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Abstract

Recent empirical evidence suggests that firm selection and growth are largely
demand-driven. We incorporate this feature into a model of endogenous growth in
which heterogeneous firms innovate and survive based on profitability, rather than
productivity alone. We show analytically that firm-level demand variation impacts
aggregate growth by changing firms’ incentives to innovate. Estimating our model
on U.S. Census firm data, we quantify that 20% of aggregate growth is demand-
driven and that the macroeconomic impact of growth policies is fundamentally
different compared to a model driven by productivity variation alone. We find

empirical support for our model mechanism in firm-level data.
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1 Introduction

Over the past four decades, the U.S. economy annually created or destroyed about 1/3
of all jobs.! This high pace of job turnover, linked to productivity-enhancing realloca-
tion (see e.g. Haltiwanger, 2012), happens on the backdrop of strong “up-or-out” firm
dynamics (see e.g. Haltiwanger et al., 2013). On average, more than half of U.S. business
startups shut down within the first 5 years of existence, while those that survive almost
double in size.? Modern growth theory embraces these patterns and posits that aggregate
economic growth is the result of entry, growth and exit of heterogeneous firms endoge-
nously innovating on their idiosyncratic productivity levels (see e.g. Acemoglu et al.,
2018).

However, an increasing body of empirical evidence suggests that firm-level hetero-
geneity, selection and growth is primarily driven by demand-side factors, rather than
productivity alone.® These findings challenge our understanding of the drivers of aggre-
gate economic growth. Moreover, they put into question policy prescriptions stemming
from models which focus on productivity as the sole driver of firm-level, and in turn
aggregate, outcomes.

In this paper, we develop a novel model of endogenous growth by heterogeneous firms
to investigate, theoretically and quantitatively, to what extent demand-side factors at the
firm level affect aggregate economic growth. Our framework builds on existing endogenous
growth models with heterogeneous firms (see e.g. Aghion and Howitt, 1992; Grossman
and Helpman, 1991; Klette and Kortum, 2004; Acemoglu et al., 2018), but extends them
by allowing firm-level outcomes to be affected by variation in demand (see e.g. Arkolakis,
2016; Sedlacek and Sterk, 2017; Sterk @) al., 2021). As we explain below, the interplay
between demand and supply factors at the firm level is critical for understanding the
sources of aggregate growth and its sensitivity to policy interventions.

In our model, businesses produce differentiated consumption goods and invest into re-
search and development (R&D). Successful innovations lead to improvements in firm-level
productivity, allowing businesses to produce at lower prices and, in turn, to attract more
demand for their goods. At the same time, firms also face stochastic idiosyncratic changes
in demand for their goods which are unrelated to production efficiency. A key advantage
of our framework is that we can analytically characterize several model outcomes.

Our theoretical analysis delivers two main takeaway messages. First, demand growth

!These values are computed using information job creation, destruction and employment from the
Business Dynamic Statistics of the U.S. Census Bureau.

2Haltiwanger et al. (2016) document that in fact the majority of young businesses do not grow and
only a small share of high-growth firms, “gazelles”, is responsible for the observed average growth of
young firms. Moreover, Decker et al. (2017) document that the average pace of business dynamism has
slowed in recent decades.

3See e.g. Foster et al. (2008, 2016); Hottman et al. (2016); Bachmann and Zorn (2020); Eslava and
Haltiwanger (2021); Kehrig and Vincent (2021); Bernard et al. (forthcoming).



at the firm-level increases incentives to conduct R&D. This is because firms are able to
reap larger benefits from successful innovations if the demand for their product expands.
This mechanism is akin to the “aggregate market size effect” identified in earlier models
of endogenous growth (see e.g. Jones, 1995). However, in our framework this effect occurs
at the firm-level, consistent with a range of empirical studies (see e.g. Acemoglu and Linn,
2004; Aghion et al., 2020).

Second, we show analytically that higher demand growth at the firm level raises
aggregate economic growth. Note that in our economy firm-level demand growth is a
zero-sum game with aggregate demand being fixed. Therefore, higher demand growth
for some firms necessarily comes at the expense of declining demand growth among other
businesses or even firm exit. Therefore, changes in firm-level demand impact aggregate
growth only indirectly through their effect on innovation incentives.

Next, we take our model to the data in order to quantify the effects discussed above.
Towards this end, we first extend our framework to include endogenous firm entry and
exit, allowing for rich up-or-out business dynamics. A crucial part of our quantitative
analysis is realistic productivity and demand variation at the firm level. In order to
discipline the underlying sources of firm heterogeneity, we make use of firm data from the
Business Dynamics Statistics of the U.S. Census Bureau. Specifically, we parameterize
the model to match the observed life-cycle patterns of average firm size and exit rates, but
also the autocovariance structure of firm-level employment. Especially the latter has been
highlighted as containing important information for the disciplining of heterogeneous firm
models (see Sterk (@) al., 2021).

Importantly, the properties of productivity and demand shocks implied by our model
are very similar to those estimated by Foster et al. (2008) in firm-level data. In addition,
we provide further justification to our identification strategy by showing analytically that
a version of our model without demand shocks would not be able to match the observed
autocovariance structure. We also document that our parameterized model does very
well in accounting for a range of untargeted moments from the firm-size distribution, job
creation and destruction statistics to aggregate R&D moments.

We use our quantitative model to address three sets of questions. First, we analyze
the role of demand variation for firm-level outcomes. Towards this end, we consider a
counterfactual economy which is identical to our baseline model, but in which firms as-
sume their idiosyncratic demand is fixed. Comparing the outcomes in our baseline model
to those of the counterfactual economy allows us to isolate the impact of idiosyncratic
demand variation on firms’ choices. We find that demand variation plays a dominant role
in determining up-or-out dynamics, consistent with evidence in e.g. Foster et al. (2008);
Hottman et al. (2016); Eslava and Haltiwanger (2021); Bernard et al. (forthcoming). In
addition, expected demand growth is also crucial for firm-level R&D decisions, consistent

with existing empirical studies (see e.g. Acemoglu and Linn, 2004; Aghion et al., 2020).



Next, we turn our attention to the impact of firm-level demand variation for aggregate
economic growth. Using our counterfactual economy, we quantify that 20 percent of
aggregate economic growth is in fact demand-driven. Since our economy does not feature
market size effects at the aggregate level, the contribution of demand to aggregate growth
is entirely driven by it’s influence on the incentives of individual businesses to conduct
R&D.

Moreover, we show that ignoring the distinction between profitability and productivity
can fundamentally change the aggregate impact of growth policies predicted by the model.
To do so, we compare results from our baseline economy to a restricted version of our
model which assumes firm-level demand to be common and constant across all businesses,
as is common in existing models of endogenous growth.* We consider two examples of
growth policies: subsidies to the costs of operation and to R&D. We find that these
policies have quantitatively very different effects in the two versions of our model.

In particular, the impact of subsidies to operational costs is dampened in the baseline
economy, compared to the restricted model. In this case, the key difference between
the baseline and the restricted economy lies in the firm selection process. While in
the restricted model, by assumption, firm selection occurs only on productivity, firms
shut down based on profitability in the baseline economy. Moreover, in the baseline
model firm selection primarily occurs on demand-side factors, rather than productivity,
consistent with empirical evidence (see e.g. Foster et al., 2008; Eslava and Haltiwanger,
2021). Therefore, while subsidizing firm operation allows less profitable firms to survive,
this has a relatively modest impact on average firm productivity and, in turn, leaves
aggregate economic growth largely unaffected. In contrast, subsidizing the operation of
firms in the restricted model leads to a substantial decline in average productivity and
growth as less productive businesses are allowed to survive under the policy.

In contrast, subsidies to R&D are more than twice as effective at raising aggregate
growth in our baseline model, compared to the restricted economy. The reason behind this
crucially hinges on the distribution of firm values which determine innovation incentives
and their sensitivity to changes in marginal costs. While firm values are unobserved in
the data, Sterk @) al. (2021) argue that the autocovariance structure of employment —
which we use to estimate our model — is important in disciplining the sources of firm
heterogeneity which ultimately drive the distribution of firm values. The above policy
experiments highlight that explicitly distinguishing between productivity and profitability
may be crucial for quantitative analysis.

As a final step in our analysis, we provide empirical evidence for our key channel — a

link between expected demand growth and productivity growth at the firm-level. We first

4We parametrize the restricted model to match the same targets as the baseline economy, with the
exception of the autocovariance structure which we show that it cannot match. In both cases, we consider
long-run general equilibrium changes, ignoring the respective transition paths.



review existing studies documenting that firm-level market-size expansions influence in-
novation decisions (see e.g. Acemoglu and Linn, 2004; Aghion et al., 2020). Next, we turn
to firm-level data from Compustat and estimate this relationship directly. Specifically,
we follow the procedure in Foster et al. (2008) and methodology of Levinsohn and Petrin
(2003) to estimate firm-level TFP and demand shocks. We then regress realized pro-
ductivity growth on expected demand growth at the firm-level, both in the data and our
baseline model.> The estimates suggest that our key model mechanism is not only present
in the data, but also quantitatively very similar to that predicted by the model. These

results, therefore, further validate our model and the associated quantitative analysis.

Literature overview. Our paper is related to a number of different strands of research.
First, we build on the literature of firm dynamics, which highlights the importance of
firm-level heterogeneity for understanding aggregate patterns (see e.g. Jovanovic, 1982;
Hopenhayn and Rogerson, 1993; Lee and Mukoyama, 2015; Clementi and Palazzo, 2016)
and in particular to those papers which focus on demand-side factors at the firm-level
(see e.g. Gourio and Rudanko, 2014; Arkolakis, 2016; Sedlacek and Sterk, 2017; Perla,
2019; Sterk @) al., 2021; Kaas and Kimasa, forthcoming). We add to these papers the
context of aggregate growth.

In doing so, we bridge the literature on firm dynamics with general equilibrium models
of endogenous innovation by heterogeneous firms which, however, ignore demand side
factors at the firm level (see e.g. Klette and Kortum, 2004; Lentz and Mortensen, 2008a;
Akcigit and Kerr, 2018; Acemoglu et al., 2018; Mukoyama and Osotimehin, 2019; Ridder,
2020). Exceptions are Cavenaile and Roldan-Blanco (forthcoming) and Rachel (2021),
where the former extends the model of Akcigit and Kerr (2018) by assuming that firms
can raise product quality either through innovation or by static advertising decisions
which affect “perceived” quality.® Rachel (2021) studies how firms build brand equity
by providing free leisure-enhancing technologies and how this interacts with innovation
and productivity growth. In contrast to these papers, we focus on a broader distinction
between profitability and productivity, where demand factors encompass any force which
impacts sales but is unrelated to productivity. Moreover, we stress that firms’ decisions
crucially depend on heterogeneous demand growth profiles, grounded in models of firm
dynamics and consistent with existing empirical evidence discussed above.

Finally, our paper also relates to research studying the link between growth expecta-
tions and aggregate demand (see e.g. Blanchard et al., 2017; Benigno and Fornaro, 2018).
Our framework differs from these studies in its focus on firm-level demand as a driver of

aggregate growth and in the absence of wage rigidities, the zero lower bound or multiple

5Expected demand growth is instrumented using current-period demand growth and a range of ob-
servable characteristics.

6Cavenaile et al. (2021) further consider how the interplay between intrinsic quality (affected by
innovation) and extrinsic quality (affected by advertising) impacts market concentration and welfare.



equilibria as forces connecting the two.

Paper outline. The remainder of the paper is structured as follows. The next Section
describes our theoretical framework and provides an analytical characterization of some
of its key features. Section 3 parametrizes the model and shows how it fits the data.

Section 4 provides our quantitative results and the final Section concludes.

2 Theoretical framework

This section builds a novel general equilibrium model of endogenous growth with het-
erogeneous firms. The key distinction from the rest of the literature is that we allow
firms’ profitability to depend not only on their firm-specific productivity levels, but also
on other factors. In particular, we decide to explicitly model demand for firms’ products.
This is consistent with recent empirical evidence suggesting that demand variation is key
in determining firm performance (see e.g. Foster et al., 2008; Hottman et al., 2016; Eslava
and Haltiwanger, 2021). In general, however, similar conclusions could be made about
other factors which are independent of productivity but which affect profitability. Such
factors could include entrepreneurial learning, the expansion of production or customer
networks or the development of long-term business relationships (see e.g. Stein, 1997;
Foster et al., 2016; Fujii et al., 2017).

After we present our model, we derive analytical characterizations of model outcomes
for both the decentralized economy and for the allocation of a social planner. These
provide intuition for why profitability, as opposed to productivity alone, is key for under-

standing innovation at the firm-level and, in turn, aggregate economic growth.

2.1 The model

This subsection introduces our new structural model and characterizes the stationary

balanced growth equilibrium.

Consumers. We assume a representative household which consists of workers who
supply labor, consume goods varieties and invest into assets (firms). The utility function

of the representative household has the following form:

U=Eg)_ p'[logC; —vN], (1)

t=0
where £ € (0, 1) is the discount factor, C; is consumption and [V, is aggregate labor supply
in period t. As in Hansen (1985) and Rogerson (1988), we adopt the indivisible-labor

formulation in which NV, represents the fraction of workers who are employed.



Aggregate consumption, (Y, consists of a combination of individual goods varieties,

cjt. Preferences over these goods varieties are described as:

1 n=1 . 7]%1
€ = [ [ e dy] , )
JEQ:

where €); is the mass of producers, 7 is the elasticity of substitution between goods vari-
eties and b;, is a utility (demand) weight of good j.” While time-varying demand weights
can be micro-founded through a process of customer acquisition or product awareness
(see e.g. Gourio and Rudanko, 2014; Sedlacek and Sterk, 2017; Perla, 2019), here we

model them as exogenous for the sake of simplicity. In particular, we assume

bjty1 = 0;:bj4, (3)

where 6;, > 0 is goods-specific and potentially time-varying demand growth and where
initial values of demand b;, are given. Note that this specification allows for both in-
creases and decreases in the level of demand for good j. For convenience, we assume that
aggregate demand, B = f] b;dj, is stationary. Therefore, changes in firm-specific demand
occur within a “zero-sum game”, whereby products which enjoy increases in demand do
so at the expense of other products for which demand declines.

