Provider-driven Complementarity and Firm Dynamics*

Sergio Feijoo Moreira

February 1, 2024

Abstract

Consumption decisions are increasingly influenced by product compatibility and
cohesion alongside the quality-price ratio. This paper develops a theory of provider-
driven complementarity where products differ in quality and in how well they com-
plement each other due to their software, brand, or product design. Under this
framework, seemingly independent products become complements when offered by
a single firm. I embed this theory into a quality ladder growth model and show
that provider-driven complementarity is crucial in determining firms’ incentives to
innovate and challenge incumbents in their established markets. Additionally, I con-
duct a quantitative analysis where the average size of innovations declines, inducing
a growth slowdown. In contrast with the predictions of a standard quality ladder
model, this also reduces business dynamism: the entry rate declines, and both the
concentration of sales and R&D expenditure increase.

JEL Codes: E23; L22; O31.
Keywords: Provider-driven complementarity; growth; research and develop-
ment; declining business dynamism; innovation; concentration; market power.

1 Introduction

The quality-price ratio plays a pivotal role in consumer decision-making. However, the
changing consumer landscape witnessed during the last decades highlights the growing

*Address: University of Bristol, School of Economics. The Priory Road Complex, Priory Road,
Bristol, BS8 1TU. E-mail: sergio.feijoo@bristol.ac.uk. Phone: +44 117 455 7245. I am greatly indebted
to Andrés Erosa for his guidance and advice. I also thank Timothy Kehoe and Manuel Amador for their
comments during my stay at the University of Minnesota. For helpful comments at different stages of
the project, I thank Juan José Dolado, Marta C. Lopes, Matthias Kredler, Evi Pappa, Clara Santamaria,
Felix Wellschmied, Emircan Yurdagul, seminar participants at the Bristol Macroeconomics Workshop,
Workshop on Firm Dynamics Market Structures and Productivity, the Macroeconomics Network in the
South West Second Workshop, EEA-ESEM 2021, University of Bristol, CUNEF, Universitat de les Illes
Balears, Nova SBE, University of Vienna, Wirtschaftsuniversitdt Wien, Universidad de Alicante, Banco
de Espana, SAEe Meeting 2020, Stockholm School of Economics, UC3M Ph.D. Student Workshop, and
Minnesota International Macro & Trade Workshop. Financial support from Ministerio de Economia,
Industria y Competitividad (Spain), grant BES-2016-076978, is gratefully acknowledged. All errors are
mine.


mailto:sergio.feijoo@bristol.ac.uk

significance of product compatibility and cohesion. This means that consumers also value
whether different products work seamlessly together, making everyday tasks more efficient
and enjoyable and/or increasing the overall user experience. For instance, a smartphone
that syncs effortlessly with a smartwatch, earbuds, and other smart home devices creates
a cohesive ecosystem, adding value to each individual product.

This paper develops a theory where the existing products in an economy differ not
only in terms of their quality but also in terms of how well they complement each other,
which I henceforth refer to as how provider-driven complementary they are. These com-
plementarities are defined broadly, aiming to encompass any characteristic that relates
to product compatibility and cohesion, for example, their software, brand, or product
design. Provider-driven complementarity boils down to the idea that during the process
of product innovation — the introduction of new and improved products to the market —
firms can incorporate differential characteristics into their products. These firm-specific
characteristics make initially independent products become complements when provided
by a single firm. Therefore, absent quality differences across products, consuming several
goods from a single provider is preferable to purchasing each good from a different firm.

Theoretically, I build on the Akcigit and Kerr (2018) model of endogenous growth
through R&D. The economy is formed by a representative household and an endogenous
measure of firms. Each operating firm supplies monopolistically a product portfolio to
the market. All firms have access to the same production technology, and product quality
grows on a ladder through stochastic quality arrivals arising from investment in R&D.
Firms’ R&D is of two types: internal (improve the quality of a product within its portfolio)
and external (improve the quality of a product outside its portfolio). The key novelty of
the model is introducing provider-driven complementarities, modelled as a demand shifter
embedded in the production function of firms which increases in the number of (different)
products supplied by the same firm.! Therefore, upon entering the economy, any firm
is ex-ante able to generate the same complementarity level. In other words, there exist
only two sources of heterogeneity across firms that evolve endogenously as a result of
innovation: the number of products in their portfolio and the quality of each product.

In a standard quality ladder model, successful R&D improving the quality of a variety
enables the innovator to price-out a lower-quality incumbent. However, when firms gener-
ate provider-driven complementarity, consumers do not necessarily switch to the state-of-
the-art highest quality product. Instead, they may remain attached to the lower-quality
incumbent if the provider-driven complementarity derived from this firm is sufficiently
large. In equilibrium, each market is supplied by its market leader: the firm able to offer
the highest quality, adjusted by provider-driven complementarity, relative to its market
price. This bears an important effect on R&D decisions: when there exists provider-driven
complementarity, the size of the quality improvement that an innovator requires to be-
come a market leader depends not only on the size of its product portfolio but also on the
size of the product portfolio of the incumbent. In particular, the probability of obtaining
an innovation that allows replacing an incumbent — labeled a successful innovation —
is a function of the product portfolio size. Specifically, firms with large portfolios are
ex-ante more likely to obtain successful innovations than smaller ones. Put differently;
smaller firms need to obtain larger quality innovations than bigger firms to offset the

