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Heterogeneous Innovations, Firm Creation and

Destruction, and Asset Prices

Abstract

We study the implications of the creative destruction lifecycle of innovation for asset prices.
We develop a general equilibrium model of endogenous firm creation and destruction where “in-
cremental” innovations by incumbents and “radical” innovations by entrants drive the volatility
of growth prospects of the economy. Higher entry—bigger threat of displacement of incumbents
by entrants—implies higher incumbent betas (cash flow channel) and lower market price of risk
(discount rate channel). Furthermore, less market power implies higher incumbent betas and
lower market price of risk. Economies with low barriers to entry in innovation and competitive
product markets are thus less risky. The effect of competitive forces on incumbents’ cost of
capital is ambiguous. Empirical evidence using data on patenting activity in the US supports

the model’s predictions.
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1 Introduction

Schumpeter (1934, 1942) emphasizes the importance of both creative destruction by new firms
and innovations by large firms for economic growth. When describing the nature of the techno-
logical innovation process, Scherer (1984) and Freeman and Soete (1997) highlight the impor-
tance of new ventures for infrequent major advances in science and technology as well as the
dominance of large firms in commercialization and continued development. Existing literature
examines how the heterogeneity in R&D investments and innovation outcomes between incum-
bent firms and entrants affects economic growth,! but little is known about how are risks that

stem from the creative destruction lifecycle of innovation priced in financial markets.

In this paper, we develop a dynamic stochastic general equilibrium model of endogenous
firm creation and destruction to study how competition in innovation driven by market power
affects asset prices. Existing firms (incumbents) enjoy monopoly profits, but face the threat of
being displaced by new firms (entrants). Both incumbent firms and potential entrants invest
in R&D, but their innovations are heterogenous. Incumbent firms’ R&D results in incremental
improvements of their existing products and higher profits. Potential entrants undertake R&D
in order to create radically better products, displace incumbent firms, and capture their profits.

At the core of our model is the feedback effect between R&D decisions and the value of future
monopoly profits. Incumbent firms’ and potential entrants’ R&D incentives depend on the value
attained upon success in innovation. This value depends on R&D through two channels. First,
a “cash flow channel”: higher potential entrants’ R&D expenditure increase the probability of
entrants displacing incumbent firms and lower their value. Second, a “discount rate channel”:
the equilibrium stochastic discount factor of the economy depends on the expectation of future
growth and hence on the structure of R&D expenditure in the economy. We solve for the com-
petitive equilibrium in this economy and analyze the implications of heterogeneous innovations
by incumbent firms and entrants—and the implied entry and exit firm dynamics—for aggregate
asset prices.

Our main result is that, when responding to aggregate shocks, the incremental and radical

margins of innovation interact and jointly alter the volatility of growth prospects of the econ-

!See seminal contributions of Grossman and Helpman (1991) and Aghion and Howitt (1992) to endogenous
growth theory. Aghion and Howitt (1998, 2009) and Acemoglu (2010) provide a summary of the literature. Akcigit
and Kerr (2010) show that large firms engage more in exploitative R&D, while small firms pursue exploratory



omy. Specifically, keeping the long-term economic growth constant, economies with higher entry
threat exhibit lower volatility of expected consumption growth. This obtains because R&D ex-
penditure of potential entrants and incumbent firms are jointly determined in equilibrium, and
higher entry threat thus obtains when potential entrants are more efficient in converting their
R&D into innovation success compared to incumbent firms. This also means that, in economies
with higher entry threat, potential entrants account for a bigger share of aggregate R&D expen-
diture. Therefore, for a given long-term growth rate of the economy, higher innovative efficiency
of potential entrants leads to lower volatility of aggregate R&D expenditure and expected con-
sumption growth. If the representative household prefers early resolution of uncertainty, the
market price of risk is declining with entry threat.

Next, we show that incumbent firms’ betas are positive and, in calibrations that are in line
with US innovation data, increasing in the level of entry threat they face. This is because higher
entry threat is eroding incumbent firms’ effective monopoly power by exposing them to a bigger
probability of displacement, in other words, to a bigger probability of default. Incumbent firms
that are exposed to a high entry threat can thus be thought of as firms with a high leverage. The
result that firms that are more exposed to entry threat have bigger betas is consistent with what
a partial equilibrium model—where the price of risk does not change across entry levels—would
predict about the risk premia of such firms. This conclusion, however, can be misleading. As
our previous result shows, higher entry threat is associated with a lower market price of risk,
making the overall effect on incumbent firms’ risk premia ambiguous.

These two main predictions are consistent with empirical evidence. To measure entry threat
in innovation, we compute the ratio of the number of US patents applied for, in a given quarter,
by firms that did not patent prior to this quarter to the total number of US patents applied for
by all firms in the same quarter. The entry threat ranges from 8 to 16 percent and is mostly
declining over the 1985-2008 period (see Figure 1). Figure 2 Panel A shows that, after removing
the linear time trend, the correlation between our measure of entry threat and the quarterly
conditional Sharpe ratio of the market portfolio computed as in Lettau and Ludvigson (2010)
is negative. In contrast, Figure 2 Panel B shows that the correlation between our detrended
entry threat measure and the market beta of the portfolio of US firms that repeatedly patent is

positive. Regression analysis leads to analogous results.



Finally, we find that, for the same levels of entry threat, bigger market power of incumbent
firms implies higher market price of risk and lower incumbent firms’ betas. The former obtains
because higher markups amplify the effect of aggregate productivity shocks on incumbent firms’
profits and hence induce larger equilibrium R&D responses to these shocks. The market price of
risk increases because higher volatility of R&D expenditure leads to more volatile expected con-
sumption growth. The latter obtains because, with less market power, incumbent firms’ profits
and values are smaller due to high degree of product substitutability. More substitutability acts
as a form of “economic distress” for incumbent firms. We also find that, when incumbent firms
enjoy relatively bigger market power, the same increase in entry threat leads to a more signifi-
cant increase in incumbent firms’ betas. This suggests that the effect of displacement described
above is stronger for firms with more market power.

Our findings have implications for empirical work that examines the effects of product mar-
ket structure and competition in innovation on asset prices. We emphasize that, in order to
understand how the degree of market power or entry/exit firm dynamics affects aggregate asset
prices and the cross section of stock returns, it is important to account for both the cash flow and
discount rate channels. In equilibrium, firms’ returns are determined by the sensitivity of their
value to aggregate shocks (betas) and the price of aggregate risk (the Sharpe ratio of a security
perfectly correlated with the aggregate shocks). We show that different degrees of market power
or different levels of entry/exit result in changes of both firms’ betas and the market price of
risk. Empirical studies that fail to account for the discount rate channel when studying the role
of market power or competition in innovation provide only incomplete answers.

Our model builds on recent contributions to Schumpeterian growth theory, that capture
micro-founded incentives of firms to innovate, preserve competitive aspects of innovation, as
formalized by the industrial organization literature, and model firm dynamics (Acemoglu and
Cao (2010) and Klette and Kortum (2004)). A growing body of work studies the asset pricing
implications of technological innovation. Using an equilibrium model with heterogeneous firms,
households, and imperfect risk sharing, Kogan, Papanikolaou, and Stoffman (2013) show that
technological innovations embodied in new capital displace existing firms and thus benefit new
cohorts of shareholders at the expense of existing ones. Garleanu, Kogan, and Panageas (2012)
argue that innovation introduces an unhedgeable displacement risk due to lack of intergener-

ational risk sharing. Garleanu, Panageas, and Yu (2012) examine the link between infrequent



technological shocks embodied in new capital vintages and excess return predictability and other
stylized cross-sectional return patterns. Pastor and Veronesi (2009) show how technology adop-
tion can explain the rise of stock price bubbles. Greenwood and Jovanovic (1999) and Hobijn
and Jovanovic (2001) link the stock market drop in the 1970s and its rebound in the 1980s to the
information technology revolution. We differ from these papers by endogenizing the arrival of
new technologies, which leads to endogenous creation and destruction of firms in our economy.

Building on the long-run risk mechanism of Bansal and Yaron (2004), Ai and Kiku (2013) and
Aji, Croce, and Li (2013) develop general equilibrium models with tangible and intangible capital
to show that growth options are less risky than assets in place, providing a micro foundation
for value premium. Our focus is to study aggregate implications of firm entry and exit driven
by R&D expenditure. As in Kung and Schmid (2013), in our model, R&D creates a persistent
component of expected consumption growth that allows us to jointly match macroeconomic
and aggregate asset pricing quantities. Since our model is based on Schumpeterian growth and
we allow for heterogeneous innovations by firms, we are able to study implications of entry
threat for asset prices. Loualiche (2013) shows that differential exposure to shocks to entrants’
productivity across sectors of incumbent firms explains differences in incumbent firms’ expected
returns. Our setting differs from Loualiche (2013) in two main aspects. First, in line with
empirical evidence, and in contrast to Loualiche (2013), incumbent firms in our model innovate
and their contribution to economic growth is large.? Second, our model is more parsimonious,
because there is no shock to entrants’ productivity, but only an aggregate productivity shock.
Entry threat is not priced directly in our model, but we show that it is an important determinant
of the price of risk in the economy. Finally, unlike expanding product variety models of Kung
and Schmid (2013) and Loualiche (2013), the Schumpeterian nature of growth in our model
allows for a more realistic relationship between competition and growth.?

The paper is structured as follows. In Section 2, we describe our model. In Section 3, we

examine the asset pricing implications of entry threat and market power. Section 4 concludes.

2 According to U.S. Manufacturing Census data in recent years, annual product creation, by existing firms
and new firms, accounts for 9.3 percent of output, and the lost value from product destruction, by existing and
exiting firms, accounts for 8.8 percent of output. About 70 percent of product creation and destruction occurs
within existing firms (see Bilbiie, Ghironi, and Melitz (2012), Bernard, Redding, and Schott (2010), and Broda
and Weinstein (2010)). Bartelsman and Doms (2000) and Foster, Haltiwanger, and Krizan (2001) show that most
total factor productivity growth comes from existing as opposed to new establishments.

3Compared to expanding product variety models (Romer (1990)), where more intense product market com-
petition always leads to a lower economic growth, Schumpeterian growth models allow for a positive relation
between competition and growth (Aghion, Harris, Howitt, and Vickers (2001)). See empirical evidence by Nickell
(1996) and Blundell, Griffith, and Reenen (1995, 1999).



2 Model

We develop a Schumpeterian model of growth in which R&D activities are carried out by both
existing firms (incumbents) and new firms (entrants). The economy admits a representative
final good sector firm producing the unique good consumed by an infinitely-lived representative
household with recursive preferences. The production of the consumption good requires labor,
physical capital, and a continuum of intermediate goods (inputs). The model features a single
aggregate shock affecting the productivity of the final good sector firm.