The representative household maximizes (1) subject to the following budget con-

straint:

A1 + / PjiCit = WiNy + (1 4+ 1) Ay, (4)
JEQ

where A, are total assets, p;; are variety-specific prices relative to the aggregate price
index P, which we take as the numeraire and normalize to 1, W; is the wage and r; is
the interest rate. Given that the representative household owns all the firms, the asset

market clearing condition implies

At = / ‘/},tdjy (5)
JEQ

where V;; is the value of a firm producing goods variety j in period ¢. The optimality

conditions of the household can be written as:

C
1 =pE—~ (14 7441), (6)
t+1
Wt :UCt7 (7)
Cjﬂg :bj,tp;?Ct' (8)

The conditions above constitute, respectively, the Euler equation (6), optimal labor

"In what follows, we will use the terms utility weight and demand interchangeably.



supply (7) and the demand for individual goods varieties (8).

Incumbent firms. Goods variety are produced by heterogeneous firms using labor
supplied by the household. In addition to using labor in production, businesses can also
hire workers to conduct research and development (R&D) allowing them to increase their
production efficiency, g; ;.

We assume that consumption varieties are produced using the following linear tech-

nology:
Cit = Qi ps (9)

where nf, is labor used in production at firm j in period ¢. In order to improve their
production efficiency, firms can hire n}, workers to conduct R&D, yielding an innovation
probability of x;,. If successful, innovations lead to an increase in production efficiency
by a factor of (1 + \), where A\ > 0. We assume that R&D costs are given by:

P
nr = PitGit 2yt (10)

A T

where ¢ > 1 and 7 and constants. Note that R&D costs are proportional to the firm-
specific sales share. First, this implies that a relatively more sought after product is
more expensive to innovate on further. Similar specifications, albeit purely productivity-
driven, are common in the literature (see e.g. Akcigit and Kerr, 2018; Acemoglu et al.,
2018). Second, as will become clear below, this specification allows us to analytically
characterize the outcomes of our model.

Before describing the firm’s optimization problem, let us note that a firm’s idiosyn-
cratic state is given by its production efficiency, g; ., its demand level, b;; and the growth of
idiosyncratic demand, ¢;,. To lighten the exposition, we group these into a vector of firm-
specific state variables s;; = (¢j+, bj+, ;). In addition, let us define next period’s state —
depending on the outcome of the innovation process — as s;-'ft = (qj (L +X),0;b;4,6;141)
and s = (qjt, 05.4bjt, 05641

We are now ready to describe the value of a firm producing good j as

PjtCit — Wt(”;,t + ”?,t)Jr
V(sj1) = max , (11)
pj,t:";ytvn;t -
EB(1—9) [xj,tv(sztﬂ) +(1— xj,t)v(sj,t-yl)}

where ¢ is an exogenous firm exit rate and where 5, = EC;/Cy11 = 1/(1 + ri41) is the

household’s stochastic discount factor. The optimality conditions of an incumbent firm



can then be written as:

77 Wt
1 W 12
P g "
PitCit Tt -
YW PR B, (1 - 6) [V(sTp) — V(siae)] - (13)

P,Cy v

The conditions above describe optimal pricing as a constant markup over marginal
costs (12) and the optimal innovation investment as a balance between marginal costs
and benefits (13). As is common in models of endogenous growth, the latter depends on
the change in firm value brought about by a successful innovation.

Finally, notice that our setting incorporates two sources of firm-level growth. First, a
higher production efficiency enables firms to produce their goods at a lower price. This,
in turn, attracts higher demand from the side of the household (8) enabling the firm to
expand. Second, the demand for a firm’s good j is also governed by the household’s de-
mand weight, b;,, which evolves over time independently of a firm’s production efficiency.
Importantly, however, we will show that demand variation interacts with productivity

growth because it alters the incentives to conduct R&D.

Entrants. FEvery period, a unit mass of potential startups has the option to enter the
economy. In order to do so, they must first pay a fixed entry cost x (denoted in labor
units). It is assumed that, upon paying the entry cost, startups obtain a random draw
of the idiosyncratic state, s., comprising of production efficiency, ¢.;, assumed to be
proportional to last period’s aggregate productivity (Q;_1) defined below.? In addition,
entrants also draw an initial demand level, b, and its life-cycle growth profile, {6}~ .
These initial draws are identically and independently distributed across firms and time,
described by a cumulative distribution function H(s.). After the realization of the initial
draws, entrants decide on investment into R&D, z..

The free entry condition is given by

_ De,tCe,t Le,t
KW, _/ { WiTpe =+ }dH(se), (14)
se  EBi(1—0) [xe,tv(SZtJrl) + (1 - xe,t)v(se_,tJrl)}

1_
where peiCes = besy (W/qes) "Cp1°

The associated optimal entrant innovation probability, z., is then defined by the

®Note that with P =1, p;c;/(PC) = bq?il/Q”_l.

9This setup is characterized by entrants “standing on the shoulders of giants” since aggregate produc-
tion efficiency determines their initial productivity draws as is common in the literature (see e.g. Akcigit
and Kerr, 2018).

19Note that while pe tcc+ enters the R&D cost of potential entrants, they only produce consumption
goods conditional on entering the economy. Therefore, p. sce: serves merely as a scaling parameter in
their R&D cost function, symmetric to incumbent businesses.



following optimality condition which mirrors that of incumbent businesses:

-1
pe,tce,t .I'Z

PCy v

Wi =EB(1 - 9) [V(Sj,t-i-l) - V(S;t—i-l)} : (15)
Balanced growth equilibrium. To close the model, we define labor market clearing,
the law of motion for the mass of firms and aggregate economic growth. We can then
define the balanced growth path equilibrium of our economy.

Labor market clearing simply requires that all labor demanded by firms (for produc-

tion, R&D and entry costs) is supplied by the household
N, = / (n5, +nj,)dj + kM. (16)
JEQ
The mass of firms evolves according to the following law of motion

Qt+l - (1 - (S)Qt + (1 - 5>Mt7 (17)
N——— ——
surviving incumbents new entrants
where M is the mass of entrants determined by free entry (14).
Finally, we turn to defining aggregate economic growth. We focus on the balanced
growth path (BGP) of the economy, along which all growing variables grow at the same

rate 1 + g given by:

:QtJrl
Q

1+g (18)

where (); is an aggregate productivity index, defined as

1 L\
Q1 EE (/ bj,tqzt 1d]> . (19)
JEQ:

Intuitively, our economy grows at the pace of (demand) weighted average firm-level
productivity growth, adjusted for the elasticity of substitution in consumption.*!
Therefore, along the BGP we can stationarize our economy by dividing all growing

variables by (). In what follows, we denote stationarized variables with “hats”, e.g.

C=0C/Q.

DEFINITION 1 (BALANCED GROWTH PATH EQUILIBRIUM). A balanced growth path equi-

librium of our model consists of the following tuple in every period t with j € Q: b;, c;,

1Note that while we assume aggregate demand to be fixed, i.e. B; = B for all ¢, our results would
remain to hold if we allowed for aggregate growth in demand 1+ g, = By41/By, with g, > 0. Moreover,
note that firm-level productivity, ¢, grows at the rate of average productivity, g = 1/Q f] gjdj. However,
since firm-level productivity is always paired with a demand weight, this simple productivity average is
inconsequential for the model.

10



Djs Tj, Te, 0§, Y, V(sy), v, W, C, A, M, Q, Q, g, such that (i) demand, output and
prices, b;, ¢; and p;, satisfy (3), (8) and (12), (i1) optimal innovation probabilities of
incumbents and entrants, x; and x., satisfy (13) and (15), (i) labor demand, n$ and
n%, satisfy (9) and (10), (iv) firm values, V (s;), satisfy (11), (v) the interest and wage
rates, v and W, satisfy (6) and (16), (vi) aggregate consumption and assets, C' and A,
are defined by (2) and (5), (vii) the mass of entrants and firms, M and ), satisfy (14)
and (17), (viii) the aggregate productivity index and its growth, Q and g, are defined by

(19) and (18).

2.2 Analytical characterization of the decentralized economy

Having laid out our baseline economy, we now turn to analytically characterizing some
of its properties. We focus on the decentralized economy, but we also compare some of
the model’s predictions to those implied by a social planner. This comparison highlights
the key interaction between demand and productivity growth at the firm level. We defer

all the proofs to the Appendix.

Parametric assumption and linear firm value. We start by a particular parametric
assumption enabling us to derive closed form solutions to the firms’ optimality problem.
We relax this assumption and extend our model along several dimensions in the next

section where we take our framework to the data.

ASSUMPTION 1. Assume (i) parameter values n = = 2 and (ii) constant and common

demand growth across firms and time, 0;; = 0 and bjo = by for all j and t.

Note that Assumption 1 is not particularly restrictive. First, empirical evidence on
the curvature of the R&D cost function typically points to a value of » = 2 (see e.g.
Hall et al., 2001; Bloom et al., 2002). Second, while at the lower end of estimates, an
elasticity of substitution of n = 2 still falls within the range documented in Broda and
Weinstein (2006). Finally, a common and constant demand growth across firms and time,
0+ = 0 and b; o = by, of course naturally nests the case considered in existing models of
endogenous growth, where firm-level demand is assumed fixed, i.e. § = 1.12

Therefore, the following analysis extends existing models by allowing for the possi-
bility of a non-zero growth rate in firm-level demand, i.e. # # 1. We begin by showing
that under Assumption 1, firm value is in fact proportional to the product of demand

and productivity. This feature then enables us to derive a number of model properties.

12Recall that we assume, for the sake of simplicity, that B is constant. This naturally occurs if = 1,
which does not affect any of our analytical results.

11



LEMMA 1 (LINEAR FIRM VALUE). Firm value has the following form

A

V = A(0)bg

where A is implicitly defined as the positive real solution to

12
A() = _w % > 0.
1— 588 (14 Mz (A)) 6

Firm size distribution. We now turn to characterizing the model-implied firm size

distribution.

PROPOSITION 1 (FIRM SIZE GROWTH). Ezxpected growth of surviving incumbents is

ner 01+ /\a:(A)).

o 1+g

Proposition 1 makes explicit that firm size growth depends both on demand growth,
0, and production efficiency increases, 1 + Az. As will become clear below, the optimal
innovation rate z is constant and common to all firms. Therefore, our theoretical frame-

work satisfies Gibrat’s law.!?

PROPOSITION 2 (FIRM SIZE DISTRIBUTION). Assume that the initial joint distribution
of firm-level productivity and demand, H(s.), is such that the size distribution of entrants
follows a Pareto distribution with shape parameter k, > 1. Then, the equilibrium firm

size distribution is also Pareto with shape parameter k..

Proposition 2 shows that the firm size distribution can follow a Pareto distribution,

consistent with the highly skewed firm size distribution observed in the data.

Firm-level innovation. Let us now turn to firm-level R&D decisions.

PROPOSITION 3 (INNOVATION RATE). The innovation rate is implicitly defined by

)
2(A) =2 M)

13While Girbrat’s law has been widely documented for large firms, young and small businesses seem
to deviate from it (see e.g. Evans, 1987).

12



All else equal, firm-level innovation increases with firm-level demand growth

ox

Proposition 3 shows that the optimal, firm-specific, innovation rate is constant and
independent of particular values of production efficiency ¢ and demand b. Therefore, it
is common across all businesses and thus independent of firm size.

However, optimal innovation rates do depend on the common demand growth rate 6.
Therefore, profitability growth unrelated to productivity directly impacts incentives to
conduct R&D. In particular, firms which face faster profitability growth (higher ), will
optimally choose higher rates of productivity investments. The reason for this is that
firms with higher expected demand growth foresee that they will be able to reap more
benefits from successful innovations, increasing their incentives to conduct R&D. This
is akin to the “market size effect” identified at the aggregate level in earlier vintages of
endogenous growth models (see e.g. Jones, 1995).

Note, however, that our framework does not feature market size effects at the ag-
gregate level.'* This is because the costs of conducting R&D are expressed relative to
aggregate expenditure and, because of the free entry condition, firm mass is a function of
labor supply. An increase in the scale of the economy due to, say, an increase in the level
of labor supply /N, would translate into a proportional rise in the mass of firms, and hence
the mass of offered varieties, Q2. As in e.g. Howitt (1999) and Young (1998), this means
that consumption is spread more thinly over a larger number of products nullifying the

impact of increased scale on aggregate growth.!®

Aggregate economic growth. As a final step, let us now turn to aggregate economic

growth in our model.

PROPOSITION 4 (AGGREGATE GROWTH). Aggregate growth is given by

Qt—H
Q:

=1+g=1+Xx(A).

All else equal, aggregate growth increases with firm-level demand growth

Proposition 4 first makes clear that aggregate economic growth simply reflects the

14Gee the Appendix for a formal proof.

15The intuition that in a general-equilibrium firm-dynamics model an increase in supply of labor leads
to a higher firm entry, rather than price adjustment, goes back to Hopenhayn and Rogerson (1993) and
is more recently utilized by e.g. Hopenhayn et al. (2020) or Karahan et al. (2021).

