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Abstract

Recent empirical studies show that innovative firms heavily rely on debt financing.
Debt overhang implies that debt hampers innovation by incumbents. A second effect of
debt is that it stimulates innovation by entrants. Using a Schumpeterian growth model
with endogenous R&D and financing choices, we demonstrate that this second effect
always dominates, so that debt fosters innovation and growth at the aggregate level.
Our analysis suggests that the relation between debt and investment is more complex
than previously acknowledged and highlights potential limitations of empirical work

that focuses solely on incumbents when measuring the effects of debt on investment.
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Over the last few decades, the US economy has become innovation driven. Public firms
now spend twice as much on research and development than on capital expenditures, and
fixed assets have fallen from 34% to less than 20% of total assets between 1975 and 2016
(see for example Corrado and Hulten (2010) or Doidge, Kahle, Karolyi, and Stulz (2018)).
Creative destruction has been a driving force of this transition to a knowledge-based economy.
A good example of this phenomenon is the swift rise to power of Apple and Samsung in the
mobile phone industry, replacing Nokia as the market leader. This example of creative
destruction was driven by the innovative success of Apple and Samsung, even though all

three firms devoted large amounts of resources to R&D.!
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Figure 1: Innovation quality and intensity. The innovation data is based on Kogan,
Papanikolaou, Seru, and Stoffman (2017) and the firm size data is from Compustat. The
averages are conditional on issuing a new patent.

As shown in Figure 1, large firms play an important role for aggregate levels of innovation.
Decades of empirical research have shown that debt is a key source of financing for these
firms; see e.g. Graham, Leary, and Roberts (2015). In addition, even though debt is widely
cast as an unlikely way to fund young and risky ventures, recent empirical studies show that
small and young firms also heavily rely on debt financing. For example, Robb and Robinson

(2014) find that formal debt financing (business bank loans, credit lines, and owner-backed

1See https://thenextweb.com/plugged/2019/03/29/24-years-global-phone-sales-graph-visualization/ for
an impressive visualization of this change in market share.
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bank loans) provides about 40% of firms’ initial startup capital. Looking only at those
firms that access equity sources, such as venture capital or angel financing, the average
firm still has around 25% of its capital structure in the form of debt. A recent study by
Hochberg, Serrano, and Ziedonis (2018) further documents a widespread use of loans to
finance technology startups, even in early stages of development. Relatedly, Davis, Morse,
and Wang (2018) find that venture debt is often a complement to equity financing, with over

40% of all financing rounds including some amount of debt.?

Given the change to an innovation-based economy and the heavy reliance of innovative
firms on debt financing, a number of questions naturally arise. First, how does debt financing
influence innovation at the firm level? Second, how do innovation and creative destruction
in turn feed back into firms’ financing policies? Third, what are the implications of debt

financing in innovative firms for aggregate levels of innovation and growth?

This paper attempts to answer these questions by developing a Schumpeterian growth
model in which firms’” innovation and financing policies are endogenously determined. In
this model, each incumbent has a portfolio of products and invests in innovative effort by
spending resources on R&D), thereby determining the frequency of arrival of new innovations.
Innovations improve the quality of produced goods. Firms therefore expand into new product
lines when R&D is successful, which allows them to profit from their own innovations. These
profits are however compromised when competitors develop better products. The force of
creative destruction therefore affects firms R&D policies, as each product remains profitable
until it is overtaken by another firm’s innovation. Investment in innovation and creative
destruction determine firms’ cash flow risk, which feeds back into their financing decisions.
In the model, R&D and financing policies maximize shareholder wealth. As a result, financing
choices reflect not only market frictions such as taxes, default costs, and refinancing costs,

but also conflicts of interest between shareholders and debtholders.?

2While start-ups cannot typically obtain debt financing from traditional banks, major U.S. banking
institutions, public firms, and private firms specialize in providing loans to the very start-ups that banks
turn away. In related research, Mann (2018) shows that patents are pledged as collateral to raise significant
debt financing, and that the pledgeability of patents contributes to the financing of innovation. Suh (2019)
finds that firm ownership of patents increases firms’ total debt-to-assets ratio by 18%. Xu (2019) shows that
firms use trademarks as collateral for debt financing.

3A simplified version of this model has been shown to capture the main stylized facts about corporate



After solving for individual R&D and financing choices, we embed the single-firm model
into an industry equilibrium in which the rate of creative destruction is endogenously deter-
mined. We derive a steady state equilibrium in which new product lines replace existing ones
and entrants replace incumbents that exit the industry. In this equilibrium, firms exhibit a
wide variation in leverage, size, and innovation rates. Furthermore, all industry-wide equi-
librium variables are constant over time, although individual firms are continually adjusting,
with some of them expanding into new product lines, others contracting, some starting up,

and others defaulting on their debt or exiting.

In this equilibrium, capital structure and R&D influence each other through three main
channels. First, R&D policy influences firms’ risk profile and the aggregate level of creative
destruction, which in turn affects their capital structure decisions. Second, levered firms are
subject to debt overhang, which alters their incentives to innovate and, thus, the level of
competition. Third, debt financing changes the surplus from entering the industry, which

again influences the aggregate level of creative destruction and competition.

Starting with firm-level policies, we find that there is significant interaction between
leverage and innovation. Notably, high levels of debt lead to less innovation by incumbents
due to debt overhang, in that shareholders endogenously cut R&D and investment when
their benefits mostly accrue to debtholders by rendering debt less risky. The effect of debt
on innovation by incumbents is sizeable and larger for firms with fewer products (i.e. closer
to financial distress). We also show that R&D and creative destruction play a key role in
determining financing choices by affecting cash flow risk and the probability of default. Our
model predicts substantial intra-industry variation in leverage and innovation, in line with
the evidence in Xu (2012) and Kogan et al. (2017). It also shows that debt financing has

large effects on firm turnover and industry structure.

Underinvestment by incumbents suggests that debt may hamper innovation and growth.
A novel and surprising result of the paper is to demonstrate that debt financing does in fact
foster investment and growth at the aggregate level. This is the outcome of two opposing

forces. First, as discussed above, innovation by incumbents is negatively associated with debt

leverage (Strebulaev (2007), Morellec, Nikolov, and Schiirhoff (2012), and Danis, Rettl, and Whited (2014)).



at the individual firm level. Second, for a given rate of creative destruction, debt increases
the surplus from entering the industry (by providing a tax shield), leading to a higher entry
rate, to more innovation by entrants, and to a higher mass of incumbents (thereby muting
the effects of the firm-level debt overhang). We demonstrate that the second effect always

dominates in equilibrium, so that debt financing fosters creative destruction and growth.

Importantly, the economic mechanism underlying this result suggests that measuring
the effects of debt on innovation (or investment) using shock-based causal inference can
potentially be problematic. According to our model, any exogenous policy shock that would
make debt more valuable—e.g., an increase in the corporate tax rate—would result in higher
leverage ratios and in lower innovation rates for incumbents. This could lead to a negative
relation between innovation and debt at the firm level in the data. Yet, at the aggregate
level, the increase in the benefits of debt would foster entry, increase the mass of incumbents,
and thereby spur innovation and growth. Shock responses would therefore not recover the
theory-implied causal effects as they would capture neither the influence of debt financing on
entry nor that on the mass of incumbents. Our analysis suggests that the relation between
debt and investment is indeed more complex than acknowledged by prior work. It therefore
highlights potential limitations of empirical work that focuses solely on firm-level investment
when measuring the effects of debt on corporate investment (see, e.g., Giroud, Mueller,

Stomper, and Westerkamp (2012) or Favara, Morellec, Schroth, and Valta (2017)).

Remarkably, our result that debt fosters creative destruction and growth does not hinge
upon the specific trade-off used to determine firms’ financing decisions but on the fact that
debt increases the surplus from entering the industry by reducing frictions. This result would
also hold for example if debt reduced the cost of informational asymmetries between insiders
and outsiders (Myers (1984)) or the cost of free cash flow and managerial flexibility (Jensen
(1986)), as in both cases debt financing would increase the surplus of entrants (thereby

stimulating entry), and reduce innovation by and facilitate exit of incumbents.” Importantly,

4Because informational asymmetries or managerial agency conflicts are more difficult to calibrate than
the corporate tax rate, this paper looks at whether the tax advantage provided by debt financing is sufficient
to overturn the negative effects of debt financing on investment. We also do not use a mechanism based on
exogenous financing constraints because these models generally require debt to be fully collateralized and
lead to the counterfactual prediction that all debt is risk-free. In addition, the empirical studies of Robb

4



while debt subsidizes entry, it also leads to underinvestment for incumbents and, therefore,
does not work like government policies targeted at inducing innovation (e.g. patent policy)

which would stimulate innovation by both entrants and incumbents.

Our result also does not hinge upon a specific sharing of the surplus associated with
debt issuance among the various firm stakeholders. That is, our result does not preclude
debtholders or consumers from extracting some or most of these benefits via a higher cost of
debt or lower prices.” The sharing of the surplus will only affect the magnitude of the effect
of debt on innovation and growth by determining which share accrues to equity holders. In
the end, because equity holders have the ultimate decision-making authority on financing
decisions, they will only issue debt if they can capture a part of the surplus associated with

debt financing, which will inevitably yield our result that debt fosters innovation.

Lastly, our result that debt increases entry is consistent with the evidence in Black and
Strahan (2002) and Kerr and Nanda (2009), who examine entrepreneurship and creative
destruction following US banking deregulation. Their empirical analysis shows that US
banking reforms, that made bank debt widely available and cheaper by increasing competi-
tion, brought growth in both entrepreneurship and business closures (see also Cetorelli and
Strahan (2006), Amore, Schneider, and Zaldokas (2013), and Chava et al. (2013)).

We examine the robustness of our result that debt stimulates innovation by introducing
an inelastic supply of entrants, subsidies to entrants, and debt renegotiation. As expected,
the inelastic supply of entrants limits entry and weakens the effect of debt on innovation.
In contrast, debt renegotiation and subsidies strengthen it. We also examine the welfare
effects of debt financing in a general equilibrium version of our model. We show that welfare
is non-monotonic in the rate of creative destruction and that debt financing only improves

welfare if the technological improvements associated with innovations are sufficiently large.

and Robinson (2014), Hochberg et al. (2018), and Davis et al. (2018) show that debt financing is used by
innovative firms that have access to and use both debt and equity financing. Lastly, consistent with the
mechanism in the paper, Kerr and Nanda (2009) and Chava, Oettl, Subramanian, and Subramanian (2013)
find that debt affects the entry incentives of young firms.

5Tt would be easy to integrate Nash bargaining over the surplus created by debt financing between
shareholders and debtholders as in, e.g., Hugonnier, Malamud, and Morellec (2015). This would have no
bearing on our result that debt fosters innovation and growth. Our paper follows most of the literature by
assuming that debt markets are competitive so that creditors do not capture any of this surplus.



Our article contributes to several strands of the literature. First, we contribute to the
large literature studying the effects of debt on investment, following the seminal contribution
of Myers (1977). This literature generally shows that debt financing hampers investment at
the firm level, due to debt overhang.® A number of empirical studies have recently provided
empirical support for this prediction; see for instance Chava and Roberts (2008), Giroud et al.
(2012), or Favara et al. (2017). This literature generally emphasizes the negative effects of
debt on investment at the firm level. By contrast, we show that debt fosters investment
and growth at the aggregate level by stimulating entry. This result goes against standard

economic intuition and highlights an important and overlooked effect of debt on investment.

Second, our paper relates to the literature on dynamic capital structure choice initiated
by Fischer, Heinkel, and Zechner (1989) and Leland (1994). Models in this literature gen-
erally maintain the Modigliani and Miller (1958) assumption that investment and financing
decisions are independent by assuming that the assets of the firm are exogenously given. This
allows them to focus solely on the liability side of the balance sheet (see for example Fan
and Sundaresan (2000), Duffie and Lando (2001), Hackbarth, Miao, and Morellec (2006),
Gorbenko and Strebulaev (2010), Glover (2016), or DeMarzo and He (2021)). Our paper
advances this literature by endogenizing not only firms’ capital structure choices but also
their investment policy. A key contribution with respect to this literature is that we embed
the individual firm choices into a Schumpeterian industry equilibrium in which the rate of
creative destruction is endogenous. We show that while debt leads to underinvestment by

incumbents, it increases creative destruction and growth by stimulating entry.

Third, our paper relates to the literature on debt in industry equilibrium. In a closely
related paper, Miao (2005) builds a competitive equilibrium model in which firms face id-
iosyncratic technology shocks and can issue debt at the time of entry before observing their
profitability. In this model, all firms have the same debt level. An important assumption
in Miao (2005) is that there are no costs of adjusting capital. As a result, there is no debt

overhang in the sense of Myers (1977) because the absence of adjustment costs or frictions

6Mello and Parsons (1992) and Parrino and Weisbach (1999) examine the effects of debt financing on
corporate investment in dynamic models of the firm. Our study departs from prior work by endogenizing
capital structure choices and by embedding the single-firm model in an industry equilibrium.



make investment independent of financing (Manso (2008)).” By contrast, firms have different
(endogenous) debt levels in our model and investment and financing decisions interact, lead-
ing to debt overhang and underinvestment by incumbents.® Other important contributions
to this literature include Fries, Miller, and Perraudin (1997) and Zhdanov (2007), which
respectively study static and dynamic capital structure choices in the Leahy (1993) model.
In these models, incumbent firms are exposed to a single industry shock. They all have the

same assets and the same debt level and there is no investment.

