1, 6;) = TR max {w1 - (1 ~Rlp(1- 5)) K (61) ,0},

where T € [0,¢ (1 —0)]. The proposed functional form satisfies the restrictions on 77 in both
cases, and raises positive revenue. Therefore, as long as the revenue raised by the proposed
policy satisfies the revenue-raising constraint, our claim holds.

< wi—R 1y

13Note that feasibility requires that 7; satisfies w; < TR Tp(1-5)"
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B.3 Proof of Corollary 1

Properties of V;

The function V; (wy,6;) = R™{d; (wy,6;) + wy (w1,61)} corresponds to an indirect utility
function for firms. Note that

dl (w1,01)+w2 (w1,91) :f(kl (w1,91) ) (1 )kl (w1,91)—T1 (w1,91)—Rk1 (w1,91)+Rw,
= f (k1 (w1,01),01) + (1 = 6) k1 (wy, 61)
— TR max{w1 ( ) 0} — Rkq (wl, 91) + Rw,

where we use the fact that the optimal policy satisfies 7 (w1,601) = Tmax{w; —@(01),0}.
Substituting in for the capital chosen,

w1
1-R1p(1- (5)}

k1 (w1, 61) = min{k*(61),
Note first that V1 (w, 6) is continuous. Anywhere w; > @(0),
Viw(wy, 01) =1—1.

Anywhere wy < @(6),

fe (%,el) +(1-0)-R
1-R1p(1—0)

Vi w(wy,0;) = R +1>1

by the assumption that if w; < @(0), < k*(01). The properties of the cross-partial

w1
I-R Tg(1-0)
and concavity follow from the cross-partial and concavity of the production function. Lipschitz
continuity follows from the differentiability of the production function (and hence k*(6,)) with

respect to 6.

Properties of U

The function Uj (wj,61;1) corresponds to an indirect utility function for firms from the
perspective of the government. The expression is

f(k1 (w1,91) ,91) + (1 — (5) kq (w1,91) — Rkq (w1,61) + Rw,

where again
w1

kl (wl, 91) = min{k*(@l), 1_ R_l(p (1 — 5) }

The argument above for V; applies from this point, essentially unmodified.
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B.4 Proof of Theorem 1

The government’s problem in the static model, assuming they wish to implement the tax rate T
described by 1, is

I b) = _max  max R / (do(01,01) + Vi (w1 (61,01 ), 63 7) }4(61]60 )6
t€[0,9(1-0)] mee M(T

subject to the constraints

1
Bi1+G= R_lTR/ max{w1 (91,91) —w (91) ,0}}[(91|90)d91,
0

1
R7IB, = BO+G—R—1/O To(61,01)14(61]60)d61,

which can be combined into
1
B+ GL+R™) =R [ 10(6r,60)(64]60)d61
0
1
=+ R_lT/ max{w1 (91,91) —w (91) ,0}}[(91|90)d91.
0

Note that the set of feasible mechanisms is influenced by the tax rate, through the continuation
value function of the firms.
The Lagrangian version is

1
) = 'Rl/d9,6+T6,6 0,100)d0
Jo(wo b0) = _max - max min R {do(8r, 01) + xoTo(Oh, 01) b (0r |60 ) 6

1
+ R—l/o {V1(w1(64,61),01;T) + xot max{w (61,01) — @ (01),0} }11(61]60)d6;.

We begin by proving that if o < 1, the optimal mechanism collects no taxes. This is shown
below in Lemma 5.

Consequently, if a solution with xo = 1 is optimal, it is feasible. Note also that if an infeasibly
high tax rate 7 is required, the government’s continuation value will be lower than if such a tax
rate were feasible, and hence if the tax rate associated with a xo = 1 solution is feasible, that
solution is optimal even without the requirement that T be implementable.

Hence, we conjecture that o = 1, and write the Lagrangian as

o b0) = _max  max R / {do(81,61) + T0(61, 61) + Uy (1 (61, 61), 61 7) 1 (616061,
t€[0,9(1-6)] me M(T

noting that in the solution to the full information problem,

Ul(wl,él;r) = Vl(wl,Gl;T) + Tmax{zul —w (01) ,0}
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By Proposition 3 below, the optimal mechanism uses either maximal or first-best capital, and
sets taxes proportional to dividends. By Proposition 4, it can be implemented as a dividend tax.

Under our assumptions for the static model, capital is first-best and the top type is
constrained. Consequently,

T0(91,91) = Tmax{ﬂ(k*(@o),é)o) + Rwo - w1(01,61),0}

The funds raised are

1 1
Rl/o 70(91, 91)]/!(91‘90)6191 + RlT/O max{wl(ﬁl, 91) —w (91) ,O}]J(Gﬂ@g)d@l =
1
Rt / max{7t(k*(60), 80) + Rwy — @(61),0}4(61 |60) 6.
0

By the assumption 1 (in particular, (10)), this is a positive quantity, and hence there is a non-
empty interval of By + G(1 + R™!) with a positive, feasible dividend tax.