IThis is equivalent to assuming that product complementarities are inherent to consumers’ preferences
and independent of the production technology of firms.



provider-driven complementarity effect of a given incumbent. Therefore, firms conduct
R&D for two reasons: i) it allows increasing their market share by selling higher quality
goods and/or capturing more markets, and ii) it widens the provider-driven complemen-
tarity effect as firms increase their product portfolio. As a result, firms’ R&D decisions
affect the industrial organization of firms and can ultimately deter firm entry, because
provider-driven complementarity generates an endogenous barrier to entry in new mar-
kets. In other words, the equilibrium distribution of products across firms affects firms’
R&D decisions, which in turn affect aggregate variables.

This theory extends beyond the standard quality ladder growth models because it
turns the endogenous distribution of firms into a key equilibrium object that determines
individual firm decisions. In turn, this allows rationalizing the existence of winner-takes-all
industries and locked-in consumers due to the complementarity effect. As an application,
I use the theory of provider-driven complementarity to perform a quantitative exercise
in which I reduce the size of the average quality jump stemming from any successful
innovation. This exercise is motivated by the recent literature on ideas becoming harder
to find, in the spirit of Bloom, Jones, Van Reenen and Webb (2020), and can also be
thought of as innovations becoming less radical over time.?

The reduction in the average innovation step size mechanically generates a slowdown
in the economy’s growth rate. Most importantly, it introduces rich dynamics in the R&D
decisions of firms when they generate provider-diver complementarity. By targeting the
decline in the U.S. growth rate, I show that there is lower entry of new firms while incum-
bents become larger and spend more resources on R&D, even as the economy’s overall
growth rate declines. This contrasts with the predictions of a standard quality ladder
model without provider-driven complementarities, which implies the reverse. Therefore,
the model can reconcile the following recent trends regarding declining business dynamism:
i) the entry rate of new firms has declined; ii) market concentration, measured by the share
of sales accruing to the biggest firms, has increased; iii) expenditure on R&D activities,
measured both as a fraction of total cost or total sales, has increased; and iv) productivity
growth has slowed down.

The interaction between innovative step size and provider-driven complementarity in
determining which firm supplies each product in equilibrium is key to the previous results.
When the average innovative step size declines, the probability of obtaining a successful
innovation also does. Moreover, this has a direct implication on the rate of creative
destruction. As it turns out, this rate — which is a decreasing function of a firm’s number
of products — declines as innovators find it more difficult to come up with successful
innovations. Therefore, all else equal, small firms — and mainly potential entrants — find
it more difficult to become market leaders. In particular, more quality innovations that
would be successful in the absence of provider-driven complementarity do not find their
way into the markets. The decline in the probability of obtaining a successful innovation
can be broken down into two components. The first one is mechanical: reducing the
average step size innovation makes firms less likely to obtain successful innovations. The
second component is the change in the distribution of firms that affects firms’ incentives to
conduct R&D. As a result, firms’ industrial organization matters for equilibrium outcomes
if firms generate provider-driven complementarity, a novel and crucial feature of this

2The observation of slowing technical change goes back to the mid-1960s and 1970s, as does the idea
of ‘exhaustion of inventive opportunities’, see Griliches (1994) for a review.



framework.

Additionally, the reduction in the step size of innovation affects incumbents and po-
tential entrants asymmetrically in the provider-driven complementarity framework. This
results from the interaction between two forces: the market effect and the quality effect.
The market effect captures the increase in the value of the discounted stream of profits
associated with being a market leader, which enhances the incentives to conduct R&D.
In equilibrium, the interest rate and the rates of creative destruction decline, and so does
the effective discount rate of firms profits. The quality effect captures the decline in the
productivity of investing in quality. When the step size of innovation declines, firms find it
more difficult to come up with successful innovations and obtain smaller quality improve-
ments if successful. Both effects decrease the incentives to conduct R&D. I show that
when the step size of innovation declines, incumbents conduct less internal R&D (the
quality effect dominates the market effect) and more external R&D (the market effect
dominates the quality effect).

As a consequence, this leads to an overall increase in the R&D expenditure of incum-
bent firms. However, potential entrants — that only conduct external R&D and do not
generate complementarity upon entry — spend less in R&D due to the decline in the
probability of obtaining a successful innovation (the quality effect dominates the market
effect). This decline drives down the entrants’ innovation rate, which reduces the entry
rate of new firms. The joint effect of the decline in entry and the increase in external
R&D innovation rates of incumbents is a reduction in the number of active incumbents in
equilibrium. Accordingly, the equilibrium firm size distribution shifts to the right as a sub-
stantial share of firms become bigger. In turn, this yields an increase in the concentration
of sales.