Each incumbent firm is a monopolist in the production of its own input and has access to an
innovation technology that stochastically improves its input’s quality. For each input, there is
an infinite supply of atomistic potential entrants deploying R&D to radically increase the input’s
quality. Upon success, the entrant displaces the incumbent firm in the production of the input
and captures its monopoly position.

Economic growth arises endogenously and is driven by the speed of quality improvements of
inputs, i.e., by the rate of growth of technology capital. The relative contributions of incumbent
firms and entrants to growth are determined in equilibrium through their decisions to invest
in R&D. We show that the equilibrium R&D investments by incumbent firms and potential
entrants play a key role in determining asset prices. The rest of this section lays out the model

in more details.

2.1 Representative household

The representative household has Epstein-Zin-Weil preferences over the final consumption good

1 _1 1-1 i
Utz{u—ﬁ)cfuﬁ(m vt ™) } o e

where (3 is the subjective time preference parameter, vy is the coefficient of relative risk aversion
and v is the elasticity of intertemporal substitution. The household chooses consumption C; to
maximize (1) taking the wage and aggregate dividends distributed by all firms in the economy
as given

{énax Ut s.t. Ct < tht + D? - Sf (2)
SSs=t



In problem (2), w; is wage, L; is labor, D;* is the aggregate dividend defined in (34) below,
i.e., the dividend distributed by the final good firm plus the sum of dividends distributed by
all incumbent firms and S} is potential entrants’” R&D expenditure. Since we do not model
the consumption-leisure tradeoff, labor is supplied inelastically, and we thus normalize it to be
L; = 1 for all t. In the household budget constraint, potential entrants’ R&D expenditures
reduce the amount of available consumption goods.

We obtain the stochastic discount factor (SDF) from the household problem (2). The one-

period SDF at time ¢, implied by the preferences, can be expressed as

Crn\ Y 4o
My = 6 (g) RS, (3)
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where 0 = 11:Y and Rc 41 is the return on the consumption claim.

»
2.2 Final good sector

The production of the unique final good requires labor, capital, and a continuum of measure

one of intermediate goods denoted “inputs” i € [0, 1]. The production function is

v

1
Y, = (Kf(AL)' ™) * 6§, with GFU q(i. 1) V(i tlg)vdi| . (4)
0

In (4), K; and L; denote capital and labor, respectively, a € (0, 1) is the capital share, £ € (0, 1)
is the share of inputs in the final output. Quantity G; defines a composite intermediate good
obtained by weighting the quantity x(i,t|q) of each input i by its quality ¢(i,¢) through a
constant elasticity aggregator. Parameter v captures the elasticity of substitution between any
two inputs.® The production process (4) implies that, for each input i € [0, 1], only the highest
quality type is used. In the next section, we discuss the dynamics of the quality of inputs.

Aggregate risk originates from an exogenous shock A; = €%, where a; is a stationary AR(1)

YFormally, Rc 11 = V“;‘: tj'cl.f is the return on household’s wealth W;, defined as the present value of future

aggregate dividends and labor income, W; = E; Do My sCrysl.
5The elasticity of substitution between inputs ¢ and j is

Slefea) dlog(z:/z;) oG
E2VED 0g(xi/Tj 14
= = h Gy = —.
AG;/Ga;)  dlog(Ge, /Gey) v—1' where Ox
G, /Ca,




process

ay = pat—1 + ¢, €t ~ N(07U2)- (5)

The final good firm takes wage wy, the prices p(i,t|q) of each input ¢ and the SDF M; 41 as
given, and chooses labor L;, investment [;, and the quantity x(i,t|q) of each input to maximize

its value

max E;
{157 Ksy1,Ls, -75(175"1) ;X;t

i Mt,st] : (6)

In problem (6), the firm’s dividend Dj is

1
Ds=Ys— Iy —wsLs — / p(i, s|q)x (i, s|q)di, (7)
0
and the next period capital stock K¢ is

I
Ks+1 - (1—5)K5+A<K) KS, (8)

where 0 is the capital depreciation rate and A(-) is a convex adjustment cost function.b

2.3 Intermediate good sector

The intermediate good sector is composed of a continuum of firms each producing a single
input 7 € [0,1]. At each time ¢, input i is characterized by quality ¢(i,t). Economic growth
arises due to the growth of inputs’ quality achieved by incremental innovations by incumbents

and by more radical innovations by entrants.

2.3.1 Incumbent firms

At each time t, each input belongs to an incumbent firm who holds a fully enforced patent on
the input’s current quality. Incumbents are thus monopolists in the production of the input with
current quality. Taking the demand schedule (3, t|q) for input i of quality ¢(i,t) determined by

the final good sector firm as given, incumbent i sets price p(i,t|q) by maximizing its profits at

1—1
SWe follow Jermann (1998) and define A ( 15) = =L (Ib) * 4 o, where a; = (@+6— 1)%, ar =

K, i-I \ K.

Tlc (@+ 0 —1). We choose constant @ such that there are no adjustment costs in the deterministic steady state.

Parameter ¢ is the elasticity of the investment rate. The limiting cases ( — 0 and { — oo represent infinitely
costly adjustment and frictionless adjustment, respectively.



each time ¢t

m(i,t|q) = max p(i,t|q) (i, tlq) — px(i,t|q), 9)
p(27t|Q)

where 1 is the marginal cost of production of input ¢ with quality ¢(z, ).

Each incumbent has access to a stochastic quality-improving innovation technology for its
own input. If the incumbent spends s'(i, t) ¢(4, ) units of the consumption good on R&D towards
its input with current quality ¢(i,t), over a time interval At, the quality increases to q(i,t +
At) = rkiq(i,t), Kk > 1, with probability ¢,(s'(i,t))At, where ¢;(-) is a strictly increasing and
concave function satisfying the Inada-type conditions ¢;(0) = 0 and ¢/(0) = co.” If R&D
does not result in innovation, we assume that quality “depreciates” by a factor xp < 1, i.e.,
q(i,t + At) = kpq(i,t). Parameter k, captures patent expiration and general obsolescence of
products over time.

For an incumbent, investing in R&D is an intertemporal decision that affects the accumu-
lation of the technology capital ¢(i,t) and hence future profits. Patent protection of the input
with quality ¢(i,t), however, does not prevent potential entrants to invest in R&D to invent a
higher-quality input. If successful, incumbent’s input with quality ¢(i,t) becomes obsolete and
the entrant “displaces” the incumbent in the production of input 7. Since incumbent’s innova-
tion success is uncertain and because of the likelihood that the incumbent is displaced by an
entrant, the evolution of quality is stochastic. Value V' (i,¢|q) of incumbent ¢ producing input of
quality ¢(i,t) is the discounted value of the profits it earns until it is displaced by an entrant.

We describe the optimal choice of R&D expenditure and determine V (7,t|q) in Section 2.4.

2.3.2 Entrants

For each input ¢ and at each time ¢, there is an infinite supply of atomistic entrants who deploy
R&D in order to increase the input’s quality and steal the right to produce the input from
the current incumbent firm. If all input— entrants spend in total §%(i,t)q(i,t) units of the
consumption good on R&D, over a time interval At, the quality increases to q(i,t + At) =
keq(i,t), Ky > ki, with probability §%(i,t) ¢pr(s"(i,t))At, where ¢p(-) is a strictly decreasing
function satisfying the same Inada-type conditions as ¢;(-). The condition kg > k; means that

potential entrants’ innovation technology is more “radical” than that of incumbents. Upon

"The conditions ensure that, for any interval At > 0, the probability of one innovation is ¢1(s'(i,t))At, while
the probability of more than one innovation is o(At) with o(At)/At — 0 as At — 0.



innovation success, the entrant acquires a fully enforceable patent on the quality xgq(i,t) of
input ¢ and becomes a new incumbent firm producing the input. Following Acemoglu and Cao
(2010), we assume that the function ¢g(+) is strictly decreasing to capture the fact that, if many
entrants attempt to replace the same input, they are likely to try out similar ideas resulting in
diminishing returns. We further assume that $* ¢ (8%) is increasing in §” to insure that a bigger
aggregate R&D toward a particular input increases the overall probability of discovery for this
input.

Since there is an infinite supply of potential entrants and each potential entrant is atomistic,
their R&D expenditure §%(i,t) is determined by a zero profit, or free-entry, condition.® We
formalize the equilibrium determination of potential entrants’ R&D expenditure in the next

section.

2.4 Equilibrium

We denote by X; the total amount of expenditure on the production of the intermediate goods

1
Xe = M/O iL'(i,t)d’i, (10)

by S} the total amount of R&D expenditure by incumbent firms

1
S; :/0 s'(i,t) q(i, t)di, (11)

and by SP the total amount of R&D expenditure by potential entrants

1
Si :/0 §°(i,t)q(i, t)di. (12)

Aggregate R&D expenditure in the economy is S; = S} + SP. Since the labor market is compet-

itive, the wage satisfies
o

=51, = (1-a)1 - (13)

wt

An equilibrium allocation in this economy consists of (i) time paths of consumption levels,

physical capital, investment, aggregate spending on inputs and aggregate R&D expenditure

8 Although the technology for radical innovation is also available to incumbents, they have no incentive to use
it. This is a consequence of the “Arrow’s replacement effect”: Because potential entrants earn zero profits, an
incumbent who invests to replace its own product via radical innovation would earn negative profits.
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{Cy, Ky, I, X¢, St }72,, (ii) time paths of R&D expenditures by incumbents and potential entrants
{s"(i,t), $"(3, t) fe[0,1] =0’ (iii) time paths of prices and quantities for each input, and values
of each incumbent {p(i,t|q),z(i,t), V (i, t|q) re[0,1]1=0» and (iv) time paths for wages and SDF
{wi, My 141372, such that (a) the representative household maximizes lifetime utility (2), (b) the
final good firm maximizes the present value of future dividends (6)—(8), (c) incumbents and
entrants maximize present values of their future net profits (see equations (29), (30) and (32)
below), (d) the labor market clears (i.e., Ly = 1), and (e) the final good market clears (i.e., the
resource constraint (35) holds).

We now determine the equilibrium quantity z(, t|q) and price p(i, t|q) of inputs, the optimal
level of R&D expenditure by incumbents s'(i,t) and potential entrants $(i,¢), and the value

of incumbent firms V' (i,t|q). Given z(i,t) and p(i,t|q), the solution of the final good firm’s

maximization problem (6)—(8) is standard and is described in Appendix A.