B.5 Proof of Theorem 2

In this subsection, we prove Theorem 2. First, under our conjecture, using Lemma 2, Proposition
2, and Proposition 3 below, we have shown that the optimal mechanism assigns zero dividends
and taxes to the top type, and taxes proportional to the dividends paid to all other types, given
a particular wy, 6;, with the same constant of proportionality,

T

Tt(wl 9[’/ Gt—‘rl/ 9t—|—1) - 1 dt(wl et/ Gt—l-ll 9t+1)'

- T
In addition, the capital level chosen is either maximal or first-best.

The implementation claim follows from Proposition 4 below.

To complete the proof, we must show that the functions U; (w,0) and V; (w,8) have the
claimed properties. Combining the result of the aforementioned propositions,

1
Ui (w,0) = Rl/ {di(w,0,0',0") +1(w,0,0,0") + U1 (wy1(w,0,0,0"),0") }14(6'10)do’
0

R

R g =g K (Oh0)+ Rw@) (el )ae’.

1
=R! / Uy 1 (rr(min{w
0

Observe that U;(0,0) = 0 and that U; (w, 0) inherits the concavity in wealth from Uy 1. Lipschitz
continuity in 6 follows from the differentiability of the production function (and hence of k*(6))
and the Lipschitz continuity of u(6'|6). If w% < k*(0), then U+ (w,0) > 1. If
w% > k*(0) but 7t(k*(0),0) + Rw < supy.,, g9y @(6'), then Uy 4+ (w, 8) > 1. Otherwise,
U; o+ (w,0) = 1 as required. Hence, we have

w(e):max{R“”T(l“s)k*(e), sup  RL(@(0) — 7(k*(0),0))}.
0":(6')6)>0
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Note that if w > @w(0), we have U; y9(w,0) = 0. If w < @(0), then U; ,,9(w,6) > 0 by the fact
that fie(k,0) > 0 for k < k*(0) (if w% < k*(0)) and the fact that p(0'|0) strictly first-order
stochastically dominates 1(6’|6") for 6 > 6'.

The same argument applies essentially unmodified to V; (w, 8), and hence both functions
have the claimed properties. Lemma 6 below proves the corresponding results for exiting firms.

Observe that, due the conjecture, Vi1 (w,0) > Vii1(w,0) and Uy (w,0) > Uppq(w,0)
and hence the government never wants a firm to voluntarily exit, and firms never choose to
voluntarily exit, assuming that the no-default constraints are satisfied.

To conclude, we must verify that our conjectured value function satisfies the Bellman
equation. Plugging in the conjectured function,

Ji(B, pt) = / / / df (w,0,0")1u(0'10)us (w, ) d6'dodw
0+
4R / 4 (w, 0) s (w, 0)dw
0

G

co rl
+RYJg——— B+ U (w,0) w1 (w,0) dodw}.
1—R1
- o Jo

Plugging in the debt evolution Equation (20)

Ji(Be, pe) = / /0+/ di(w,0,0")u(0'10)us (w, ) d6'dodw
+R71 /0 di (w,0)ue(w,0)dw
+R e~ R — T / / (w, 0) pra (w,0) dodw}
—Bt—G+R_1/O /m/o 7 (w, 0,0 ) u(0'|0)us (w,0) d8’dodw
+R71 /Ooo 77 (w,0) ue(w, 0)dw.

Plugging in the population evolution Equation (19), and doing some simplification

43



Jt (B, pt) = / /0+/ (df (w,0,0") + 7/ (w,0,0")u(0'10)us (w, 0) d6'dodw
+R71 /0 {df (w,0) + 1/ (w,0) } s (w, 0)dw
+R1h4421ém[fumﬂykJWﬁﬁwﬁw
+R71 /OO /1 /oo /01 U(w', 0" (wi1(w,0,0") —w")u(0'|0)us (w, 0) dbdwde’dw’
+ R~ / / (w',0)6(wf 4 (w,0) —w") e (w, 0)dwdw'
—Bt(ﬂ1+TjE7)

which further simplifies to

Jo(Bu, i) = / /0/ (5 (1,0,6) + 77 (0,6,6') + U(w]1 (w0, 6,6'),6))1u(8'|6) s (w, 0) d6/ dOctww
SR (0,0 45 (0,0 + U1 (0,0),0) s, 0o

oo pl
+ R +R_1/ / U(w', 0 e (w',0)do'dw’
o Jo
G

B -—
P71 _R-1

Defining

JE = 1—R1// (w',0")er(w',0")do’ duw'’

and noting that e;(w’, 8’) is time-invariant, and using the equations
1
U (w,0) = / (d2(w,0,0') + 1 (0,0,0') + U(wi1 (w,6,6'),0'))u(6[6)de,
0

U(w,0) = R™Hd; (w,0) + ' (w, 0) + U(w}14(w,0),0)},

the conjecture for the form of the function J(B, u) is verified.
Lastly, we must show that the transversality and No-Ponzi conditions hold. Observe,
however, that under the dividend tax implementation, we have

V (w,0) = V(w,6;7) = (1— 1)V (w,86;0)

and
U (w,0) = 1Lx/(w,e) 7 (w,00).
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Thus, it must the case that the net present value of taxes collected is

1—1// wQT)yo(wG)dew+1_TR_1// V(w,0; t)é(w,0; T)d0dw,

which is strictly positive by assumption 2. It follows that there is a non-empty interval of
B+ G# such that

1—7/ / (w,0; T)po (w, 0)

for T € [0, 7). It follows immediately that if this equation holds, the No-Ponzi condition holds

o
1-R!