Lastly, our paper contributes to the literature on Schumpeterian growth models. Schum-
peterian growth theory has been widely used in the literature on innovation and industry
structure and evolution; see for example Klette and Kortum (2004), Lentz and Mortensen
(2008), Aghion, Akcigit, and Howitt (2014), Akcigit and Kerr (2018), and Acemoglu, Ak-
cigit, Alp, Bloom, and Kerr (2018). However, to the best of our knowledge, this literature
has not studied the effects of debt financing on innovation, Schumpeterian competition, and
industry dynamics. This is relatively surprising given that innovative firms heavily rely on
debt financing. Our paper fills this gap by extending the model proposed by Klette and
Kortum (2004) to incorporate debt financing. In our model, firms hold debt and default,

which influences their R&D policies and the industry level of creative destruction.

Section 1 describes individual firm choices and embeds the single-firm model into an
industry equilibrium. Section 2 analyzes the model implications. Section 3 examines the

robustness of our results. Section 4 closes the model in general equilibrium.

1 Model

We present the model in steps, starting with the investment and financing decisions of an

individual firm. We then embed the single-firm model into an industry equilibrium.

"In Miao (2005), firms underinvest in that levered firms exit the industry at a higher rate than unlevered
firms would. This feature is also present in our model.

8In related research, Malamud and Zucchi (2019) develop a model of cash holdings, innovation, and growth
in the presence of Schumpeterian competition. Firms are all equity financed in their model. Maksimovic and
Zechner (1991) develop a three-period model in which investment decisions reflect debt choices in industry
equilibrium. They do not study entry and exit decisions, which are central to our analysis.



1.1 Assumptions

Throughout the paper, time is continuous and shareholders and creditors are risk neutral
and discount cash flows at the constant rate r > 0. The economy consists of a unit mass of

differentiated products (or product lines) that are produced by incumbent firms.

A firm is defined by its portfolio of products. The discrete number of different products
supplied by any given firm at time ¢ > 0, denoted by P, is defined on the integers and
is bounded from above by p. As a result of competition between firms, each product is
produced by a single firm and yields a profit flow of one. The profit flow of the firm evolves

through time as a birth-death process that reflects product creation and destruction.

To increase its portfolio of products, a firm invests in innovative effort, i.e. spends
resources on R&D. Investment in innovative effort determines the frequency of arrival of
new innovations \; € [0, )], i.e. the Poisson rate at which new innovations arrive. The

number of new products generated by an innovation is given by
Xy = min (Y, p — P-) with Y; ~ Bin(n,0),

where n is an exogenous upper bound on the number of new products that can be developed
following an innovation and Bin(n, ) is the binomial distribution with innovation quality
6.° This specification implies that the expected number of new products is approximately
nf. Therefore, a higher quality € leads to a higher expected number of new product lines.
Bounding the number of new products X; from above by p — P,- ensures that P, never
exceeds p. These assumptions imply that the total number of products developed by the

firm up to time ¢, denoted by I;, evolves as
dl, = X, dN/,

where dN/ is a Poisson process with intensity );.

9In an earlier version of the model, we considered that entrants and incumbents could additionally invest
in innovation quality, thereby determining endogenously the number of products generated by entry or by
incumbents’ innovations. The current setup generates the very same implications but is less cumbersome.
We thank the editor for encouraging us to simplify the model in this direction.



A firm’s existing products can become obsolete because some other firm innovates on
a good the firm is currently producing. In this case, the incumbent producer loses the
product from its portfolio due to creative destruction. Since any firm is infinitesimal, we
can ignore the possibility that it innovates on a good it is currently producing. Because
of creative destruction, each product becomes obsolete at an exponentially distributed time
with intensity f. We call f the rate of creative destruction, that each firm takes as given.
Subsection 1.3 embeds the single-firm model into an industry equilibrium and endogenizes
the rate f of creative destruction. The total number O; of products lost by the firm up to

time t > 0 because of creative destruction evolves as
dO, = dN?,

where dNP is a Poisson process with intensity fP,-. The total number products in a firm’s

portfolio P, is therefore given by
.Pt - -[t - Ot.

A firm performing R&D with intensity \; incurs flow costs ¢(P;, \;). To make sure that
shareholders are better off with more products, we impose that the R&D cost function does

not increase too fast in the number of products in that

q(p+1,X) —q(p,A) < 1. (1)

In addition to the R&D costs, production requires a fixed cost of operation n > 0, where
we assume that 17 < 1 so that a single product firm can be profitable. An incumbent firm’s
operating profit is the profit that comes from the operation of the product lines net of the

fixed operating cost and the endogenous costs of performing R&D:
Pr—n—q(P, M)

Profits are taxed at the constant rate m > 0. As a result, firms have an incentive to issue



debt to reduce corporate taxes. To stay in a simple time-homogeneous setting, we follow the
literature (e.g. Leland (1994), Duffie and Lando (2001), and Manso (2008)) and consider
debt contracts that are characterized by a perpetual flow of coupon payments c¢. When
making leverage choices, shareholders balance the benefits of debt against its costs. On the
one hand, debt provides tax benefits.! On the other hand, firms incur a proportional cost
¢ when issuing debt and may default on their debt obligations at the endogenous time 7p.
In our model, default risk leads to endogenous distortions in R&D decisions when close to
distress, reflecting debt overhang. In addition, a fraction o € (0,1) of assets in place and
growth options is lost as a frictional cost in default. As in e.g. Mauer and Triantis (1994),
debtholders may choose a new capital structure that maximizes the value of the firm after
default before selling it to new owners. (We could alternatively assume that creditors do
not relever the firm with no bearing on our results.) Internet Appendix 1 allows firms to
dynamically optimize their capital structure. Lastly, due to the fixed cost of operation and
the function that maps R&D to innovation (described in Section 2 below), a firm with zero

product lines endogenously exits the economy at time 79 = inf{t > 0: P, = 0}."

As in Klette and Kortum (2004), a mass of entrants invests in R&D to become pro-
ducers upon a successful innovation. An entrant that generates an innovation becomes an
incumbent. Similarly to an incumbent, the entrant chooses its R&D intensity A;. Upon a
successful innovation, the entrant generates py € {1, ...,n°} products, where we assume with
no loss in generality that py is distributed according to a (scaled) Binomial distribution with

n® draws that each succeed with probability 6¢.'> The entrant has an R&D cost function

00ur result that debt fosters innovation and growth at the aggregate level hinges upon the fact that debt
financing increases firm value, thereby raising the surplus from entering the industry. That is, as long as
it is optimal for the firm to issue debt, this result obtains. In our model, the increase in firm value due to
debt financing results from the tax benefits of debt. We could alternatively assume that firms obtain better
financing terms with debt, for example due to lower sensitivity to informational asymmetries, or that debt
increases firm value by reducing the agency cost of free cash flow. Because these alternative frictions are
more difficult to calibrate, we focus in this paper on the tax benefits of debt.

1 The R&D cost function used in our numerical analysis is derived from a function that maps investments
in R&D ¢ into an innovation intensity A as in Acemoglu et al. (2018): A = 37 7¢"p!~7, where 8 > 0 and
v € (0,1) are parameters and p is the current number of product lines. A zero product line firm p = 0 can
therefore not generate any innovations and endogenously decides to exit. Our theoretical results hold for
any R&D cost function for which zero product line firms have no incentive to innovate.

12This implies that for py € {1,...,n°} the probability density function is given by P(py = p) =

10
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Figure 2: Life cycle of a firm. The firm starts as an entrant and becomes an incumbent
with four product lines at time 7.. The number of product lines then evolves as a birth-death
process over time until the firm defaults at time 7p, after which creditors sell the firm to
new owners who operate it until the product becomes obsolete at time 7.

¢e(A). Because an entrant has no product lines before becoming an incumbent, it optimally
has no debt and its optimal innovation strategy is time-homogeneous: A\; = \°. As soon as
an entrant has an innovative breakthrough and knows how many products this breakthrough
generates, it chooses how much debt to issue. The cost of becoming an entrant is denoted
by H > 0. We consider that entry costs are tax deductible, e.g. through depreciation. This
assumption ensures that taxes have no bearing on innovation when firms are unlevered so

that our results are directly comparable to those in prior work.

Figure 2 illustrates the life cycle of a firm that defaults at time 7 with a strictly positive
number of product lines (i.e. 7p > 79). An entrepreneur first pays the entry cost and becomes
an all-equity financed entrant, which incurs R&D expenses until it innovates for the first time.
At time 7., the entrant experiences a breakthrough resulting in new product lines, decides
how much debt to issue, and becomes an incumbent. Once the firm becomes an incumbent,

it generates profits from its portfolio of products and continues to make R&D decisions,

(1-(1- 96)”6)_1 (7;:) (69)” (1 — 6°)™ ~P. Otherwise, the probability is zero.

11



which influences the intensity at which new innovations arrive. This process continues until
the firm defaults at time 7p with one product line remaining (i.e. the firm defaults when
moving from two to one product line). After default, creditors sell the remaining product
line to new owners who run the firm until its product becomes obsolete at time 7. When
o Ao = To where 2 Ay = inf{x, y} (case not represented on Figure 2), the firm only defaults

when losing its last product line to competitors (i.e. we have that P., = 0).

1.2 Optimal Financing and Investment

We solve the model recursively, starting with the value of levered equity for a given financing
policy. Since each product generates the same flow of profits, we only need to keep track of

the size of the portfolio of products and the coupon when describing the state of the firm.

After debt has been issued, shareholders maximize equity value by choosing the firm’s

default and R&D policy. As a result, equity value for a given coupon c satisfies

TDATO
E(p,C) = sup Ep |:/ e_rt(l_ﬂ-> (Pt—C_U_Q(Pta)\t)) dt ’ (2)
{At}t>0,7D 0
where E,[-] = Eo[-|Pp = p]. As shown by equation (2), shareholders receive the after-tax

profits from P, products minus the coupon payments ¢, the fixed operating cost 1, and R&D
expenses q(P;, ;) until they decide to default at time 7p or the firm exits with zero products
at time 9. Shareholders select the R&D strategy {\;}:+>o and default time 7p to maximize

equity value.

From equation (2), we have that equity value solves:

rE(p,c) = sup {o, A =m)p—c—m)+ fp(Bp—1.¢) - Bp,0)) 3)

Creative destruction
+oup {3 (B [Bmin{p + 2,5, 0] — B(p,0)) ~ (1~ m)a(p, )} }

R&D

where z ~ Bin(n,0) and E(0,c) = 0. We then have the following result.

12



Theorem 1 (Equity Value). A unique solution to the equity value defined in equation (2)
exists. Fquity value is non-decreasing in p and therefore the optimal default strategy is a
barrier strategy Tp = inf{t > 0|P, < pp}. If the RED cost function is differentiable in the
innovation intensity A, the optimal level of RED, if interior (i.e. X € (0,))), solves

: _ 9q(p; A
B (B(win{p + 2,9} 0] - Bp.0) = (1 —m) LB,

The optimal R&D strategy, if interior, equates the marginal benefits and the marginal
costs of R&D. ' The marginal cost depends on the R&D cost function ¢(p, A). If an innovation

arrives, the expected increase in equity value is

E[E(min{p +z,p},c)] - E(p,c),
—_——
Post innovation Pre innovation

which is the marginal gain from increasing the arrival rate of innovations A. Debt financing
implies that shareholders do not fully capture the benefits of investment in that cash flows
to shareholders are truncated at 7p A 79. As a result, the level of R&D that maximizes

shareholder value is lower in a levered firm, notably when close to distress (see Section 2).

We also perform a comparative statics analysis with respect to the model’s parameters:

Proposition 1 (Equity Value and Default Threshold). The following holds:

1. If E(p,c) > 0, equity value is strictly decreasing in the corporate tax rate w, the coupon
payment c, the fixed operating cost n, the rate of creative destruction f, and the cost
q(p, \) of performing RED. If X > 0, equity value is also strictly increasing in the

innovation quality 6 and the mazximum number of product lines per innovation n.

2. The default threshold pp is weakly increasing in the coupon payment c. In addition,
for any given c, the default threshold pp is independent of the corporate tax rate ™ and

is weakly increasing in the fived operating cost n, the rate of creative destruction f,

I3Tf there exists a A* such that % > % for any A > A*, then in equilibrium A < A* and imposing the
bound on A becomes void.