2.4.1 Quantity and price of intermediate goods

The final good firm’s demand (i, t|q) for input 7 arises from an intra-temporal decision where
the final good firm maximizes its dividend D; defined in (7) at each time ¢. Using the definition

of Y; in (4), this maximization yields the following demand for input

1-&v fv—1

v (1-g v
z(i,tlg) = €71 (K (ALe)' ™) 7= G (03, t19) ™= q(i, 1) (14)

Using (14) in incumbent’s problem (9) leads to markup pricing

pli.tlg) = v . (15)

The profit maximizing price is a markup over marginal cost because demand (14) is isoelastic.
Higher degree of substitutability across inputs (i.e., lower v) leads to a smaller markup. Using

the markup price (15), incumbent’s profit is

(i tlg) = (v — 1) p (i, tlg). (16)

Substituting (14) and (15) into (4) gives the following expression for the composite input

G, = (5) TR ALY QI (17)

Vi
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where
1
= i, t)di 18
Qi /0 a(i, t)di (18)

is the aggregate quality of inputs. As we discuss in Section 2.4.3, @Q); is the key state variable
that captures the endogenous growth of technology capital in the economy.
Expressions (15) and (17) allow us to rewrite the equilibrium quantity of input z(i,|q)
in (14) as a linear function of quality
1
. 5 € « 1—a % ;
$(/Lv t|Q) =\ Kt (AtLt) Qt (J(’L7 t) (19)

Vi

Linearity of z(i,t|q) in q(i,t) is convenient because it allows us to easily obtain aggregate quan-
tities. Specifically, using (10), (16) and (17), we obtain that the equilibrium aggregate spending

on inputs X;, aggregate incumbents’ profits II; and output Y; are

1 £\ 1€ . w=1)¢
X = [ atiodi=u(2) " KLy (20)
0 Vi
1
m, = /w(i,t|q)di:(u1)Xt, (21)
0
_£
5 1=¢ «@ 11—« %
Yi = o K (AiLy) @, - (22)

As the technology capital Qs is a growing process driven by R&D expenditures by incumbents

and entrants, to insure balanced growth, we impose the following parametric restriction

(v —1)¢
=1—-a. 23
—=1-a (23)
Under this condition, output and aggregate expenditures on inputs can be written as

Y, — (f)&Kf‘(At@tw—a, (24)
Vi

X, = %Yt (25)
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Technology capital acts as an endogenous “labor augmenting” productivity factor. The presence
of the stochastic process A; implies that the productivity growth is stochastic. Variables A;, K

and @ are the state variables describing the evolution of the economy.

2.4.2 R&D expenditure by incumbent firms and entrants

Value V' (i,t|q) of incumbent 7 at time ¢ is the present value of its future net profits. Due to the
possibility that the incumbent will be replaced by an entrant, the time at which the incumbent’s
stream of net profits ends is a random variable 7 (i,t) > t. Incumbent’s value is
7 (1)
V(i,tl)) = max By | > My, (n(i,7lg) — s"(i,7)q(i, 7)) | - (26)
{51(7;77')}7’(?7) T=t

T=

Innovation technologies of incumbents and entrants described in Sections 2.3.1 and 2.3.2 imply
that, over the next At time period, the incumbent is displaced with probability §¥(i,t)pg(8%(i,t)) At
and survives otherwise. The incumbent takes potential entrants’ R&D expenditure §7(i,t) and
the SDF process (3) as given. In case of displacement, incumbent’s value drops to zero. In case
of survival, its value depends on whether or not incumbent’s R&D expenditure s'(i,t) result
in a quality improvement. With probability ¢;(s'(i,t)) At, quality increases to q(i,t + At) =
k1q(i,t), while with probability 1 — ¢;(s'(i,t)) At — 5%(4,t) s (57 (4, t)) At, quality depreciates to
q(i,t + At) = kpq(i,t). Assuming that At is sufficiently small, the future incumbent’s value

V(i,t + At|¢') can be written as a random variable with the following distribution

0 with probability  §%(i,t)¢s(5"(i, 1)) At,
V(i,t+ Atld) =< V(i,t + At|kyg)  with probability — ¢;(s'(i,t)) At, (27)
V(i,t + At|kpq) otherwise.

For simplicity of notation, in the sequel, we refer to time “t + At” as “t + 1”7, with the un-
derstanding that the time lapse between two adjacent periods is close enough for the above
approximation to be valid. Using (27), the stopping time problem (26) can then be rewritten as

the following Bellman equation

VG.tla) = (G ) = 100l 0)+ B M {60516 ) x V(3 1+ 1)

+ (1= u(s' (i, 1)) = 850, £)Pu(37(i, 1)) x V (i, t + 1[rpg) }]} - (28)
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We interpret m(i,t|q) — s'(i,t)q(i,t) as the dividend distributed by the incumbent firm, term
§5(i,t)pr(8"(i,t)) as the (per period) probability with which a radical innovation by an entrant
occurs in input ¢, and term ¢;(s'(i,t)) as the (per period) probability with which incumbent i
innovates improving its input.

From (19), input quantities x(i,t) are linear in quality ¢(i,t). By (16), profits m(i,t|q)
and thus incumbents’ dividends are also linear in quality. This homogeneity property and the
balanced growth path condition imply that w(i,t|q) = 7 q(3,t), s'(i,t)q(i,t) = s;q(i,t), and
§8(i,t)q(i,t) = 87 q(i,t). Therefore, incumbent’s value is V (i,t|q) = v q(i,t) for all ¢ and
i € [0,1], where v; and s} solve the following Bellman equation

ve = max{m — sp+ By [My 1 vpp (di(sp) i1+ (1= dulsy) — 570(87)) mo)]}. (29)

St

Quantities m, s, 8§, and v; are functions of the state variables K; and A;, which we omit
to ease notation. The aggregate value of all incumbents is V; = fol V(i,tlg)di = v Q. The
optimal choice of incumbents’ R&D expenditure s} is determined by the first order condition for

problem (29)
1= ¢y(s1)(kr — p) By [My g 110641] - (30)

Potential entrants maximize the present value of future net profits achieved if they become
incumbents

max 81 ¢u(3r) ke E¢[My t10e41] — Er (31)
St

Since entrants are atomistic, each entrant takes ¢x(5)) as given. Solving (31) under this as-

sumption leads to the following free entry condition that implicitly determines the optimal level

of potential entrants’ R&D expenditure
1= ¢u(5) ks Ee[Me 41 0041]. (32)

Equations (30) and (32) show that R&D investment decisions of incumbents and potential
entrants depend on the same equilibrium value v; given in (29). Specifically, in equilibrium,
both incumbents’ and potential entrants’ R&D expenditures are such that marginal benefit of
R&D equals marginal cost. In Section 3, we show how the interaction between incumbents’ and

potential entrants’ R&D expenditures implied by these conditions affect asset prices.
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2.4.3 Aggregation

Due to the homogeneity property that allows solving incumbents’ value using equation (29)
and the balanced growth assumption (23), to describe the problem, we do not need to know
the distribution of qualities ¢(i,t) across incumbent firms. Furthermore, since incumbents’ and
potential entrants’ R&D expenditures are not functions of product specific quality, the aggregate

quality @; defined in (18) evolves according to

Qt+1

o) = ¢i(sy) ki + 87 du(87) ke + (1 — ¢u(sy) — 3¢ Pu(3f)) Fp. (33)

Equation (33) describes the growth of technology capital in our economy. The growth of tech-
nology capital depends on the level of R&D expenditures by incumbents and potential entrants.
Over a period of time, ¢;(s}) input sectors experience an innovation by incumbents who increase
quality by factor ki, S ¢ (S}) sectors experience displacement by entrants who increase quality
by factor kg, and the remaining sectors see their quality depreciate by factor xp. The growth
of technology capital is thus due to a combination of heterogenous innovations by incumbents
and entrants.

From (11) and (12), the aggregate R&D expenditures of incumbents and potential entrants
are, respectively, S} = s} Q; and SP = S} Q;. The aggregate dividend D;* distributed by the

final good firm and all incumbent firms is

1
D} = Dit [ (nlistle) - shali.0)di
0
= Y;j—It—tht—Xt—S;, (34)
where we use the definition of dividend of the final good firm D; given in (7), equilibrium price

p(i,t|q) given in (15), equilibrium incumbent profits (i, ¢|q) given in (16), and the definition of

the aggregate spending on inputs X; given in (10). Using the resource constraint
Y =Ci + It + Xi + S; + S, (35)

we can express the aggregate dividend as D; = Cy + SF — wy Ly.

To summarize, the economy is described by two endogenous state variables: physical capi-

tal K; evolving according to (8) and technology capital Q¢ evolving according to (33); and the
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exogenous state variable A; = e%, where a; evolves according to (5). Due to the balanced growth
assumption (23), we can rescale all aggregate variables in the economy by Q. This makes the
problem stationary and allows solving for a deterministic steady state growth. Details of the

rescaled problem and of the steady state conditions are in Appendix A.

2.5 Asset prices

To study asset pricing implications of our model, in this section, we first define the market price
of risk for the shock to the exogenous component of aggregate productivity. Next, we define
securities that are exposed to this shock and derive risk premia demanded in equilibrium for

holding those securities.

2.5.1 Market price of risk

The only source of risk in the economy is shock €;41 to the exogenous component of aggregate
productivity A; defined in (5). Projecting the log of the SDF process (3) on the space spanned
by these shocks gives

E
my 41 = log(My ¢ 41) = Byfmy g 1] — %5+1t7+1- (36)

The quantity 4, is the market prices of risk for shock ;1. To see this, consider a projection

of the log return r;;11 of a generic asset j on the space spanned by the shocks

i1 = Be[rj o] + B 1841, (37)

where 57, = Cov(ety1,7j441)/0%. With the Jensen’s inequality adjustment, the log risk

premium on asset j can be written as

Be[rj i1 — rre1 + 05 /2] = —Cov(my g1, 7j41) = 5544107415 (38)

where 7,1 is the log risk-free rate from ¢ to t + 1, o; is the volatility of asset j’s log returns
and the second equality follows from (36) and (37). If asset j is perfectly correlated with shock
€t+1, 85441 = 0j/0. Hence, from (38) the Sharpe ratio of this asset is

Ei[rje+1 — i1 + 0']2'/2] . B§,t+1‘77t5+1 c

= = V¢+1s (39)
g5 1410
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proving that v, ; in parameterization (36) is the market price of risk for shock e;41, i.e., the
risk premium per unit volatility of the shock. From the SDF equation (36), the market price of
risk is

Omy 141

. 40
7 Oet41 (40)

13 —
Y41 = —

The market price of risk is positive (negative) if a positive shock ;41 > 0 causes a decrease

(increase) in the marginal utility of consumption of the representative household.

2.5.2 Risk premia

To analyze risk premia of securities exposed to €41 shocks, let R;;11, be the return of a claim
on a dividend stream D;; and let V}; be the corresponding value. The log return r;;;1 of asset j
is
Vit+1
rjt+1 = log(Rj¢11) = log ( . (41)
’ (Bjnn) Vit — Djy

From equation (37), the loading of the returns of asset j on shock €41 is

e _ Orjun _ Olog(Vjis1) (42)
LT Ogy4q Oepy1

Using the risk premium definition (38), we see that the risk premium of asset j is

j,t+1 = 5]5',t+1‘7'}’t€+17 (43)

where the loading 35, is given in (42) and the market price of risk 77, is given in (40).