Literature review. This paper relates to two strands of the economic literature. First
and foremost, this paper is tightly related to the literature on (quality ladder) endoge-
nous growth models. The main contributions to this literature are the seminal papers of
Romer (1990), Grossman and Helpman (1991), Aghion and Howitt (1992), and the Schum-
peterian growth models developed in Klette and Kortum (2004), Lentz and Mortensen
(2008), and Acemoglu and Cao (2015) where a single firm operates each product line
as a monopolist. My model builds upon the recent and influential Akcigit and Kerr
(2018) framework. Although these models usually feature an endogenous distribution of
products across firms, this distribution is a crucial equilibrium element in my theory of
provider-driven complementarity. Specifically, firms’ industrial organization is a determi-
nant not only of individual firm decisions, but also for aggregate outcomes. A key novelty
of the provider-driven complementarity framework is that the probability of obtaining a
successful innovation that allows entering a market, and the rate of creative destruction
experienced by an incumbent, crucially depend on the number of products that each firm
supplies to the market. Ultimately, this implies that the distribution of products across
firms is not a residual equilibrium outcome like in most growth models, but a key ele-
ment that affects firms’ optimal R&D decisions. Although this substantially complicates
the model’s solution, the modeling choice of provider-driven complementarity remains
tractable and allows obtaining analytical solutions.

Second, to the recent and growing literature on declining business dynamism starting
with (Decker, Haltiwanger, Jarmin and Miranda, 2016). There are many contributions



to this literature that offer various explanations for increased market concentration and
declining business dynamism. Aghion, Bergeaud, Boppart, Klenow and Li (2023) inves-
tigate whether falling firm-level costs of spanning multiple markets due to accelerating
IT advances can explain the trends observed in the data. The authors show that as the
cost of spanning into multiple markets declines, the most efficient firms expand into new
markets while less efficient firms find it more difficult to enter profitably, innovating less.
Moreover, while a temporary surge of growth occurs in the short run, in the long run
innovation and the growth rate of productivity decline as both high and low productiv-
ity firms’ incentives to conduct R&D are hampered because incumbent firms tend to be
high productivity firms. Akcigit and Ates (2023) analyze a series of margins that shape
competition dynamics and ultimately show that a decline in the intensity of knowledge
diffusion from frontier firms to laggards can explain rising market concentration and a
slowdown in business dynamism. Liu, Mian and Sufi (2022) find that low interest rates
can explain rising concentration and declining dynamism by encouraging investment for
industry leaders relative to its followers. Cavenaile, Celik and Tian (2021) find that the
increase in markups is mainly driven by a decrease in competition from small, and not
from a decrease in competition among large firms. They also show that markups have
actually contributed to productivity growth, and estimate that the increase in the cost
of innovation is the fundamental reason underlying the productivity slowdown. Peters
and Walsh (2022), Hopenhayn, Neira and Singhania (2022), Engbom (2020), Bornstein
(2021), and Rohe and Stéhler (2020) provide different explanations that relate aging and
declining population growth with declining entry rates of new firms and increased con-
centration. Closest to this paper are De Ridder (2024) and Olmstead-Rumsey (2020).
On the one hand, De Ridder (2024) shows that the trends in productivity growth, R&D
expenditure, and business dynamism can be explained by an increase in firms’ use of in-
tangible inputs. On the other hand, Olmstead-Rumsey (2020) shows that average patent
quality has fallen over the same period and can explain the slowdown in the growth of
productivity and the increase in market concentration. I contribute to this literature by
offering an additional explanation based on the role of provider-driven complementarity,
a simple mechanism that shifts demand as a function of firm size. Contrary to these two
papers, the model 1 propose does not rely on ex-ante firm heterogeneity. However, the
model can successfully explain many empirical findings on business dynamism — e.g., the
joint observation of increasing R&D effort and decreasing economic growth — through
the asymmetries that provider-driven complementarity generates between small and big
firms.

Layout. This paper is organized as follows. In Section 2, I develop the theory of
provider-driven complementarity. Section 3.1 reviews some recent key empirical find-
ings on firm dynamics in the U.S. that motivate the quantitative analysis. In Section 3, I
carry out the quantitative analysis and discuss the relevance of the asymmetries generated
by provider-driven complementarity for the results. I additionally provide a sensitivity
analysis of the results. Section 4 concludes.



2 A theory of provider-driven complementarity

In this section, I describe an endogenous growth model where firms can generate provider-
driven complementarities. The model builds upon the quality ladder growth model intro-
duced by Akcigit and Kerr (2018). To clarify and facilitate the exposition and analysis
of the effects of provider-driven complementarity, I characterize firms’ decisions and equi-
librium outcomes in two steps. First, I consider a simplified version of the model where
the quality jump obtained after a successful innovation can always offset the effects of
provider-driven complementarity, i.e., the latter does not play a role in determining the
market leader of each variety. This simplified version shows some key insights into how
provider-driven complementarity affects the optimal decisions of firms. I then consider
a generalized version of the model where quality and provider-driven complementarity
interact and jointly determine each variety’s market leader.

2.1 Environment

Time is continuous and infinite. The economy comprises a representative household, a
final good producer, and an endogenous measure of (multiproduct) firms that produce a
continuum of intermediate goods indexed by j € [0,1]. In what follows, I describe each
agent in detail.