13



endogenous choices of firms to invest into their firm-specific productivity. However, ag-
gregate growth does not directly depend on demand growth. This is intuitive since aggre-
gate demand, B, is assumed to be fixed and there are no aggregate market size effects. It
is only the allocation of firm-specific demand within B, which changes over the life-cycle
of firms. As we have seen from Proposition 3 these firm-level demand changes, however,
have a fundamental impact on R&D incentives. Therefore, firm-level demand growth
impacts aggregate economic growth indirectly through its effect on firm-level innovation

decisions.

2.3 Analytical characterization of the planner’s solution

The paragraphs above have shown that firm-level changes in profitability which are unre-
lated to productivity growth are important in driving innovation and, in turn, aggregate
economic growth.

Before taking our model to the data we turn to analyzing the socially optimal level
of innovation. In particular, we turn to the problem of a benevolent social planner maxi-
mizing economy-wide welfare. In doing so, we identify a novel channel, the “profitability

distortion”, which may lead firms to over-invest in R&D.

Socially optimal innovation at the firm-level. Given that we are not interested in
monopolistic distortions as such, we assume that the planner is restricted to the decen-

tralized production and pricing choices and only focus on R&D decisions.

PROPOSITION 5 (Socially optimal innovation). The socially optimal innovation rates sat-

isfy
z(6)" B(1—9)

20 = A (20)
v (1 9 ‘)r(l _ B)Jﬂow benefits
marginal costs discounting

For convenience, we repeat the innovation rates in the market allocation, where we

explicitly write out the expression for A(f):

- x(6) B(1—9) ~
oW = N7 (0) 21
1 T lrga—su—en I 2y
~ ~- flow benefits
marginal costs discounting

where 7(0) = 1/(4v) — x(0)*/(2y).

The above incorporates three well known differences between the socially optimal and
market innovation rates in endogenous growth models. First, there is a difference in
the (marginal) costs of innovation because the individual firm faces wage costs, while

the planner takes into account the disutility of labor. This is the so called monopolistic
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distortion, which arises because wages are partly determined by production workers in
monopolistically competitive firms. The wage may, therefore, be inefficiently low and
thus lead to over-investment into R&D.

Second, the planner and the individual firm differ in their discounting. While the
planner takes into account that any innovation lasts forever, the individual firm only
takes into account its own lifetime. Therefore, because the individual firm discounts the
future more heavily, this leads to under-investment in R&D.

Third, the individual firm only takes into account the private flow benefits (implicitly
defined through 7(#)\@), while for the planner the benefit is the contribution to growth
(A@). This effect is referred to as limited appropriability. The fact that the private firm
cannot appropriate the entire benefits from its own innovation typically leads to under-
investment in R&D.

Note that demand growth 6 shows up directly in the flow benefits of both the planner
and the individual firm in the decentralized economy. This simply reflects the fact that
firms are characterized by different weights in the aggregate productivity index @), which
the planner also takes into account. However, this direct effect does not drive a wedge
between the decisions made by the planner and those carried out in the decentralized

economy.

Profitability distortion. Finally, we now analyze how the presence of firm-level de-
mand growth creates a difference between the privately and socially optimal level of inno-
vation rates. Typically, endogenous growth models exhibit under-investment in R&D as
the monopolistic distortion discussed above is not strong enough to overturn the other two
effects (see e.g. Aghion and Howitt, 1994; Denicolo and Zanchettin, 2014).' Our model,
however, puts forward a novel channel through which individual firms may over-invest in
R&D.

To understand this, notice that the discount rate of individual firms in (21) is affected
by demand growth. In contrast to this, the discounting of the social planner in (20) does
not feature demand growth. The intuition for this rests on the fact that innovation of
individual firms is governed by growth in future profitability, which is partly driven by
life-cycle growth unrelated to productivity enhancements. Firm-level demand growth,
therefore, provides an extra boost to the incentives of individual businesses to conduct
R&D. In contrast, the social planner internalizes the fact that aggregate demand is fixed
and focuses only on productivity growth.

We dub this effect the profitability distortion because it comes about only if firm
profitability is affected by factors other than productivity growth. In principle, the prof-

160ur model lacks another distortion, the business stealing effect present in models based on the
tradition of Klette and Kortum (2004). However, Denicolo and Zanchettin (2014) highlight that business
stealing itself cannot lead to over-investment in standard endogenous growth models.
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itability distortion could lead to over-investment in R&D if demand growth is strong
enough.!” But even if this channel is not strong enough, and the economy is charac-
terized by under-investment in R&D at the aggregate level, the profitability distortion
creates heterogeneity in the extent to which firms under-invest. In particular, firms with
high demand growth are likely to under-invest less, potentially opening the door to more
targeted R&D policies.

2.4 Possible extensions and discussion

Before moving on to the quantitative analysis, we turn to a brief discussion of our theo-

retical findings and of possible extensions to our model framework.

Endogenous exit and firm selection. A crucial aspect of firm-level growth is the
process of business churn, or so called up-or-out dynamics (see e.g. Haltiwanger et al.,
2013). In addition, Foster et al. (2008) have documented that demand side factors seem
to play a dominant role in determining the firm selection process.

Up until now our theoretical model featured only exogenous business exit. While this
allowed for closed form solutions, it precludes us from understanding how firm selection
shapes the results discussed above. Therefore, one of the key advantages of the quanti-
tative analysis is the ability to incorporate endogenous entry and exit and in turn rich

up-or-out dynamics in our model.

Heterogeneity in R&D ability and innovation speed. At least since Lentz and
Mortensen (2005), researchers have emphasized the importance of accounting for hetero-
geneity in the ability to conduct R&D, «. For example, Lentz and Mortensen (2008b)
estimate that about half of aggregate growth can be attributed to a reallocation of re-
sources from less to more efficient firms in terms of generating innovations (also called
the “selection effect”). Similarly, several models assume that certain types of firms dif-
fer in innovation “speed” or the “step size” of innovations, A (see e.g. Mukoyama and
Osotimehin, 2019, for a recent analysis).

While our framework does not feature heterogeneity in R&D ability or innovation
speed, the qualitative conclusions from our framework remain unchanged in their pres-
ence. This can be easily seen from Lemma 1 which is qualitatively unaffected in the
presence of an R&D “firm fixed effect” (y; or A;). Moreover, as we discuss in detail in
the next Section, our parametrization strategy leads to realistic productivity and demand
shocks. In particular, we show that our model-implied productivity and demand patterns

are consistent with empirical estimates provided by Foster et al. (2008).

"Indeed, when 6 > ﬁ, individual firms will discount the future less than the social planner.
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That said, Acemoglu et al. (2018) highlight the interaction between firm selection
and ex-ante heterogeneity in R&D, especially when it comes to policy evaluation. As
will become clear, one of the key conclusions from our model is that the nature of firm
selection, and in particular whether it occurs on productivity or profitability, is key
for understanding the impact of pro-growth policies. Therefore, incorporating ex-ante
heterogeneity into our framework and analyzing optimal policies may be a promising

avenue for future research.

Imperfect information and endogenous demand accumulation. Information fric-
tions play a key role in firm dynamics models (see Jovanovic, 1982, for a seminal con-
tribution). Similarly, endogenous accumulation of demand has featured in several recent
theoretical and empirical studies of firm growth (see e.g. Gourio, 2014; Arkolakis, 2016;
Foster et al., 2016).

In our framework, individual firms have perfect information about their ability to
conduct R&D as well as about the demand that they are facing. Moreover, demand
evolution is exogenous. Sterk () al. (2021) show that information frictions have relatively
little impact in a similar type of model, and Eslava and Haltiwanger (2021) document
that markups play only a modest role for the cross-sectional variability of firm-level sales.
Nevertheless, endogenizing these two features may open up new avenues of study, from

potentially persistent misallocation of resources to variable markups.

3 Estimation and Quantitative Analysis

In this section, we relax the parametric assumption which allowed us to develop closed
form characterizations of our model and we extend it to include endogenous firm exit.
This leads to two important advantages. First, this generalized version of our theoretical
model allows us to estimate a realistic combination of demand and productivity dynamics
at the firm level and, in turn, to quantitatively evaluate our structural model. Second,
we can analyze the role played by firm selection in driving aggregate growth.

In what follows, we first describe how our model can be extended to include endoge-
nous exit. Next, we discuss the parametrization of our framework, explicitly discussing
how we are able to separately discipline productivity and profitability dynamics which
are key for our quantitative analysis. Finally, this section offers descriptive statics on the

fit of our estimated model. The quantitative results are presented in the next section.

3.1 Endogenous firm exit

In order to introduce endogenous firm exit, we assume that firms must pay a per-period

fixed cost ¢ (denoted in units of labor) in order to stay in operation. If businesses choose
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not to pay the entry cost, they shut down and obtain a return of zero. We assume that
firms pay the cost at the beginning of the period before demand realizes.'® Specifically,

the beginning-of-period firm value can be written as
V(sje) = max[0, B,V (sj) — Wi,

where V'(s;+) now represents beginning-of-period firm value, conditional on remaining in

operation, defined as

pjicit — Wen§, +nj,)+
Sit) = max
Visi)= max @
5,975 45705 ¢
Y EB: (1 —0) [xj,tv%s;ftﬂ) +(1— xj,t)VC(S;t+1)}

All optimality conditions remain the same with future firm values redefined accord-
ingly. The above setting results in a cutoff rule for firm exit. In particular, there exists
a threshold s;, (a combination of idiosyncratic productivity and demand) at which busi-
nesses are exactly indifferent between shutting down and remaining in operation, s.t.
E,_ 1V (s;:) = Wi¢. Finally, labor market clearing now also takes into account the labor

used in firm operation:
No= [+ g+ 00+ M 3)
JEQ:

3.2 Model parametrization

We now match our model to firm data and a set of aggregate moments. Since the
quantitative results crucially depend on realistic productivity and demand dynamics, the
next subsection describes in detail how the model matches the data in this respect. It also
shows analytically that a model without demand variation would not be able to match
important empirical moments at the firm-level.

The majority of our model is disciplined by aggregated firm-level information taken
from the Business Dynamics Statistics (BDS) of the U.S. Census Bureau. The moments
that we will utilize are the firm size and exit life-cycle profiles and the autocovariance
structure of log-employment at the firm-level.!? Sterk @) al. (2021) highlight the impor-
tance of the latter for correctly pinning down the nature of driving forces at the firm
level. Finally, aggregate economic growth is measured by average real GDP growth in
the U.S. National Accounts. The sample period is 1979 — 2012, dictated by the available
BDS data.

18Note that innovations realize at the end of a given period and, therefore, productivity is given at the
beginning of the period.

19While the BDS does not offer these moments, they form the central focus in Sterk @ al. (2021) who
also provide them on their websites.
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Productivity, profitability and the autocovariance of employment. Our quan-
titative results crucially depend on the relative importance of productivity and demand
variation for firm-level decisions. Therefore, it is paramount that our model delivers real-
istic dynamics in this regard. In the following paragraphs, we justify our parametrization
strategy by documenting the importance of the autocovariance of employment for disci-
plining productivity and demand dynamics at the firm level.

Towards this end, we begin by showing analytically that the assumed productivity
process — common to many existing models of endogenous growth — cannot alone match
the empirical autocovariance structure of firm-level log-employment. To illustrate this, we
derive the autocovariance of log-employment for the case of a restricted, “productivity-
only”, version of our model in which demand side factors are held fixed at the firm level.
Towards this end, let us go back to the case specified in Section 2 and work under the

following assumption.

ASSUMPTION 2. Assume (i) parameter values n = 1 = 2, (ii) zero demand growth over
time, common to all firms, 6, = 1 and bjo = by for all j and t and (iii) an initial

dispersion of firm-level productivity o*(In qg) > 0.

PROPOSITION 6 (AUTOCOVARIANCE OF LOG-EMPLOYMENT). Under Assumption 2, dis-
persion and autocorrelation of log-employment at age a and a + h, where h > 0, is given
by
o*(Ings) = o*(Ingo) + (a — 1)o”(e),
o?(Inqq)
Inga)o(Ingasn)

The above two expressions give very specific predictions about the shape of the au-

corr(In qq, In quyp) = o

tocovariance structure of firm-level employment. We can get a sense of whether the
“productivity-only” process can match the data without having to make assumptions
about any of the parameter values in our model. In particular, using the age-dependent
dispersion of of log-employment in the BDS data, Proposition 6 predicts an entire au-
tocorrelation structure implied by the assumed process for innovation and productivity
growth.

Figure 1 plots the autocorrelation structure in the data and that predicted by Propo-
sition 6. Clearly, the “productivity-only” model fails to match the data in this respect,
highlighting the need to incorporate other firm-level driving sources. We acknowledge
that the derivations are based on simplifying assumptions and are therefore only indica-
tive. Therefore, the next subsection will explicitly evaluate the realism of the resulting

model-implied dynamics of productivity and demand at the firm-level.
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Figure 1: Firm size-age distribution: data and model
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Note: Autocorrelation structure in the “data” and the “productivity-only model”. The latter is con-
structed using Proposition 6 and the data on the dispersion of log-employment by age.

Demand and productivity processes. Having understood the necessity of demand
variation for the model to match the empirical autocovariance structure, we follow Sterk

@ al. (2021) and specify the following process for firm-level demand:

Inbj, = Inuj,+Inv;,+Inz;,
Inuj, = U+ p,Inuj, 1, Inw;_; ~ N(0, o?), w; ~ N (g, o2), |p. <1
Invj, = pyVja-1+€ja, Inv; 1 ~ N(O, o2), €j.a ~ N(0, a2)  po] <1,

Inzj, ~ N(0,02)
where In u represents a demand profile (with a stochastic initial value, w;_;) which gradu-
ally evolves, eventually settling at Inu; o, = u;/(1—p,). The term Inv represents demand
shocks (with a stochastic initial value, v; _1) and In z represents transitory demand dis-
turbances.