We consider four securities: (i) the consumption claim asset, defined as a claim on aggregate
consumption Cy whose value we denote by V. ;; (ii) the market, defined as a claim on aggregate
dividend D;* given in (34) whose value we denote V;,¢; (iii) the stock of the final good firm,
defined as a claim on dividend D; given in (7) whose value we denote Vy; and (iv) the portfolio
that holds all incumbent firms, defined as a claim on the aggregate dividend of incumbent
firms Dy, = II; — S} (see equations (20) and (21)) whose value we denote V7 ; = v; Qy, where vy
is a solution to equation (29). The loadings of the returns of these assets on shock &;41 and

their risk premia are given in (42) and (43), respectively, with j = {¢,m,d, I'}.
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3 Results
3.1 Calibration

We calibrate the model to different probabilities of success of incumbents and entrants in inno-

vation. Specifically, we set the probability of entrants succeeding in innovation, conditional on
87 0B (37)

T o1(s)) 3¢ dr(3))”

20, and 98 percent. Below, we refer to these conditional probabilities as the “levels of entry”.

an innovation occurring, i.e. in the deterministic steady state to be 2, 5, 12.2,
Different levels of entry represent different intensities of the threat with which entrants displace
incumbents. The entry level of 12.2 percent represents the benchmark calibration of our model
as it matches the average entry threat computed using US patent data over the 1985-2008 pe-
riod. Entry levels 5 and 20 percent correspond to the minimum and maximum values of the
empirical measure of entry threat in this period.

We model the innovation technologies of incumbents and potential entrants using the fol-

lowing constant elasticity functions:”

dr(sh) = m(sH“t and ¢ (8F) = n(87)“E~1 where 0 < wy,wp <1 and m,ms > 0. (44)

In the model, ¢;(s}) is the intensity of the Poisson process that drives the arrival of incumbents’
innovations, and S} ¢x(S7) is the intensity of the Poisson process that drives the arrival of
potential entrants’ innovations. Given the functional form of ¢y in (44), the arrival intensity
of potential entrants’ innovations has the same form as that of incumbents’ innovations, i.e.,
Sf du(S7) = ne(87)“E. In (44), n; and ng represent productivity shift parameters, and w; and wyg
represent the (constant) elasticity of the innovation intensity with respect to R&D expenditure.
Figure 3 illustrates the effect of changing the shift and elasticity parameters on the intensity
of incumbents’ and potential entrants’ innovations. Bigger shift parameter 7, increases the
intensity of incumbents’ innovations. Bigger elasticity parameter w; increases the intensity of
incumbents’ innovations for s' > 1, but decreases the intensity for s' < 1. The comparative
statics of potential entrants’ innovation technology is the same.

In our numerical analysis, we fix shift parameters n; and ng and vary elasticity parameters

w; and wg in order to achieve different levels of entry and a common annual consumption growth

9The functional form is similar to that adopted in several other studies, for example, Comin, Gertler, and
Santacreu (2009).
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of 1.9 percent across economies with different levels of entry. All other parameters are kept
constant across entry levels. We solve the model using third-order perturbation around the
steady state. Model statistics are computed based on 1,000 paths of quarterly simulated data.
Each path is 220 quarters long after excluding the initial 50 quarters. All reported statistics are

annualized. The details of the calibration and parameter choices are discussed in Appendix B.

3.2 Sources of long-run risk

The source of endogenous growth in our model can be seen from the expression for total out-

put (24), where the productivity of labor is

¢
Zy = (£> e Ay Q. (45)

Vi

The evolution of the forcing process A; is exogenously given in (5), but the evolution of the tech-
nology capital @Q); is endogenously determined by R&D expenditure of incumbents and potential
entrants according to (33). Technology capital induces a stochastic trend in the evolution of Z;.
Specifically, from (45), productivity growth is AZ; = AA; AQ;. Since A, is a persistent process,
AA; = et and hence, from (33), the expected productivity growth is approximately

Ei[AZy 1] & ¢i(sy) kr + 8F ¢u(8) ke + (1 — ¢u(sy) — 8¢ du(81)) kp. (46)

In the model, as in the data, R&D expenditures are persistent and volatile. Therefore,
from (46), we conclude that, in our model, expected productivity growth exhibits low-frequency
variation. This mechanism, studied by Kung and Schmid (2013), is the source of long-run
risk. Different from Kung and Schmid (2013), our model features two sources of low-frequency
variation in productivity growth: incumbents’ and potential entrants’ R&D.

To illustrate how the endogenous long-run risk mechanism operates, Figure 4 plots impulse
response functions of selected model quantities to a positive shock ;11 for the benchmark
calibration of our model. In response to the shock, a; raises persistently (Panel A). This increases
the final good firm’s demand for inputs x;, leading to a persistent increase in incumbents’
profits m; (Panel B). The increase in profits results in a persistent increase in incumbents’
values vy, which is turn induces a persistent increase in R&D expenditure of both incumbents

and potential entrants (Panels C, D, and E). The equilibrium incumbents’ values and the levels
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of R&D expenditure are jointly determined by conditions (29), (30) and (32). Incumbents invest
in R&D to “escape” the threat of being displaced. Potential entrants invest in R&D in order to
displace incumbents and capture their profits. Persistent responses of R&D expenditure result
in a persistent increase of the expected growth of technology capital (Panel F) and thus of
the expected productivity growth (46). This generates low-frequency fluctuations in expected

economic growth and provides a foundation for the long-run risk channel in our model.

3.3 Heterogeneous innovations and entry threat: Inspecting the mechanism

In this section, we study the mechanism that drives incumbents’ and potential entrants’ R&D
investments in our model. Table 1 presents statistics of consumption and technology capital for
different levels of entry in the economy. To help assess the economic magnitude of different entry
levels, we report the probabilities of success in innovation by incumbents and potential entrants.
Since entrants’ innovations are more radical, kg > k;, and long-term economic growth is constant
across columns, the overall probability of success in innovation declines with entry. As we move
from low to high entry levels, the probability with which incumbents innovate decreases while
the probability with which potential entrants innovate increases.

The growth of technology capital is a very persistent process irrespective of the level of
entry. This leads to a high autocorrelation of expected consumption growth that underlies
the long-run risk mechanism described above. Consistent with Kung and Schmid (2013), both
the short-run business cycle risk, measured by the volatility of consumption growth oac, and
the long-run risk, measured by the volatility of the expected consumption growth og,ac,, s
are higher compared to analogous quantities obtained using real business cycle models. The
volatility of the growth of technology capital oaq is declining with entry, causing the volatility
of the expected consumption growth to decline as well. This suggests that, when there is more
entry, the intensity with which the long-run risk mechanism operates in our model is lower. We
show later that risk premia and asset returns vary with different levels of entry and explain how
endogenously determined decisions of incumbents and potential entrants to invest in R&D lead
to this result.

While the magnitude of long-run risk is inversely related to entry, there are two ways in
which entry can be though of as more risky. First, the representative household’s intertemporal

problem involves a trade-off between changes in the realized consumption and the expected



20

changes in future consumption. Specifically, because of the constant-elasticity nature of the
time aggregator in her recursive utility, the household tries to smooth the contribution to total
utility coming from current consumption oa¢, and from future utility og,ac,,,]- Due to this
trade-off, the volatility of realized consumption growth increases as the volatility of the expected
consumption growth declines. More entry is thus associated with bigger short-run business cycle
risk. Second, the growth of technology capital stems from incremental innovations by incumbents
and radical innovations by entrants. In economies with high entry, in relative terms, more goods
are experiencing radical innovations and less goods are experiencing incremental innovations.
Since we keep the same long-term economic growth for all entry levels, more entry means higher
cross-sectional volatility of the growth of technology capital (labeled “Cross sectional oag” in

Table 1).

Table 2 presents statistics of aggregate, incumbents’, and potential entrants’ R&D expendi-
ture for different levels of entry. Our key predictions about aggregate asset prices stem from the
economic mechanism by which volatilities of the growth of R&D expenditure of incumbents and
potential entrants are determined in our model. Both incumbents and potential entrants invest
in R&D so that the marginal benefit of R&D equals marginal cost, as shown in first-order con-
ditions (30) and (32). In equilibrium, marginal benefits of R&D expenditures of incumbents s}

and potential entrants sy are equal, i.e.,

¢II<SD(’€I — kp) = ¢p(8;))Ke. (47)

Using the functional forms for the innovation intensities given in (44), we can solve for the

equilibrium relationship between R&D expenditures of potential entrants and incumbents
M (sH)“ (K — kip) = 7e(8)*E kg, 0 < wp,wg < 1. (48)

This equilibrium relationship allows for an intuitive interpretation of the effect of productivity
shocks on the dynamics of incumbents’ and potential entrants’” R&D expenditures.

Both s} and sf respond to shocks €;41 by adjusting in the direction of the shock (see Figure 4,
Panels D and E). A high entry level is achieved when potential entrants’ R&D investments are
relatively more productive compared to R&D investments of incumbents. Note that §; and

s; are quantities less than one since they represent R&D expenditure scaled by technology
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capital Q. From Figure 3, we see that when s; and §° are less than one, lower w; and wg imply
higher innovation intensities ¢;(s}) and 8} ¢ (S}), respectively. Therefore, potential entrants are
relatively more (less) productive than incumbents when wg < w; (wg > wy).

To see the effect of R&D elasticity w; and wg on the volatility of R&D expenditures, o ;e and
o asl, consider the limiting case in which entrants are infinitely more productive than incumbents,
i.e., w; — 1. In this case, the equilibrium condition (48) implies that §} is a constant, i.e., ooze —
0. Similarly, for the case in which incumbents are infinitely more productive than potential
entrants, the equilibrium condition implies a constant R&D expenditure s}, i.e., opg — 0. In
general, the equilibrium condition (48) implies that sf responds less (more) strongly to shocks
when potential entrants’ (incumbent) R&D technology is more (less) productive. Because high
(low) entry obtains when entrants are more (less) productive, we have that the volatility of
potential entrants’ R&D is smaller (larger) than that of incumbents’ when there is high (low)
entry in the economy. In Table 2, we observe that, in fact, ooz < oagq for high entry levels
while the opposite is true for low entry levels.

With higher entry, the relative share of potential entrants’ R&D increases, while the share
of incumbents’ R&D decreases. Since the volatility of potential entrants’ R&D o ze decreases
with entry and that of incumbents’” R&D o4 increases with entry, the volatility of aggregate
R&D expenditure oas declines with entry. Since the growth of technology capital AQ depends
on the levels of R&D expenditures of incumbents and potential entrants, the volatility of AQ is
driven by the volatility of these two R&D expenditures. Therefore, the volatility of the growth
of technology capital oag and thus the volatility of expected consumption growth op,ac,, ] 18

declining with entry.