2.1.1 Household

There is a representative household with preferences represented by the logarithmic utility
function
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where C; denotes consumption of the final good of the economy. At any instant, the
household is endowed with one unit of labor that supplies inelastically and receives as
counterpart the wage rate w;. The household is also the owner of all firms in the economy,
and thus its wealth A; is simply the aggregate value of all these firms. Denoting by r; the
continuous rate of return on wealth, one can write the household flow budget constraint
as

At = Wy + TtAt — Ot-

The solution to the maximization problem of the household yields the common Euler
equation

— =71y —p. (1)

2.1.2 Final goods

There is a unique all-purpose final good that can be used both for consumption and R&D.
This final good is produced by aggregating a continuum of intermediate varieties j € [0, 1].
At any instant, there is an endogenously determined set F (of measure F' > 0) of active
incumbent intermediate producers indexed by ¢ € F, who operate in a monopolistically
competitive product market. For each variety j € [0, 1] there exist different vintages
characterized by g;;;, the quality of variety j that firm ¢ produces at time ¢. The quantity



of variety j (produced by firm i) demanded in the final good production is denoted by
kiji. The final good production function is given by
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_6
Lﬁ 1 e % 0—1 ¢ .
Y, = 1 _tﬁ L (Z [(mitqz‘jt)“l kijt] > dj ) (2)

eF

where 0 < 3 < 1, € = 0 is the elasticity of substitution across different varieties, and 6 > 0
is the elasticity of substitution across different vintages of a given variety. The only non-
standard feature in (2) is m; > 1 which denotes the provider-driven complementarity
effect derived by demanding goods produced by firm i. Before discussing this novel
argument in detail, I impose two parametric restrictions regarding the parameters driving
the elasticities of substitution between varieties and different vintages within a variety, 6
and € respectively. First, I assume that the different vintages of a given variety are perfect
substitutes once adjusted by quality and provider-driven complementarity, i.e., § = co.
Second, for tractability I impose ¢ = 371

The idea behind provider-driven complementarity is intuitive and straightforward.
Provider-driven complementarity is a mechanism that turns goods into ‘complements’
when acquired from the same firm. As an example, consider that two firms were able to
produce the same good j at the same quality level ¢;;. In that case, according to (2) in
the absence of price differences between both firms, it would be optimal to demand good
j from the firm ¢ that gives the highest complementarity. I assume that each firm’s level
of provider-driven complementarity is only a function of the number of products that it
supplies to the market. Formally

1— L

My =7y ™, (3)
where v > 1 is constant across firms and n; denotes the number of varieties currently
provided by firm 7. Coming back to the previous example, in the absence of quality
differences, (2) will demand good j from the firm with higher n among all firms able to
produce j at some given quality g;;. A direct implication of this functional form is that
firms’ industrial organization, i.e., the equilibrium distribution of the number of goods
across firms, matters for the economy’s aggregate production.

I assume that intermediate firms compete a la Bertrand. This would naturally lead
to the standard limit pricing framework where the firm that can offer the highest quality,
adjusted by provider-driven complementarity, relative to its market price — read as the
most productive firm -— is limited by the second most productive firm.* However, to keep
the model simple and avoid the case of limit pricing, I adopt the following stage-game
assumption.*

Assumption 1 (Monopoly pricing). Intermediate firms enter a two-stage price-bidding
game when setting prices. In the first stage, every firm pays a fixed fee € > 0 to be able to
post a price. In the second stage, prices are revealed.

31 henceforth refer to quality, adjusted by provider-driven complementarity, relative to its market price
as provider-adjusted quality to price ratio

4This Assumption is quite common in the literature (Acemoglu, Gancia and Zilibotti, 2012, Akcigit
and Kerr, 2018, Garcia-Maza, Hsieh and Klenow, 2019)



Assumption 1 ensures that in the Nash equilibrium of this game, only the firm that
can offer the highest provider-adjusted quality to price ratio

Mitqijt
_— 4
Pijt ( )

per unit of expenditure in variety j pays the fee and enters the second stage, as any
other firm can never recover the fee in the second stage. As that firm is the only firm
bidding a price, each variety is produced by precisely one firm, which will always operate
as a monopoly. I henceforth refer to such a firm as the market leader of variety j.
Consequently, the size of each firm n; ultimately denotes the number of markets in which
firm ¢ is the market leader. For simplicity, as in equilibrium, only one firm is active in
each market, I re-define each firm’s provider-driven complementarity effect by m;; where
its dependence on j refers to the market leader of that variety.

Taking the intermediate goods’ prices as given, the representative final good producer
chooses the quantity of each intermediate good kj;, j € [0,1] to maximize its profits.
Normalizing P} = 1, V¢, dropping time subscripts (to ease notation), and acknowledging
that there is only one firm supplying each variety, the problem reads as

1
max Y —J pik;dj —wlL

kj,L 0
L? (!
t —— ;] kP
st 1o | mial e
which yields the well-known inverse demand function
p; = LP[m;q;)°k; 7, (5)

for any variety j.