13
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Figure 3: Default threshold pp in industry equilibrium. Firms starting with a higher
number of products initially choose a higher debt level and default with a higher number of
products. Firms with py < 2 default and exit when losing their last product to competitors
in our baseline environment.

and the cost q(p, \) of performing RED. If X > 0, the default threshold pp is weakly

decreasing in the innovation quality 6 and the mazimum number of innovations n.

An increase in corporate tax rate m, the coupon payment ¢, the fixed operating cost 7,
the rate of creative destruction f, or the cost q(p, ) of performing R&D decreases cash flows
to shareholders or the expected lifetime of the firm and, therefore, reduces equity value. An
increase in the innovation quality # or the maximum number of products per innovation n
has the opposite effect. By reducing the continuation value of equity, an increase in ¢, n,
f, or q(p,\) or a decrease in @ or n increases incentives to default and therefore the default
threshold selected by shareholders. Figure 3 shows the number of products in default as a
function of the number of products at entry pg in industry equilibrium, which is described in
the next subsection, for various economic environments. The baseline calibration is presented
in Section 2. The figure shows that firms starting with a higher number of products initially

choose a higher debt level and therefore default with a higher number of products. Firms
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with py < 2 default and exit when losing their last product to competitors in our baseline
environment. An increase in the corporate tax rate implies a higher debt level and therefore
a weakly larger default threshold. A decrease in the cost of innovating () improves the

firm’s investment opportunity set and implies a weakly smaller default threshold.

Given the rate of creative destruction f and shareholders’ R&D {\; };>0 and default 7p
policies, the debt value D(p, ¢) is the discounted value of the coupon payments until the time

of default plus the recovery value. That is, we have
TDATO
Dp,e) =B, [ [ e et + e (1 — @)V (Pry it
0

where V(p) = sup, E(p,c) + (1 — ¢)D(p, ¢) is the optimally levered firm value.

Finally, we can also determine the value of an entrant given the rate of creative destruction
f. Let 7. be the time at which the entrant has a breakthrough and can develop its first
product lines, which happens with intensity A°. The entrant’s shareholders choose the R&D
intensity that maximize their equity value, which consists of the proceeds once there is a

breakthrough minus the tax-deductible R&D costs. That is, we have

E¥(f) = supEa | Va(f) = [ e (1 = m)a. ()
(A%(f) —(1- w)qe(v)> |

B4 St @
where
Vi(F) = Bo [sup {En.) + (1 = ) Dl )| = Ea 1 (o) 5)

As shown by equation (5), shareholders select the coupon that maximizes the value of their
claim once they know how many products their innovation generates. Because the debt choice
is affected by the number of product lines, the heterogeneity in entrants’ R&D outcomes
naturally leads to cross-sectional variation in the amount of debt issued. Entrants with no

taxable income (i.e. with no products) endogenously refrain from issuing debt.
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Lastly, free entry implies that
Ee(f) < H(l - 7T)7

which becomes an equality when there is entry. In equilibrium, competition implies that the

value of becoming an entrant can never exceed the cost of entry.

1.3 Industry Equilibrium

This section incorporates the single-firm model into a Schumpeterian industry equilibrium.
We look for a Markovian steady state industry equilibrium in which the number of firms
and products is constant over time. In this industry equilibrium, both incumbents and
entrants maximize their equity value taking as given the rate of creative destruction. That is,
incumbents optimally choose their R&D and default decisions and entrants optimally choose
their R&D and capital structure decisions. Given that we look for a Markovian steady
state equilibrium, incumbents’ optimal policies are a function of the number of product
lines they own and the coupon payment on their debt. Entrants’ optimal policies are time-
homogeneous. Finally, free entry ensures that prospective entrants enter the industry as long

as entry is profitable.

Definition 1 (Industry Equilibrium). The parameters and policies

U = {f",c"(p), \"(p;c),pp(c), A"}

are an industry equilibrium if:

1. Incumbents: Given the rate of creative destruction f* and coupon payment c, incum-
bents’ RED X*(p, ¢) and default p},(c) decisions mazimize shareholder value. Given the
rate of creative destruction f*, creditors optimally relever a defaulted firm c*(pp) before

reselling it to new owners.

2. Entrants: Given the rate of creative destruction f*, entrants level of REID \** and

capital structure upon becoming an incumbent c*(py) maximize shareholder value.
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3. Entry: The free entry condition holds:
EY(f") < H(1—m), (6)

and the inequality binds when there is creative destruction f* > 0.

New Product Lines

‘. ______ ‘ Obsolete Product Lines

Figure 4: Steady state equilibrium. Example of a steady state distribution for an industry
equilibrium in which p =5 and n = n® = 3, and there is default, exit, and entry. Appendix
3 derives the steady state firm size distribution for any equilibrium.

Figure 4 shows an industry equilibrium with p = 5 and n = n® = 3 in which new product
lines replace existing ones and entrants replace incumbents that exit the industry. The size
of the circles indicates the mass of firms of each type. In a steady state equilibrium, the
size of these circles is constant over time. Incumbents can move up due to innovations,
which generate new product lines, and move down due to creative destruction. Because an

innovation can generate up to three product lines and the number of new product lines is
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random, there are multiple upward flows. In this equilibrium, firms exit when they have
zero product lines (i.e. when losing their last product line to a competitor) and can default
when moving from two to one product line due to creative destruction. Therefore, there is
a positive mass of entrants. All industry-wide variables are constant over time, even though
individual firms can create new product lines, can lose product lines to competitors, and can
default and exit. Debt financing affects industry structure and dynamics by changing firms’

R&D policies and the rate of creative destruction.

We start by analyzing the existence and uniqueness of a stationary equilibrium with debt.

To do so, we make the following assumption:
Assumption 1. Debt value is non-increasing in the rate of creative destruction f.

In our model, an increase in the rate of creative destruction f leads to an increase in
default risk (and to a decrease in investment and collateral). Assumption 1 therefore states
that the value of corporate debt does not increase as default risk increases. Together with
Proposition 1, Assumption 1 ensures that the value of an entrant E°(f) is monotonically
decreasing in the rate of creative destruction f, so that there exists only one level of creative
destruction for which the free entry condition (6) binds and therefore a unique equilibrium ex-
ists. This assumption trivially holds when the firm is unlevered so that a unique equilibrium
always exists. Figure 5 verifies this conjecture for the economic environments considered in

Section 2. The following theorem formalizes the equilibrium existence and uniqueness result:

Theorem 2 (Equilibrium Existence and Uniqueness). There ezists a unique stationary in-

dustry equilibrium with debt U*.

In industry equilibrium, creative destruction arises because of innovations by incumbents
and entrants. The level of innovation by incumbents depends on the mass of incumbents in
the economy M* and the average number of innovations per incumbent E[AX] &~ E [Anf],"
where an innovation generates X new product lines and the expectation is taken over the

steady state distribution of incumbent firms. The level of innovation by entrants depends

14The equality is approximate since a firm can never have more than p product lines.

18



20

: T T T
|l| ‘| Baseline H(1 — 7)
\ | - - - Baseline
Py \ ll ------ Lower
< bp \ i -.-.. Higher n h
g ' i
&y v [
: \ '-.
— 1 ‘
z 10 Y L
- ' 1
% \‘ -‘
Fat ' P
- N \
=i . -\
Lﬂ 5 \\ KN
N ~ ‘\o
0 | | | I - v aa DT L
6% 8% 10% 12% 14% 16%

Rate of creative destruction f

Figure 5: Entrant value E°(f) as a function of the rate of creative destruction f.

The horizontal black line shows the baseline value for the entry cost, which should be equal
to the entrant value in equilibrium E¢(f*)

H(1—m). The dashed red line shows the value
of an entrant as a function of the rate of creative destruction in our baseline calibration.

on the mass of entrants M¢ and the average number of innovations per entrant A°E [p].

Appendix 3 shows how to calculate M¢ and M®. Altogether, this implies that

ff=f'+f=MEMX]+MNEp,

Incumbents

(7)
Entrants

where we denote by f* and f¢ the respective contributions of incumbents and entrants to
the rate of creative destruction. As equation (7) makes clear, innovation and investment
are driven by both incumbents and entrants in industry equilibrium. As a result, they
depend on firm financing. In particular, we show below that E[AX] goes down due to debt

financing (leveraged incumbents innovate less). That is, debt overhang pushes f¢ down. This
partial effect implies that debt financing lowers innovation. In our model, debt financing also
impacts entry M°\°E[p,] (and thus the mass of incumbents M?), which positively impacts

the aggregate innovation intensity f*. A priori, it is not obvious which of the two effects is
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more important. Proposition 2 shows that in equilibrium the second effect always dominates:

Proposition 2 (Debt Financing and Creative Destruction). Let fx, pey: be the unique equi-
librium rate of creative destruction when firms are restricted to have no debt. The rate of

creative destruction f* in the unique stationary industry equilibrium with debt U* satisfies:

f* Z f]tfo Debt*

Following the seminal contribution by Myers (1977), a large literature in corporate finance
has emphasized the negative effects of debt on investment. In contrast with this literature,
Proposition 2 demonstrates that debt financing fosters innovation and creative destruction at
the aggregate level. As we show below, this is the outcome of two opposing forces. First, debt
hampers firm-level innovation by incumbents due to debt overhang, as recognized in prior
work. Second, debt increases the surplus from entering the industry, thereby stimulating
entry and increasing the mass of incumbents. Proposition 2 shows that the latter effect
dominates in equilibrium so that debt spurs innovation. Since firms remain optimally debt-
free when interest payments are not tax deductible, one interpretation of Proposition 2 is
that the policy of tax deductibility of interest payments stimulates innovation. The intuition
for this result is that debt financing increases the value of innovating firms by providing tax
benefits. By increasing the value of incumbents, debt increases the surplus from entering the
industry. In equilibrium, the free entry condition needs to bind so that the surplus generated

by debt financing gets translated into a higher rate of creative destruction.

Importantly, our result that debt stimulates entry is consistent with the evidence in Kerr
and Nanda (2009), who examine entrepreneurship and creative destruction following U.S.
banking deregulation. Their empirical analysis shows that U.S. banking reforms—that made
bank debt widely available and cheaper by increasing competition—brought growth in both
entrepreneurship and business closures (see also Black and Strahan (2002), Cetorelli and
Strahan (2006), Amore et al. (2013), or Chava et al. (2013)).

Lastly, empirical research concerned with measuring the effects of debt on investment

tends to solely focus on firm-level investment by incumbents (see, e.g., Chava and Roberts
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(2008), Giroud et al. (2012) or Favara et al. (2017)). Proposition 2 suggests that the relation
between debt and investment is indeed more complex than acknowledged by prior work and
that measuring the full effects of debt on innovation (or investment)—e.g. using shock-based
causal inference—requires capturing the effects of debt financing not only on investment by

incumbents but also on entry.

1.4 Refinancing

The Internet Appendix extends the model by allowing incumbent firms to dynamically op-
timize their capital structure as their portfolio of products evolves (i.e. as they acquire new
products or lose products to competitors). We show in this appendix that the results derived
in this section go through when we allow firms to restructure and demonstrate that there ex-
ists an industry equilibrium with debt. In this equilibrium, debt financing fosters innovation
and growth.'® In our dynamic capital structure version of the model, it is costly for firms to
issue debt but there is no pre-commitment to a specific debt policy except that firms must
repurchase existing debt (i.e., eliminate a debt covenant) before they can issue new debt
with a higher face value. As a result, refinancing costs comprise both a fixed and a variable
component, in line with the evidence in Altinkilic and Hansen (2000) and Yasuda (2005).
In recent research, DeMarzo and He (2021) use a model in which firms can continuously
roll-over their debt to show that if debt financing increases firm value, it is because firms
face fixed issuance costs of debt—which make it suboptimal to continuously adjust capital
structure—or can commit to specific financing policies—which makes it impossible to freely

adjust capital structure.'®

15Tn effect, when firms have the ability to adjust their leverage ratio this further increases their (equity)
value, which increases the quantitative impact of debt financing on innovation (Proposition 2).

16Specifically, DeMarzo and He (2021) show that if there are no issuance costs of debt and if firms are
unable to commit to a specific financing policy, then there exists a Markov perfect equilibrium in barrier
strategies in which firms “give up” the entire value of the tax shield. The reason is that future debt issuance
decisions are value destroying from an ex-ante perspective. In general, mechanisms/frictions that discipline
leverage choices—such as fixed issuance costs of debt (Dangl and Zechner (2021) or Benzoni, Garlappi,
Goldstein, Hugonnier, and Ying (2021)), managerial agency conflicts (Morellec, Nikolov, and Schiirhoff
(2018) or Wong (2021)), lending relationships (Malenko and Tsoy (2021)), or covenants (Leland (1998))—
lead to more conservative policies and re-establish a net benefit of debt, even without commitment.
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2 Model Analysis

2.1 Parameter Values

This section examines the implications of the model for innovation and financing policies.
Our model has twelve structural parameters as listed in Table 1. We identify these parameters
in two ways. First, we rely on the literature on innovation and financing decisions for
estimates of the curvature of the R&D cost function, the scale of R&D, the risk-free rate,
the corporate tax rate, bankruptcy costs, and debt issuance costs. Second, we calibrate the
remaining model parameters by matching observed characteristics of innovation and capital
structure policies of an average U.S. public firm, using firms’ financial data from Compustat

and the data on firms’ innovation activity from Kogan et al. (2017).