The theoretical model highlighted the importance of expected demand growth, 0, =
E,[Abj 441], for firm-level decisions. Note that in this case, expected demand growth is

given by
0i0 =Eu[Abjar1] =10+ (pu — ) Inujq + (pp — 1) Inv,, —Inzj,. (24)
In addition to the initial values of demand specified above, entrants also draw stochas-
tic productivity levels. In particular, we assume that

Goig = Qi-1Gje, Qj,eNN(O,U§>,

where entrants obtain a productivity draw proportional to last period’s aggregate pro-

ductivity index.
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Table 1: Parameter values

parameter value parameter value
B discount factor 0.970 oz U, standard deviation 1.216
n elasticity of substitution 6.000 Uz W, mean —1.733
v disutility of labor 1.000 o0y Inu, standard deviation 1.256
Kk entry cost 0.242 pu  Inwu, persistence 0.397
¢ fixed cost of operation 0.388 0, Inwv, standard deviation 0.594
0 exogenous exit rate 0.021 py  Inw, persistence 0.984
v R&D efficiency 0.158 o. ¢, standard deviation 0.285
A innovation step size 0.137 0, Inz, standard deviation 0.285

04 (e, standard deviation 0.090

Note: 3, n, v and k are calibrated as discussed in the main text. The remaining parameters are set such
that the model matches the empirical age profiles of average size, exit rates, and the autocovariance of
log-employment from startup (age 0) to age 19 in the BDS.

Parameters set a priori and normalizations. We set three parameters a priori.
First, we assume the model period to be one year and therefore we set the discount factor
to 8 = 0.97. Second, we set the elasticity of substitution between goods to n = 6, within
the range of values reported in Broda and Weinstein (2006) and implying a markup of
20%. Third, following the microeconometric evidence on innovation, we set the elasticity
of the R&D cost with respect to the success probability of innovation to ¢ = 2 (see e.g.
Hall and Ziedonis, 2001; Blundell et al., 2002; Bloom et al., 2002).

In addition, we choose two normalizations. First, we set the fixed cost of entry, k,
which controls the mass of firms in the economy such that aggregate consumption is
normalized to C' = 1. Second, we set the disutility of labor such that the aggregate wage

is normalized to W = 1.

Remaining parameters. The remaining 14 parameters — those of the demand and
productivity processes, the exogenous exit rate and the operational cost — are set by
matching our model to key moments in the data.

In particular, we target 250 moments which can be grouped into four sets: (i) average
growth of real GDP (1 moment), (ii) the firm size life-cycle profile (20 moments), (iii) the
firm exit life-cycle profile (19 moments) and (iv) the upper triangle of the autocovariance
matrix of log-employment, by age and for a balanced panel of firms surviving up to at
least the age of 19 years (210 moments). All model parameters are shown in Table 1 and

we defer the details of the solution and simulation procedures to the Appendix.

3.3 Model fit

Before turning to our quantitative results, we document that the model does well not
only in matching the targeted moments, but also in accounting for a range of untargeted

ones.
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Figure 2: Model fit
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Note: Top panels show average firm size (employment) and exit rates by age in the model and the BDS
data. The bottom panel shows the observed and model-implied autocovariance matrix of log employment
for a balanced panel of firms surviving at least up to age 19.

Targeted moments. The empirical targeted moments, together with their model-
based counterparts, are depicted in Figure 2. The model does well in matching all three
sets of the targeted moments: average exit rate and size by age and the autocovariance
structure of log-employment. The model-implied aggregate growth rate is 1.52%, close

to the empirical value of 1.5%.

Employment distribution by firm size and age. Figure 3 shows that the model
not only fits the autocovariance structure of log-employment, but is also consistent with
the employment distribution by firm size and age. This includes the employment share
in large firms (500 and more employees), even among young businesses which is typically
difficult to match by models.

Job creation and destruction patterns. The model replicates the average job cre-
ation and destruction rates observed in the aggregate economy, see the Panel A of Table
2. In addition, it also features realistic contributions to job creation and destruction by

entrants and exiting firms, respectively.
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Figure 3: Firm size-age distribution: data and model
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Note: Size-age distribution in the BDS data and in the model. Both distributions are expressed as shares
of employment in a given age category (young: < 6 years, middle-aged: 6 — 10 years and older: 11 — 19
years).

R&D and growth patterns. Panel B of Table 2 shows moments related to R&D,
innovation and growth. In particular, the ratio of R&D expenditures to GDP and the
contribution of entrants to aggregate growth.?’ The model also attributes about 22
percent of aggregate growth to entrants, similar to findings in e.g. Bartelsman and Doms
(2000); Foster et al. (2008); Acemoglu et al. (2018).

3.4 Model-implied productivity and demand dynamics

The relative importance of productivity and demand variation at the firm level is crucial
for our quantitative analysis. Therefore, the following paragraphs document that our
parametrization strategy delivers firm-level variation in productivity and demand which
very closely matches existing empirical evidence. This provides additional validation of

our structural model and the quantitative results presented in the next Section.

Estimating productivity and demand shocks. To gauge the realism of the driving
forces of our model, we draw upon the methodology and empirical evidence presented in

Foster et al. (2008). We begin by replicating the estimation procedure in Foster et al.

20The empirical value of R&D expenditures reflects “Real Gross Domestic Product: Research and
Development” of the Bureau of Economic Analysis.
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Table 2: Model fit: untargeted moments

model data

Panel A: Firm dynamics moments

job creation rate 19% 1%
job destruction rate 19%  15%
job creation share from entry 2% 9%
job destruction share from exit 14%  1™%

Panel B: RE&D moments
R&D/GDP 1.5%  2.6%
growth contribution from entry 22%  19%

Panel C: Demand and productivity moments

demand shock persistence 0.92 091
demand shock standard deviation 1.08  1.16
TFPQ persistence 0.83  0.79
TFPQ standard deviation 0.21  0.26

Note: The top four moments are taken from the BDS, R&D/GDP ratio is taken from the Bureau of
Economic Analysis and the contribution of entrants to aggregate growth. The bottom panel shows
persistence (from an unweighted regression) and volatility estimates for TFPQ and demand shocks from
Foster et al. (2008).

(2008) in order to obtain physical total factor productivity (TFPQ) and demand shocks.
Specifically, TFPQ is estimated as the residual from

In Cit = Qg + oq In Njt + Xt

where ¢;,; and n;, are physical output and employment in firm j.*! Given the productivity

estimates ., demand shocks are estimated from

Incj; = Bo+ Bilnp;: + (s,

where prices are instrumented using the TFPQ estimates, x; ;.2

Comparison to the data. Panel C of Table 2 shows the estimated persistence and
standard deviations of TFPQ and demand shocks estimated on simulated data from our
model. The model-implied dynamics of both productivity and demand shocks are very
close to those in the data (see Tables 1 and 3 in Foster et al., 2008).%

2In addition to employment, Foster et al. (2008) also consider capital, material and energy inputs,
none of which, however, are present in our model. They use the respective cost shares at the 7-digit
industry level to measure input elasticities. We, instead, estimate a; directly in our model. However,
imposing it to be equal to 1, the elasticity in production, changes very little.

22Using prices directly, which are known in the model, changes little of our results.

23In order to separate demand from productivity, Foster et al. (2008) focus on specific industries pro-
ducing physically homogeneous products for which they also observe price information. In contrast, our
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These estimates further validate our parameterization strategy and model. The real-
ism of the model-implied productivity and demand shocks is reassuring, since the firm-

level driving forces are key for our quantitative results, to which we turn to next.

4 Quantitative results

This section quantitatively evaluates our model, presenting our results in five steps. First,
we begin with describing a counterfactual economy used to isolate the contribution of
changes in profitability which are unrelated to productivity dynamics on firm-level choices
and aggregate outcomes. Second, we use our counterfactual economy to document how
demand variation impacts firm-level innovation, productivity growth and up-or-out dy-
namics. Third, we turn our attention to analyze the implications of our framework for
aggregate economic growth. Fourth, we show that explicitly making a distinction between
productivity and profitability is crucial for quantitative conclusions about the aggregate
impact of pro-growth policies. Finally, we end this section by providing empirical sup-
port to our key channel, which links business-level expected demand growth to firms’

innovation decisions.

4.1 Decomposing the baseline model: a counterfactual economy

The key choices of heterogeneous firms in our model pertain to investment into R&D
and to remaining in operation or shutting down. These decisions form the backbone of
aggregate economic growth. Unlike labor demand or pricing decisions, which are static in
our framework, R&D investment and firm exit are forward-looking — based on expected
firm values. In contrast to existing models of endogenous growth, our framework allows for
profitability, and in turn firm values, to be affected by idiosyncratic changes in demand.
This possibility creates a wedge between profitability and productivity which is absent
in existing models of endogenous growth.

To isolate the contribution of this new channel, we now present a counter-factual
economy. The key goal is to decompose the predictions of the baseline model into those
made because of variation in demand and a remainder. Therefore, the counterfactual
economy retains firm-level demand variation exactly as in the baseline model, however,
we assume that firms ignore it. Instead, they believe that idiosyncratic demand levels

are fixed.?* This effectively mimics our theoretical analysis in which expected demand

model is parameterized to the economy as a whole. Therefore, while the model-implied productivity and
demand dynamics need not be exactly the same as those estimated in the industries with homogeneous
products, the similarity shown below is encouraging and suggests that our model is driven by realistic
shocks.

24We choose this counterfactual, because assuming fixed demand at the firm level is conceptually iden-
tical to existing models of endogenous growth where demand is effectively fixed at 1. An alternative would
be to allow firms to recognize the stochastic nature of the demand process, but require E;[Ab; ;41] = 1.
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growth, 0;, was key in determining firm-level and aggregate outcomes. Therefore, in our

counterfactual economy, firms will expect 6;; = E,[Ab; ;1] = 1.

The counterfactual economy: no expected demand growth Our counterfactual
economy is identical to the baseline model, except that firms believe, in each period, that
their observed demand levels will remain fixed in the future. Therefore, instead of firm

value being described by (22), in the counterfactual economy it is given by

( P, Cie — Wilngy + 5, )+
V(gje bje) = D max %’,tzc(%}t(l +A);bjg)+ 7 (25)
' —=3,t=7, Eﬁt(l _ 5)

\ (1 —z;,)V (g, bjr) )

where “underbars” indicate firm-level variables in the counterfactual economy and where
we've made the firm’s state variables explicit. Notice that the only difference between
(25) above and (22) in the baseline model are expected demand levels in the future.

We solve the firm-level optimality problem using the above firm values, but we retain
all parameter values and equilibrium variables as in the baseline model. Therefore, the
outcomes from this counterfactual economy can be interpreted as a decomposition of the
results from our baseline model attributed to the presence of changes in profitability

unrelated to productivity dynamics.

The counterfactual economy: three distinct scenarios. In our analysis we high-
light three distinct versions of our counterfactual economy. These scenarios are based on
the fact that ignoring expected demand growth will affect not only individual choices of
incumbent firms, but also their composition as firms’ exit decisions change.

The first, “intensive” margin scenario, allows only firm choices to change, but keeps the
composition of firms the same as in the baseline. The second, “extensive” margin scenario,
allows the composition of firms to change, but keeps individual firm choices the same as
in the baseline economy. Finally, a “overall” scenario, allows for both individual choices
of firms and their composition to change compared to the baseline as a consequence of

firms ignoring future demand growth.

4.2 Productivity, profitability and firm dynamics

We begin our quantitative analysis be revisiting the theoretical results which showed that

expected demand growth impacts firm-level innovation decisions and, in turn, productiv-

However, this restriction effectively pins down expected realizations of the demand shock €; 1, which
does not mimic existing models of endogenous growth.
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Figure 4: Expected demand growth in the baseline model
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Note: The figure shows expected demand growth on average, together with the associated 75th-25th
percentile ranges in the baseline model.

ity and firm size growth.

Expected demand growth in the baseline model. Before describing how our base-
line economy compares to the counterfactual with fixed demand levels, we give a flavor
of how expected demand growth in our baseline economy.

Figure 4 shows the evolution of expected demand growth over firms’ lifecycles. It
depicts the average over surviving firms, together with the 25th and 75th percentiles at
each firm age. The figure shows that average expected demand growth quickly declines
with age, falling slightly below zero after about age 5. This may suggest that especially
young firms will be the ones whose choices will be heavily impacted by demand variation.
That said, there exists a lot of heterogeneity in expected demand growth, even among

old businesses.

Firm-level innovation: average patterns. Panel a) of Figure 5 shows firm-level
innovation rates, while Panel b) depicts productivity levels relative to those of startups
in the same cohort. The figure plots values in the baseline economy, together with those
from our three counterfactual scenarios.

Three points stand out when it comes to the innovation rate. First, in the baseline
economy, the innovation rate declines strongly with firm age. Since young firms are also
on average smaller than incumbents (see Panel b in Figure 2), the model also predicts

that smaller businesses innovate more, consistent with the empirical evidence (see e.g.
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Figure 5: Profitability vs productivity and innovation
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Note: The figure shows average innovation rates (panel a) and productivity relative to that of startups
(panel b) by age in the baseline and in the counterfactual economy in which firms ignore expected demand
growth. The figures shows results from the “baseline” and three counterfactual scenarios: (i) “fixed b:
intensive” in which only firm choices change, but the composition is fixed to that of the baseline, (ii)
“fixed b: extensive” in which the composition of firms changes, but firm decisions are fixed to those in
the baseline and (iii) “fixed b: overall” which is the combination of the previous two.

Akcigit and Kerr, 2018).2°

Second, turning to the impact of demand variation on innovation choices, we find
that innovation is only slightly affected by the change in composition of firms stemming
from firm-level demand (“fixed b: extensive”). In contrast, firms decide to scale down
innovation substantially in the counterfactual economy (“fixed b: intensive”), suggesting
that firm-level demand variation is quantitatively important for R&D incentives. In
particular, innovation rates decline by about one half (3 percentage points).