2.1.3 Intermediate producers

Intermediate producers are characterized by

e the set J; = {j : j is owned by firm i}, with cardinality n € Z., the # of varieties
in which ¢ is the outstanding market leader,

e the multiset q; = {g; : j € J;} € R, which collects the quality level of each variety
je T

Each intermediate variety is produced with the production technology k; = ql;, where

1
QZJ q; dj
0

denotes the average quality level of the economy. Under Assumption 1, in equilibrium
each intermediate is produced by a single firm — its market leader — which acts as a
monopolist. Therefore, each monopolist chooses labor input (and thus quality supplied),
its price, and R&D expenditure in order to maximize its profits. I focus first on the



intra-temporal labor-quality-price decision of the monopolist. Taking as given (5), each
monopolist solves
max pjkj — wlj
Pj.k;
s.t. kj = qua
p; = L°[m;q;)°k; ",

which yields the optimal quantity supplied
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Note that all monopolists set the same price — a direct consequence of Assumption 1
— but sell different quantities in equilibrium. Intermediate firms’ profits in market j are
then given by

bj
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for w to be determined.’® This implies that differences in profits across firms are given by
differences in quality, size (number of products), or both.

2.1.4 Innovation

Incumbent firms can invest in R&D activities to improve the quality of their product port-
folio by conducting internal R&D. Moreover, incumbent firms can expand their product
portfolio by conducting external R&D. Potential entrants can invest in external R&D to
enter and become the leaders of a variety. Figure 1 shows the evolution of quality under
each type of innovation. The quality of each variety is represented by the vertical bars,
and the quality jump obtained after each type of successful innovation is represented by
the black bars on top of each variety that is innovated upon. I assume that innovation
allows firms to obtain a perpetual patent on a variety-quality pair, i.e., no other firm
can supply the same variety at the same level of quality. Given the assumptions made on
competition, a successful innovator can become the market leader of a variety and prevent
any other firm from supplying the same variety-quality pair to the market. However, the
quality of that variety becomes the state-of-the-art or frontier quality upon which other
firms can innovate.%

5 Anticipating a later result, each monopolist per-variety profit is given by

_\1-8
m=p(1- )L (é) m;q;-

™




Figure 1: Innovation types. Cf. (Akcigit and Kerr, 2018, Figure 5).
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Internal innovatio. Let’s first focus an incumbent firm’s decision to improve the qual-
ity of one of the goods it supplies to the market. To do that, the firm needs to conduct
internal R&D. I assume that internal R&D is directed, i.e., the firm can specifically select
in which good it will invest to increase its quality. To create a Poisson flow rate z,; > 0
of improving product j quality, the firm must incur the flow cost

Cz(znja Qj) = )A(Z:quj?

in terms of the final good of the economy, where y > 0 is a scale parameter and 1& > 1
implies that the cost function is convex in z,;. If R&D is successful, the firm is able
to produce good j with incremental quality ¢jiya: = ¢je(1 + X;) = A,, where A, > 0 is
assumed to be constant.

External innovation. An incumbent firm can also perform external R&D to improve
the quality of a product outside its quality portfolio, and become the market leader of
that good. I assume that external R&D is undirected. An incumbent firm with product
portfolio size n > 1 chooses the Poisson flow rate X, > 0 with which it improves the
quality of an already existing product not currently owned. For a given flow cost in
external R&D C,, the flow rate of external innovations is given by the innovation function

Xn = X(Cr/q_)wngu
which delivers the R&D flow cost function

Col@n,n,q) = X2in?q, 9)

Profits thus depend on a constant term across firms 7, which increases in ¢ and decreases in Q, the
average provider-adjusted quality of the economy, to be defined later.
SPatents can therefore be considered a protective tool that firms use to pre-empt competitors from

entering their product market. As a consequence, by construction, this model exhibits a tight relationship
between patents and innovation. However, previous work shows that the relationship between patents

and innovation is complex. See for example Argente, Baslandze, Hanley and Moreira (2023).
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in terms of the final good, where z,, = X,,/n is the per-product flow rate of external R&D

and x = X_% > 0 is a scale parameter, ¢ = 1/¢ and 6 = (1 — ¢)/4. The relationship
between 1 > 0 and ¢ > 0 determines the returns to scale of the innovation function. In
particular, if ¢ + o = 1 it exhibits constant returns to scale as in (Klette and Kortum,
2004), while if ¢ + 0 =< 1 it exhibits decreasing returns to scale as in (Akcigit and
Kerr, 2018). If R&D is successful, a firm can produce any randomly drawn product (not
previously owned) with incremental quality gjiar = ¢e(1 + 5\,,3) = q;1\;, with 5\:;: >0
drawn from an exponential distribution with parameter A;!'. Unlike most previous work
in the literature, in this environment a firm that innovates and improves the quality of a
product does not necessarily become its new producer.” The innovator will only become
the new market leader if it can offer the highest provider-adjusted quality to price ratio.
As a consequence, firms with larger product portfolios, and firms receiving higher quality
improvements, are more likely to become market leaders.