We fix the six parameters (r, 7, «, ¢, 7, ) using values from prior literature. We first
set the interest rate r at 4.2%, as in Morellec et al. (2012). We choose a corporate tax
rate m of 15%, consistent with the estimates of Graham (1996). The bankruptcy cost « is
set to 45%, as estimated by Glover (2016). The proportional cost of debt issuance ¢ is set
to 1.09%, consistent with the evidence on debt underwriting fees in Altinkilic and Hansen
(2000). Following Acemoglu et al. (2018), we assume that the R&D cost function has the

following form:

q(p, ) =pp (;)7 and q.(\) = pA7,

where 8 > 0,7 < 1, and A < X\ = 15. As in Acemoglu et al. (2018), we set the curvature
of the R&D cost function at v = 0.5 and the scale of R&D at g = 4.066. Similarly, we set
innovation quality equal across entrants and incumbents, in that 6 = 6°. Lastly, we allow an

entrant to have at most 7 product lines in that n® = 7.

To obtain the remaining four parameter values (n, 0, n, H), we match four moments
of interest in the data: the mean and variance of the leverage ratio, the mean innovation
incidence (with a value of 50% indicating that a firm develops a new product on average

every two years), and the turnover rate. The mean and variance of leverage are tightly linked
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to the parameters governing the fixed cost of operation 1 and the maximum number of new
products per innovation n. Innovation incidence is directly linked to innovation quality 6.

Lastly, the entry cost H pins down the turnover rate.

Panel A: Baseline parameter values

Parameter Symbol Value
Max # products per firm D 80
Interest rate r 4.2%
Tax rate T 15%
Bankruptcy cost Q@ 45%
Debt issuance cost 10) 1.09%
After-tax entry cost H(1—m) 3.35
Innovation curvature v 0.5
Scale of R&D 16 4.066
Fixed operating cost n 0.973
Max # new products per innovation n 2
Innovation quality parameter 0 = 6° 0.125

S
4
~J

Max # products at entry
Panel B: Variable definitions

Moment Model Data
D(Pst,cit) dltt;i+dlcy
Leverage D(P;t,cit)+E(Pit,cit) dltt;+dlcis+prec_figxcshogy
N T N T
SN _ _ I ,
. .. i t {Pp41—P>0} Zz Zt {fnpats;y>0}
Innovatlon lnCIdenCe NT NT
]E[WD(P“,C“)}
Debt benefit BV Py

Table 1: Baseline parameter values and definitions of moments.

To compute the data counterparts of the model-implied variables, we use the Kogan,
Papanikolaou, Seru, and Stoffman (2017) data on patent quantity merged with accounting
variables from Compustat. We use the sample period 1975-2010. We exclude regulated
and financial industries and apply standard Compustat filters: we remove observations with
negative book equity and market-to-book larger than 20 as well as those with missing values

for total assets and sales. All variables are winsorized at 2% and 98% in each fiscal year.
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Panel B of Table 1 presents the definitions of the moments of interest in the data as well as
their model counterparts. We compute the model-implied moments by simulating a balanced
panel firms, similar to the ones observed in the data. We start the simulations from the steady
state distribution of firms (see Appendix 3). Firms that exit are replaced with entrants to

keep the panel balanced. We compute all variances by removing firm fixed effects.

Table 2 reports the model-implied moments and their data counterparts. The numbers in
the table suggest that the model succeeds in replicating observed financing and innovation
policies. The average (market) leverage ratio is equal to 22.74%, which is close to the
empirical value of 22.44%. As we show below, the relatively low value of leverage in the
model is the result of the endogenous rate of creative destruction that disciplines firms’
financing policy and the endogenous R&D policy that feeds back into financing decisions.
The model also closely matches the variance of leverage, which equals 1.96% in the data and
1.78% in the model, thus generating sizeable variation in financing policy. The innovation
incidence equals 28.73% and is close to the observed value of 26.40%. Lastly, the model
generates a turnover rate of 1.59%, which is between the turnover rate of 1.1% reported
by Corbae and D’Erasmo (2021) and the turnover rate of 1.7% reported by Begenau and
Salomao (2019).

Baseline calibration. All values are in %.

Leverage Leverage Innovation Turnover Debt

Mean Variance incidence rate benefit
No debt model 0.00 0.00 56.25 0.74 0.00
Debt model 22.74 1.78 28.73 1.59 3.41
Data 22.44 1.96 26.40 1.10-1.70 3.50

Table 2: Baseline calibration of the model. The definitions of all moments are provided
in Panel B of Table 1.

A comparison between outcome variables in the debt and no debt models indicates that
debt facilitates firm exit by increasing the turnover rate. Debt reduces the innovation in-
cidence due to debt overhang and the higher rate of creative destruction. The results also

show that despite the debt induced distortions in R&D, firms benefit substantially from debt
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financing. The implied net benefit of debt is around 3.41% of firm value, which is consistent

with the estimates of Korteweg (2010) and van Binsbergen, Graham, and Yang (2010).

How do leverage and innovation vary with firm characteristics? In our model, interest
expenses are tax deductible, providing firms with an incentive to issue debt. Debt financing
gives shareholders an option to default, which is costly. Debt financing also reduces the
benefits of innovation to shareholders because part of the benefits of investment accrue to
creditors (as debt becomes less risky). Therefore, debt distorts innovation incentives. These
distortions in innovation policy feed back into firms’ cash flow dynamics, which influences
the leverage choice. Table 3 illustrates that frictions (i.e. the corporate tax rate m or the
cost of issuing debt ¢) and the quality of the firm’s investment opportunity set (as captured
by the cost of investment 5 and the benefits of innovation €) have important effects on
financing decisions and the turnover rate. For example, higher costs of innovation lead to
lower incentives to innovate by reducing the value of growth opportunities. In response, firms
increase financial leverage. Table 3 also shows that when each innovation has the potential
of creating more product lines (as € gets larger), the potential costs of debt overhang are
larger and firms opt for a lower leverage ratio. Overall, these results are consistent with the
evidence in Smith and Watts (1992) and Barclay and Smith (1995) that firms with better
growth opportunities adopt lower leverage ratios. Table 3 also shows that a decrease in
entry costs (due, e.g., to government subsidies to innovative firms) increases the intensity of
competition, thereby reducing the value of growth opportunities and leading incumbents to

choose higher leverage ratios.

2.2 Debt and Innovation

As shown by Proposition 2, a surprising and novel prediction of our model is that debt
financing fosters innovation and creative destruction at the aggregate level by increasing the
surplus from entering the industry and, therefore, innovations by entrants f¢ and the mass
of incumbents M?. To better understand this mechanism, we turn to analyzing the effects

of debt financing on R&D investment by incumbents and entrants.
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Comparative statics. All values are in %.

Leverage Leverage Innovation Turnover Debt
Mean Variance Incidence rate benefit
Entry cost
H =3.744 26.12 2.10 18.09 1.90 3.92
H = 3.941 22.74 1.78 28.73 1.59 3.41
H =4138 16.61 1.42 45.33 1.04 2.49
Innovation quality
6 = 0.105 28.49 2.11 7.79 1.83 4.27
6 =0.125 22.74 1.78 28.73 1.59 3.41
6 =0.145 8.54 0.63 74.84 0.55 1.28
Innovation cost — level
£ = 3.629 18.68 1.65 39.44 1.27 2.80
£ = 4.066 22.74 1.78 28.73 1.59 3.41
£ = 4.503 24.97 1.93 21.16 1.69 3.75
Innovation cost — curvature
v =0.475 13.13 0.99 56.93 0.78 1.97
~ = 0.500 22.74 1.78 28.73 1.59 3.41
v = 0.525 26.10 2.36 17.72 1.91 3.92
Fixed operating cost
n = 0.946 26.11 2.21 16.25 1.82 3.92
n=0.973 22.74 1.78 28.73 1.59 3.41
n = 1.000 14.79 1.21 52.37 0.95 2.22
Tax benefit of debt
T =0.10 17.95 1.66 39.22 1.15 1.79
T =0.15 22.74 1.78 28.73 1.59 3.41
T =0.20 26.15 1.98 19.30 1.88 5.23
Debt issuance cost

¢ = 1.09% 22.74 1.78 28.73 1.59 3.41
o =2.18% 20.81 1.84 31.52 1.35 3.12
¢ =327T% 19.99 1.76 33.72 1.29 3.00
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2.2.1 R&D Investment and Debt Overhang

We first examine the effects of debt financing on firm-level investment by incumbents. To
do so, we first show how debt affects investment in innovation intensity A. Notably, Figure 6
shows the effects of debt overhang (i.e. underinvestment) by plotting the difference between
R&D investment in the first-best case, in which R&D and default policy maximize firm
value, and the baseline debt case, in which R&D policy maximizes shareholder value and is
therefore subject to debt overhang. We first compute the decrease in the innovation intensity
in the base case compared to the first-best case, conditional on the number of product lines
p and coupon c. We then calculate the average of this number over ¢ using the steady state

distribution of the baseline case.

35 | | .
First best vs. baseline
30 - == (3=4.503 7
...... H = 4.138

25
20
15 |

10

% change in avg. innov. intensity A

14 16 18 20
Number of product lines p

Figure 6: Debt overhang. The figure plots the change in innovation intensity by incum-
bents due to debt overhang as a function of firm size p for p < 20.

Figure 6 shows that when investment decisions maximize shareholder value and firms have
debt outstanding, firms spend less on R&D. The effects of debt overhang are substantial in
the model. Depending on firm size p, firms invest up to 22% more in innovation intensity

in the first-best case compared to the baseline case. This distortion, that is solely due to
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debt, is especially strong for small firms, which are closer to financial distress. These effects
tend to become smaller when firm size p increases as debt becomes less risky. As a result,
wealth transfers to debtholders due to new investment are limited and so are the distortions
in investment policy due to debt overhang. Figure 6 also demonstrates that distortions in
investment are greater when the entry cost is smaller or when the quality of the investment

opportunity set worsens, as firms adopt higher leverage ratios (see Table 3).

0.5 \
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0 10 20 30 40 50 60 70 80

Firm size p distribution

Figure 7: Firm size distribution. The graph shows the distribution of the number of
products p in the no debt and baseline case.

Because of its effects on investment, debt financing also has important implications for
the size distribution of firms. Notably, Figure 7 shows that the distribution is more skewed
when firms can issue debt. This change can be attributed to the higher entry and turnover
rates and to debt overhang, which reduces incumbents’ incentives to innovate and grow.

Lastly, Figures 6 and 7 together show that debt financing leads to underinvestment by
incumbents and to a decrease in the average firm size. Both effects combine to drastically
reduce innovation by an average incumbent, as captured by E[AX] in equation (7) (see Figure

8 below). Notably, it is possible to show that if p — oo and 7 = 0, then investment becomes
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linear in the number of product lines p for an all equity firm in that A(p) = /A\p.17 This in
turn implies that innovation by the average incumbent is given by E[AX] ~ An#E[p] for an
all equity firm. That is, both underinvestment (lower A) and a smaller firm size (lower E|[p])

negatively impact innovation by an average incumbent when firms are financed with debt.

2.2.2 Debt Financing, Entry, and Aggregate Innovation

In industry equilibrium, aggregate innovation depends on innovation by incumbents and
by entrants. As shown by equation (7), innovation by incumbents depends on the mass of
incumbents in the economy M and the average number of innovations per incumbent E [AX]
(which, we just show, is negatively affected by debt). Innovations by entrants depends on

the mass of entrants M and the average number of innovations per entrant A°E [py].

Figure 8 shows the effects of debt financing on innovation by entrants f¢ = M°\“E[py],
innovation by incumbents f* = M'E [AX], and their individual components when varying
the cost of innovation . The left column of Figure 8 shows that debt financing increases
innovations by entrants and that this effect arises exclusively from the increase in the mass
of entrants M¢. Because an increase in  worsens the firm’s investment opportunity set and
leads to higher leverage ratios (as shown in Table 3), the magnitude of the effect increases as
B increases. In line with the above discussion, the bottom panel of the right column shows
that debt financing reduces innovation of an average incumbent. The effect is large, as it
reflects both debt overhang (see Figure 6) and the decrease in average firm size (see Figure 7).
At the same time, the higher entry rate translates into a larger mass of incumbents (middle
right panel) so that the level of innovation by incumbents f* is only marginally negatively

impacted by debt financing (top right panel).