/ / V(w,0;7t)é(w,0; T)d0dw = By+ G

with equality.
Observe that, under the optimal mechanism, we always have w;1(wy, 6, 6;+1) < w(1), and
hence p; (w, 0) will have bounded support for all ¢+ > 1. This implies that

oo pl
lim Rt/ / U (w,0) u (w,0)dédw = 0,
o Jo

t—o0

which proves the transversality condition, concluding the proof.

B.6 Preliminary Lemmas

Lemma 2. In the mechanism design problem (A.3), the financing/investment and dividend/taxes budget
constraints bind. Moreover, for any type types 0,1 and 0,1 with ki(wy, 01,0i1) = ki(wy, Gt,9t+1)
in an optimal allocation, it is without loss of generality to suppose that di(wy,0;, 9t+1,9£ 1) =
d(wy, 01, 0p41, 0,1 for all wy, 0, 0444, 0,1, and likewise for T () and w1 (-).

Proof. Suppose otherwise: that the financing/investment budget constraint was slack for some
types. By substituting debt for taxes one-to-one, it is possible to weakly increase the objective
function and leave all other constraints unchanged. Similarly, if the dividend/taxes budget
constraint is slack, it would be possible to raise taxes and weakly improve welfare.

Next, we rewrite the problem in terms of dividends, continuation wealth, and capital. Note
that the dividend limit and no-default constraint together imply weakly positive continuation
wealth. The reformulated problem corresponds to

s / {1 = xe)ds (wy, 01,0141, 0141) + U (wipq (wy, 01,041, 0¢41) ,0141) } 1 (01| 0¢) A0y
t t+1

+R1Xt/0 {rt(ke (we, 01, 0411) ,6¢) + Rwy — wyiq (wy, 0, 0141, 0p41) } (01| 0¢) dOry1,
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subject to the constraints (no default, upper limit on dividends, positive taxes

P (ke (we, 01, 07,1) ,6:) < dy
di (we, O, 0141, 0741) < w
<

Weir (Wi, 01, 01, 01) + di (wi, 01,0111, 671)

(wt/ 01,6 t+1/ t+1) + Wr1 (wt, O, 9t+1r t+l) , Ywy, 0, 9;+1: £/+1r
P (ke (w1, 04,01 11) ,61) , Vwy, 0y, 611,071,
(kt (wt/ Gt/ 6t+]) 7 91‘) + th/ th/ 6!/ 0;4,-]/ 6;/4,_]/

as well as (dividend /taxes IC, financing/investment IC, blocked dividend)

dr (wr, 01,01 11,60/,1) + V (wis1 (we,06,0,,1,01) ,0r41) < di (wr, 04,6, 1,0141) + V (i1 (w1, 01,0),1,0141) ,041) , Yaor, 0, 0141, 011,61,
0

de (wr, 04,6111, 0041) + V (wesr (we, 04, 0,41, 0641) ,0r41) < di (e, 08,0111, 0001) + V (wir (we, 0t 0p41,011) ,0111) , Yoy, 01, 0¢41, 61,

14 (wD (ke (wy, 61,6141) ,6¢) /9t+1> < dy (w01, 0t41,011) + V (i1 (wr, 0, 0141, 0141) , 0e41) , Yawr, 04, 0p41, 0,41
as well as non-negativity constraints and the lower bound on capital,
/ 2 /
dt (wl’/ Ot/ 9t+1/ t_i,_l) 2 0/ kt (wtl Qt/ 9t+1) Z wo.

Now suppose that in a optimal policy, there were two types, § and 6, such that
ki (we,6:,0) = ki (wt,()t,é) but, for some 0, d; (wy, 0;,0,0) # di (wy, Gt,é,()) (and thus, by the
ICs, w1 (w4, 04,0,0) # wiyq (wy, Ot,é,(?)). Observe that it would be feasible to switch all of
the allocations of type 8 to those of 8, d; (wt, 04,0,0) — di (wy, b, é,@) and wy11 (wy, 0;,60,0) —
Wi41 (wt, 0:, 0, 9) , or vice versa. Doing so would relax (weakly) the financing/investment ICs
and would still satisfy the dividend/taxes ICs and the blocked-dividend no default constraint.
Because the capital level is the same, the no-default, upper limit on dividends, and taxes positive
constraints would still be satisfied.

Consequently, for the objective function, the values for the reports (,8) and (8,8) must be
the same, and likewise for (8,0) and (6,0). Therefore, it is without loss of generality to switch
one to the other. O

Lemma 3. It is without loss of generality, in the capital sub-problem (A.5), to restrict attention to
“monotone” allocations that have dividends weakly decreasing in type and continuation wealth weakly
increasing in type, treating “about to exit” firms as the lowest type.

Proof. See the Technical Appendix, C.1. The result is standard (e.g., Fudenberg and Tirole (1991)),
except that the cross-partial of our firm continuation value, V9, is only weakly positive. O

Lemma 4. Any allocation that is monotone (in the sense of Lemma 3) and satisfies the global IC conditions
satisfies the local IC condition for all 6 € (0,1):

;_9 [d; (8) + V(w11 (8),8)] = Vo(wis1(8),0).