Third, the negative relationship of the innovation rate with age in the baseline disap-
pears when firms do not expect demand to change. These results, therefore, highlight that
expected demand growth is not only quantitatively important for firm-level innovation
decisions, but that it also is the source of the negative innovation-age relationship.2°

The right panel then reflects what can be seen in the innovation patterns. Because
innovation rates are lower in the counterfactual (and especially so for young businesses),
productivity grows much more slowly on average. Therefore, expected demand growth is
indirectly responsible for a substantial portion of firm-level productivity growth. We will
return to this point when analysing the implications of expected profitability on aggregate

growth.

25 Akeigit and Kerr (2018) find a negative relationship between patents per worker and log employment.
A similar relationship holds in our model. Specifically, estimating x;;/c;: = a + Blncj; + € yields
£ = —0.02. Similar results hold when replacing sales with employment.

26This holds also for the innovation-size relationship. Estimating x./ciy =+ Blng;, + ¢, in the
counterfactual yields 8 = 0.0001.
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Figure 6: Profitability vs productivity and up-or-out dynamics
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Note: The figure shows average exit rates (panel a) and average size (panel b) by age in the baseline
and in the counterfactual economy in which firms ignore expected demand growth. The figures shows
results from the “baseline” and three counterfactual scenarios: (i) “fixed b: intensive” in which only firm
choices change, but the composition is fixed to that of the baseline, (ii) “fixed b: extensive” in which
the composition of firms changes, but firm decisions are fixed to those in the baseline and (iii) “fixed b:
overall” which is the combination of the previous two.

Firm-level innovation: heterogeneity across firms. The average patterns depicted
in Figure 5 hide a substantial amount of heterogeneity across firms. On average, the 75th
percentile of the innovation rate distribution is about 2/3 higher than the 25th percentile.
Moreover, this value does not decay as firms age with innovation heterogeneity being
present even among very old businesses.

In addition, much of the innovation differences are driven by heterogeneity in expected
demand growth, as is suggested by Proposition 3. In particular, the correlation between
innovation rates and expected demand growth is 0.48 in the baseline economy. The same
correlation in the counterfactual where firms ignore future demand growth is 0.04.

Therefore, as in the theoretical analysis, also in the full model expected demand
growth is a strong determinant of firm-level innovation. This link between demand and
productivity dynamics, which is absent from existing models of endogenous growth, has
important aggregate consequences as well as implications for the efficacy of growth poli-

cies. We turn to these questions in the next subsections.

Up-or-out dynamics: average patterns. Figure 6 depicts average exit rates (left
panel) and average firm size (right panel). Keeping the composition of firms the same as
in the baseline, businesses would choose to shut down much more often if demand were
fixed (“fixed b: intensive”). This is because firms which are at the brink of exit in the

baseline economy, but choose to remain, do so on the basis of higher expected firm values.
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If these firms ignore such developments, they are more likely to shut down.?”

This effect is particularly strong for older businesses suggesting that demand plays
an important role for preventing older, potentially less productivity firms, from shutting
down. Overall, the quantitative impact of demand on exit rates is very large. About 40
percent of businesses in the baseline economy would shut down on average if they were
to ignore future demand evolution.

Note, however, that because of this increase in exit rates, the composition of firm
changes. The exit rates in the counterfactual in which the composition of firms does
change are only slightly higher than those in the baseline (“fixed b: extensive” and “fixed
b: overall”). The reason for this is that while fixed demand levels induce firms to shut
down more often, the composition of businesses shifts towards relatively more productive
firms with lower exit rates. The extensive margin adjustment, therefore, undoes most of
the intensive margin effect.

The right panel of Figure 6 shows that expected demand growth also plays an im-
portant role for the “up” part of up-or-out dynamics. Ignoring expected demand growth
flattens the average size-age profile considerably. This is for two reasons. First, individual
firms hire fewer workers to conduct R&D, consistent with the lower innovation rates in
the left panel of Figure 5. Second, because of their diminished productivity (see the right
panel of Figure 5), firms also produce less and therefore hire fewer production workers.

Interestingly, average firm size increases as a result of a change in firm selection. This
is consistent with the previous paragraphs and is driven by increased exit rates tilt the
composition of firms towards businesses with higher demand and therefore larger firms.
Hence, the combined effect of ignoring expected demand growth (“fixed b: overall”)

results in a similar average size profile as in the baseline model.

Up-or-out dynamics: selection on productivity or profitability? The previous
paragraphs showed that expected demand growth is very important for firm’s exit de-
cisions. However, this does not imply that productivity is inconsequential. We now
quantify the extent to which selection in the baseline economy occurs on productivity or
profitability.

The left panel of Figure 7 shows the distribution of demand, b;, and (relative) produc-
tivity, ¢;, from the simulated model with darker shades indicate more densely populated
parts of the state-space. Since firms select on firm values and firm values are a combina-
tion of demand and productivity, there is a clear negative relationship between the two
among surviving incumbents. Intuitively, if firms enjoy high demand for their product,
they can survive while having lower relative productivity and vice versa.

The inverse relationship between productivity and demand has profound implications

27The opposite does not hold, i.e. if firms in the baseline choose to remain in operation despite an
expected drop in future demand, they will certainly do so under the assumption of fixed future demand.
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Figure 7: Productivity and demand distribution in model
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Note: Panel a) of the figure shows the distribution of demand and (relative) productivity in the simulated
model. Darker shades indicate densely populated areas. White areas indicate areas of the state space
which are not populated. Panel b) shows exit rates in the baseline (and the age-dependent probit
which coincides with it), and two counterfactuals. One in which demand happens only on productivity
(“no selection on demand”) and one in which selection happens only on demand (“no selection on
productivity”).

for selection over firms’ lifecycles. To understand this, we estimate the following regression
Yjir — & + Benﬂ-entry + Qe lexis + Wity (26)

where y;, is our variable of interest — either log demand, Inb,; or relative productivity
In g;; of incumbent firm j in period ¢. The variables Lenyy and Ley are indicator functions
equal to 1 if firm 7 in period ¢ is an entrant or a firm that shuts down, respectively. There-
fore, the estimated coefficients can be interpreted as percentage differences in demand or
productivity of entrants or exiting firms relative to incumbent businesses.

Table 3 shows estimates of 5, and fS.;, respectively. The results suggest that entering
firms are characterized by relative productivity which is about 4 percent higher than
that of incumbents. On the other hand, firms which decide to shut down have relative
productivity about 4 percent below that of incumbents. In contrast, both entering and
exiting firms have demand levels which are below the average incumbent. That said,
entrants are burdened by a substantially lower demand level compared to incumbents.
Both the model-predicted productivity and demand patterns of entrants and exiters are
consistent with empirical evidence (see e.g. Foster et al., 2008, 2016).

To quantify the extent to which firm selection is driven by productivity or demand

we estimate the following Probit model for firm exit

Pr(exitj,a = 1|bj,a7 (jj,a> = (I)(ﬁ(),a + Bb,a In bj,a + ﬁq,a In qu,a)u (27)
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Table 3: Productivity and demand: entering and exiting firms

entry exit
productivity 0.041 —0.041
demand —1.168 —0.615

Note: The table shows estimates of coefficients on indicator variables for “entry” and “exit” in regression
(26) in the main text. Demand stands fo Inb; ; and productivity stands for Ing; ;.

where exit;; is an indicator function equal to 1 if business j of age a decides to shut down
(i.e. is out of operation in the next period).?® The right panel of Figure 7 shows that the
age-dependent Probit model (which mimics the exit pattern in the baseline) together with
two counterfactual exit rates. “No selection on demand” is average firm exit predicted
by the estimated Probit model when we ignore the effect of demand on exit decisions,
i.e. setting 3, = 0 for all ages. In contrast, “no selection on productivity” represents
firm exit predicted by our Probit model when we ignore the effect of productivity on exit
decisions, i.e. setting 3,, = 0 for all a.

The right panel of Figure 7 shows that demand is a dominant force when it comes to
firm selection, consistent with our counterfactual exercise, but also with existing empirical
evidence (see e.g. Foster et al., 2008). Ignoring the impact of demand on exit decisions
would result in considerably higher exit rates, especially for young businesses. On the
other hand, while selection on productivity also plays a role, it’s quantitative effect is
much weaker. As will become clear below, these results will be key for understanding the

aggregate efficacy of growth policies.

Up-or-out dynamics: gazelles. The literature on firm dynamics has developed a
consensus that high-growth firms, so called “gazelles”, are crucial for aggregate job cre-
ation despite the fact that they account for only a small fraction of all businesses (see
e.g. Haltiwanger et al., 2016). We now investigate the role of gazelles in our framework.

Following the existing literature, we define gazelles as firms which increase their em-
ployment at an annual rate of at least 15% for at least five consecutive years. In our
baseline model, we identify about 7% of such businesses, similar to the fraction found in
the data (see Haltiwanger et al., 2016).

When inspecting the sources of their employment growth, demand comes out as the
dominant factor, consistent with existing empirical evidence (see e.g. Foster et al., 2016).
To see this, we regress employment growth on productivity and demand growth and
inspect the adjusted R-square contribution of productivity and demand growth. The
contribution of demand growth is about eight times as large as that of productivity
growth. We will return to the role of gazelles for the rest of the economy in the next

subsection when analyzing the drivers of aggregate economic growth.

28While we estimate separate Probit models for each age, similar results are obtained for a single
Probit on the pooled dataset.
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4.3 Productivity, profitability and aggregate economic growth

The previous paragraphs have highlighted the importance of distinguishing between pro-
ductivity and profitability for firm-level outcomes. We now turn to quantifying the impact

of firm-level demand variation on aggregate economic growth.

Demand-driven aggregate growth. We begin by decomposing aggregate economic
growth into the contribution of demand variation, once again with the help of our coun-
terfactual economy. The top row of Table 4 shows aggregate growth in the baseline and
the three counterfactual scenarios.

The table shows that demand accounts for about 20 percent of aggregate economic
growth (“fixed b: overall”). This is entirely driven by firm-level innovation decisions
(“fixed b: intensive”). In fact, in isolation the changes in the composition of firms brought
about by firms expecting fixed demand levels ("fixed b: extensive”) leads to a slight
increase in aggregate economic growth. This is consistent with our firm-level analysis
discussed earlier, which showed that changes in the composition of firms alone have only
moderate effects on firm-level productivity and demand, but lead to a composition shift
towards more productive businesses.

These results paint a very different picture of the drivers of aggregate economic growth.
While aggregate growth has typically been considered a purely supply-side phenomenon,
we provide a framework which posits firm-level demand as a quantitatively important
source of aggregate growth. This not only alters our understanding of the driving forces
of growth, but also its sensitivity to policy interventions, to which we turn to in the next
subsection. Moreover, our framework potentially opens the door to a new set of pro-
growth policy instruments operating through the stabilization or support of firm-level

demand.

Creative destruction and aggregate growth. Section 3.2 already discussed the
fact that in the baseline economy startups account for about 22% of aggregate growth,
consistent with empirical estimates. This is shown again in the first column of the second
row of Table 4.

Note that the contribution of entrants to growth is somewhat larger in the counterfac-
tual economy. This is intuitive since expected demand growth helps incumbents survive
and incentivizes them to conduct R&D, see Figures 5 and 6.

Therefore, not taking account of demand-driven profitability variation, which is inde-
pendent of productivity dynamics, may skew the view on entrants by attributing them too
large of a contribution to aggregate economic growth. Such conclusions may have impor-
tant policy implications which often stress the importance of targeting young businesses

which, on average, grow faster than incumbents.
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Table 4: Aggregate economic growth: baseline and counterfactual

Counterfactual: fixed b

Baseline Intensive Extensive Overall

Aggregate growth 0.0153 0.0121 0.0154 0.0126
Entrant contribution 22% 27% 27% 32%
Gazelle contribution 30% 38% 26% 37%

Note: The table shows results from the “baseline” and three counterfactual scenarios: (i) “fixed b:
intensive” in which only firm choices change, but the composition is fixed to that of the baseline, (ii)
“fixed b: extensive” in which the composition of firms changes, but firm decisions are fixed to those in
the baseline and (iii) “fixed b: overall” which is the combination of the previous two.

Gazelles and aggregate growth. We have already discussed the role of gazelles in up-
or-out dynamics. We now turn our attention to their contribution to aggregate economic
growth.

Recall that in the baseline economy gazelles account for about 7% of all firms. How-
ever, the last row of Table 4 documents that without this small fraction of firms aggregate
economic growth would be substantially lower. In particular, without gazelles aggregate
growth in the baseline would be only 1.05 percent. This means that gazelles alone ac-
count for about 30% of aggregate economic growth further enforcing their importance

identified in existing studies.?

4.4 Implications for Growth Policies

A natural question to consider is: how much do we miss in understanding aggregate
economic growth, when considering models in which productivity is the only source of
profitability variation? This subsection explores the extent to which failing to account
for the distinction between productivity and profitability changes our understanding of
the macroeconomic impact of growth policies.

In doing so, we consider a restricted (“productivity-only”) economy, versions of which
are often used in existing studies. This restricted economy is assumed to completely
abstract from demand variation at the firm level.3® We then analyze two distinct policy
experiments often considered in existing studies and in practice: subsidizing firm oper-
ation and R&D costs. Our key questions is whether the presence of firm-level demand

variation changes the model-implied policy conclusions.?!

29The contributions of gazelles to growth in the counterfactual are similar to that in the baseline,
lying roughly between 1/4 and 1/3. Note that this does not mean that firm-level demand variation is
unimportant for gazelles. To the contrary, recall that the counterfactual retains the demand variation of
the baseline economy, but firms are assumed to ignore it in their decisions.