In what follows, I describe how quality improvements interact with provider-driven
complementarity in determining the market leader of each variety. Let I denote a firm
obtaining a quality improvement in some product line, and let L denote the current mar-
ket leader in that product line. Moreover, let m; and m; denote the provider-driven
complementarity effect generated by the innovating firm and the current market leader,
respectively. I assume that the economy follows the behavioral through which the innovat-
ing firm [ (which could either be a brand-new entrant or an incumbent with outstanding
market leadership in at least one variety) will become the new producer of a variety if it
can price-out the incumbent by offering a higher provider-adjusted quality to price ratio,
ie., if

ﬁ/\x > 1.
mrp,
Equivalently,
1 1
Ay > 97557 = A Ln) (10)

This expression implies that the quality jump needed to price-out the incumbent must
be sufficiently large to offset the provider-driven complementarity gap. Note that the
left-hand side is always bigger than one, while the right-hand side may be bigger, equal,
or smaller than 1 and is a function of the number of products currently produced by the
incumbent and the innovator. Consequently, for a given quality jump A,, firms already
selling many varieties find it easier to become market leaders than smaller firms. Put
it differently; for a given size of an incumbent market leader, smaller firms need bigger
quality jumps than bigger firms to become market leaders.

To provide further intuition, in Figure 2 I consider two possible situations where,
without loss of generality, I consider an economy with two firms competing to supply
eight different varieties. First, panels 2a and 2b depict a situation where both firms are
initially supplying the same number of goods. Panel 2a shows that, under provider-driven
complementarity, the provider-adjusted quality enjoyed by the consumer is composed of
two parts: the variety-specific quality, represented as in the Baseline framework with a
solid bar, and the provider-driven complementarity, represented by the four hatched bars
for each variety. Now, suppose that Firm 2 is successful in conducting external R&D,
being now able to produce one of Firm 1 varieties with higher quality. Suppose the

"For another recent example, see De Ridder (2024).
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quality jump over Firm 1 in that variety is represented by the solid black bar in panel
Panel 2b. Note that, as both firms have the same initial size, the quality jump is not key
to determine the new market leader of that variety, because the consumer has a double
incentive to switch providers for that variety: Firm 2 quality is higher, and it increases the
provider-driven complementarity effect obtained by the consumer not only in that variety
but also in all the remaining varieties supplied by Firm 2. This increase in provider-driven
complementarity of Firm 2 is represented by the white hatched bar. Note also that the
consumer enjoys less provider-driven complementarity in all the varieties still supplied by
Firm 1 so that she would not be willing to pay the same price as before. This is a novel
price-effect given by provider-driven complementarity. Firm 1 will necessarily re-optimize
prices to keep maximizing its profits.

Figure 2: External innovation under provider-driven complementarity.

(a) (b)
mq O Firm 1 Provider-driven complementarity mq O Firm 1 Provider-driven complementarity
@rFirm2 Quality D @ Fim>2 Quality D
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= = =
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Variety j

Variety j
xternal R&D _l

Panels 2c and 2d depict a situation where both firms are initially supplying a different
number of varieties. As before, Panel 2¢ represents an initial situation where Firm 1 is
supplying six varieties while Firm 2 is supplying the remaining two. Again, suppose that
Firm 2 is successful in conducting external R&D, being now able to produce one of Firm
1 varieties with higher quality. Now the interaction between the quality jump and each

12



firm’s size becomes key to determine the new market leader. The black bar in Panel 2d
represents the quality jump that would make the consumer indifferent between sticking
with the lower quality version supplied by Firm 1 or switching to the brand-new better
quality version offered by Firm 2. In other words, any quality jump bigger than the one
represented in Panel 2d would make Firm 2 become the new market leader, while any
quality jump smaller would allow Firm 1 to keep its market leadership.

As the quality increase is stochastic, the probability of condition (10) being satisfied
is characterized by®

1

Pr (Ax > *yA(”IH’”L)) = exp <—)\— [’yA("’“’”L) — 1]) ) (11)

Note that the fact that firms endogenously increase or decrease their size over time
makes condition (10) dynamic. I assume that once a firm has been priced out of a product
market, it is no longer a competitor in that product market.® This assumption avoids the
possibility of losing the market leadership of a product even if no other firm improves the
quality of that product, but simply because a second firm that produces this product has
improved the quality of a different product becomes its market leader. I assume that this
is also the case if an innovation is not successful in pricing out an incumbent. In other
words, even if a firm can improve the quality of a product, that quality improvement is
lost if it is not big enough to become the market leader. The underlying idea implies that:
1. Once a firm has been priced out of a market, it dismantles the production capacity
for a product and can no longer supply it; 2. If a product is not sufficiently good to be
demanded by consumers, a firm has to start a new R&D project from scratch (which in
this context is the quality of the leader) and improve quality upon it.

Finally, I assume that incumbent firms incur adjustment costs when their size changes
due to external innovation. This adjustment cost is assumed to be an increasing function
of the per-product external innovation rate z,, the firm’s aggregate quality, and its size.
In other words, increasing the portfolio of a firm is costlier for firms with high-quality
products. Formally, firms pay

Ca(mn,n,(h‘) = ann Z q;,

q;€9;

with €, (weakly) decreasing in n. This assumption serves two purposes. First, it allows
obtaining closed-form solutions to the value function of the firm. Second, it ensures that
there exists a balanced growth path.’

8For an exponential distribution with parameter \, Pr(X < z) = Fx(2;)\) = 1 — e~ *?, and thus
Pr(X > ) = e =

9Recall that the incumbent is already behaving like a monopolist due to the two-stage price-bidding
game.