Proof. See the Technical Appendix, C.2. The result is standard (e.g., Fudenberg and Tirole (1991)),
except that the cross-partial of our firm continuation value, Vg, is only weakly positive, and the
function has a kink in wealth at @(0). O

Lemma 5. In the static model, if the multiplier X is less than one, no taxes will be collected.
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Proof. Consider the capital sub-problem for the static model. The problem is, ignoring the
financing/investment ICs,

do(wo, 6o, 0 0o, 01)}21(61; k)dO
d (91)%%(91 / {do(wo, 0o, 01) + xot0(wo, 6o, 01) } (01, k)dOy

+R! /O { V1 (w1 (wo, 0, 61), 61; T) + xoR ™'t max{w; (wo, o, 01) — @ (61),0} } 1(61; k)dby.

subject to the constraints

wP < yo(61), V6, (No Default)
do (61) < wP (k,6p), V6, (Upper Limit on Dividends)

0<dy(61), Vb (Non-Negativity of Dividends)
Yo (01) < 7t(k,6p) + Rwy, V6, (Debt/Taxes Positive)

and the incentive constraints
do(61) + V1 (vo (61) —do(67),01;T) < do (1) + Vi (vo (61) —do (61),64;T), V01, 0;.

do (1) + Vi (yo (61) —do (61),01;T) > Vi (wP,64; 7).

Observe that when xo < 1, if the firm is constrained (w; < @(9)), the objective is increasing
in yo(01) and decreasing in dy(67). If the firm is unconstrained, the derivative with respect to

Yo(01) is
—xo+(1—7+71x0)=(1—-7)(1—)0) >0

and with respect to dy(6;) is
1-(1—74+71x0) =7(1—x0) >0.
Hence, it follows that the best possible allocation for a type (ignoring incentive compatibility) is
yo(01) = 7t(k, 60) + Rwo

and
dO(Ql) = min(max(ﬂ(k, 90) + Rwg — (91) ) (k 90))

Observe that these dividends are increasing in type, and that w; (61) = @(6;) for all dividend-
payers with do(0;) < wP(k,6y). Hence, over this interval, by the assumption that y(6;) is
constant and all types are at the kink, no type wants to deviate to a higher type or a lower type,
and therefore the dividend /taxes IC constraint is satisfied.
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In this case, there is no revenue raised initially, and

T(wy (1) — @(61)) = Tmax(7(k,8p) + Rwy — @(6;) — wP (k,69),0)
= tmax(Rwy — (R— ¢ (1 —6))k —@(601),0)

By assumption, all types in the support of u(01|6y), and hence fi(6;; k), satisfy
¢ (1—0))wo < @(61),

and by k > wy it follows that no revenue is raised. It always follows that first-best capital, or
maximum capital if first-best is infeasible, is optimal in the capital choice problem. Consequently,
the financing /investment ICs do not bind and this solution is optimal.

However, this solution raises no revenue, and hence we must have o > 1. [l

B.7 The Optimal Policy for Exiting Types

Lemma 6. The optimal policy for exiting types can be implemented by a constant dividend tax with
Tt (w,0) = 7=d¢(w,0).

Proof. Consider the mechanism design problem for exiting types. Observing immediately that
both budget constraints bind, we have

de(wy, 0) + wypq (wr, 0) = Rwy — 1 (wy, 0).

Thus, the government is free to choose any feasible allocation (by U(w,0) = w). To implement a
tax rate

T (we, 0) = d¢(wy, 0),

1—-7

we need for the no-default constraint

T
th— 1

— Tdt(wt, 0) > (R —Q (1 — 5))kt(wt, O)

and for the blocked dividend constraint
th Z (R — Q@ (1 — 5))kt(wt, 0)

Choose k¢(w;, 0) = wy relaxes these constraints as much as possible, and hence we must have

T
1—7

dt(wt, 0) < @ (1 — 5) wt
and the upper limit on dividends,

dt(w,},O) S (R —Q (1 — 5))wt
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The firm value is

V(w,0) = R™d;(wy,0) + (1 — 7)(Rw; — di(w;,0)}

1—71
= (1—T)wt.

Observe also that implementation via a dividend tax is immediate, by the firm’s indifference
with regards to paying dividends. Hence any dividend policy that satisfies the transversality
condition is optimal- say,

di(w;,0) = min{l_TT(p (1—6),R—(1—0)}ws.

B.8 The Relaxed Capital Sub-Problem

In this subsection, we describe a relaxed version of the capital sub-problem (A.5), taking the
value d; as given. In our proofs below, we will solve this problem, and then show that its solution
is a solution to the relaxed problem.

Motivated by our monotonicity results (see Lemma 3 above), we restrict attention to
monotone allocations in the capital sub-problem. We define 8" € [0,1] as the value for which
di(0) > d;(1) for all & < 6 and d;(0) = d;(1) for all 8 > 6H.

We also impose “relaxed monotonicity conditions,”

wi11(0) < w1 (0) < yp —dy,

and use only the local IC condition (Lemma 4). Furthermore, for all types 0 < 6 < 6%, we ignore
all of the limits on dividends, the positive taxes constraint, the deviation to default constraint,
and the no-default constraint. We also ignore the financing/investment IC constraint.