To illustrate this reasoning, Figure 5 plots impulse response functions of expected consump-
tion growth to a positive shock 441 for different levels of entry in the economy. We show that
the magnitude of the response declines with entry. Figure 6 plots impulse response functions
of incumbents’ (Panel A) and potential entrants’ (Panel B) R&D expenditures to a positive
shock €441 for different levels of entry in the economy. For incumbents’ R&D expenditure,
the magnitude of the response increases with entry, while it decreases with entry for potential
entrants’ R&D expenditure.

In summary, the mechanism by which shocks to the exogenous component of aggregate

productivity propagate through R&D investments to create variations in expected consumption
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growth operates with different intensities depending on the level of entry. When entry is higher,
the economy features lower long-run risk. In the next section, we show how risk premia and

asset returns vary with different levels of entry.

3.4 Asset prices

Table 3 presents statistics of the risk-free rate, the market price of risk ~;, ; defined in (40), and
risk premia A%, defined in (43), where j is either the consumption claim asset or the market,
as defined in Section 2.5.2.

The table shows that the risk-free rate increases with entry. To understand this result, from

the Euler equation and the SDF in (3), the risk-free rate is
e = log(Rﬁt) — _ log (Et [Mt+1]) - _ log (Et [596—(9/1#)Act+1—(1—9)Tc,t+1}) , (49)

where Acipq = log(Ci11/Ct) and re 41 = log(Reyt+1). To provide intuition, suppose that con-
sumption growth and the return on the consumption claim are jointly lognormally distributed.

Under this assumption, (49) can be rewritten as'®

1 0
rre = —log(B) + —E[Acii1] — —50Ac + 02 (50)

Y 2¢2

In our calibrations, 6 = i%/vw < 0, because 7,1 > 1 and E¢[Aci41] = 1.9 percent for all levels of
entry. According to (50), the variation in the risk-free rate across different entry levels arises due
to differences in the volatility of consumption growth oa. and the volatility of returns on the
consumption claim o,.. From Table 1, as discussed above, o, increases with entry, while, from
Table 3, 0, decreases with entry. Combining these patterns with (50) leads to the result that
the risk-free rate increases with entry. The effect of higher entry in the economy on the risk-free
rate is similar to the effect of reducing the intertemporal substitution; more entry generates

precautionary savings motives that induce an increase in the risk-free rate.

Table 4 reports statistics of the returns on the final good firm r4 and incumbents r;. We
refer to r4 as the return on physical capital and to r; as the return on technology capital. Since
productivity shocks ;11 directly affect output, the major component of the final good firm’s

dividend Dy given in (7), and, as discussed above, the market price of risk for €411 declines with

10T derive (50), we use the fact that E¢[M; 41 Rc,e41] = 1.
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entry, the risk premium E;[rq—r¢] demanded in equilibrium for holding the final good firm’s stock
declines with entry. Table 4 also shows that the final good firm’s beta 35 defined in (42) is close
to one and declines with entry. This happens because, for high entry levels, incumbents’ R&D
expenditure reacts more strongly to shocks (see Figure 6), and since incumbents have market
power, they are able to pass increased R&D cost to the final good firm. As a consequence, more
procyclical R&D expenditure of incumbents partially “hedges” any increase in the final good
firm’s output, making the final good firm’s dividends less risky. Overall, more entry makes the
final good firm less risky not only because the market price of risk declines with entry, but also
because the final good firm’s exposure to the productivity shocks declines with entry.

The return on technology capital R;t 41 can be computed from the Bellman equation (29),
which defines the value of incumbents. Under optimal R&D investment policies of incumbents

and potential entrants, we can rewrite equation (29) as

I
1=F, [M ! h P e S 1
¢ [Meii1Rigpq], where Ry v (m—s]) (51)
and
g; = di(sy) k1 + (1 — du(sy) — 87 ¢u(87)) k- (52)

Quantity g; can be interpreted as the expected value of the following random variable

k1 with probability  ¢(s}),
g1 =14 0  with probability 3P ¢g(3F), (53)
kp  with probability 1 — ¢;(s}) — 8 ¢u(S}).

Since there is a continuum of incumbents, at each time ¢, a fraction ¢;(s;) of them experience
an increase in technology capital by factor x; > 1, a fraction S ¢x(8F) get displaced by entrants,
and the remaining incumbents experience a decline of their technology capital by factor xkp < 1.
Using this interpretation, quantity g¢j viy; in the definition of incumbents’ return (51) is the
incumbents’ expected value, where the expectation is taken with respect to the endogenous
innovation intensities ¢;(s;) and 37 ¢g(87’) of incumbents and entrants. Return R}, ., can thus
be thought of as the return on the portfolio strategy that buys every new incumbent upon entry

and assigns return —1 on every incumbent that gets displaced.
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Table 4 shows that the expected value g; decreases with entry and it becomes negative for
high enough entry levels, which means that incumbents are losing value on average. The standard
deviation of random variable g~1t 11, which captures the cross-sectional volatility of incumbent
returns, decreases with entry. This obtains because, when entry is high, incumbents innovate
less often. This reduces the probability of x; outcome occurring in (53) and thus reduces its
volatility.

Table 4 shows that incumbents’ beta 37 is positive, lower than one, and has a U-shape pattern
in the level of entry. Low incumbents’ beta obtains because, in response to shocks, incumbents
can costlessly adjust their R&D expenditure. This implies that changes in incumbents’ profits are
largely offset by changes in their R&D expenditure and the procyclicality of R&D expenditure
thus acts as a hedge against procyclical profits.

To understand the U-shape pattern of 57, consider the definition of beta (42) as the elasticity

of incumbents’ value to productivity shocks e;11

Ba_(‘)v €

I—axza (54)

where Ov/0e is the impulse response function of incumbents’ value to ,41. From Figure 7, we
see that the response of incumbents’ value to €441 decreases with entry: a productivity shock
has a bigger impact on the value of incumbents when they contribute more to the growth of
the economy. The second term in (54), /v, increases with entry because incumbents’ value
decreases with entry. The combination of these two effects generates the U-shape pattern of
incumbents’ beta. Table 4 shows that, for low entry levels, more entry acts mainly as a “hedge”
that reduces incumbents’ beta, while for high entry levels, more entry acts mainly as “leverage”

that increases incumbents’ beta.

It is important to emphasize that this analysis ignores the general equilibrium effect that
entry has on the price of risk (discount rate channel) and focuses only on the partial equilibrium
effect on incumbents’ beta (cash flow channel). In a partial equilibrium setting, bigger beta
would suggest that incumbents are generally riskier when they are exposed to more entry and
thus to bigger displacement risk. However, as we show in Table 3, since the market price of risk
decreases with entry, there is no clear relationship between equilibrium risk premia of incumbents
and the level of entry. These results highlight the importance of using a general equilibrium

model to study the effects of entry and displacement on firms’ returns. More broadly, our



25

results underline the importance of the joint equilibrium determination of R&D investments of
incumbents and potential entrants for the propagation of shocks through the economy and thus

for asset prices.

3.5 Market power

In this section, we study how changes in the product market power affect our conclusions about
the role of entry in asset prices. This is important since the degree of market power, captured
by parameter v in our model, is the key source of profits and value of incumbents. Market power
is therefore the ultimate driver of incentives to invest in R&D of both incumbents and potential

entrants.

Our baseline results presented above are based on v = 1.25, which means that incumbents
enjoy 25% markups. Since v captures the elasticity of substitution between any two goods, we
can think of v to be the breadth of patent protection in the economy. Enforcement of patents
with broad scope leads to low elasticity of substitution between goods and high markups. If
only patents with narrow scope are enforced, the elasticity of substitution between goods is high
and markups are low. We perform the analysis as a comparative statics exercise, i.e., v changes
for an exogenous reason. We can think of this comparative static exercise as a way to assess the
asset pricing consequences of a patent reform in which policymakers alter the breath of patent

protection.

Table 5 presents key statistics of real quantities and asset prices for the case of high markups
in Panel A (based on v = 1.65) and low markups in Panel B (based on v = 1.05). The volatility
of expected consumption growth and thus the market price of risk are declining with entry in
both cases. The weakening effect of entry on long-run risk documented in section 3.3 is present

at any level of market power.

Larger markups v correspond to larger incumbents’ profits m; (see equations (21), (24),
and (25)) and higher R&D expenditure s;. In Table 5, we show that s;, as the fraction of total
output as well as the fraction of total R&D expenditure, increases with v for any given entry level.
All else equal, market power amplifies the effect of productivity shocks on R&D expenditure, and
the volatility of the growth of incumbents’ R&D expenditure opg thus increases with market
power. Since s; accounts for a bigger share of total R&D expenditure, the growth of technology

capital (33) and thus the expected consumption growth are more volatile when market power
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is high. This means that, for any given entry level, the market price of risk increases with
incumbents’ market power. Figure 8 Panel A illustrates this result.

When incumbents have large market power, they can extract more rents from the competitive
final good sector. Specifically, an increase in incumbents’ market power leads to an increase in
the expenditure on inputs relative to total final good firm’s expenditure and thus to a higher
final goods firm’s operating leverage. This affects the final good firm’s beta 3, which increases
in incumbents’ market power (see Figure 9 Panel B). A higher 33, together with higher market
price of risk, leads to a higher risk premium A; of the final good firm for any given entry level
in the economy (see Figure 9 Panel A). Since the aggregate risk primarily affects the final good
firm, the market risk premium is higher in economies in which incumbents have larger market
power (see Figure 8 Panel B).

Figure 10 Panel B plots incumbents’ beta g7 for different levels of market power and entry.
Incumbents’ beta is lower when market power is higher for any level of entry, suggesting that,
based on this metric, monopoly in product market leads to lower risk. The U-shape pattern
of 37 discussed in the previous section obtains in all cases, but is less strong when incumbents’
market power is high. Generally, 37 increases with the level of entry, suggesting that more in-

? “effective”

tense competition in innovation, i.e., higher displacement risk, is eroding incumbents
monopoly power by reducing their profits and value. This mechanism operates more strongly
when market power is high: when incumbents enjoy, in relative terms, larger market power,
an increase in entry leads to a more significant increase in incumbents’ beta. Overall, since
the market price of risk increases with market power, the risk premium on technology capital
can increase as well as decrease with a change in product market power as shown in Figure 10
Panel A.

In summary, in our model, a patent reform aimed at reducing the breadth of patent protection
and thus increasing the substitutability between intermediate goods results in a lower market
risk premium. The risk premium demanded on physical capital also decreases. The effect
on risk premium of technology capital, i.e., on the firms that undertake R&D and innovate,
is ambiguous. The possible increase in the cost of capital of innovative firms might be an

unintended consequence of a policy reform intended to increase competition in the product

market.
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4 Conclusion

In this paper, we study the implications of competition in innovation and market power for asset
prices. To this end, we develop a dynamic stochastic general equilibrium model of endogenous
firm creation and destruction. Incumbents and entrants in our model differ in their innovation
technologies: incumbents pursue incremental innovations while potential entrants pursue radical
innovations.