As illustrated by Figure 8, the effects of debt financing on aggregate innovation are

essentially driven by the increase in the mass of entrants M€ A second effect of debt

1"In the no debt model with p, A — oo and 1 = 0 conjecture that the equity (firm) value is linear in p in
~y—1
that e(p) = ép. In that case, optimal investment (as in Theorem 1) solves é(p+nf) —ép = (1 —7)yp (%)

énf

1
and is given by A = ((1—Tr)"/ﬁ> ! p = Ap. As a result, the HIB equation for equity value becomes rép =

(1 —7)p — fpé + Apénd — (1 — 7)Bp\7, thereby verifying the conjecture that equity value is linear in p.
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Figure 8: Debt financing and innovation. The figures show the effects of debt financing
on innovation by incumbents and entrants. The comparative statics are smoothed using a
third-order polynomial.
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Figure 9: The effects of debt financing on innovation by entrants. The figures show
entrants’ contribution to the aggregate increase in creative destruction due to debt financing.
The comparative statics are smoothed using a third-order polynomial.

financing is that it increases the mass of incumbents M? that innovate by stimulating entry.
To assess the relative magnitudes of these effects, we can compare the change in f° to the

change in the aggregate rate of creative destruction f due to debt financing:

f _fNo Debt ~ 1.44.
f_fNo Debt

In our baseline environment, about 144% of the increase in the rate of creative destruction

f due to debt can be attributed to the increase in the entry rate M€, implying that debt
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financing reduces investment by incumbents. As illustrated by Figure 9, the magnitude of
this effect varies with input parameter values. For example, the top left panel of Figure
9 shows that this effect becomes weaker as the cost of innovation decreases can fall below
100% when f is sufficiently low. In this case, firms adopt lower leverage ratios (as shown
in Table 3) and the rest of the increase in the aggregate level of innovation is due to the
larger mass of incumbents M* (as shown by the top right panel of 8 where debt increases f*
for low values of ). A similar result arises for low values of the corporate tax rate or high
values of the entry cost, which also lead to conservative debt policies. In most environments
however, the effects of debt financing on entry account for more than 100% of the increase
in aggregate innovation. Underinvestment by incumbents acts as a balancing force and has
a negative effect on the aggregate rate of creative destruction. That is, the net effect of debt
financing on innovation results from two very large and opposing forces, that partially offset

each other in equilibrium.

3 Exploring The Mechanism

In our model, debt financing has two separate effects on innovation. First, debt financing
stimulates entry which fosters innovation. Second, it leads to debt overhang by incumbents
which hampers innovation. The first effect is reinforced by the perfectly elastic supply
of new entrants and by entry subsidies. The second is reinforced by the absence of debt
renegotiation, which limits the benefits of investment to shareholders. This section discusses

the effects of relaxing these assumptions on our results.'®

3.1 Inelastic Supply of Entrants

Our paper follows classic models of firm entry dynamics and of endogenous growth and
innovation (see, e.g., Hopenhayn (1992), Melitz (2003), Klette and Kortum (2004), Lentz
and Mortensen (2008), or Akcigit and Kerr (2018)) by assuming that the cost of entry is fixed

and the supply of entrants is perfectly elastic. This assumption is important for our result

18We thank an anonymous referee for suggesting this section.
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that debt fosters innovation because this result relies on increased innovation by entrants. An
inelastic supply of entrants hampers entry and therefore innovation by entrants. The more
constrained the supply of entrants the less they will innovate. As a result, debt financing

fosters innovation if and only if the supply of entrants is sufficiently elastic.

To quantitatively examine the robustness of the result in Proposition 2, we introduce an
inelastic supply curve for entrants by assuming that the cost of entry H(m) increases with

the flow m of entrants in that:
PN
H(m) = Hm¥,

where H > 0 and ¢ > 0 is the elasticity of the supply curve for entrants. A lower value
for £ implies that the cost of entry is more sensitive to the flow m of entrants. As a result,
the effect of debt on entry and innovation increases with the elasticity €. In our baseline
specification, we have £ = oo and H=H. Using a setup similar to Clementi and Palazzo

(2016), we can micro-found this functional form of the entry cost.”

To clearly identify the effects of debt financing on innovation, we set the constant H in
the entry cost function #(m) such that the solution to the model without debt does not
depend on £.%° That is, we set H = H (M, Debt)fé where mY, pep: 1s the flow of entrants
in the model without debt. Accordingly, the equilibrium rate of creative destruction in the
model without debt does not depend on the elasticity of the supply curve for entrants in that

Fhio Debt(§)=Tno peps TOr all €. By contrast, the entry cost in the model with debt is given by

1/¢
H<m) =H ( > > H(m*No Debt) = H?

*
M No Debt

19Indeed, assume there is a unit flow of entrepreneurs that each receive an independent signal s, which is
drawn from a Pareto distribution with scale parameter of 1 and a shape parameter £. Given a signal s, the
entrepreneur faces an entry cost H /s. A higher signal s implies a lower entry cost and an entrepreneur enters
if and only if (1 — W)% < E¢(f). In this framework, prospective entrants are heterogeneous. If we want a
flow m < 1 of entrepreneurs to enter then the marginal entrepreneur’s signal is m = P (s > s,,) = s;,* and
therefore the entry cost (of the marginal entrepreneur) is given by H(m) = fme.

20We could instead set H such that the model with debt is unaffected by the elasticity & of the supply
curve for entrants with similar results.
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where the inequality follows from the fact that m > mj, p.,, as debt financing stimulates
exit and therefore entry. This equation shows that increasing £ leads to lower entry costs in
the model with debt by making the entry cost less sensitive to the flow of entrants m. As a

result, entry and innovation increase with ¢ in the model with debt.

In our model, debt financing increases the entrant value (conditional on f) by providing
tax benefits. Since the effect of debt on entry increases with &, we have that debt stimulates

innovation whenever ¢ is above the break-even elasticity ¢ defined by:

g: {af*(f) = f]tfoDebt]”

where f*(£) is the equilibrium rate of creative destruction in the model with debt given &.

The break-even elasticity ¢ is implicitly defined by

m*(fNoDebt) > 14

*
M Ny Debt

E*(Fupar) = B () = (1 — )H(m) = (1 — mH (

where E°(f) is the entrant value defined in equation (4) and m*(f) is the flow of entrants
given f and where the second equality follows from the free entry condition for the model

with debt.?! Solving this equation for ¢ yields:

lOg ( m* (fNoDebt) )

.
M No Debt

log (= epan) )

£ =

In our baseline model, the break-even elasticity ¢ equals 0.57, which implies that f*(¢) >
I Noper: Whenever & > 0.57. This value for the break-even elasticity is well below the elasticity
of 2.69 used in Clementi and Palazzo (2016) to match entry and exit dynamics. This suggests
that our result that debt stimulates innovation is robust even when the supply of entrants

is not perfectly elastic.

21Conditional on being in equilibrium, we do not need the equilibrium entry cost to calculate the equilib-
rium flow of entrants m*(f).
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3.2 Strengthening the mechanism
3.2.1 Debt Renegotiation

While an inelastic supply of entrants makes our result weaker, introducing debt renegotiation
in the model would strengthen it for at least three reasons. First, debt renegotiation implies
that shareholders recover part of their investments in successful innovations in the event of
default. This first effect reduces debt overhang and therefore stimulates firm-level investment
(keeping leverage fixed), as argued theoretically and shown empirically by Acharya and
Subramanian (2009) and Favara et al. (2017). Second, by reducing default costs (keeping
leverage fixed), debt renegotiation increases firm (shareholder) value (Fan and Sundaresan
(2000) and Antill and Grenadier (2019)) and, as a result, innovation by entrants. Third, a
higher recovery value increases leverage since default costs are lower (Leland (1994)), which
increase the net benefits of debt and, thus, innovation by entrants. These three effects
imply that allowing for debt renegotiation in default would positively impact innovation and

strengthen our result that debt financing stimulates innovation.

3.2.2 Subsidies

Many governments set up programs to incentivize companies to innovate. Introducing sub-
sidies to innovative firms in our model is equivalent to reducing the cost of entry. As shown
by Table 3, a decrease in entry costs increases the intensity of competition by fostering en-
try and therefore reduces the value of investment opportunities for incumbents. This leads
incumbent firms to adopt higher leverage ratios, thereby increasing the net benefit of debt
financing and increasing the turnover rate. The bottom left panel of Figure 9 shows indeed
that the effect of debt on entry becomes stronger as the entry cost decreases. That is both
the mass of entrants M¢ and the mass of incumbents M® increase as subsidies increase,

leading to a strengthening of the effects of debt on creative destruction.
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4 General Equilibrium

This section closes the model in general equilibrium to endogenize the growth rate, labor
demand, and the interest rate in the economy. The general equilibrium setup builds on
Klette and Kortum (2004). We study a stationary equilibrium with a balanced growth path.
This subsection describes the key features of the general equilibrium framework. Appendix

4 provides a detailed and formal description.

There is a representative household with logarithmic preferences who perfectly elastically
supplies labor at a fixed wage w. Entrants and incumbents use labor to perform R&D and
produce output. All costs in the model come in the form of labor costs, and therefore

aggregate production equals aggregate consumption C,.

For each type of product there is a leading producer, as in the industry equilibrium
model. The production technology of good i’s leading producer is v/ and determines the
number of products that one unit of labor produces. A firm that innovates on product i
improves the production technology and becomes the leading producer. Each innovation is
a quality improvement applying to a product drawn at random. The innovation increases
the production technology proportionally. That is, when an innovation arrives at time ¢ for
product ¢, the production technology increases from vi_ to v; = (1 + §)v- where § > 0
represents the (technological) improvement brought by an innovation. Each firm uses one
unit of labor for each of its product lines. Given the representative agent’s preferences, this
setup implies that a firm’s profits per product line only depend on the wage rate, which
allow us to use the industry equilibrium framework of Section 1. As a consequence, all the

results derived in industry equilibrium still hold in general equilibrium.

This also implies that Proposition 2, which shows that creative destruction is higher in
an industry equilibrium with debt, still holds true in general equilibrium. The growth rate

of (consumption in) the economy is given by
g* = " %6 = rate of creative destruction X increase in output due to an innovation.

Therefore, this higher rate of creative destruction implies that the growth rate is also higher
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in the presence of debt. The following proposition formalizes this result.

Proposition 3 (Debt Financing and Growth). Let gy, pey b€ the unique equilibrium growth
rate when firms are restricted to have no debt. The growth rate g* in the unique stationary

industry equilibrium with debt U* satisfies:

9" 2 INo Debt-

This result follows directly from Proposition 2 and the fact that, as we show in Appendix
4, the equilibrium growth rate of consumption ¢* is proportional to the rate of creative
destruction f*. When firms are allowed to issue debt, levered incumbents face debt overhang
which lowers investment. But the possibility to issue debt also increases firm value, which

spurs entry and therefore innovation and growth.

In this economy, welfare is given by the utility of the representative household:

rn(Co) + g — rwlL?
2

)

%:/WKWm@yﬂw%ﬁ:
0

where L is the total amount of labor supplied. This equation shows that welfare is increasing
in the growth rate of the economy ¢ but decreasing in the amount of labor supplied L*. Debt

financing impacts both quantities leading to ambiguous welfare effects.

Proposition 4 shows that even though debt always increases economic growth, its impact

on welfare depends on the size of technological improvements due to innovations.

Proposition 4 (Debt Financing, Technological Improvements, and Welfare). Debt financing

improves welfare Uy if and only if the improvement from an innovation 6 is sufficiently large
Up > UNo P = 5> 6.

Proposition 4 shows that the impact of debt financing on welfare depends on the inno-
vation step size ¢, with larger technological improvements leading to a higher welfare with

debt financing. Larger improvements in technology ¢ make innovations more valuable from
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a societal perspective. When the innovation step size is large enough, they outweigh the

associated extra labor costs.

5 Conclusion

This paper investigates the relation between debt financing, innovation, and growth in a
Schumpeterian growth model with endogenous R&D and financing choices. In the model,
each firm’s R&D policy influences its risk profile, which feeds back in its capital structure
decisions. In addition, a levered firm’s R&D policy can be altered by its financing decisions,
due to conflicts of interest between shareholders and debtholders. As a result, financing and

investment are intertwined at the firm level.

We embed the single-firm model into an industry equilibrium that endogenizes the rate of
creative destruction and derive a steady state equilibrium in which innovating firms introduce
new products that replace existing ones, and entrants replace exiting incumbents. In this
equilibrium, firms’ R&D and capital structure decisions affect the aggregate level of creative
destruction, which in turn feeds back in their policy choices. Debt financing has large effects

on firm entry, firm turnover, and industry structure and evolution.

Based on the resulting equilibrium, the paper shows that while debt hampers innovation
by incumbents due to debt overhang, it also stimulates entry. The paper also demonstrates
that this second effect always dominates in equilibrium, so that debt fosters innovation
and growth at the aggregate level. Our analysis suggests that the relation between debt
and investment is more complex than acknowledged by prior work. It therefore highlights
potential limitations of empirical work that focuses solely on firm-level investment when

measuring the effects of debt on corporate investment.
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Appendix

The appendix consists of four parts. We solve the debt case (Theorem 1 and Proposition 1)
in Section 1. Section 2 embeds the model into an industry equilibrium (Theorem 2). Section
3 derives the steady state firm size distribution and masses of incumbents and entrants.
Section 4 closes the model in general equilibrium (Proposition 3 and Proposition 4).