10Without this assumption, the incentives to conduct external R&D not only depend on the size of a
firm but also on its specific quality portfolio. That implies that all else equal, big high-quality firms have
more incentives to innovate than big small-quality firms. The adjustment cost breaks the dependence of
R&D on the quality portfolio of the firm. Specifically, it ensures that the incentive to conduct external
R&D depends on the profits associated with becoming a market leader of a new product incorporated
into the firms’ product portfolio, as is standard in this literature.
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Entry. As is standard in the literature, a mass of entrants invest in R&D in order to
become intermediate producers of a variety. Entrants choose an innovation flow rate
. > 0 with an R&D cost

Ce(l’eaq) = VT.q,

in terms of the final good, where v > 0.

Creative destruction. Successful innovation by entrants and incumbent firms can
cause other incumbent firms to lose production of the goods that were innovated upon.
The rate at which this happens is the creative destruction rate, 7,,. As the probability of
obtaining a successful innovation depends on the interplay between quality improvement
and provider-driven complementarity, which is ultimately a function of size, the rates of
creative destruction suffered by firms of different sizes will differ. These rates are endoge-
nous and are determined from the optimal R&D decisions of firms. The per-product rate
of creative destruction suffered by a firm with n > 0 products is

a0
Tn = Te Pr (Am > 7A(l,n)) + Z Fus X, Pr (Am > ,YA(s—‘rl,n)) '

s=1

The first term in this expression captures the creative destruction rate suffered by a firm
of size n by new entrants in the economy. This is given by the entrant innovation intensity
times the probability of the quality jump being sufficiently big to offset the provider-driven
complementarity effect of a size n firm. Similarly, the summation captures the creative
destruction rate suffered as a consequence of the innovation activity of already existing
firms producing n > 1 products, where ug is the invariant share of firms producing s
products (to be determined in equilibrium).

Finally, an incumbent firm exits the economy if it loses the market leadership of its
only product.

2.1.5 Aggregate variables

To conclude the exposition of the environment and before turning to the characterization
of firms’ dynamic decisions, it remains to derive some key aggregate variables. I start by
deriving the equilibrium wage. Substituting the optimal intermediate quantity supplied
(6) in the labor demand optimality condition of the final good producer’s problem yields

e 115\
g\l — _ B -
w= st [ it (22) 7 L
which can be expressed as -
w=p(1-B)"%g"Q" (12)
where )
Q= J m;q; dj, (13)
0

denotes the average provider-adjusted quality of the economy.!!

"Note that @ > g with equality if an only if m; = 1, Vj.
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Aggregate output can be obtained by substituting the optimal intermediate quantity
supplied (6) and the equilibrium wage (12) into the final good production function (2),
obtaining

Y =871 - 8) ¥ Lg QP (14)

The share of workers in the production of the final good can be obtained from the
labor market clearing condition
L+LF=1,

1 lkf'
L’fzf zjdj:f ~2 dj.
0 o g

Substituting the optimal intermediate quantity supplied (6) and the equilibrium wage
(12) in the previous expression yields

where

(1-p)?
B

Therefore, from the labor market clearing condition one obtains that employment in the
final good sector represents a constant share of total employment given by

B B
L_6+(1—5)2'

Along a balanced growth path, aggregate variables will grow a constant rate g. As L
is constant, from (14) it is clear that output will grow at the same rate as g #Q®. The
rest of this section characterizes the growth rate of these two components. First, I derive
the growth rate of the average quality ¢. Recovering the time subscript, and defining

Lk = L.

(15)

o0
2z = Z Fupnz,,

n=1

o0
T = Z Fu,nt,,
n=1

the evolution of ¢ during any interval [t,¢ + At] can be expressed as
Gvnr = (1 + X)) AL + G (1 + X))z At + G (1 — 7 — 2) At 4 o(At),

i.e., in expectation the average quality of the economy can either increase by the factor
Az due to creative destruction 7; (which occurs for a fraction 7; of products), or it can
increase by the fixed factor A, due to internal innovation z; (which occurs for a fraction
z; of products), or may remain unchanged (which occurs for a fraction 1 — 7, At — 2, At of
products). Re-arranging the previous expression and taking limits as At — 0 yields

—QH_At — gt = )\zzt + )\th. (16)

Finally, the next proposition establishes the growth rate of the average provider-adjusted

quality Q.
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Proposition 1. Along the balanced growth path
olnQ _ dlng
a0 a7
Proof. Appendix A.2.1. [ |

The previous proposition anticipates an important equilibrium result. Along the bal-
anced growth path, the equilibrium firm size distribution will be constant. Consequently,
along the balanced growth path, provider-adjusted quality grows at the same rate as
average quality, and so does aggregate output.

2.2 Equilibrium

In this subsection, I analyze the dynamic R&D decisions of firms. To facilitate the expo-
sition, I divide the Subsection into two parts. The first part considers a simplified version
of the model that restricts the analysis to external innovations with quality improvements
that always offset provider-driven complementarity. This allows introducing notation,
simplifies the characterization of firms’ decisions and equilibrium outcomes, and helps
obtain some key insights regarding how provider-driven complementarity affects firms’
optimal decisions. The second part extends the analysis to the more general case where
quality and provider-driven complementarity interact and jointly determine each variety’s
market leader.