30Note that this differs from the counterfactual “fixed b” economy in the previous sections which
served as a tool to decompose the results of our baseline model. While in the restricted “productivity-
only” economy demand is truly fixed and common to all businesses, the “fixed b” counterfactual features
demand variation at the firm level, but assumes that businesses do not take it into account.

31Given our interest in the comparison between our baseline and restricted economy, in particular
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As will become clear, the impact of these policies is substantially different once we
consider the distinction between profitability and productivity, as we do in our baseline
model. Therefore, our results suggest that failing to account for demand variation at the
firm-level can fundamentally change the policy prescriptions stemming from models of

endogenous growth.

A restricted “productivity-only” economy. The restricted economy is assumed to
be exactly the same as our baseline except that firm-level demand is fixed and common
to all firms. This is achieved by assuming that o, = 0. = 0z = 0, = 7, = 0.

In order to achieve a meaningful comparison between our baseline model and the
productivity-only counterfactual, we recalibrate the latter to match the same targets as
discussed in Section 3.2, with the exception of the autocovariance structure of firm-level
employment. As we show Section 3.2, a model without firm-level demand variation would
not be able to match the autocovariance structure well (see Figure 1). Instead, we target
the baseline R&D /output ratio, a common empirical target (see e.g. Akcigit and Kerr,
2018).32

Introducing subsidies to R&D and operational costs. We introduce subsidies to
R&D, 7., and to the costs of operation, 7, in both our baseline and the restricted economy.
Specifically, subsidies — assumed to be financed by lump-sum taxes on households — are

provided to each business at a common rate. Firm values, therefore, become

pjicie — Win§, + (1 — 7)nf, )+
V(sji) = max : (28)
Dj,tsTj 45T ¢ _
" EB(1 —6) [%JVC(SLH) + (1 - xj,t)vc(sj,wrl)}

where the continuation values are given by
Ve(s;j¢) = max[0,E,_1V(s;4) — Wip(1 — 7).

Clearly, with 7, = 7, = 0 we recover our baseline economy. In what follows, we will
consider two cases in each economy, one with positive R&D subsidies (but zero subsidies
to operation costs) and one with positive subsidies to costs of operation (but zero R&D
subsidies). In doing so, we ensure comparability between the baseline and the restricted
economy by calibrating the subsidies in the latter such that the overall fraction of output
spent on the respective subsidies is equal to the fraction spent in the baseline economy.

Finally, note that in both the baseline and the restricted model we analyze the results

when it comes to aggregate growth, we leave the quantitative analysis of optimal policies and welfare to
future research.
32Gee the Appendix for further details on the productivity-only model and its fit to the data.
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Table 5: Impact of growth policies

n 6(1—F) T N W g

Panel A: Operational cost subsidies
restricted model  —9.6 —-179 +9.5 +15.7 421 —-7.3
baseline model —24.1 +1.6 —-1.2 +39.0 4+0.0 —-0.8

Panel B: R€D subsidies
restricted model — +3.7 +3.3 433 —-146 -—-05 +5.6
baseline model +3.4 +5.2 +114 -294 -1.3 +12.6

Note: The table shows long-run effects of subsidies to the operation of firms (Panel A) and to R&D costs
(Panel B). The table shows results for the baseline model and a restricted, productivity-only, economy in
which firms face constant and common levels of demand. The table depicts effects on average firm size
(m), average exit rates (§(1 — F)), average innovation rates (Z), aggregate employment (), aggregate
wage (W) and aggregate growth (g). Values are reported in percent deviations from the respective
economies without policies.

in general equilibrium. Therefore, we recompute equilibrium variables: wages, consump-
tion, mass of firms and the aggregate growth rate. Finally, note that we consider the

long-run effects of the two subsidies, abstracting from the transition path.

Impact of subsidies to firm operation. Our first policy experiment considers subsi-
dizing firms’ costs of operation, assuming T(I; = 0.25 in the baseline model. The operation
cost subsidy in the restricted model is 75 = 0.20, ensuring that the resources spent on
subsidies in both the baseline and restricted economies account for the same share of
output.

Panel A of Table 5 show the long-run impact of subsidies to operational costs of firms.
Let us consider the impact of this policy in the restricted productivity-only economy
first. The lower cost of operation makes it easier for businesses to survive, resulting in
lower exit rates. The decreased risk of firm exit raises the returns from innovation and
therefore firms invest more into R&D, raising the average probability of innovating. Lower
exit rates also increase the number of businesses in the economy, raising labor demand
and thus wages (consumption) and equilibrium employment. Finally, despite the higher
probability of innovation, aggregate growth slows. This is because the distribution of
firms shifts towards less productive firms which can afford to survive under the new
policy.

In contrast, the baseline economy is largely insensitive to the subsidy on operational
costs. There is a decrease in average firm size, accompanied by an increase in the number
of firms (and hence employment), but the impact on other margins, including aggregate
growth, is negligible. The reason for this stark contrast to the restricted model lies in the
firm selection process. While in the restricted model firms select purely on productivity,
the baseline model features selection on profitability.

From Section 4.2 we know that selection in fact happens predominantly on demand,
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Figure 8: Demand and productivity distribution in baseline model
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Note: The figure shows the distribution of demand and (relative) productivity in the simulated model.
Darker shades indicate densely populated areas. White areas indicate areas of the state space which are
not populated. Panel a) depicts the baseline model without any subsidies. Panel b) depicts the baseline
model with a subsidy to operation costs equal to 74 = 0.25. The values ¢, g, b and b in both the left and
right panels indicate, respectively, the lower and upper bounds of firm-level productivity and the lower
and upper bounds of firm-level demand in the baseline with 7, = 0.

rather than on productivity. Figure 8 depicts this by showing how the joint distribution
of productivity and demand before (Panel a) and after the policy change (Panel b). In
addition to the respective distributions, the figure also plots their respective lower (b and
) and upper (b and q).

It is apparent from Figure 8 that the distribution of firms mainly shifts towards
businesses with lower demand levels, explaining the lower average firm size after the
policy implementation. In contrast, the distribution along the productivity dimension
changes very little (vertical lines indicate the lower, ¢, and upper, 4, bounds of the

distribution without the policy).

Impact of R&D subsidies. The second policy we discuss is one of subsidizing firms’
R&D costs. We assume that 7° = 0.1 in the baseline economy. The subsidy is assumed
to be 77 = 0.055 in the restricted model, ensuring that the share of output spent on
subsidizing businesses is the same as in the baseline model.

Panel B of Table 5 show the long-run impact of R&D subsidies in the baseline economy
and the restricted productivity-only counterfactual. The implications of R&D subsidies
are qualitatively the same in both models. Supporting firms in their investment into

R&D increases innovation rates and, in turn, raises aggregate growth. Faster economic
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growth, however, comes with higher exit rates as firms which are unsuccessful in their
innovation attempts become unprofitable relatively faster. Higher firm exit (especially
among younger businesses) tilts the distribution of firms towards older businesses, raising
average firm size. Despite this, aggregate employment falls as the economy is inhabited
by fewer firms.3?

The key difference between the impact of the R&D subsidy in the two economies is
quantitative. In particular, the subsidy is much more powerful in the baseline econ-
omy where the innovation rate rises by more than 10%. In contrast, the restricted
productivity-only economy sees an increase in average innovation rates of only about
3%. These differences are then reflected in the response of aggregate growth to the R&D
subsidy which is more than twice as effective in the baseline economy, compared to the
productivity-only model. While in the latter aggregate growth increases by about 5%, it
rises by 12.6% in the baseline economy.

Intuitively, this result hinges on the distribution of firm values which drive innovation
incentives (see Equation 13).3* While in the restricted model only firm-level productivity
determines firm values, in the baseline model it is also demand-side factors which play an
important role. Similarly as with expected demand growth being crucial for the level of
innovation rates, it is important in determining their sensitivity to changes in marginal
costs. These conclusions are similar in spirit to those in Sterk @) al. (2021), who argue
that the autocovariance structure of firm-level employment — which we use to estimate
our model — is important for disciplining the sources of firm-level heterogeneity which
ultimately determine the distribution of firm values.

The above results therefore show that accounting for the distinction between produc-
tivity and profitability is important for at least two reasons. First, it changes our un-
derstanding of the sources of aggregate growth with firm-level demand variation partly
driving about aggregate economic growth. Second, it has the potential to fundamentally
change the policy conclusions derived from models which ignore the distinction between

productivity and profitability.

4.5 Empirical support for model mechanism

This subsection provides empirical support for our key channel which links expected de-
mand growth at the firm-level to firms’ innovation decisions and productivity growth.

Towards this end, we first review existing studies which empirically document this re-

33We note that our framework is particularly flexible on two important margins of adjustment: firm
mass and labor supply. This is because we have assumed free entry of new businesses and a linear
disutility of labor. However, these two margins are modelled in the same way both in the baseline and
in the productivity-only counterfactual.

34Indeed, using the restrictions in Section 2.2, it is possible to show that the responsiveness of inno-
vation rates to R&D policies is an increasing function of the level of the innovation rate. The latter, in
turn, is a function of firm values.
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lationship in various settings. Second, we draw on firm-level data from Compustat to
estimate this key relationship and show that our model is both qualitatively and quanti-

tatively consistent with the data in this regard.

Review of existing evidence on firm-level demand effects. While the market size
effect has been questioned (see e.g. Jones, 1995), a number of existing empirical studies
find support of such demand effects influencing innovation at the firm-level.

For instance, there is a range of papers focusing on the pharmaceutical industry which
identify significant effects between market size expansions and firms’ innovation. Ace-
moglu and Linn (2004) measure exogenous changes in market size (demand for particular
drugs) using demographic trends and show that such changes lead to the entry of new
drugs. Finkelstein (2004) studies the effects of health policies aimed at increasing the us-
age of existing vaccines. The results suggest that such policies alter the expected returns
from developing new inoculations, leading to a 2.5-fold increase in the number of vaccine
clinical trials for diseases affected by the policies. Kyle and McGahan (2012) use cross-
country variation in patent laws to find that a increased patent protection is associated
with higher R&D efforts. Similarly, Dubois et al. (2015) use the worldwide number of
deaths from diseases in relevant therapeutic classes to instrument expected market size
and find large positive elasticities of changes in expected market size and innovation.

An empirical study, which is more closely related to the structure of our framework,
is by Aghion et al. (2020) who document that firm level innovation rises in response
to exogenous demand shocks. They measure the latter using detailed firm-level data
on French exporters, utilizing variation in firm-level export destinations and the respec-
tive aggregate conditions of the destination economies. Measuring innovation outcomes
using priority patents, the paper shows that following shocks to the growth in export
destinations, firms respond by patenting more.

The above examples of existing research show that our key channel, namely changes
in expected market size spurring innovation at the firm-level, is well documented in the
data. However, to the best of our knowledge, it remains an open question whether firm-
level demand variation has an impact on aggregate innovation and growth. The next

section takes our framework to the data in order to addresses precisely this question.

Estimating the demand-productivity link using firm-level data. As a final step
in our analysis, we now draw on firm-level data to directly estimate the key channel
predicted by our model. In particular, we ask to what extent idiosyncratic expected
demand growth affects firms’ decisions to innovate and, in turn, their productivity growth.

Towards this end, we draw on firm-level data from Compustat between 1962 and
2019. We exclude observations of financial firms and utilities and consider an unbalanced

panel resulting in about 90 thousand firm-year observations with roughly 10.5 thousand

39



unique firms. More details on the data cleaning process, variable definitions, as well as
the estimation procedure and additional results can be found in the Appendix.

Using the Compustat data, we proceed in four steps. First, we follow Foster et al.
(2016) and define total factor productivity as

In(tfp, ;) = In(y;.) — arIn(lj;) — ap In(kyp) — o In(myy), (29)

where, in the absence of firm-level price information, y; is the revenue of firm j in year
t and where [, k and m corresponds to labor, capital, and intermediate inputs (materi-
als), respectively. The elasticities, «, are estimated using the methodology described in
Levinsohn and Petrin (2003).%

Second, as in Section 3.2 we follow Foster et al. (2008) and use estimated idiosyncratic
TEP to proxy for firm-level prices and estimate demand shocks, In(b;,), as residuals from

the following regression
In(sales;;) = o In(tfp;,) + i X;, +In(bj,), (30)

where we control for a range of firm-specific and aggregate variables, X, ,, including
3-digit-industry-year fixed effects, dividend value, total assets, and liquidity ratio.?¢

Third, we assume that expected firm-level demand growth, E,_;Aln(b;,), corresponds
to the predicted values from the following regression

Aln(bj) = apAln(bje1) + ol X1 + €5, (31)
effectively assuming that firms use mean squared error linear forecasts to form expecta-
tions.

The final step in our procedure is to directly estimates the model-predicted link be-
tween expected demand growth, E,AlIn(b;,), estimated in (31) and productivity growth,
Aln(tfp,,), estimated in (29). Specifically, we estimate

A ln(tfpji) = Oé?- + ﬁbEt_lA ln(bj7t) + Oéng’t + Gq- (32)

iz

where «; are firm fixed effects and where the key coefficient of interest is ;.

Results from firm-level estimation. Table 6 shows the results, focusing on the key

coefficient [, reported in the first column. The estimate is positive and statistically

35The Appendix shows that our results are robust to several alternative specifications, including the
use of labor productivity, instead of TFP, and the use of the approach of Olley and Pakes (1996) instead
of that in Levinsohn and Petrin (2003).