The relaxed problem

1
R (p 1 xt(7t (k, 0¢) + Rwe) — xeyr | o
;W /9 /kl - R 9,k do
J" (B w81,k y1) eHe[0,1],wtrfll?e))<zo,yt(9)zo /9H+ { +U (y1 —dq,0) +dq AO;K)

] el (k,6) + R + (1= xe)ye (0) | 4o
R /0 { +U (w41(0),0) — w1 (0) }y(@,k)d@,

subject to the constraints

wi1(0) < wpy1(0) < y1 —dy, VO € [0,6"]

9H

yf(G) + V(wt+1(6),6) — wt+1(6) —|—/6 VQ(ZU(GI),QI)CIQI = dl + V(yl - d1,6), Vo e [O, QH],
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and the constraints for the exiting (bottom) types,

wP (k,0:) < y; (0), (No Default)
d; (0) < wP (k,6;), (Upper Limit on Dividends)

0 <d(0), (Non-Negative Dividends)

v (0) < 7t (k, 6¢) + Rw;. (Non-Negative Debt/Taxes)

Observe that this problem is a strictly relaxed version of the capital sub-problem, and hence
if a solution to this problem is feasible in the capital sub-problem, it is optimal.

B.9 Optimal Policy in the Relaxed Capital Sub-Problem

Proposition 2. Suppose that the arquments to the Capital Sub-Problem satisfy the following necessary
conditions for feasibility:
b (k/ Gt) S n S T (k/ Qt) + thr

that the financing/investment IC has been relaxed (V*(6) = oo), and that x; = 1. Then in the Relaxed
Capital Sub-Problem an optimal mechanism is characterized by, for all 6,

dt(()) — dl = (1 — T) max{y1 — dl — th(G),O},

wi41(0) = min{y; — dy, max{@(0), w;11(0)}},

wP —d; wP —
wi41(0) = max{y; —dy — 1_T1, - gy -},
df(G) + V(th(G),G) =d; + V(yl — d1,0),
J 0 y1 < (1)
1= .
min{ = (7 (k,6;) + Rwr —y1),y1 — @(1), wP (k,0,)} y1 > @(1)

Moreover, this allocation is also a solution to the Capital Sub-Problem with the financing/investment I1C
relaxed.

Proof. Observe first that it is without loss of generality to suppose that w;.1(0) < y; — d; for all
0 < 61, otherwise 8 can be decreased without altering the objective function. Note also that
for any types with the same allocation as the top type, the proposition holds.

We first consider the case in which 8/ > 0, so some non-exiting types have an allocation
different from the top type. In the x; = 1 case, the objective function is

! k,0:) + Rw
R, w00k, y1,VF) = R—l/ 7 (K 6 f 2(0;k)do
J© (w08 ko V) 01 [0,1) w101 (6)>041(6) ot | U (y1—d1,0) —y1+ds AB:K)
9H
+R71 i {7t (k,6;) 4+ Rw; + U (w;41(8),0) — w1 (8)} 72(6; k)de.
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Because there are no constraints on y;(6) for § € (0,6'), the local IC constraint can be thought
of as definition. The FOC for increasing w;1(0) for 6 € (0,6H) is

(Ut (we11(0),0) —1)a(0) = vi(0),

where vy is the multiplier on the relaxed monotonicity constraint and U,+ denotes the
directional derivative in the increasing wealth direction. This multiplier does not bind, so it
immediately follows that w;1(6) > @(0), and it is without loss of generality to suppose that
wi1(0) > @(0). Applying this argument to the type 6%, it follows by the continuity of @ () that
wi11(0g) > @(0p) as well.

Consequently, the local IC requires that (using Vg, = 0 along the integral), for all 6 € [0, %),

9H

yt(Q) + V(wt+1(9),9) — Wit (9) —|—/9 Vg(yl — d1,9/)d9/ =d + V(y1 —ds, 9)

and hence
yi(0) + V(wi11(0),0) — wes1(0) = di + V(y1 — d1, 0),
which is
dr(0) —dy = (1= 7)(y1 — dy — w1 (),
or

y1=y:(0) = T(y1 — d1 — w11 (9))-
The local IC also directly implies that

yi(0n) + V(wi11(0n),00) — wir1(0g) = d1 + V(y1 — d1,0n),

and hence these properties hold for 0y as well. It follows that the positive dividend and positive
taxes constraints for these all of these types (from the Capital Sub-Problem) are satisfied, given
a feasible (y1,d1).