The key to our results is the interdependence between firms’ R&D decisions and the valuation
of future monopoly rents. Due to this interdependence, in equilibrium, the incremental and
radical margins of innovation interact when responding to aggregate shocks. We show that the
amount of long-run risk in the economy depends on the level of entry threat faced by incumbent
firms. Higher entry threat implies higher incumbent firms’ betas, but lower market price of risk.
Stronger protection of monopoly rents implies lower incumbent firms’ betas, but higher market
price of risk. The overall effect of competition in innovation and the degree of market power on
risk premia is ambiguous. Our findings highlight the need to empirically capture both the cash

flow and discount rate channels through with competitive forces affect equilibrium returns.
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Figure 1: Empirical measure of entry threat

This figure plots the quarterly time series of the empirical measure of entry threat in innovation over
the 1985-2008 period. Entry threat is the ratio of the number of US patents applied for, in a given
quarter, by firms that did not patent prior to the beginning of this quarter to the total number of US
patents applied for by all firms in the same quarter. In the benchmark calibration of our model, we set
the probability of potential entrants succeeding in innovation, conditional on an innovation occurring,
~E JE
, #E(Z)(@E)’ to be 12.2 percent, which corresponds to the time-average of our quarterly entry
I\5¢)T5¢ PE St
threat measure. See Appendix B for details.
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Figure 2: Empirical measure of entry threat and asset prices
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This figure plots the quarterly time series of the empirical measure of entry threat in innovation (left
axis), the market price of risk (Panel A), and the beta of the portfolio of incumbent firms (Panel B). We
remove the linear time trend from the entry threat measure. The market price of risk is measured as the
conditional Share ratio of the market portfolio computed according to Lettau and Ludvigson (2010).
The portfolio of incumbent firms in innovation consists of the CRSP/Compustat firms that applied for
at least 3 US patents in each year over the 3-year moving window period. We use the NBER Patent
Data Project to match Compustat firms to patents. The beta of the portfolio is computed using the
Market model fitted using monthly returns over the 3-year moving window period. Excess returns are
computed using the value-weighted market returns and the 1-month Treasury Bill rates.
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Figure 3: Innovation technology of incumbents and potential entrants

This figure plots the innovation intensities of incumbents and potential entrants, ¢;(s}) and 8F ¢g(8F), respec-
tively, used in the numerical solution of the model (see equation (44)). Panel A reports incumbents’ intensity
¢1(sh) for different levels of elasticity w; (left graph) and shift n; (right graph) parameters. Panel B reports
potential entrants’ intensity 5 ¢g(5F) for different levels of elasticity wg (left graph) and shift ng (right graph)
parameters. The vertical line in all graphs represents the steady state level of R&D expenditures s; and 5F in

our benchmark calibration. The solid lines in all the graphs refer to the benchmark parameter values described
in Table B-1 of Appendix B.
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Figure 4: Sources of long-run risk

This figure plots impulse response functions of process a; given in (5), incumbents’ profits m; and value vy,
incumbents’ R&D expenditure s}, potential entrants’ R&D expenditure 8F, and the expected growth of tech-
nology capital IE:{AQ¢1] to a positive one standard deviation shock to the exogenous component of aggregate
productivity A; (g4 > 0). We use the benchmark parameter values described in Table B-1 of Appendix B.
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Figure 5: Entry threat and consumption dynamics

This figure plots impulse response functions of expected consumption growth E;[AC;14] to a positive
one standard deviation shock to the exogenous component of aggregate productivity A; (e; > 0) for
different levels of entry in the economy. The levels of entry are the probabilities of entrants succeeding
in innovation conditional on an innovation occurring in the deterministic steady state. Appendix B
describes how we calibrate the model and what parameters we use.
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Figure 6: Entry threat and R&D expenditure

This figure plots impulse response functions of incumbent firms’ and potential entrants’ R&D expen-
diture s} and s, respectively, to a positive one standard deviation shock to the exogenous component
of aggregate productivity A; (e; > 0) for different levels of entry in the economy. The levels of entry
are the probabilities of entrants succeeding in innovation conditional on an innovation occurring in the
deterministic steady state. Appendix B describes how we calibrate the model and what parameters we

use.
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Figure 7: Entry threat and incumbent value

This figure plots impulse response functions of incumbents’ value v; to a positive one standard deviation
shock to the exogenous component of aggregate productivity A; (e; > 0) for different levels of entry in
the economy. The levels of entry are the probabilities of entrants succeeding in innovation conditional
on an innovation occurring in the deterministic steady state. Appendix B describes how we calibrate
the model and what parameters we use.

x107°
N ‘ - - —Z%éntry
! RN 12.2% entry
~
e 20% entry
6 So 98% entry H

Deviation from steady state

[0} 5 10 15 20 25 30 35 40 45 50
Quarters




35

eIy AIjug] eIy AIjus]
%001 %08 %09 %0% %0¢C %0 %001 %08 %09 %0¥ %0C %0
r r T T %00 T T T T 0
WO.H"\(o.o.. WO.M"\(OQOOU
4 9 *
CZ1=A %S0 CT I=A
cee S9N = { %01 SOT 1%
oooc.o.ooc.ooooo.coo c.o.. Q&WH o
1 %0°C
{1 %SCT oo-ooo-oo.ooooooo 1 09
{ %0°¢
Ss 1 08
IIII ' %S¢
lll '
Sso 1] %0y Il'l"
Seee 7 ] ik T 1 oot
"""'\\ ',,"'
{ %s¥ Rt T
N
%0°S o<t
fu — Wyl g ToUR SLI JO 991Id 19¥IRIN 'V [oue
o -d pPuRd ASUL J ! SRIN -V [PuRd

‘syuotowr suorjyendod pozijenuur 09
puodserIoo sO13sIIR)S [OPOW 9Y ], ‘9Sh oM sIojourered jeym pue [opouW oY} 9JRIGI[RD oM MOT S9qLISOp ¢ XIpuaddy -9je)s Apesls OI)SIUTULIONOP
9T} UI SULLINDOO0 UOIJRAOUUT UR UO [RUOIIIPUOD UOIPRAOUUT UT SUIPISIONS SJURIIUD Jo sonfiqeqord oty o1e A19Ud Jo S[oAd] o], "(T00g) IOUSIA
pue ‘ourIISLIY)) ‘ULIP[Og SUIMO[[0] Palead] st wntweld Ysu oy, (0 < *3) */ Ananonpord s1edeisse jo jueuoduiod snOULZ0Xe o) 03 YI0UsS
uoTIRIASD PIepue)s auo aa1ysod ® 0} JQSXT— Jo asuodsar asindurt porrad 3sT o1y st pejndwod st 9] *(g) ur pauygep * Aj1aronpoid oyedorsse
Jo quouoduod snouad0xo a3 03 T3 }ooys 10J YSLI Jo seot1d jexIent oY) ST (G'g UOTID9G 90S) YSLI Jo 9o11d JoqIRIN "€'F'g UOIP09G Ul (F¢) Ul UoAIS
w( PUSPIAID 91030133 sAed jey) W © UO WINJOL O} ST WINJOIL JOMIRIN "G9'] PuR Gz T ‘G0'I= < :1omod joyrewt 1onpoid SULIY JUoqUINOUL
JO SonNeA JULIDHIP 921} I0J g UOI09G JO [opowl 9y} Surpenuils Aq pourejqo wmrwaid st pue ysur jo oourd joxrewr o) sjo[d oInsy SIyJ,

suanjod ajedaa33de pue Jomod joxIeIA R 9INIIg



36

eIy AIjus]

%001 %08 %09 %0¥ %0¢C %0
mo-‘ﬂ">\ o000
STTI=A
OT= N m—m- ]

g g oueg

00

0

0

90

80

01

[

eIy AIjus]

%001 %08 %09 %0 %0¢C %0

WO;H"\( o000
STI=A
SOT " N =

[0 — Pu]tsp 1y [oURq

reyded 1eoisAyd uo uanjsa pue romod jo3Ie]y :6 2INnSJIq

%0°0

%S0

%01

BS'T

%0°C

%S'T

%0

WS'€

%0V

WSV

‘syuewiowr suoljendod pezifenuue 03 puodsariod SOIISIIR)S [9POUL 9 T,
‘oSN oM sIojowrered jeym puR [9POW 9Y) 9)RICI[RD oM MOT SaquIsop ¢ XIpuaddy -9jels Apeajs OI)SIUTULIf)EP ) Ul SULLINODO UOTJRAOUUI UR
UO [RUOIHIPUOD UOIPRAOUUL UT SUTPIIIONS SIURIIUS JO So1I[Iqec0Id o) ore AIJUd JO S[oAd] oY, (100g) IOUSI Pue ‘OueISLIY) ‘ULIP[Og SUIMO[[0]
PpoIaas] st wuntweld YsLI oy T, “A31[13e[0A S o0ys o) Aq pafess (( < *3) *7 Aj1arponpoird 99e8e133e Jo jueuodmod snous3oxe a1} 0} YOS UOIIRIASD
pIepue)s auo aa1qsod © 04 UL pooS [euy otyy Jo anyea dy) jo asuodsax aspndurt porrad 38T oy se paynduiod st Bg +(,) Ur UdAIS #7 PUSPIAIP S LI
poo3 [euy sAed jey) wreo e uo wInjol oY) sI [eyrded [eorsAyd uo winioy "G9'T pue GZ'T ‘GO 1= < :I1omod joxrewr jonpoid SULI juoqUINOUL JO
SoN[eA JUSISJTP 9911} I0] g UOI109G JO [9pOow o1} Sure[nus Aq paurejqo ejides 1eorsAyd uo suinjal jo vjeq pue wniueid ysut sjoid aInsy Sy T,



37

eI AU

%0

%001 %08 %09 %0¥ %0¢C
mo-ﬂ"\(.....
STI=A
m©.ﬂ">l|l |
\\\.
Py
\\\\\\\\\

eo o
CQOOOOOOQQQOOQOQOUOQ.

g g 1oureq

00

10

0

€0

70

0]

90

eI AIjus]