1 Debt Financing

We start by establishing the single firm results (Theorem 1) and intermediate results that
show that equity value is continuous and decreasing in f and ¢ (Lemma 1). We then prove
the comparative statics results in Proposition 1.

In the baseline debt model an incumbent’s coupon is constant. Therefore, we write the
equity value as

E(p) = E(p,c)

and use this notation when it does not lead to confusion. Furthermore, equity value indirectly
depends on the parameters f and ¢. When necessary, we make this dependence explicit by
writing E(p|f, c).

Proof of Theorem 1. The proof has several steps. First, we establish existence of the equity
value. Then we show that it is increasing in the number of product lines p. Finally, we
derive the first-order condition for the internal optimal level of R&D.

1. Equation (3) shows that the equity value for p € {1,...,p} can be rewritten as

E(p) = sup {Ep [/OTD e PN — ) (p — ¢ —n — q(p, A))dt}

ATD

+E, [/TD o (APt (AE [E(min{p + z,p})| + pfE(p — 1)) dt} }
0
with £(0) = 0. Define M(F) as the mapping

>\77—D

ME) =50 {5, [ [ 1= 50— e~ atp )]

+E, UOTD o= (T A D)t (AE [E(min{p + z,p})] + pfE(p — 1)) dt} }
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Any fixed point of this mapping is bounded from above by p/r and from below by zero.
Furthermore, the mapping is monotone in £ and finally,

M(E + L) = sup {Ep {/OTD e~ PN ) (p— ¢ — 1 — q(p, )\))dt}

)"TD

+E, {/OTD e~ PPN [E(min{p + =, p})] + L) dt}

N Ep {/ D 67(r+)\+pf)tpf (E(p _ 1) + L) dt] }7
0

5\ —

M(E+ L)< mE)+ Py

r+A+pf

because A < X by assumption. Therefore, the mapping M(E) satisfies Blackwell’s

sufficient conditions for a contraction (see Theorem 3.3 on page 54 in Stokey, Lucas,

and Prescott (1989)) and it is a contraction mapping, which implies that a fixed point
exists and is unique. The equity value is the fixed point of this mapping.

. The next step is to show that equity value is non-decreasing in p. We do this by showing
that having one extra product line improves a firm’s cash flows even if shareholders run
the firm as if it does not have this extra product line. Assume that the firm currently
has p + 1 product lines and that it separates one product line and runs the firm as if
it has only p product lines. The firm receives cash flows from this extra product line
at least until the product line becomes obsolete, the firm’s non-separated number of
product lines reaches p or zero, or the firm defaults. The firm receives the extra (gross)
profits from this separated product line but it also incurs possibly higher R&D costs
(since they depend on P,). The equity value of this p+ 1 firm with a separated product
line is given by

70 (p)ATo(P)AT5(p)
/ b (p)AT0 e DN — ) (1 — (P4 1, M) + q(P, N)) dt|

E(p)HEp[O

where 7p(p) is the optimal default time of a firm that starts with p product lines, 74(p)
is the first time the firm has zero product lines if it starts with p product lines, and 7;(p)
is the first time a firm with p product lines has p product lines. The first term is the
cash flows from the p product line firm, and the second term is the cash flow from the
separated product line minus the changes in R&D costs. The conditions on the R&D
cost function ensure that the second term is non-negative. Furthermore, the optimal
R&D and default strategy followed by a p + 1 product line firm (weakly) dominates
the one chosen by a firm that separates one product line and uses the strategy from a
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p product line firm. Therefore,

E(p) <E(p)

+E, e DN — ) (1 = (P4 1, \) + q(Pi, \y)) dt

[ /‘f D (P)ATo(P)ATH(D)
<E(p+1),

which shows that the equity value E(p) is non-decreasing in p. This also implies that
a barrier default strategy is the optimal default strategy.

Finally, if the cost function ¢(p, ) is differentiable the internal optimal level of R&D
should satisfy the first-order condition that follows from equation (3).

]

Lemma 1. The equity value E(p|f,c) is continuous and non-increasing in f and c. If
E(p|f,c) > 0 then the equity value is decreasing in f and c.

Proof. We first show that equity value decreases with the rate of creative destruction f.

1.

Fix fo < f1. Let P! be the number of product lines of a firm facing a rate of creative
destruction f;. We know that

1 1
TD/\TO

E(p|f,) = E, l/o e (1—m) (P —c—n—q(P,\)) dt] ,

where {\}}, 7}, are shareholders optimal strategy given fi;. The dynamics of P! are
dP} = dI} — dO} = max (Y;!,p— PL) dN} — dO}
with

E[dP!| = NE [max (Y, p— PL)| dt — fiP}dt,
Y, ~ Bin(0,n).

. Define P? as,

dP? = dI} — Z,dO} — dH,,
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where
I} = max (Ytl,ﬁ — Pﬁ) dN},
Zy ~ Bin (1, ﬁ) )
H,; ~ Poisson <f2 (]—:’f_ — Pt1_>> :

The construction of Z; and H,; implies that,

B, |Z,dO} + dH,| = {f \PLdt+ fo (P2 — PL) dt = f,P2dt.
1
These dynamics imply that f’f evolves according to the R&D strategy {\}} given a
failure intensity of f,. The construction P? ensures that

Pt]. S pt2 .

If ]53, = PL then innovation dynamics are the same dI} = dI?. Furthermore, product
line failure is higher for P since fo/f; < 1 and if a product line fails for P2 then it
fails for P. Therefore, if P2 = PL then P? > P}. If P2 > P! then product line
failure can never imply lf’f < P} since product lines drop by only one. Furthermore,
by construction innovation happens at the same time and the number of product lines
created for both is either Y; or p is reached. This implies that if at time ¢ product
lines are created and P2 > PL then P? = min (]—:’E, +Y;, ]3) > min (PL +Y;,p) = PL.

Therefore, if P2 > PL then P? > P

. Given the assumptions on the cost function the equity value satisfies

Bl =B | [ e ) (P - e i D)

<E,

/T}’AT& e (1 —m) (153 —c—n—a(P, )\%)) dt]
0
< E(p|f2).

If the equity value is positive then 7, A 7} > 0, and the second inequality becomes a
strict inequality. This shows that E(p|f) is non-increasing in f and strictly decreasing
in f when E(p|f) > 0.

. The next step is showing that the equity value is continuous in f. The mapping
M(E|f) is continuous in f. Therefore, for every € > 0 there exists a § > 0 such that
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for f' € (f—0,f+9),
IM(E@IHIF) = E@IHI = IME@IOIf) = MEDIHIHI < e

Fix one such e. Define M™(E|f) as applying the mapping M(:|f) m times to E.
Applying the mapping M again leads to,

IMP(E(| ) = ME@IHI < UIME®IIF) — E@lf)] < Ue.
where
_ AR
r+A+pf
This process can be repeated and leads to
[IMTFHE(LHIf) = M™(E@IHIF] < U™

Therefore, the distance between E(p|f) and E(p|f’) is bounded by

1E(plf) = E@II = IE®@Lf) = M=(E@I)]
< ZO IMIHELAIF) = MIE@]AL]

s o
< eZUl
i=0

1

=¢
1 —
T+

Take an € > 0 and set

.
r+AFp(f+ 1)

€E=¢€

Then define & = min{4,1}. We get that for f € (f — 4, f +9)

TN (f+ (=)

r

= €.

<r+X+ﬁU+U
- r
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This implies that for every > 0 there exists a 4 > 0 such that for f/ € (f — o, f + 5),

|E(p|f) — E@lf)| <é

Therefore, E(p|f) is continuous in f. The same argument shows that E(p|c) is contin-
uous in c.

5. The final step is showing that the equity value is non-increasing in ¢ and decreasing
if E(plc) > 0. The mapping M(FE|c) is non-increasing in ¢ and non-decreasing in E.
Therefore, for a ¢ < ¢ we have that

E(ple) = M(E(p|c)|c)
> M(E(ple)|c)
> M?(E(ple)|c)
> M™2(E(ple)|c)
> M>(E(plc)|c)
= E(p|d),

which proves the result. The first inequality becomes a strict inequality when E(p|c) >
0, which shows the decreasing result.

]

Proof of Proposition 1. The result for ¢ and f follows from Lemma 1. Take any other pa-
rameter (or the function ¢(p, \)) and call it =. If E(p|Z) > 0 then the mapping M(E|Z) is
decreasing in = and increasing E. Therefore, we have

E(p|2) = M(E(p|=)|Z)
> M(E(p|=)|E')
> M?(E(p|E)|=)
> M"™2(E(p|2)|Z)
> M*(E(p|=)|=)
= E(pl=),

which proves the result.

The results on the default threshold follow from the results on the equity value. The
result that the tax rate m does not impact the default threshold follows from the fact that
all cash flows in the equity value scale linearly in (1 — 7). O
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2 Industry Equilibrium

This section establishes the existence and uniqueness of an industry equilibrium (Theorem
2) assuming that debt value is decreasing in f (i.e. debt value decreases with default risk).
We first need to establish that a unique firm value exists

Lemma 2. For a given f, firm value V(p|f) exists and is unique.

Proof. Define the mapping
VIV, f) = sup {E(p, c|f) + (1 = 9)D(p, |V, f)} -

First, observe that if V' € [0, p/r]P*! then V € [0, p/r]P*!. If ¢ = 0 then E(p,0) > 0 and
as a result V(p|V, f) > 0. Furthermore, if V(p) < p/r then given any ¢ < p V(p|V, f) < p/r
while if ¢ > p the firm would directly default and as a result V(p|V, f) = (1—¢)(1—a)V(p) <
p/r. Therefore, V(p|V, f) maps a function from [0, p/r]P** into [0, p/r]P+.

Second, given the L., norm observe that

V@IV, f) =YV, D

< maX{HV(pH/, fa C(p)> - V(p’V/7 f7 C(p))H> Hv(p“/a fa C,(p)) - V(p‘v,a fa C,<p))”}
<(I=9)(1-a)|V -V

where ¢(p) is the optimal coupon given p, V', and f and ¢/(p) is the optimal coupon given p,
V7, and f. The first inequality follows from the fact that the firm value maximizing coupon is
chosen. The second inequality follows from the fact that the investment and default strategy
do not depend on V' (or V) directly (only through the chosen coupon) since the equity value
does not depend on it. Therefore, given ¢ the equity value is the same and the only difference
between the debt values is the payoff at default, which happens at the same time. V(p|V, f)
is then contraction mapping because a > 0. The contraction mapping theorem then ensures
that a fixed point of V (in V') exists and is unique. O

Proof of Theorem 2. The proof has several steps:

1. The first step is showing that the equity value converges to zero when f — oo. Assume
that this is not the case. Then for some p we have that E(p|f) > 0 when f — oo.
From equation (3) it follows that for any p > 0 with E(p|f) > 0

_—rE@f)+ A —m)(p—c)
f
| maxqy {A (E [E(min{p + =, p})] — E(p|f)) — (1 —m)q(p, \) }
f

0

+p{E(@—-1f) - E@|f)}.
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Given that E(p|f) < p/r and A < A, taking f — oo implies that
0=p{E(p—1|f =o00) = E(p|lf = o0)}

and therefore that
E(plf = o0) = E(p — 1]f = o0)

for any p for which E(p|f = oo) > 0. Given that E(0|f = oo) = 0 this implies that
E(plf =00) =0,

which is a contradiction. Therefore, equity value does converge to zero when f — oo.

. The debt value also goes to zero when f — oo since the default time and the recovery
value in default go to zero. Therefore, both firm value V;(f) and the entrant value
E¢(f) go to zero as f — oc.

. Define firm value as

FplV, f.¢) = E(plf,c) + (1 =) D(p|V, f,c).

. By Lemma 1, equity value is continuous in f and therefore
lim || E — E(p|f’ =0.

lim | E(p1f.0) = Bl o)

As a result, the dynamics of P, will also be the same under f and f* — f. If in addition
the default threshold is the same then

f'=f

since the default times will converge. Therefore, F(p|V, f,c) and sup, F(p|V, f,c) are
continuous in f. Assume now the default threshold is not the same and assume without
loss of generality that limp_,; Pp(f') = Pp(f)+ 1 then

lim lim || D(p|V, f,c¢) — D(p|V, f',c — €)|| = 0.

e—=0 f/—f

Therefore, we know that there exists a function ¢/(f) such that

Jim F(p|V, f,¢(f)) = FplV, £, ).
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As a result,
}imfsup F(p|V, f',c) =sup F(p|V, f,c)
'—=f ¢ ¢

and therefore sup, F'(p|V, f, ¢) is continuous in f.
5. Combining this result with Lemma 2 implies that V' (p|f) is continuous in f.