Observing that

di(8) + V(wi1(6),0) — V(wP (k,6),0) = di + V(y; —dq,0) — V(wP (k,6:),6),

ifyy —dy > wP, the deviation to default constraint is satisfied, and if y1—dp < wP, then

wP (k,0;)
di+ V(g —dy,0) — V(P (k,6),0) = di(1) / Vo (w,0) dw
y1—dq

wP (k,0;)
> di(1) —/ Vi (w, 1)dw,
y1—dq

and thus d;(61) + V(wi41(61),61) — V(wP,01) > di + V(y1 —dy,1) — V(wP,1) > 0. Hence, the
deviation to default constraint (from the Capital Sub-Problem) is satisfied, assuming a feasible
allocation for the top type.
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Now consider the bottom type. We have, from earlier,
yt(0) + V(wt41(0),0) — wr11(0) = di + V(y1 — d1,0),

noting that this must also be true in the case where 8" = 0.
This simplifies (by @(0) = 0) to
(1) = tweia (1) = ye(0) — 7444 (0),

and hence for all 0 € (0,1],

implying that the no-default constraint and the dividend upper bound do not bind (from the
Capital Sub-Problem, for types 0 € (0, 8]). By these results, we have

Tt(e) =TT (k, 91}) + th — Yt (9)
= 7 (k, ) + Rwy — y1 + Tmax{y; — dy — wi11(6),0},
U(wiiq (0),0) = U(y1 —dy,0),
d; (9) =d; + (1 — T) max{y1 —d; — w1 (9),0},
and therefore
7T (k,6¢) + Rwe + U (wy11(0),0) —wiyq (0) =

T(6) + d(0) + U (wr41(0),0) =
7T (k, 91}) + Rwy —yp + dy + U(yl — d1,0). (A3)

Any allocation satisfying w;1(6) > @(8) for all types 6 < 6* is optimal (given allocations
for the top and bottom types), so it is without loss of generality to choose a monotone one. We
choose

wry1(0) = max{@(0), wy41(0)}.

Now consider the allocation of the bottom type. We musthave y; —d; > w;1(0) > @w(0) =0,
wP (k,0;) > d;(0) = dy + (1 — 1) (y1 — di — wi1(0)),
y1—T(y1 —di — wi11(0)) = y:(0) > w (k,6r)

Observe that y; — d; = w;41(0) is always feasible (given a feasible top type allocation), but the
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lowest possible value is determined by

ZUD (k, Qt) — dl wD (k, 9t> — y

wi1+1(0) > max{0,y; —di — , L vy —dp}.

1—-7 T
Note, however, that 5
k,0;) —
w” (k. 6:) y1+]/1—d1<0
T
implies
ZUD (k,@t) — dl — (1 — T)(yl — dl) <0,

and hence

ZUD (k, Qt) — dl

0.
1—-7 >

y1—d1 —

Therefore, the lower bound is always

D _ D _
wP (k, ;) dl,w (k,0:) — 1 Yy —di} > 0.

wi+1(0) 2 max{ys —di — ———— -

For the value dy, if y; < @(1), then d; = 0 is optimal, because the top types are constraint
and reducing d; increases the objective. Note in this case the reducing dividends can in change
wy41(0), but this has no effect on the government’s objective function. The deviation-to-default
constraint is satisfied in this case by y; > wP (k,6;). If y; > @;, which can only happen in the
dynamic case, the government is indifferent between all feasible allocations. Setting

. 1=
d; = mm{TT(n (k,0¢) + Rwy —y1),y1 — w(l),wD (k,6:)}

ensures that
0<d <wP(k6),

V(ZUD(k,Gl),l) <d+ V(yl — dl,l).

As a result, if the capital sub-problem is feasible, there always exists a monotone, locally IC
(and hence globally IC) allocation satisfying all of the constraints in the capital sub-problem,
with a 0* such that @(6) < w;11(1) for all § < 6, satisfying the stated properties. O

B.10 Uniqueness of the Capital Level in the Capital Choice Problem

Proposition 3. There is an optimal allocation in the capital choice problem in which, for all 6,6,

: R .
kf(ZUt, et, 9) = mln{u)tm,k (91})},

dt(wtl 91’/ 9/ 9/) — Tt(wtl 91’/ 6/ 9/)

1—7
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Proof. Note that

1
TR(f1, wy, 01,k y1, V) = R7Hm (k,6) + Rwy — y1 +dy +/0 U (y1 —dq,0) 1(0;k)do}

where
1—-7

d; = max{min{ (77 (k,0;) + Rw; —y1),y1 — w(1),wP (k,6;)},0}.

In the relaxed version of the capital choice problem, in which we relax ICs, it is immediately
apparent that the objective function is increasing in y; and increasing in k, at least weakly, and is
strictly increasing in k if k < k*(6;).

Hence, if #wt < k*(6;) (meaning that achieving first-best is not possible), we will set

=9)
ki(wy, 0y, 0p41) = mwt and

ve(wy, 0y, 0141, 1) = 71( wt, 0¢) + Rwy.

R
R—¢(1-6)
In this case, d¢(wy, 6, 0441,1) = 0.

Otherwise, set k = k*(0;). In this case, if 7t(k*(6;),0¢) + Rwy < w@(1), we will set
yt(wf, Qt, 6t+1, 1) = n(k*(f)t), Gt) + R?/Ut and dt(wt, Qt, 6t+1, 1) =0.

If 7t(k*(0;),0;) + Rw; > max{w(1),wP (k*(6),0;)}, then any value of 7w(k*(6;),6;) + Rw; >
yi(wy, 64, 0:41,1) > max{@(1),wP (k*(0;),0;)} is optimal. There exists a value of y; with positive
dividends such that

1—-7

= (7t (k,6¢) + Rwy — y1) < min{y; — w(l),wD (k,6:)}

and using this value, dividends d;(wy, 64, 611, 1) will proportional to taxes,

1—71 1—71
di(wy, 0r,0;11,1) = o T (we, 04, 0141, 1) = - (7t (k,6¢) + Rwy — y7).