%001 %08 %09 %01 %0¢C %0
COT=ANeeooe
SR
OT=" N =
o=
o-oooo \\\\
coo.oo “‘\

[ — Ly pueeg

‘spuowow suolpendod pazienuue 0} PUOdsSaIIod SOIISIJe)S
[opowr oy, ‘osn om siojowrered jeym puUe [OPOW O] 9IRICI[ED oM MOT S9qLIdSOp ¢ Xipuaddy ‘99els Apeo)s OISIUTULISISP oY) Ul SULLINIIO
UOIJeAOUUT UR UO [RUOIIPUOD UOIIRAOUUIL Ul SUIPSIONS SjuRIuS JO sonifiqeqold ay) ore AIjue Jo s[pao] oY, *(100g) Ioyslq pue ‘Ouer)sLy))
‘urIprog SuImo[[o] paIoad] st wniwaxd S ot T, “AII[19e[0A 8,300Ys o1} Aq pareds () < ?3) *7 A1anonpoird 91e3e188e Jo jueuodurod snoua3oxo o1}
0] YO0US UOIJRIASD pIepur)s ouo oA11sod & 03 ((Gg) Ul USAIS) onfea s WLIY JUOqUINOUL o) Jo osuodsor osinduat portad 9sT o1]3 sk pajndurod st Igf
"SHURIPUD Aq SULIY JUOqUUINOUL Jo Juatuade[dsip 10f pajsnlpe ((1g) pue (0g) suoryenbo 09s) Ig — 1 = #1(J SULIY JUSQUINOUT JO PUSPIATD 9)eSoI155e
sAed yey) wrep © uUo wInjar oy} sI [eyrded £30[0Uype) U0 WINY "GY T Pue Gg'T ‘GO'T= < :Jemod jas{rewt 1onpoid SULI JUSqUINOUL JO SoNJeA
JUSISYIP 901} I0J g UOI}D9G JO [opoul oY) Suryenuils Aq poaureiqo [ejides £3ojouryoe) o swingal jo ejeq pue wmrwesld s sjoid 2Insy SiyJ,

rerded ASo1ouyda) uo uinjal pue romod ja3IeIA :QT 2InSig

%00

%C0

%0

%9°0

%80

%0'T

%T'1



38

Ly°0 09°0 g9°0 €L0 8L°0 e

080 19°0 19°0 19°0 19°0 Im
aungipuadra (e 03 fibojouyoay uoyvaouur fo figro1svisy

e %L  %I6'T  %e60  %OV0 SIUBLUO TeIUO0g

UITO0  %6LOT  %ILET  %0S LT %LV 61 spuRquINOUY
U0YDAOUUL UL §5920N8 [0 [171719DQOLJ

€6°0 260 260 260 260 (OV)10V

%O TL  %6'GE  %60S  %USEr %6 OVo [euonoss-ssor)

%SF0  %LY0 %690  %TLO  %ELO OVo
1p92dD2 fibojouyoa ],

200 010 AN cr'0 L1°0 (OV)10V

UTT'0  %TT0  %ET0  %ST0 %90 [ovitag

%80°C %08 T  %TLT  %T9T  %LGT Vo

%6'T %61 %6°T %6°T %6°T [1MO0I3 UL19)-3U0]

uondwnsuoy)
%86 %0 %TeCl %8 %G

1ROIY) AIjus]

‘syuatuowt suorjerndod pazipenuue 03 puodsalIod SOIYSIFR)S [9POW Y], oSN am sIgjourered jeym pue [9POUL Y} 9)eI]I[ed 9M MOY S9]IIISIP
g xpuaddy -oje)s Apedls O1SIUIIIISIOP 1) Ul SULLMDIDI0 UOTJRAOUT U TO [RUOIIIPUOD UOTYRAOUUT UT SUIPIIIINS SHURIUD JO sorfiqeqord o1y ore
1201} AIJUD JO S[OAD] O], "€'F'g UOI09G Ul (£€) Ul USAIS ST )y [e3ideo £30[0uroo) JO UOIN[0AD Y], ‘g UOI100S JO [opOUI o) Surje[nuIs Aq pourejqo
UOT)eAOUUT UT $$909NS Jo sarjIiqeqold o) pue Tejided £30[0urd9) JO UOIIN[OAD 9} ‘SOTWRUAD [[3m0I8 uorpdwnsuod 10y so13s13e)s sp10dal a[qe) STy T,

reydeo A3ojouyodey pue uorpdwinsuo)) :1 s[qelL,



39

WBIVL %V'6 %L %V %0C SURINUD [RIIUSI0J
%00 %LV %99 %86 %6'TIL syuequImouy
ndino 307 U aunpuadra (JeY fo 24vYg
860 L60 L60 L60 L60 («8) 1OV
%LC BUE  Ure  %EV %9G a¥Vo
spuDLUD (p1guagod fo aunipuadra (Je3Y
860 160 160 160 160 (5) 1oV
WBT'L %Te %0E %0E %TE *Vo
SIUQUINDUL [0 2UNPPUIATD (T69Y
860 160 160 160 160 (s) 1oV
%BLC WNTE %BTE %UVE %IE *Vo
aunpuadra (Je3Yy 290baUbbYy

%86  %0C  %TTl %S %¢

eIy} AIjus]

‘spuowowt suoryendod pazifenuue 03 PUOdSoIIod SOIISIPRIS [9POUL 9], "oSn om sIiojowreled Jeym
pue [opouw o) 9eIqI[RD oM MOY S9qLISOp ¢ XIpuaddy ‘93els Apeajs OIISTUIULIONOP S} Ul SULLINIDO0 UOIJRAOUUI U UO [RUOINIPUOD UOIPRAOUUT UI
BUIPo9ONS SHURIIUS JO SAITIqeqOId Y} oIe JBIIY} AIJUS JO S[OAJ] 9YJ, “SoInjipuadxo (29 SIUeIJUs [R1juajod pue SIUSUINIUI 9} JO WNS Y} SI
amypuadxe (J29Y 91880183y g UOI109G JO [oPOW 91} SUurje[nNIs Aq paure)qo amipuadxe (1293 Surmided sa[qrLIeA 10] $o19s11R)S s110dal o[qe) SIy T,

aanjipuadxe (Y :Z 9lqelL



40

%Y  UTC  UTC %6V  %UFT g
%86'T  %US6'T %I6T UI6T %eLT [Fu— “alig
UANYIL JOYAD T
BLY  %OG  U0S  %6F %6V f=210
%UC6'T %I6'T UV6'T %U86'T %I0E  [Fu4— 4
SN\UNU \:\Qﬁ&sﬁ\%ﬁbu uo \QL\\Ewm
%EL'0 %680 %060 %TI6'0  %E60 L
ys4 o 2014d o340
%BLO  %T0 %0 %E0  %EO Mo
%06'T %S9 T %LIT %LOT %LIT Bk
29D 99.4f-YS1Y

%86  %0T  %TTl %S %z

eI A1jus]

‘spuowow suoryendod pazifenuue 03 pUodsoIlod SOI)SIYe)S [9POU Y], "osh om sIiojoureted jeym puUe [9pow
oY} 99RIQI[eD oM MOY SoqLISOp ¢ Xipuaddy -o1e)s APea)s OIISIUIULIS)OP o) Ul SULLINIOO UOIYRAOUUI UR UO [RUOIJIPUOD UOIPRAOUUI UL SUTPSIIONS
sjueIque Jo sonfiqeqold oy) oIe eIy} AI1jue Jo S[oAd] oYL, ‘(100g) IOYSI{ Pue ‘OUeI)SLIY)) ‘ULIP[Og SUIMO[[0] PoloAd] ole swnrwold YSLI o],
(0 < *2) W £yanonpoid 99e8e183e Jo jueuoduiod snous30xo oY) 07 JDOYS UOIIRIASD pIepure)s auo aayisod ' 0) JISXT— Jo asuodser asndur
potrad 3sT o173 se ponduiod st 3] *(g) ut peugep 7 Aparponpoid 9yede133e Jo juenoduiod snouadoxo a1 03 173 }ooys I10] FSLI Jo seot1d JoxIen oY)
ST (G'g WOI109G 998) S Jo 9o11d JoxIRI\ "€'F'g UOI00G Ul (F¢) Ul UaAId (7 puoplalp 91e80133e sded jer) WIe © U0 WINOL 9} ST UWINJII JONIRI\
'g UO1309G JO [9pOoW o1} SUIJR[NWIS A PoUTe}qO SUINJOI JoyIeWl PUR ‘UOIdWNSUOD UO SWINISI ‘9)el 991J-YSLI o) I0] S$o1IsIpels sp10dal o[qe) ST T,

suanjax 91e839133y :g a[qe],



41

%G'TCe  %c0e BVIE %V'eE %LTE Po
%06~ %FT %SG %S6  %9TIT 1 [hA)'E
aNYDA |, SIUIQUINIUL 07 Yo0Ys fibojouyda],
€cr'0 89¢'0 6960 1960 <CLEO I
Wre  %1Tc  %0C  %0CT  %I'C fa=Tig
%060 %00'T %860 %00T %901 [fu— Lafiq
1092d00 fibojouyr9y U0 ULNIIY
906'0 €960 ¥96'0 ¥96'0 G960 b
%S %SC  %TC %SG %SG f4=Pip
%E6'T  UTYT %99T %elT %lLLT  [fa— P
1092dD2 02usfiyd uo uinaY

%86 %0C  %TTl %S %G

eIy AIjus]

Wreo © U0 WInal oy} st [ejided A30[0Uydo) U0 UMY

‘syuotowr suorjendod poazifenuur 0) PUOASOIIOD SOTISIJR)S [OPOW dYJ, "oST oM SIojounered jeym PUR [OPOUL S} dJRICI[RD oM MO
soquIosop g xrpueddy -oje)s Apeo)s SIISTUTULIONOP O} UT SULLINDO0 UOIPRAOUUT UR UO [RUOIIIPUOD UOIJRAOUUI UT FUIPISIINS SJURIIUD JO So1I[IqrqoId
91} dIe JedIT[) AIU JO S[OAd] oY, '(T00g) IOUSI] pue ‘OURNISLIYY) ‘ULIP[Og SUIMO[[0] POIoAd] ole swniwold SLI o1, "A[IIR[0A S DOYS oY) Aq
poreos (0 < *3) * Lj1argonpoid 99e8o133e Jo Juouodurod snoua30xo 913 0} JOOYS UOIJRIASD pIepur)s ouo dA1Isod & 0 ‘A[oa11oadsar ‘((6g) Ul USALS)
onea s UL JUOQUINOUL 97} PUe WY pood [euy o) Jo anfea oy} jo sosuodsor asindur porrad 3sT o1y se pojndwoo axe Ig pue Ly -sywenyus £q
SULIY Juequunoul jo juatuedeldsip 10] pajsnlpe ((1g) pue (Og) suoryenbs aes) lg — 1 = *I(] suIy juaquunoul jo puepralp 9je3erdde sfed yer)
(1) ur ueAI8 } PuepIAIp smIy pood euy sAed Jel) WIR[D © UO WINGAI 9Y) ST [ejided
[eotsAyd uo wInjey ‘g UOII09G JO [opOou 9y} Surjenuuls Aq paureiqo reyrdes ASoourpo) pue [eo1sAyd uo swInjad o) I0J so1gsiye)s s310dod o[qe) SIyJ,