6. The above also implies that

Vo(f) = Eo [V (pol f)]
where py is the (random) number of product lines at entry.

7. If there exists an E°(f) > H(1 — m) then the intermediate value theorem ensures
existence of an f such that E¢(f) = H(1 — ), which is an industry equilibrium.

8. If for all f we have that E°(f) < H(1 — ) then entry is never optimal. Given the fact
that P, is non-decreasing for f = 0, it follows that for p > 0 and ¢ = 0 the equity value
is positive E(p|c = 0, f = 0) > 0. Therefore, a steady state equilibrium exists in which
all firms have p product lines and no one innovates.

This establishes that an equilibrium exists. The next step is to show that it is unique:

1. First, we show the entrant value is strictly decreasing in f. Since the equity value (for
any positive value) and debt value are strictly decreasing in f, the optimal firm value
Vo(f) must be strictly decreasing in f as well. Take an f; < f, then

Vo(f2) = Eo [E(polf2, c2) + (1 — ¢)D(pol f2, c2)]
< Eo [E(polfi, c2) + (1 = ¢)D(pol f1, c2)]

S %(fl)?
where ¢, is the firm value maximizing coupon given py and f,. Because the entrant
value is
AVo(f) — (1 = m)ge(})
E°(f) =

it is also strictly decreasing in f.

2. There are now two cases. If E¢(0) < H(1 — m) then E¢(f) < H(1 — ) for all f >0
and the only equilibrium rate of creative destruction is f* = 0. If £¢(0) > H(1 — )
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then there exists a unique f* such that
E¢(f")=H(1—m),

which is a condition that needs to be satisfied in equilibrium if f* > 0. This proves
that any equilibrium must have a rate of creative destruction f*.

]

Proof of Propositon 2. Let fX, pe: be the unique equilibrium rate of creative destruction
when firms are restricted to have no debt. In addition, let f* be the rate of creative de-
struction in the unique stationary industry equilibrium with debt U*. The proof has several
steps.

1. Because the option to issue debt increases shareholder value, we have that

E*(fNo pebt) Z ENo pevt(fNo Devt)-

2. If fX, pep: = 0 then it directly follows from Theorem 2 that
I" = fNo pevr-

3. If f, pep: > 0 then

Ee(f;o Debt) Z Ei]o Debt(f;\(fo Debt) - H(1 - 7-()'

The proof of Theorem 2 shows that the entrant value is continuous in f and that
lims o E°(f) = 0. Therefore, there exists an f* > fx . such that

E(f*) = H(1 — 7).

This f* is the rate of creative destruction in the unique stationary industry equilibrium
with debt.

]

3 Steady State Distribution and Masses of Agents

This appendix derives the steady state firm size distribution of incumbents and the masses
of incumbents and entrants in our economy.
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Incumbents

Let S(p,c) be the steady state distribution of (incumbent) firms with p product lines and
a debt coupon of c. If firms with p product lines and a coupon of ¢ decide to default, then
S(p,c) = 0. Assuming these firms do not default, the steady state distribution for p product
lines S(p, ¢) solves

0=—Ap,c)* (1 —4(p,0))*S(p,c)— f*pxS(p,c)
—_———
Exit: Product line creation FExit: Product line becomes obsolete
min(n,p)

+ Z AMp —i,¢)x(p—i,i)*«S(p—1,c)

Entry: Product line creation

+ fr+1)xS(p+1,c) +sxP(po=p)*Lie—crp)

Entry: Product line becomes obsolete Entry: Entrants
+ D [rp+1)*Sp+1,¢) * Lspey=op * Lie—er(p)}
ceC

Entry: Incumbents that default and then become a c-coupon firm

where ¥ (p, X) is the probability density function of min(X,p — p) with X ~ Bin(n,@),
P(po = p) is the product line distribution of entrants upon entry, and C is the set of coupons
observed in equilibrium.

Firms can exit for two reasons. First, they can create new product lines (first term).
Second, one of their product lines can become obsolete (second term). Firms can enter for
four reasons. First, a firm with less than p product lines can create new product lines and
become a p-product line firm (third term). Second, a product line of a firm with p + 1
product lines can become obsolete (fourth term). Third, there is endogenous entry (fifth
term). Fourth, a firm can default after which creditors relever and become a (p,c) firm
(sixth term).

The term s determines the flow of entrants. In steady state, the constant s ensures that
the outflow of firms is equal to the inflow of firms.

s=> fxS(1,c).

deC

Masses

Given the steady state distribution of incumbents, we next need to determine the masses of
different types of firms. We know that flows in and out of the the mass of incumbents M
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and entrants M should equate so

M® % \° = M" x exit rate incumbents. (3.1)
—_——
Entrants— Incumbents Incumbents— Exit

We also know that there is a unit mass of products and therefore
M'E[P] = 1. (3.2)

where E[P;] is the average number of product lines of an incumbent firm. Using equations
(3.1) and (3.2), we get that

M'=E[PR]™,
e — exit rate incumbents
NE[P]

4 General Equilibrium Setup

This appendix embeds our model into a general equilibrium setup to endogenize the growth
rate of the economy, labor supply, and the interest rate. The general equilibrium setup is
similar to Klette and Kortum (2004) and leads to a stationary equilibrium with a balanced
growth path.

Production

There is a unit mass of differentiated goods in the economy, which are indexed by i € [0,1]. A
measure LT of labor is used for production, a measure L* of labor is used for fixed operating
cost, a measure L¢P of labor performs R&D, and a measure L¥ of labor is used to generate
entrants. Labor supply L® is perfectly elastic and receives a wage w per unit supplied in
each of these activities.

Incumbent firms use labor and installed product lines to produce goods. An improvement
in the production technology increases the amount of the consumption good that one unit
of labor produces. For each type of product there is a leading producer, as in the indus-
try equilibrium model. The production technology of good i’s leading producer is v/ and
determines the number of products that one unit of labor produces.

A firm that innovates on product ¢ improves the production technology and becomes the
leading producer. Each innovation is a quality improvement applying to a good drawn at
random. The innovation increases the production technology proportionally. That is, when
an innovation arrives at time ¢, the production technology increases from v/_ to v} = (1+0)v;_
with § > 0. A firm that is the leading producer for product i is a monopolist for that good
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and can choose to supply or not supply that good. If the firm supplies the good then it uses
one unit of labor to generate v} units of the product. If the firm does not supply the good,
output and profits for good i are zero.?

Let yi be the amount of good i produced at time ¢. As in Klette and Kortum (2004) or
Aghion, Bloom, Blundell, Griffith, and Howitt (2005), the aggregate consumption good is
produced using a logarithmic aggregator

1 .
In(Y;) = / In (y}) di,
0
with Y; the aggregate production of the consumption good.?*

Innovation

Firms can invest in R&D. Investment in R&D leads to product innovations. R&D investment
costs come in the form of labor costs and are given by:

q(p, \) = w* G(p, A). (4.1)

That is, a firm with p products that has an R&D policy A requires G(p, A) units of labor.?*
We define the innovation cost function for an entrant in a similar way:

Ze(A) = w * Go(N).
Incumbents also incur fixed operating cost, which come in the form of 7 hours of labor:
n=w (4.2)

withn <1—-w

22We can obtain equivalent results when each production line has as production function v{(l — Li>1y k(-
1)) where [ is the amount of labor used, k£(0) = 0, &¥'(-) > 0, and the firm produces the maximum amount of
the good among production quantities that maximize its profits.

23This is a limiting case of the Dixit and Stiglitz (1977) aggregator when the elasticity of substitution e
goes to 1

L e = 1n(fol (yg)d@) ( )( )Z 1 '
t

€ fo()E

24The condition on the R&D cost that ensures that the equity value is non-decreasing in p (see (1)) boils
down to ¢(p+ 1,\) — ¢(p, \) <1 — w in the general equilibrium framework.
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Default and Entry

Debt distorts investment in R&D and can lead to default. Debt issuance cost ¢ represent the
share of the debt value captured by the bank/underwriter. In addition, a fraction a € (0,1)
of assets in place and growth options is lost as a frictional cost in default. As in e.g. Mauer
and Triantis (1994), debtholders may choose a new capital structure that maximizes the
value of the firm after default before selling it to new owners. We assume these default cost
represents the share of firm value captured by the new owners.

Because firms exit, there must be entry in a stationary equilibrium. As in the industry
equilibrium model, entrants have no product lines but perform R&D in the hope of developing
innovations, so they can become the leading producer for at least one product. In the industry
equilibrium model, entrants pay a fixed entry cost H(1 — 7) to become an entrant. In our
general equilibrium model, these fixed costs are replaced by labor costs (as in e.g. Klette and
Kortum (2004) or Lentz and Mortensen (2008)). An entrepreneur can hire one unit of labor,
which costs w(1 — 7) after tax and generates an idea with Poisson intensity H~'. Once the
entrepreneur has generated this idea, she can become an entrant. Since in equilibrium the
cost and benefits should equate for an entrepreneur, the free entry condition becomes

A

E(f) = Hw(l — 7).

Representative Household

There is a representative household with logarithmic preferences:
Uy = / e "t (ln (Cy) — thS) dt
0

where C; is aggregate consumption and r is the discount rate. The representative household’s
labor supply L? is perfectly elastic at a wage rate w.

Equilibrium Properties

Since our model is a closed economy and all costs come in the form of labor costs and
collected taxes are paid out to the representative household, consumption equals production
for each good i, and therefore aggregate consumption and production are also equal

Ct:Y;.

The logarithm of aggregate consumption In(C;) is the numéraire in this economy. The repre-
sentative household owns all (financial) assets in the economy and receives all labor income.

Using the logarithm of consumption In(C;) as the numéraire, the representative house-
hold’s optimal consumption across goods implies that the price of good i should be yi =i,
t
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where the marginal benefit of good i is equal to its marginal cost. The average cost of
production is 7. Therefore, the profit on product 7 is given by
t

i(l w)
I/t - :1—'[1)
Vy Vy

This result implies that the equity value is as in the industry equilibrium framework (see
equation (2)), except that the profit flow from a product line is 1 — w instead of 1 and the
fixed operating cost and the R&D cost depend on the wage rate w (see equation (4.2) and
equation (4.1)).

In equilibrium, the growth rate g, the interest rate 7, and labor supply L° are determined
by market clearing. Since we use the logarithm of consumption as the numéraire, the agent
is effectively risk-neutral in the numéraire and therefore,

rT=r.
Consumption grows at a rate of
1 )
dIn(C,) = d/ In(yi)di = In(1 + 8) fdt = gdt
0

where f is the rate of creative destruction in the economy, which results from innovations
by incumbents and entrants.

Finally, there is a labor supply L® which is used for production L, for the fixed operating

25The risk-free interest rate 7 should be set such that a household is indifferent between consuming today
or tomorrow. Given that there is no aggregate uncertainty, the Hamiltonian for the consumption smooth-
ing problem, with ¢, = In(C;) logarithm of aggregate consumption, Y, = In(Y;) logarithm of aggregate
production, S; savings, and k; the co-state, is

H(C,Y,S, 7 k,t) = e " u(C) + k[FS + Y — (]
where u(C) = C = In(C). The optimal solution satisfies the following conditions

Hy(Co,Ye, S, e, ke, t) = e (C) — ky = 0,
5 O - - dk

Hs(Cy, Yt, Sty Tty ey 1) = KTy = —7;,
see Chapter 7 in Acemoglu (2009). Taking the total derivative yields

0= —re "/ (C,)dt + e """ (C,)dC, — driy
— —Tlitdt + O + ftlitdt

re =71,

which is the Euler equation that the interest rate 7; solves.
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cost LT, for research L7*P and to generate entrants L™t
LY =1,
LF = | dj
Fi

78 — [ G(P A + a0 [ di,
Fi Fe
turnover rate incumbents x fff dj

h Y

LE’nt _

where subscript j indicates firm j, F/ is the set of active incumbents and Ff is the set of
active entrants. Labor supply is set such that the labor market clears at a wage w:

LS _ LP + LF + LR&D + LEnt‘
The utility of the representative household is

Uy = / T e (n(Co) + gt — wLS)dt
0

In(Cy) — wlL® —1 e o ]
= —n( o) —w + [e‘rtgt} +/ —e "gdt
r r 0 o r
rIn(Co) + g — rwlL?

72

This equation shows that welfare is increasing in the growth rate of the economy g but
decreasing in the amount of labor supplied L.

The formal equilibrium definition is

Definition 2 (General Equilibrium). The parameters and policies

U = {g", L%, [*,¢"(p), N (p, ), pp(c), X7}
are a general equilibrium if:

1. Incumbents: Given the rate of creative destruction f*, the interest rate r*, and
coupon ¢, incumbents production decision, level of RED N*(p,c), and default decision
5 (c) maximize shareholder value. Given the rate of creative destruction f*, creditors
optimally relever a defaulted firm ¢*(pp) before reselling it to new owners.