36 As documented for example in Cloyne et al. (2018) these variables capture adequately firm’s financial
constraints. Note that we do not include firm fixed effects, since our model precisely predicts firm fixed
effects in demand which we want to capture in our estimation.
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significant. Moreover, conducting the same estimation procedure in the baseline model
shows an almost identical coefficient.37

Section 3.2 documented that the model-based productivity and demand shocks, driv-
ing our heterogeneous firm framework, have realistic properties, closely mimicking those
estimated in the data (see Foster et al., 2008). The results presented in this subsection
further validate our model and its quantitative analysis. While TFP and demand esti-
mates should always be taken with care, especially when lacking firm-level price data,
our results are encouraging. In particular, they suggest that our key mechanism — a link
between expected demand growth and productivity growth at the firm level — is not only

present in the data, but also quantitatively reasonable.

Table 6: Estimated impact of expected demand growth on productivity growth, /3,

(I) (IT)
Compustat data 0.056***  0.060***
(11.4) (11.7)

Baseline model 0.041 0.041
Industry & year fixed effects v v
Additional controls, X, ; v
Number of observations 93876 93876

Note: Table shows estimates of Sy, the relationship between expected demand growth and productivity
growth at the firm level, from (32). The first column does not include additional controls (dividend
value, total assets, and liquidity ratio), while the second does. None of these are included in the model
regressions. Brackets indicate t-statistics and *** indicates statistical significance at the 1 percent level.

5 Conclusion

We build on the expanding evidence that demand-side factors are crucial for driving
firm-level outcomes. Incorporating this feature into a new model of endogenous growth
in which heterogeneous firms innovate and operate based on profitability, instead of pro-
ductivity alone, we show that firm-level demand variation partly drives aggregate growth.
Estimating our model using firm data suggests that this link is quantitatively important
and that ignoring the distinction between profitability and productivity can fundamen-
tally alter model predictions about the impact of growth policies.

We believe that our framework opens the door to several intriguing questions which

we have left unanswered in our paper. First, what new tools could policy-makers use to

3"While in the data we proxy physical TFP with revenue-based TFP, we do not need to do so in the
model. Foster et al. (2008) document that the two are highly correlated. In addition, the model does
not allow for industry fixed effects or additional controls.
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spur aggregate growth? Our framework suggests that recognized demand-oriented tools,
such as monetary policy, could be used to impact growth. However, our model would also
likely accommodate more unconventional and understudied policies, such as procurement.
Second, our results suggest that the firm-selection process, which is key for the efficacy
of many (if not all) growth policies, is substantially different from existing models which
ignore demand-side variation. What is the optimal policy mix from the point of social
welfare? Finally, can we learn something about the secular trends in productivity and
growth, observed in many developed economies, by studying the demand side of the
economy? Our model suggests that there may new channels and driving forces at play

when it comes to understanding secular stagnation.
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Appendices

A Proofs

For what follows, we note that the following expressions will be useful in the proofs

presented below
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where we used Q = (fj b;q] dj) and W = vC.

and hence

A.1 The decentralized economy

Proof of Lemma 1. Consider the stationarized economy and decisions made by an

incumbent with production efficiency ¢, market size b. Let us define the stationarized
idiosyncratic state by § = (bg,b,0), where § = ¢/Q, §7 = (bg0(1 + N\)/(1 + g), b6, 0) and
§~ = (bg0/(1+ g),b0,0). Where possible, in what follows we suppress the dependence of

endogenous choice variables on the firm-specific state, .

Under Assumption 1, and using the labor supply condition (7), optimal pricing con-

dition (12) and the fact that W = (n — 1)/nQ, per-period profits are given by

m=pe—=Wl(c/q+n.) = bag g = bagps —bag— =ba | - 2

2W 4W Q v

Therefore, stationarized profits are given by

S b 1 x?
= ———.
1 v 2y

We can then write stationarized firm value as

~

V() =7+ B(1 - 0) [xV(§+) F(1- m)V(é_)] .
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The first-order condition for innovation rate is
z=41-0) (V) - V() (35)
q

Let us now guess that the stationarized value function is an affine transformation
V= Abq and verify our guess using the above optimality conditions. Using our guess

yields the following expression for the innovation probability

p1—9)

z(A) =~ =)

ONA(D), (36)
Note that the innovation rate common across all firms, since it is independent of ¢ and b.
Using the guess in the firm value (34) delivers
1 2? B(1—=19)
bg=0bq | — — — —O0(1+ A\
Abg quU 2V+A g (1+ Az)|,
which is linear in b¢ and hence our initial guess is verified. A is the positive real solution

to the following quadratic equation

A() = K L 5’72)} [1_M<1+Ax(A)>e]l>0.

v 2y (1+9)

]

Proof of Proposition 1. Firm size is given by n = n.+n,. Proposition 3 implies that

x is constant. Using the demand constraint, we can then write firm size as

1 ()
0)=0bq | —+——|, 37
) =bi |0+ =0 (37)
where the term in square brackets is constant. Firm size is, therefore, proportional to bq.
Therefore, we can write the expected firm size growth rate as

n'(6)  6(1+ \x(0))

n(0) - 1+g (38)
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Proof of Proposition 2. In a stationary equilibrium, the in- and outflows have to

balance out or in every state § = (b, ¢, ). The stationary firm density satisfies

0= o (4L, (5 K280 ) T

1+ A I+ A

+(1-19) [u (g,d(l +gq),6) + 6he (2 q(1+g,), 9) ] (1—x(0))

The left-hand side captures outflows, which are simply p($), while normalized produc-
tivity adjusts accordingly. The right-hand sides marks inﬂows into state state s from

all surviving firms that either successfully innovated from or their innovation efforts

T
failed and their productivity remained at q. We also used the fact that the innovation
rate depends only on #. Finally, the last term captures the new entrants. The entrant

distribution satisfies

b~ (on D) if = L
he(b, 4, 0) oc § (1 — 2)b~ (=D if g = 2
0 otherwise

which follows from the premise of the proposition as well as the fact that entrants start
with ¢ = 7.

In the simple model, the demand growth rates are common to all firms, and hence
we can focus on the marginal distribution w(b,§) = [ df. The innovation rate z is
independent of b and ¢. Then, the firm distribution is Pareto with shape k,. To see
this, guess that u(b, §) oc (bG)~"»*1). We need to consider three cases, since the mass of
entrants is positive only in states § = (b, 1). Firstly, for any ¢ ¢ { 182 }, there are

14947 1+gq
no entrants and we have

11(bg) o (bg)~ =t = (1 —5)

—(
verifying the guess. Next, consider the case of ¢ = %, hence 1(bg) o (b%)

20



It follows that

) 14+ )\ etd)
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Which verifies the guess. The case of ¢ = i’\q is analogous.

1+g
Finally, note that since the size satisfies n = bq [n”ﬂv + 1(3)2}, it follows that the cdf
of the firm size distribution is Pareto with shape parameter x, which yields the desired

result. O

Proof of Proposition 3. Under Assumption 1 and Lemma 1 it directly follows that

p(1—9)

z(A) = T g)

ONA(0) (39)
]

Proof of Proposition 4. Under Assumption 1, we can express the productivity index

as

Q== / batyidj
t B; . 7,
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where qu ta(q) = €, is the mass of firms of a particular age a, with Q,,; = (1—0)Q, and
Q=(1-6)M=(1-9) fq te(q), and where ¢° is a time-invariant initial draw of relative

roductivity. Next period’s productivity index can then be expressed as
p y p p y

1 .
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where the last equality follows from the fact that B =), f] O baq;+dj. Therefore,
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]

Aggregate market size effect. Note that the growth rate in the economy does not
depend on the scale of the economy N nor the aggregate market size C. The underlying
reason is that, as the scale of the economy increases, so does the equilibrium mass of firms
and offered variates €). As a result, although the firm-level market size rises incentiviz-
ing innovation, the consumption is spread more thinly over larger number of products

nullifying impact of scale on aggregate growth (Howitt, 1999; Young, 1998).

A.2 The planner’s allocation

In what follows, we consider a utilitarian planner, who gives equal weight to all workers,

in an economy adhering to Assumption 1.

> B [log C; — vNy].
t=0

We start by noting that, on the BGP, the above objective function can be simplified

t038

{logC + log(1 + g)% — ’UN:| ,

101 2 2
i = = . . . Ci biq; T; 7-
where C' = <f] b;c]?dj) and N = fjnj,C +nj, dj = f] ot
Let us first discuss the static decision of allocating consumption varieties ¢; in every

period. The planner’s allocation, denoted by a star, takes the following form

-2
J

which gives rise to the following aggregate consumption value

=< (42)

v
where Q* = (f] qujdj>.

Proof of Proposition 5. Let us now use the results from the previous section and sub-

stitute out the optimal allocation of consumption varieties (41) in the planner’s problem*°

3 Note that Y, Blog C, = >, 8" (log Cotlog(l+ g)) = % + log(1 + g)ﬁ In addition, N is
stationary and therefore its discounted value is equal to N/(1 — ). Finally, we denote Cy as C since the
composition of the consumption good is fixed over time.

39We use (41) in the definition of the consumption bundle to express C*.

40We use the fact that C* = Q*/v to write aggregate labor supply as N = fjc;/qj +njpdi =

L/v+ [;n,;dj.
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The planner is left with choosing optimal innovation rates. Given the common growth
profiles of demand, this amounts to choosing age- and productivity-specific innovation
rates for incumbents, z,(¢), and for entrants, z.(¢%), to solve:
max {log Q" —logv + log(1 + g)i — UN:| ,
za(d)we(d) 1-p
where

Ae)2

1 Axa(d)Q A A xe(q
N=—+ /baq—ua q +/ beq”
v ; q i @ @ i

pe(q°), (43)

Q, Za:O fq baed(l + AIa(é))(l - 5):“11(4)
1 + g 25 = . (44)
+ Joe 0e0G° (1 + Aze(q°)) (1 — 0)pe(q°)

The resulting socially optimal innovation rates are given by

£a(d) = 2o(d) = LU0 gy (45)

2v(1+g)(1—-p)

A.3 The autocovariance structure of employment

Proof of Proposition 6 Under Assumption 2, we can write the evolution of firm-

specific productivity over the course of a firm’s life-cycle as
a1 = Ga (Tra(l +A) +1 = T7ja), (46)

where a indicates a firm’s age and where 7;, is an indicator function equal to 1 when the
innovation is successful (which happens with probability z) and 0 otherwise. The above

process describes log productivity as a random walk
N gjar1 =1ngja + €a; (47)

where €;, is equal to 0 with probability 1 — z and equal to In(1 4+ A) with probability z.
The variance of these shocks is equal to o2(€) = z(1 — z)[In(1 + \)]>.

Let us now assume that the initial dispersion of firm-level productivity is equal to
0?(Ingy) > 0. We can then express the variance and autocorrelation of productivity

levels over the firm life-cycle as

o*(Ing.) = 0*(Ingo) + (a — 1)o*(e), (48)

o?(In q)
Ingo)o(lng,)

corr(Ingp,Ing,) = ( (49)
o
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B Solution and estimation of baseline model

B.1 Solution method

The aggregate state of the economy consists of aggregate growth rate, g, consumption,
C, and wage, W, which are all time-invariant, since we consider a balanced growth path
equilibrium. The firm-specific state consists of logs of the current accumulated demand,
In b, relative productivity, In ¢, permanent component of the demand profile, Inu, and
the current value of autoregressive demand shock, In v. We discretize the four dimensions
of the state space using 41, 101, 21, and 31 equidistant grid points, respectively. These
relatively large grids allow us to capture the full extent of the firm lifecycle dynamics
induced by the evolution of demand. The grid for Inb spans the interval [—5,7|. The
choice of the upper and lower bound is dictated by the desire to replicate the empirical
size distribution of firms (see Section 3.3 for details). We opt for a relatively dense
productivity grid as we want to capture adequately the discrete productivity jumps by
factor 1 + A while at the same time allowing for cross-sectional productivity dispersion
consistent with the empirical evidence. The resulting equidistant grid for productivity
ranges from —0.5 to 0.99 and generates TFPQ and TFPR dispersion in line with existing
literature and our estimates based on Compustat data (see Section 3.3 in the main text
and Section D.3 below). The grid for Inu spans the interval [—3,4] chosen to capture
the rich pattern of log size autocovariance in the data, as illustrated in Figure 2. We
discretize the AR(1) process for Inv using the Rouwenhorst (1995) method.

We use value function iteration to solve numerically the quantitative model. We use
a global solution method to capture adequately non-linearities in firms’ policy function
and complex interactions between expected demand growth, innovation, and productivity
improvements. Given the current guess for the value function on each grid point V(s),
we can solve the firm’s problem in closed form. The CES demand structure lends itself
to simple characterization of the pricing decision. This exit choice is described by the

following cutoff rule (see Section 3.1)
max {O, Et,1 V(St> — Wt(b} .

Given out guess for V (s;) and the distributional assumptions on the shocks processes, we
can compute E;_; V(s;). The first-order condition for the optimal R&D expenses (13)

implies the following innovation probability

-

PC clot) cS— vl
T2 = 0) [VE(sT) = Vi(s)]

T = |v
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where V¢ marks the firm’s value conditional on survival in the next period. The pricing
decision together with R&D expenses yields the total labor demand. Given those choices
we can compute the implied new value function at each grid point using formula (22).
We use the implied value as a new guess for the value function. We repeat the above
procedure until the Euclidean distance between the current guess and the implied new
value function is less than 1076,

In the baseline model we normalize wage W and consumption C' to unity, using the
disutility of labor and mass of potential entrants as normalizing constants. The remaining
aggregate state - the aggregate growth rate g - is a part of estimation targets as described
in Section B.2 below.

When searching for new equilibria corresponding to the policy experiments in Section
4.4, we iterate on aggregate growth, consumption, and wages until convergence. That is,
given a guess for these aggregate states, we solve the firm problem using value function
iteration, we simulate the economy and calculate the implied values for g, C', and W. We

iterate on the values for the aggregates state until convergence.