It follows also that
Tl’(wtl th 9t—|—11 9) - ﬂ(kt(ﬂ)t, Qt/ 9t+1)l 91’) + Rwi’ - }/t(wt/ 91’/ 9t+1/ 9)
= 7t(k¢(wy, 04,0441),0) + R — di(wy, 04,0441, 0)
— W41 (wtl 91‘/ 9t+l/ 1) +
1

+ E (di’(wtl et/ 9t+1/ 9) - dt (wi'l 91’/ 9t+l/ 1))

which simplifies to
T
Te(wt, 0, 0;11,0) = T Tdt(wt,Gt, 6:11,0).

Because the optimal allocation in the relaxed problem is the same for all types, it is incentive
compatible. Therefore, this allocation is optimal in the capital choice problem, and hence in the
original mechanism design problem. O
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Proposition 4. The allocation described in Proposition 3 can be implemented using only a dividend tax

at a rate
T

1—-71

T (wy, 04, 041, 0141) = de(we, 04,0141, 0¢41).

Proof. Consider the problem defining V (w, 6; T) (A.1), and conjecture that V(w,6;7) = V (w,0)
in the optimal mechanism.
Observe that if d = 0, we will have

V(w',0") > V(n(k)+k(R—¢(1-9)),0)

by the borrowing constraint, and hence this constraint cannot bind. The budget constraint binds,
and hence we have

T

)d.

w':7t(k,9)-|—Rw—(1—|—1

T
1—-7

4 < Rwg— (R— ¢ (1-0)k)
The simplified optimization problem is

V(w,0,0:1) = R Yd+ V(w0
(w T) max {d+V(w,0)}

subject to
T

w’:n(k,e)—l—Rw—(l—l—l )d,

T
1—71
d<m(k8)+k(R—¢(1-9)).

d<Rwy— (R—¢(1-90)k),

If the firm is constrained but has a positive dividend, the FOC for reducing d is

T

1+ V(w,0)(1+ ] ) <0,

a contradiction. Therefore, constrained firms will pay no dividends. Such firms will also choose
at least first-best capital if possible, and maximum capital otherwise, and have

w' = T+ Rw.

Such types must have @ (6') > 7 4+ Rw. For unconstrained firms, the FOC for reducing
dividends is satisfied exactly. It follows that the upper bound constraints don’t bind, and
therefore that these types will also employ first best capital if possible, and maximal capital
if not, and are free to choose the same dividends required by the optimal mechanism. As a
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consequence, it follows immediately that
V(w,0;7) =V (w,0)
is verified. This argument applies essentially unmodified to the static problem, with slightly

different notation for the value functions. ]

C Technical Appendix

C.1 Proof of Lemma 3

A Y = max R7! U xe((k 6e) + Ruor) — xeye (8) | o)
bk V) = max o | {+u<yt<9>—dt<e>,e>+dt<e> }“w’k)d@’

subject to the constraints

wP (k,0;) < y; (0), V6 (No Default)

d; (6) < wP (k,6;), VO (Upper Limit on Dividends)

0<d;(0), Vo (Non-Negative Dividends)

v (0) < 7 (k,0¢) + Rwy, V0, (Non-Negative Taxes)

and the incentive constraints

de (0") +V (v (0') —di (6'),0) < di (0)+V (y¢ (0) —d; (0),0), V6,0 (Dividend/Taxes IC)
v (w 9) di (0) +V (y: (0) —d; (0),8), V8,  (Blocked Dividend No Default)
de (0)+V (y: (0) —ds (0),0) < V*(0), VOs.t.f1(6;k) =0, (Financing/Investment IC)

and the constraints on the top type allocation, y:(1) = y.
The dividend /taxes IC constraint for types 6 > 6’ are

/\
—~
B
~
~
D
~
<
—~
g
+
<
)
~—

V(w
V(w
and therefore

V (wp41 (6),0) = V (w111 (8),0) > V (w1 (6),0) — V (wr41(8),6).

Suppose that wy1 (") > w1 (6). Then we would have

wiy1(6") we1(9")
/ Vi (w,0") dw > / Vi (w,0) dw,

wi11(0) we11(0)
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which can be expressed as

wy1(0) 0
0> / / Ve (w,0") 46" dw.

wy11(0) !

This would require, by V9 (w,8”) > 0if w < @ (), that
w>w (0")

for all the domain of integration, a constraint that is tightest at w;;1 (0) > @ (6). In this case,
Vw (w,0") = Vi (w,0) =1 — 1, and we would have

di (0) —dy (') = (1 —7) (wps1 (8") —wisq (0)),

and indifference for the firms between these two types.
Note that in this case we must have d; (0) > d; (6’) and

di (0) + wi1 (0) < wipr (0') +4i (6),

which is
ye (0') >y (0).

Imagine first that 1(0; k) = 0. In this case, setting the allocation of type 6 to the allocation of
type 6’ has no effect on the objective or budget/positive taxes constraints, and removes a global
IC, and hence is without loss of generality. Likewise, if f1(0’; k) = 0, setting the allocation of type
6’ to the allocation of type 6 is w.l.o.g.