2. Entrants: Given the rate of creative destruction f* and the interest rate r*, entrants
level of REID \* and capital structure upon becoming an incumbent ¢*(py) mazimize
their equity value.
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3. Entry: The free entry condition holds:

e[ f* w(l B 7T)
(< YT,
and the inequality binds when there is creative destruction f* > 0.

4. Labor: The labor supply L°* ensures that the labor market clears:
LS* :LP+LF+LR&D+LE
for a wage rate w.

5. Growth and interest rate: The growth and interest rate follow from the FEuler
equation and the rate of creative destruction:

dln (C;) = g*dt = In(1 + ¢) f*dt,

r* =r.

Proofs for General Equilibrium Model

Proof of Proposition 3. This result follows directly from Proposition 2 and the fact that
g=[x*o. O

Proof of Proposition 4. Observe that f, fNePebt S and LN°Pebt are independent of 4.

Furthermore,

5 (f _ fNo Debt) —rw (LS _ [/S:No Debt)

No Debt __
UO - UO — 2 Y

r

which is a linear function in 6 with a non-negative term multiplying 6. This proves the
result. O]
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Internet Appendix (not for publication)

1 Debt Refinancing

This appendix extends the model by allowing firms to dynamically optimize their capital
structure. Notably, firms that perform well may re-leverage to exploit the tax benefits of
debt. For simplicity, we assume that firms can only reduce their indebtedness in default.?®
We consider that it is costly for firms to issue debt but there is no pre-commitment to a
specific debt policy (in contrast with, e.g., Leland (1998)) except that firms must repurchase
the existing debt (i.e., eliminate a debt covenant) before they can issue new debt with a
higher face value. Firms can call their debt at price p (pI ) c with p(p') > 0, where p’ is the
number of product lines the firm had when it previously issued debt. The ability to buyback
the debt for p(p!) implies that we have to keep track of the number of product lines the firm
had the last time it issued debt p!. We restrict the firm to refinance (in or outside default)
at most K times and assume that ¢ < ¢. In this section, we present the solution for the
stationary case when K — co. Our results also hold for any finite K.
Define firm value as the equity value plus the debt value minus the issuance cost:

F(p,e.p') = E(p,c.p') + (1= ) D (p,c.p").

The exact definition of the equity and debt value in case the firm can refinance its debt is
given below. The payoff to shareholders of restructuring the firm’s debt is given by the value
of the firm after refinancing minus the cost of buying back the debt:

sup F(p,',p) — p (p') c.

c'>c

This implies that equity value, with the possibility to dynamically optimize the firm’s capital
structure, is given by

I TDNATONTR ot
E(pcp') = suwp Ep[/o € (1_7T)(Pt_c_77_Q(Pta)\t))dt]

{M}e>0,7DsTR

+ ]Ep lH{TR<TDAT0}€_TTR (Sup F<PTR7 Cla P’TR) - P <p1> C>‘| }7

c>c

where 7g is the restructuring time chosen by shareholders. Shareholders receive the revenues
generated by the portfolio of products minus the coupon payments, the fixed operating

26While in principle management can both increase and decrease debt levels, Gilson (1997) finds that
transaction costs discourage debt reductions outside of renegotiation. Hugonnier et al. (2015) show in a
Leland-type model that reducing debt is never optimal for shareholders if debt holders are dispersed and
have rational expectations. That is, there is no deleveraging along the optimal path.



cost, the R&D cost, and corporate taxes until either the firm defaults or changes its capital
structure. In default, equity value drops to zero. When refinancing, shareholders repurchase
existing debt at price p (pfg ¢ and obtain the (after issuance cost) optimal firm value with a
d,P.).

Debt value also takes into account the possibility that the firm refinances and is given
by:

larger coupon F'(P,

TR

I TOATOATR —rt —7rT, I
D (p, ¢, p ) =E, {/0 e "edt + Lirparg<rny (1 — @)V (D) + Lirparparre Rp (p ) c]

where V(p) = sup.sq F' (p, ¢, p) is the optimally levered firm value. This equation shows that
creditors receive coupon payments until either the firm defaults or refinances its debt. When
the firm defaults (7p A 79 < 7g), creditors get the optimally levered firm value net of the
proportional default costs . When the firm refinances its debt (7g < 7p A 79), creditors get

p(p')e.

In the numerical analysis, we set p (pl ) such that debt is called at a fraction x of its
risk-free value. The buyback price p(p!) therefore solves

The entrant value is the same as in equation (4) with Vi(f) defined as

Vo(f) = Eqg igg{E(po,c,po) +(1—-¢)D (PO,C,po)}] :

An industry equilibrium is defined as before, except that firms’ optimal policies additionally
depend on the number of product lines the firm had the last time it issued debt p’.

Proof of Equilibrium Existence

First, we establish existence of the equity and debt values (Theorem 3). Next, we establish
the existence of an industry equilibrium (Theorem 4) and finally the effect of debt financing
on creative destruction (Proposition 5).

In this appendix we denote by

Ex(p,c,p")

the equity value for a firm that can still restructure its debt K times. The debt value



Dk (p,c,p') and firm value Fk(p,c, p!) are similarly defined. Furthermore, define

E(p,c,p') = lim Ex(p,c,p'),
D(p7 C7pI) = Kl'l—I>nooDK(p’ C7p1)7
F(p7 CapI) = I}IE)HOOFK(pa C7p1)'

Theorem 3. The equity and debt values exist. If the RED cost function q(p, \) is differen-
tiable in X and the optimal level of REID is internal X € (0,\) then it solves

dq(p, \)
ox

E [E(min{p + z,p},c,p")] = E(p,c,p') = (1 - 7)
Proof. We establish existence of the equity and debt value recursively.

1. From Theorem 1 it follows that the equity value for a firm that does not have the
option to refinance exists. Therefore, also the debt value exists (where in the debt
value we use the unlevered firm value as the recovery value). Let this equity and debt
values define the firm value:

Fo(p, e;p") = Eo(p, ¢, p") + (1 = ¢) Do(p, ¢, p").
The state variable p’ plays no role if the firm cannot restructure.

2. Assume that Fr_1(p,c,p’) exists. First, observe the equity value Ex(p, ¢, p’) does not
depend on Dg(p,c, p!) since the price at which the existing debt is bought back is
p(p!)e. The equity value for a firm that has K restructuring options is

I TDATONTR ot
Ex(pep) = s (B, | [T e (1—m) (P c—n—q (P A dt

{At}t>0,7D,TR

+ Ep [H{TR<TDAT0}6_TTR <SUP FK—I(PTR7 Clu PTR> - P(pl)c>1 }

c'>c

Given Fg_1(p,c,p'), this implies that the equity value Ex(p,c,p’) is a fixed point of



the mapping

MilB) = s {5, [ G 1) - e = alp )]

ATDSTR

TDNATR
+E, U (PR [E(min(p +2,p), C, pI)] dt]
0
TDATR
+ ]Ep [/ DR 6—(T+)\+pf)tpr(p —1, C,pl)dt]
0

+ By [Ty D™ (i (p ¢ p) = p(p')e) | }

with Ex (0, c,p’) = 0. The equity value is bounded from above by

(1—m)p+ mec
T

and from below by zero, it is increasing in F, and

AN+ fp

Mg(E+L) < Mg(E)+ ——*2 1
! )< Me(B)+ =375

which holds even if the firm restructures its debt. Therefore, the mapping Mg (FE)
satisfies Blackwell’s sufficient conditions for a contraction (see Theorem 3.3 on page
54 in Stokey et al. (1989)) and it is a contraction mapping, which implies that a fixed
point exists and is unique. Let Ex(p, c,p’) be the fixed point of this mapping.

3. The debt value Dg(p, ¢, p") follows from the optimal policies of the firm and therefore
firm value Fi(p,c,p’) also exists. These steps recursively establish existence of the
value functions.

4. Finally, if the cost function ¢(p, A) is differentiable the internal optimal level of R&D
should satisfy the first-order condition that follows equity value’s Hamilton-Jacobi-
Bellman equation.

[
Lemma 3. The entrant value E€(f) is continuous in f.
Proof. Continuity is shown recursively.

1. From the proof of Theorem 2 it follows that sup,- . Fo(p, ¢, p’| f) is continuous in f and
c.



2. Assume that sup,.. Fx_1(p, ¢, p’|f) is continuous in f and c¢. The mapping Mk (E|f)
is continuous in f. Therefore, for every € > 0 there exists a 6 > 0 such that for
fre(f—246,f+3) we have

Mk (Ex(p, c.p"| )| f) — Ex(p, c.p"| )]l

=|Mx(Ex(p, c;p"|)If) = Mx(Ex(p, e, 0| /)|l
<e€.

Fix one such e. Applying the mapping Mg again leads to,

|M%(Ex(p, c. o[ )| f)) = Mk (Ex(p, e, p"| )| /)]

<U|Mxk(Ex(p.c.p"|)If) — Ex(p.clf)|l
<Ue.

where,
A+ pf
r+A+pf
This process can be repeated and leads to
IMEH(Ex (p,e.p" | )IF) = ME(Ex(p, e, ' | )L < U™e.

Therefore, the distance between Ex (p, c,p’|f) and Ex(p,c,p'|f’) is bounded by

|Ex (p,c,p"| ) — Ex(p,c,p'| /)|
= |Ex(p, c,p'| f) = MZE(Ex(p, ¢, | )

<Y IMENEx (p, e, p' 1) — Mic(Ex(p, ¢, " | )]

i=0
m .

<€ Z U*
i=0

1

= €

1=
reAEP(f =)
T

<e€

Take an € > 0 and set

.
r+A+p(f+1)

€=¢€



then define & = min{d, 1}. We get that for f' € (f — 0, f +0)

rtA+p (=) _rEA+D(f D)

T r

= €.

This implies that for every é > 0 there exists a 6 > 0 such that for f' € (f — 0, f +9),

| Ex(p,c,p"|f) — Ex(p,c, p"|f)]| <&

Therefore, Ex (p, ¢, p'| f) is continuous in f. The same argument shows that Ex (p, ¢, p!)
is continuous in c.

3. Since the equity value Ex(p,c, p!|f) is continuous in f, similar steps as in the proof of
Theorem 2 show that for sup, Fi(po, ¢, po| f) is continuous in f. This

4. Applying the previous steps recursively ensures that

V(f)=Eo [supF (po,c,po)]

c>0
is continuous in f and therefore that the entrant value £°(f) is continuous in f.
O

Theorem 4 (Equilibrium Existence with Debt Refinancing). There exists an industry equi-
librium v¢* in the model with debt refinancing.

Proof. The proof has several steps

1. Tt follows from Theorem 2 that Fy(p,c,p’) converges to zero as f — oo. Assume
Fr_1(p,c,p'|f) converges to zero as f — oo. If Ex(p,c,p'|f) does not converge to
zero as f — oo then for some p we have that Ex(p,c,p!|f) > 0 when f — occ.
This directly implies that the firm does not restructure for this p. Furthermore, from
equation (3) it follows that for any p > 0 with Ex(p,c,p'|f) >0

_—rEx(@.c.p'|f) + (1 —7)(p—c)
f
Maxe {A (E [EK(min{p +, P}, Cvp])} — Ex(p, C,P1|f)) — (1 —m)q(p, )\)}
f

0

+

+p{Ex(p = 1,e.0') = Exc(p,c,p"|f)}



Given that Ex(p,c,p’|f) < (1 —7)p + n&) /r and X < A, taking f — oo implies that

Ozp{EK(p—l,C,pI|f:OO)—EK(p,C,pILf:OO)}

and therefore that

EK(pa Capl|f = OO) = EK(p - 17C7p1|f = OO)

for any p for which Ex(p,c,p!|f = 0o) > 0. Given that Ex(0,c,p!|f = 0o) = 0 this
implies that

EK<p7 CapI’f = OO) =0

which is a contradiction. Therefore, the equity value goes to zero as f — oco. The debt
value also goes to zero when f — oo since the default time and the recovery value
in default go to zero. This result implies that Fx(p,c,p’) goes to zero as f — oo.
Recursively applying this argument ensures that the entrant value E°(f) goes to zero
as f — oo.

2. If 3f such that E¢(f) > H(1 — ) then Lemma 3, the previous step, and the interme-
diate value theorem imply there exists an f* such that

EX(f) = H(1 —mn),
which is an industry equilibrium.
3. If Bf such that E°(f) > H(1 — «r) then f* = 0 is an industry equilibrium.
O

Proposition 5 (Debt Financing and Creative Destruction with Debt Refinancing). Let
fNo Depe be the unique equilibrium rate of creative destruction in case firms are restricted to
have no debt. Then, there exists stationary industry equilibrium with debt W* that has a rate
of creative destruction f* and satisfies:

f* Z f]tfo Debt*
Proof. The proof is the same as the one for Proposition 2. O

In a similar way as for the baseline model (Section 4), we can embed our model with
debt refinancing into a general equilibrium framework. In this framework, we can show that
debt financing stimulates growth as we show for the baseline model in Proposition 3.
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