B.2 Simulation and estimation

To estimate moments pertaining to firm lifecycle dynamics or aggregate economic growth,
we need to approximate the stationary firm distribution. Towards this end, we use on-grid
stochastic simulation. We draw potential entrants from the initial distribution H(s.) over
the idiosyncratic states. We determine which entrants continue operating based on their
exit decision as described Section 3.1. We draw new potential entrants up to a point in
which we have 100 thousand surviving startups. From then on, we simulate the lifecycle
of each firm for 51 years. This simulation length is roughly in line with the empirical
sample length in the BDS and Compustat datasets. Moreover, as the demand process
settles eventually at 1%/), there is little to be gained in terms of precision when allowing
for a longer lifespan.

In each period, firms face demand and innovation shocks, and make decision regarding
pricing, employment, investment into R&D, and exit. Based on these choices, firms move
between grid points along three dimensions of the statespace (the firm-specific demand
parameter In u is determined at entry and fixed over the firm’s life).

While the firm is alive, in each period we simulate the following steps. At the beginning
of each period, before any shock is realized, firms decide whether to pay the fixed cost
and continue operating or avoid paying the cost and exit. Firms that decided to continue
operating receive demand shocks z and €, and observe the realization of the innovation
shock determining their current period productivity. The probability of a successful
innovation was determined by R&D expenses in the previous period. Next, firms decide

on investment into R&D based on the first-order condition. Then, the firm transitions
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Table 7: Parameter values of restricted “productivity-only” model

parameter value parameter value
B discount factor 0.970 oz U, standard deviation 0
n elasticity of substitution 6.000 Uz W, mean 3.600
v disutility of labor 1.000 o0y Inwu, standard deviation 0
Kk entry cost 0.475 pu  Inu, persistence 0
¢ fixed cost of operation 0.730 0, Inwv, standard deviation 0
0 exogenous exit rate 0.020 py  Inw, persistence 0
v R&D efficiency 0.260 o. ¢, standard deviation 0
A innovation step size 0.147 0, Inz, standard deviation 0

04 (e, standard deviation 0.200

Hqg e, Mean —0.505

Note: 8, n, v and k are calibrated as discussed in the main text. The remaining parameters are set such
that the model matches the empirical age profiles of average size, exit rates from startup (age 0) to age
19 in the BDS and the aggregate R&D to output ratio in the baseline model.

to the next period, decides on exit, and so on.

The resulting unbalanced panel of firms serves as the data source behind all our
quantitative experiments in Section 3 and is used to compute the relevant moments for
estimation as described in Section 3.2. We estimate 14 model parameters that pertain
to the demand and productivity processes, the exogenous exit rate and the operational
cost, as described in the main text. Towards this end, we minimize the equally-weighted
Euclidean distance between 250 moments in the model and in the data. Our targets
can be grouped into four sets: (i) average growth of real GDP (1 moment), (ii) the firm
size life-cycle profile (20 moments), (iii) the firm exit life-cycle profile (19 moments) and
(iv) the upper triangle of the autocovariance matrix of log-employment, by age and for a

balanced panel of firms surviving up to at least the age of 19 years (210 moments).

C Restricted “productivity-only” model

As mentioned in the main text, the restricted “productivity-only” version of our baseline
model is obtained by assuming o, = 0. = oz = 0, = 0, = 0. The latter results in
firm-level demand being common and constant across all businesses.

We parametrize the restricted model in exactly the same way as the baseline, with
the exception that we do not target the autocovariance structure of employment. This
because, as we show in 3.2, the productivity-only model would not be able to match the
empirical patterns. Finally, in order for the model to match the steep decline in exit rates
by age, we allow for the mean of the initial draws of productivity p, to differ from 0.
Instead, we target the aggregate R&D to output ratio obtained in the baseline model, as
is common in the literature. Table 7 shows the model parameters and Figure 9 depicts
the model fit.
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Figure 9: Model fit of restricted “productivity-only” model
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Note: The Figure shows average firm size (employment) and exit rates by age in the restricted model
and the BDS data.

D Details on estimation of the demand-productivity

link using Compustat data

In this section we provide more details on the procedure used to estimate the link between

firm-specific demand growth and subsequent productivity improvements.

D.1 Production function estimation

We estimate the revenue-based total factor productivity following the approach of Levin-
sohn and Petrin (2003) (LP). We define the revenue-based total factor productivity
(TFPR) in the usual way (Foster et al., 2016; Keller and Yeaple, 2009),

In tfprﬁ =Iny;s —ogInl;; — o Inkj; — o Inmgy,

where y;, is the revenue of firm j in year ¢, while [, k£, m correspond to labor, capital, and
intermediate inputs (materials), respectively. The elasticities, «, are estimated from the
Compustat data. Note however that the choice of production inputs is endogenous and
more productive firms are likely to use more production factors. As a result, OLS esti-
mates of the production function may not recover the true underlying factor elasticities.
The LP approach is to use data on intermediate inputs to control for this simultaneity
problem. The procedure entails an instrumental variable estimation of the elasticities
in which the explanatory variables are instrumented with regressors that are correlated
with the inputs but uncorrelated with current technology shocks. The LP approach uses
lagged values of capital and materials as these instruments. While using LLP approach as
a baseline, we make sure that our results are consistent across various alternative ways
to estimate the production function.

Specifically, we consider Olley and Pakes (1996) approach, who opt for using invest-

ment, rather than materials, as an instrument in the first stage of the production function
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estimation. However, as observed by Levinsohn and Petrin (2003), non-convexities in the
capital adjustment costs lead to inaction and kinks in the investment function and can
affect responsiveness of investment to the transmitted shocks. For this reason, we use
the approach of Levinsohn and Petrin (2003) as our baseline, but we show that our re-
sults are virtually the same when using rolling-window annual Olley and Pakes (1996)
estimates as proposed and applied to Compustat data by imrohoroglu and Tiizel (2014).
Our results are materially unchanged when using Wooldridge (2009) approach who pro-
poses a procedure to estimate the system of equations in Levinsohn and Petrin (2003) in
a more efficient, single step procedure. For reference, we also provide the results when
production function is estimated via plain OLS. Finally, we consider a simple measure of
labor productivity defined as the revenues per employee. In the latter case, the results
are of the same sign as in the baseline estimation (and the same sign as in the model),

albeit quantitatively much larger.

D.2 Data

The main data source is Compustat. We use the Compustat fundamental annual data
from 1962 to 2019. We exclude observations of financial firms (SIC classification be-
tween 6000 and 6999) and utilities (SIC classification 4900-4999).4! We consider only
companies incorporated in the U.S. and traded in the U.S. stock exchange. We exclude
firms that have negative entries for sales, total assets, number of employees, depreciation,
accumulated depreciation, as well as gross property, plant, and equipment. We remove
observations with negative values for our estimates of value added or materials (to be
described in detail below). If for a given firm-year pair there are missing values for sales,
employment, total assets, or capital, we impute the missing values by linearly interpolat-
ing between values recorded by the firm in the two adjacent years. The observations that
cannot not be interpolated in this way due to missing data are dropped from the sample.
The resulting sample is an unbalanced panel and in our baseline regressions we utilize
around 90 thousand firm-year pairs with approximately 10.5 thousand unique firms.
Sales is net sales from Compustat (Compustat variable name SALE). As in for example
Imrohoroglu and Tiizel (2014); Keller and Yeaple (2009), we measure materials measured
as total expenses minus labor expenses. Total expenses is approximated as sales net
of operating income before depreciation and amortization (OIBDP). Labor expenses is
calculated by multiplying the number of employees (EMP), our measure of the stock of
labor, by average wages from the Social Security Administration. The nominal values
such as sales, assets, materials, or other expenses are deflated with GDP price deflator

from the Bureau of Economic Analysis. To further account for industry-specific time

41 A5 is standard in the literature, we remove financial firms because the balance reporting conventions
are very different for those companies. We delete utilities because it is a non-representative and regulated
sector the latter.

o8



trends in prices, in all our regressions we control for fixed effects corresponding to each
pair of 3-digit industry and year.*?

Capital stock is given by gross property, plant, and equipment (PPEGT) from Com-
pustat, deflated by the price deflator for non-residential fixed investment deflator from
the Bureau of Economic Analysis. Since investment is made at various times in the past,
we follow Imrohoroglu and Tiizel (2014) - who build on the methods of Hall (1990) and
Brynjolfsson and Hitt (2003) - and calculate the average age of capital at every year for
each company. Then, we apply the appropriate deflator corresponding to the year the
investment was made as implied by the calculated average capital stock age. The lat-
ter is calculated by dividing accumulated depreciation (DPACT) by current depreciation
(DP). As in Imrohoroglu and Tiizel (2014), age is smoothed by means of 3-year moving
average.*> Due to the balance sheet reporting convention, we lag the resulting capital
stock by one period to reflect the capital stock available for production at the beginning
of the period.

When comparing the results in data with model-implied coefficients, we follow the
same steps as employed in the data whenever possible. To construct the model-implied

t.44 Given

counterpart of TFPQ, we use difference between log output and log employmen
the values for TFPQ we run the same regressions as in the data (see Section 4.5 in the main
text). The only difference being that we do not include year-industry fixed effects, as we
consider a representative industry in a stationary equilibrium nor the additional controls
measuring firm’s lifecycle position or financial constraints as there are no confounding

factors in our model-simulated data.

D.3 Descriptive statistics

Next, we discuss the descriptive statistics concerning the estimated values of revenue
productivity and firm-specific demand in the data and in the model. The estimated
TFPR is defined in eq. (29) and estimated as described above, while the demand is the
residual from estimated equation (30). Table 8 presents the statistics. The properties of
productivity and demand in the model and data are very similar. The estimated demand
and productivity process is slightly less dispersed in the data than in the model. The
reason may be that the firms in Compustat tend be larger and older that the population

42Tn our baseline estimation, we do not utilize deflators and wages for individual industries. Detailed
deflators and wages at the 4-digit SIC code level are available for manufacturing firms in the NBER
Productivity Database. However, restricting our attention to manufacturing firms severely limits the
sample size. The use industry-time fixed effects alleviates the need for industry-specific deflators to some
extent. We made sure that our results are robust to using industry-specific deflators and wages in the
restricted sample.

43Tf the firm’s history at a given point in time is shorter than three years, we use all available years.

44In the model there are two types of employees: production workers and researchers. Because of that,
to recover the underlying TFPR{; ; we would need to subtract only the production workers from the log
output. However, to be consistent with measurements in the data, we use the total employment.
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Table 8: Descriptive statistics of the estimated TFPR and demand.

variable mean standard dev. 90-10 pct range autocorrelation

Panel A: data

Inb;, 0 0.41 0.99 0.90

Intfpr;, 0.004 0.18 0.35 0.81
Panel B: model

Inb;, 0 1.08 2.66 0.92

Intfpr;, -0.07 0.21 0.42 0.83

Note: Table shows descriptive statistics for the estimated TFPR and demand processes. Column titled
90-10 pct range contains the difference between value of 90th and 10th percentile.

of firms in the U.S. on which the model is estimated. The mean log demand is zero, since

it is estimated as a residual from regression (30).

D.4 Robustness to alternative approaches to TFPR estimation

In this section we compare the value of estimated parameter of interest — the elasticities
of the productivity growth with respect to expected demand growth — across various al-
ternative measures of the total factor productivity. We consider Olley and Pakes (1996)
method following Imrohoroglu and Tiizel (2014) who utilize rolling-window annual esti-
mates of production function (effectively allowing the elasticities to vary over time). In
addition, we consider Wooldridge (2009) method, simple OLS, and a measure of labor
productivity defined as revenues per employee. All these methods paint very similar pic-
ture: the estimated firm-specific demand is associated with the subsequent productivity
improvements. The effects are both economically and statistically significant in all cases.
The magnitude of the effect is very similar to the one implied by the model. The one
exception is the case in which we use revenues per employee as a measure of labor pro-
ductivity. In this case the magnitude is much larger than in the model and the other
approaches to approximate TFP(Q. However, this measure of labor productivity may not
capture adequately the underlying TFPQ.

We also consider a specification in which production function elasticities are estimated
separately for each 3-digit industry. Table 10 illustrates that the results are virtually un-
changed. In this robustness check, we do not use imrohoroglu and Ttizel (2014) approach,

since slicing the sample by year and 3-digit industry results in small sample sizes.
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Table 9: Estimated impact of expected demand growth on productivity growth, alterna-
tive approaches to TFPR estimation.

Imrohoroglu  Wooldridge OLS labor prod.

and Tizel (2009)

(2014)
By 0.133*** 0.0878*** 0.0565*** 0.336***

(9.44) (14.66) (11.22) (31.92)

Industry & year fixed effects v v v v
Additional controls, X ; v v v v
Number of observations 93876 93876 93876 93876

Note: Table shows estimates of Sy, the relationship between expected demand growth and productivity
growth at the firm level, from (32). Each column corresponding to an alternative method of estimating
TFPR; see the text for their description. Brackets indicate t-statistics and *** indicates statistical
significance at the 1 percent level.

Table 10: Estimated impact of expected demand growth on productivity growth,
industry-specific elasticities.

Levinsohn and Petrin (2003) Wooldridge (2009)  OLS

By 0.0983*** 0.115*** 0.134***
(19.81) (19.57) (26.18)
Industry & year fixed effects v v v
Additional controls, X ¢ v v v
Number of observations 43620 43597 43660

Note: Table shows estimates of Sy, the relationship between expected demand growth and productivity
growth at the firm level, from (32). Each column corresponding to an alternative method of estimating
TFPR; see the text for their description. Brackets indicate t-statistics and *** indicates statistical
significance at the 1 percent level.
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