Now suppose that neither of these conditions hold, and define weighted averages,

A0, k) w1 (8) + (6 k)wi i1 (07)

wk =
A 1(6;k) + (07; k) ’

and

=Y
—~
SD

>
N—
=
—~~

fen)
N—

' + (07 k)d: (0)
dg = - /
+ (87 k)
and define y4 = wk +d 4.
Consider an alternative allocation which sets y; () = y¢ (8') = ya and d; (0) = d; (6') = da,
leaving all other types unchanged. Note that, because all of these types are unconstrained at all
of the relevant wealth levels, for all 6" € [¢/,6],

7Xtyt (9//) + u (]/t (9//) o dt (9//) ,9//) +dt (9//) =Uu (ZD (9),6//) *Xt]/t (9//) +dt (9//) + (yt (92/) _ dt (9//) — W (9//)) .

Hence the objective function is linear in y; and d; and it follows that this alternative allocation
achieves the same utility. Likewise, by construction, the alternative allocation leaves the
budget/positive taxes constraint unchanged.
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Note also that
Wi (0') > wa

and
di (0') —da=—(1—71) (w1 (8') —wa).
For any type 6", we must have

d (6) +V (w1 (6'),0") —d g — Vi (wa, 6))
V (wis1 (8),0") — V (w,0") — (1 — T) (wp41 (8) — wa) = 0.

Therefore, if the global IC was satisfied in the original allocation,
dr (67) + V (w1 (67),6") > di (6') + V (wrsr (67),6"),
it will be satisfied in the new allocation,
d (8") +V (wisr (6"),68") > da+V (wa,0").
Lastly, the deviation to default constraint can be written as
d; (0) + (1 — 1) (wisr (0) — @ (8)) + V (@ (8),0) > V (wD (k, 6;) ,9)
and therefore
dat(1—1) (wa—m(0)+V (@(0),0) >V (wD (k,@t),e) ,

and the constraint is still satisfied. The same argument applies for type 67, and for the
financing/investment IC constraint. It follows that the new allocation is at least as good, and has
weakly monotone increasing levels of continuation wealth after repayment. By the IC constraint,
this implies that dividends must be weakly decreasing in type.

C.2 Proof of Lemma 4

Consider first the possibility of jumps in the level of continuation wealth/dividends. Note
that both of these are bounded and monotone, and hence converge to some limit and are
differentiable almost everywhere. Suppose for some 6; > 67,

lim wf (67) = wf (07) < w§ (67).
010,
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By the global IC, we must have

and hence
lim do (9{) —do (91) = V1 <ZU§ (91),91) - V1 <ZU§ (91_) ,91) > 0.

Hence, jumps in wg (6;) imply jumps in dy (6;), and the argument can be used in reverse to show
that jumps in dividends imply jumps in continuation wealth, as well.
We can rewrite the IC, using the Lipschitz continuity of V with respect to 6 as

61
di (601) +V (wr1 (01),61) = di (61) + V (wrya (61) ,61) + /9 Vie (wera (61),6) d6

i
< di (61) +V (wrs1 (61),61)
and
dy (01) + V (wyy1 (01),61) = di (61) + V (wyy1 (61),61)
— /9:1 Vo (wi41(61),6) do
< d; (67) +V (wiy1 (67),67) -

Hence we must have

fff Vo (wi11 (07) ,0) do d (6)) + V (wry1(6)),0]) —ds (61) — V (wys1 (61),61)

lim > 111’1’1
91*)91 01 — 91 - 91_>91+ 91 — 91
9/
_ Jo,! Vo (wii1(61),0)do
> lim :
076, 0] — 61
and

0
Jo; Vio (w1 (81),6) 6 i (61) +V (wy41 (61),01) — di (8) — V (wp41 (6}) ;)

lim > lim
0101 61 — 91 0=y 0, — 91
S Vo (wr 1 (67),0) d6
> lim — ;
0, —6; 61 — 0]
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Anywhere w;1 (01) is left continuous,

Y foef Vig (wega (61),6) df
m

=V 01),0
00, 6, — 6] o (wes1(61),601),

and anywhere it is right-continuous,

9/
i Jo, Vie (wey1 (61),0)d0
1
0/ —6; 6] — 01

= Vo (w11 (01),01),

and therefore
de (61) +V (wry1 (61),61)

is continuous, and differentiable anywhere w; (0;) is continuous, which is almost everywhere.
Moreover, observe by the properties of V that

Vi (ZD (0) ,9) > Vy (wt—l—l (91) ,9) > Vy (0, 9) ,
and hence we must have

6/
Jo,' Vo (w11 (67),0) do

li < Vg (w(61),0
i B < W@ (0.
and ]
Jo'' V1o (wiy1(07),0)d0
lim ! 7 > VLG (O, 91) .
0,0, 61 — 0]

Therefore, the function
de (61) +V (wey1 (61) ,61)

is Lipschitz-continuous, implying absolute continuity, and hence
dr (61) +V (wiy1 (61) ,61) = de (67) + V (wir1 (67),67)

61
+ /9 Vo (w1 (9),6) db,

1
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