SWINJOI JO UOI}IIS-SSOI)) :f d[qe],



42

T1€°0 €220 9020 8810  8T0 !
%880 %8L0  %UVL0 %TILO  %0L0 [fu — La]ig
1092dD2 fibojouys9) U0 ULNIFY
1860 F¥0'T  S¥YO'T  2SO'T  990'T L
URL'T  %UTIE  U6IE  USL'E UIRE [/4 — Paligq
1092d00 o1sfiyd uo uanoy
UTTE  USET UIET %IV  %FSE [/ — i
ULNIOL 1Y LD T
%UT6'0 %S0T %60'T %ITT %ET'T L

ys14 fo 9014d 393440
6T %6'TT %06  %LF  %T'C SHURIUL [BIIUJ0J

%1°0 %6°L  %6'0T %C'ST  %8LI SyuequInouy
ndino 0303 UL 2UnPuddra (JY [0 24vYg
%0€¢  %Ee  %9e  %UFFT  %PS a*Vo
spupLUd 02quU30d [0 2unpuddra (J59Y
WRTT %IV  %6'€  %USE  %6'€ Vo
SIUIQUNOUL [0 dUNPUIATI (T69Y
%L0  %0OT  %UOT  %0T %L1 Ovo
1092d0 fibojouyoa |,
%IT0 %90 %8E0  %0F0  %TH 0 oVt
uodwnsuo;)

%86  %0c  %Tel %S %C
eIy AIjus]

GO'1 = :dnyuvw ybr 1y joung

‘poSurpUN UTRWDI s10jewRIRd I9)() "GO'T = /1 S9SN { [oURJ PUL GQ'T = /1 S9SN Y [oURJ "SULIY JUOQUINOUT JO Tomod jaxIent
jonpoid Jo S[OAJ] JUSIOPIP M g TOI}DdG JO [opoul o1} Sulje[nuars A paureqo j-T SO[(R], Ul POONPOIJUT SOT1ISIIR)S Palda[as sjiodor a[qe) ST,

1zomod Ajodouoly :g o[qe],



43

91¢'0  88%°0 ¥8F'0 8870  L0S°0 g
%IL0  %EEOD  BIE0  %ECO %960 [ = L
1090d0o fibojouyoay U0 uLngIY
2€8°0  9L8°0 980 TLSO  0L80 :
%TT T BLYT %IOT  %89T %991 [fa = Papia
109222 J02sfiyd uo uanyay
%60T  %IOT %IOT %09T %SS'T [fa = i
ULN]OL YLD T
%TG0 %990 %LI0 %990 %990 R
ys14 fo 2014d Y2340
UEST  UTE  %ULT  BLT %60  SIURIIUS [RIIUSIOJ
%00  %OT  %ST  %Ve %TE syuequInOUY
Indno (p1o3 ur 9unPPuadra (JRY [0 94DYg
%ST  %LT  %6T  %Ure  %IT a*Vo
sjupvgua pyuajod fo aunppuadra (J63
%YV WLT  %9T  %9T  %ULT ¥Vo
squUQUINOUL [0 2UnYPuUadra (T63Y
%E0 %0 %0 %Yo %¥0 OVo
1092d02 fibojouyoa |,

%E00 %600 %OT0  %0T0  %IT0 MoVl
uondwnsuo;)

%86  %0C  %Tel %S %C

1eaIy) AIjus]

GO'T = 4 :dnyusvow moT :g jpuvg

Jemod Ajodouo]y :(*juod) g a[qe],



A Appendix. Model solution
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In this Appendix, we provide conditions that characterize the solution of the model described in

Section 2. In Appendix A.1, we state the first order conditions for the original, non-stationary,

formulation of the model. Appendix A.2 presents the equivalent conditions for the rescaled

stationary version of the model. Appendix A.3 describes how to solve for the deterministic

steady state. In this Appendix, variable \; refers to the lagrangian multiplier with respect to

the capital accumulation constraint (8), i.e., Tobin’s marginal Q.

A.1 Original problem
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A.2 Rescaled problem

We scale all aggregate growing variables by @Q, and denote the rescaled variables using lower-

case letters, e.g., ky = %, etc. We define gg 41 = % With some abuse of notation, we define

_ U _ wQs
ut=1¢, = ctQt°

1
1—-p

1\ l=p
1—v] T—+
(DEF_U) u = 1-8+4 (Et <ut+1ct: gq7t+1> ] ) (A16)
- 1 N al ) 1—¢1t
(FOC.I) At = A Giu ) where A4(1) = e ) + ag (A17)
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t
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e
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A.3 Steady state

(DEF_U) utTP = 1B+ Bug)t " = ulr= llﬂf_p (A31)
— PYq
(FOC.I) A =1 (A32)
(FOC_L) w = (1-a)(1-¢&y (A33)
(FOC_K) A = m {a(l - g)% FAL- 5)} (A34)
(FOC_X) p = vu (A35)
(FOC_\) kg, = k(1—06)+i (A36)
(DEF_Y) y - (i) T e (A37)
(DEF_X) r = %y (A38)
(DEF_7) T = (v-1) (A39)
(DEF ) e (TSI TS (I R)) (A40)
(FOC_ST) 1 = ¢7(s") (k1 —kp)mu (A41)
(FOC_S®) 1 = ¢g (§E) KEInv (A42)
(DEF_Q) 9q = Fkp+ (K1 — kp)@r (SI) + (kg — kp) §F & (§E) (A43)
(MCC_C) c = y—i—pxr—s —3° (A44)
(DEF_SDF) m = fg° (A45)

Using (A32), (A34), (A37) and (A45), we can express k as a function of s' and §"

() (e e

where g, (s', 5%) is given by (A43). Using (A38) and (A46) in (A39) we have that 7 = 7 (s', §7).

k(s',5%) =

Hence, solving the steady state involves solving for v, s' and §® from the equations (A40), (A41)

and (A42). Once v, s' and 8" are determined, all the other quantities can be obtained directly.
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B Appendix. Calibration

The model is solved via third-order perturbation around the stochastic steady state. Statistics
we report in the tables and figures are computed based on 1,000 paths of quarterly simulated
data. Each path is 220 quarters long after excluding the initial 50 quarters. Growth rates and
returns are in logs. All moments are annualized. Growth rates and returns are annualized by
summing up 4 consecutive quarterly observations. Standard deviations of quantities in levels
are annualized by multiplying quarterly standard deviation by v/4.

Parameter values we use in simulations of our model are summarized in Table B-1. We set the
preference parameters to standard values used in the finance literature that employs recursive
preferences (Bansal and Yaron (2004) and Bansal, Kiku, and Yaron (2010)). In particular,
we closely follow Kung and Schmid (2013) who show that augmenting a standard endogenous
growth model with aggregate risk and applying recursive preferences can jointly capture the
dynamics of aggregate quantities and asset markets.

Following Acemoglu and Cao (2010), the size of potential entrants’ innovations is kg = 4,
while the size of incumbent firms’ innovations is x; = 1.7693. Potential entrants’ innovations
increase the technology capital by significantly more compared to incumbent firms’ innovations
consistent with empirical evidence that entrants are pursuing more radical innovations. We check

1
that the limit-pricing condition kg > v¥-T1 is satisfied in all our calibrations. The intermediate

11—«
v—a

goods share is chosen to satisfy the balanced growth condition (23), hence £ = for given

parameters o and v.

We calibrate the model with different probabilities of success of incumbents and entrants in

innovation. Specifically, we set the probability of potential entrants succeeding in innovation,
JSo) SO
St d)E(St )
7 di(s)+sy o (5y)’
be 2, 5, 12.2, 20, and 98 percent. We refer to these fractions as entry levels.

conditional on an innovation occurring, i.e. in the deterministic steady state to

The benchmark calibration uses entry level 12.2 percent, which corresponds to the empirical
measure of entry threat we compute using the universe of patents awarded by the The United
States Patent and Trademark Office (USPTO) over the 1976-2012 period. Specifically, to mea-
sure the entry threat in innovation, we compute the ratio of the number of US patents applied
for, in a given quarter, by firms that did not patent prior to the beginning of this quarter (i.e.,

by “successful entrants” in innovation as of the beginning of this quarter) to the total number
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of US patents applied for by all firms in the same quarter. The resulting quarterly time series
of entry threat starts with the first quarter of 1985 and ends with the last quarter of 2008.
We start in 1985 because data on awarded patents are available since 1976 and, for the first
quarter of 1985, we define the successful entrants in innovation based on at least 10 years of
data prior to this quarter. For all consecutive quarters, we gradually expand the window over
which we define successful entrants till the beginning of the respective quarter. We stop in 2008,
because many patents applied in 2009 and later are still in the patent prosecution process and
it is not clear whether they will be awarded. The time-average of our quarterly entry threat
measure is 12.2 percent over the 1985-2008 period. Further, in the benchmark calibration, we
set ¢;(s}) in the deterministic steady state to be 3.45 percent quarterly. This corresponds to the
empirical success rate of incumbents in innovation measured as the fraction of the number of
firms that patented prior to a given quarter (i.e., incumbents in innovation) that also patented
in this quarter. To define incumbents in innovation, we use the analogous expanding window as
described above.

To achieve different entry levels, we change parameters wg and w; so that the consumption
growth is equal to 0.475 percent quarterly (i.e., annual growth rate of 1.9 percent) for all entry
levels. All other parameters do not change across entry levels. Specifically, we use the following

two conditions to restrict parameter values in the deterministic steady state system A.3

14 0.00475 = ky ¢y (s}) + kg 87 du(8F) + kin(1 — ¢i(st) — 8F du(3F)),
SF ¢u(8F)
oi(sp) + 57 ou(57)’

entry level =

where ¢;(s}) and ¢ (S]) are given in (44).



Table B-1: Calibration parameters
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This table reports the parameters used in the quarterly calibration of the model of Section 2 with 12.2
percent entry level and the success rate of incumbents in innovation equal to 3.45 percent quarterly.

Parameter Description Value
I3 Subjective discount factor v/0.984
ol Risk aversion 10
P Elasticity of intertemporal substitution 1.85
« Capital share 0.35
& Intermediate goods share 0.7222
v Elasticity of substitution between intermediate goods 1.25
7 Marginal cost of producing an intermediate good 1
) Depreciation rate of physical capital 0.02
¢ Investment adjustment costs parameter 0.7
p Autocorrelation of exogenous shock ;11 v/0.95
o Volatility of exogenous shock ;41 1.75%
K1 Size of incumbent firms’ innovation upon success 1.7693
Kg Size of potential entrants’ innovation upon success 4
Kp Depreciation rate of technology capital 0.9625
M Incumbent firms’ R&D innovation productivity shift parameter 0.45
i Potential entrants’ R&D innovation productivity shift parameter 0.07
wy Incumbent firms’ elasticity of the innovation intensity w.r.t. R&D 0.6055
Wg Potential entrants’ elasticity of the innovation intensity w.r.t. R&D  0.6519
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