2.2.1 Provider-driven complementarity in a simplified framework

I start the analysis of the dynamic R&D decisions of firms under provider-driven comple-
mentarity in a simple framework where external innovations always improve the quality
of a variety in such a way that the effect of provider-driven complementarity is completely
offset. This provides the key intuition for the main results of the paper, and the following
assumption ensures this result.

Assumption 2. Upon external innovation, quality improves by a fived step A\, s.t. A, > 7.

The value v is an upper bound for the provider-driven complementarity effect. There-
fore, Assumption 2 implies that after successful external R&D, a firm can produce any
randomly drawn product (not previously owned) with incremental quality gji4+a: = g;¢(1+
Az) = ¢\, with A\, > 0 being a constant. This is the only modification concerning the
previous Subsectionenvironment but is key for the results. The next proposition shows
that under Assumption 2, provider-driven complementarity is not relevant in determining
the market leader of a variety.

Proposition 2. Under Assumption 2, a firm that is successful in conducting external
RED and improves the quality of a product, becomes its new producer independently of
the number of products it supplies to the market.

Proof. Tt is straightforward to show that under Assumption 2, the firm providing the
highest quality of a variety is always able to offer the highest provider-adjusted quality to
price ratio, as the incremental quality jump obtained through external R&D (A;) is always
bigger than the maximum possible effect of provider-driven complementarity (7). [
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Proposition 2 implies that the probability of condition (10) being satisfied — obtaining
a successful innovation that allows to replace an incumbent — is always equal to 1,
and specifically does not depend on the size of the innovator or the incumbent. As a
consequence the rate of creative destruction suffered by a firm with n > 1 is now given by

0
T =T+ Z Fussx,. (17)

s=1
In order words, the rate of creative destruction is constant across firms of different sizes.
This implies that any firm is equally likely to lose a product through creative destruction.
Taking as given the values of r, g, and 7, the value functions of firms determine their
optimal dynamic R&D decisions. I start with the value function of an incumbent firm.
Consider a firm i € F being the market leader of n > 1 varieties. Such a firm chooses the

per-product external, x,, and internal, z,;, innovation rates in order to maximize'?

rVo(qi) = max { Z [Wvlfnflqj + 2 (Vn(qi\*{(ﬁ} Ut {giAL}) — Vn(%’)) - féz;%jqj'

Tn, {an}?:l Qjefh'

(V- {a)) ~ Vada) |

+ Vn(‘lz)

The first line on the right-hand side collects the profits obtained per each variety in which
the firm is the market leader and the change in value if internal innovation is successful
for each of those varieties. The second line captures the change in value experienced
from losing each of the varieties through creative destruction. The third line captures
the increase in value due to external innovation. If the firm’s R&D is successful, it
improves the quality of any product h outside its quality portfolio and becomes the new
market leader of that variety. Given that R&D is undirected, the new product’s quality
is unknown and is captured by the expected value K »,, which is an expectation over
quality level and innovation step. Finally, the last line captures the change in firm value
due to the economy’s growth along its balanced growth path. The following proposition
characterizes the closed-form solution of the value function.

Proposition 3. There exists an equilibrium with adjustment cost 0, = A,+1 — A, and
positive entry, where for n = 1 an incumbent’s value function has the form

Va(qi.@) = Ay Y. q; + Bud, (18)
q;€9q;

and the coefficients A,,, B,, and €),, satisfy the recursions

¥
- . AN\ 70
(r +7n)A, = ny'" gt x(—1) ( — )w 1 +7(n—1)A,_1, (19)
XY
v s [(p+n7)By—nrBy 1\ T
Bn+1 = Bn _An-i-le +¢)~<$n v ( P @En_ 1 — ) ’ (20)

12A detailed derivation can be found in Appendix A.2.2.
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with Ag = By = 0. Moreover, the per-product external and internal innovation rates are
given by

1
T, = (AnHij_ BinH — Bn) o ; (21)
¢>’Zna'71
1

AN\ 71

znjzznz(AA>wl. (22)
XY

Proof. Appendix A.2.3. |

The value function (18) consists of two parts. The first part A, captures the expected
discounted stream of profits obtained by being the variety’s market leader. Its dependence
on size stems from the profit function (8). Besides, it also incorporates the value of
improving the quality of each variety through internal R&D. The second part B, relates
to the value of extending the product portfolio of the firm through external R&D. The
equilibrium per-product internal innovation rate depends on size as, all else equal, bigger
firms generate more provider-driven complementarity, yielding a higher marginal gain
from improving the quality of each one of their varieties. However, it is independent
of quality as both the profit and internal cost function are linear in quality. Size also
affects the equilibrium per-product external innovation rate for two reasons. First, it
directly affects the production function of external innovations but, most importantly,
affects the firm’s provider-driven complementarity. As a firm grows, it generates more
complementarity, which affects its incentives to conduct external R&D.

It remains to characterize the R&D decision of an outside entrepreneur (potential
entrant). Denote by Vj the value of a firm with size 0, i.e., a firm with an empty quality
portfolio. Taking as given the values of r, g and 7, an outside entrepreneur chooses the
entry rate z. in order to maximize

rVo — Vo = max {ze (En, [Vi({zAs}) = Vo) — vared} (23)

where Vi ({gnA:}) denotes the value of a firm that owns a single product line with quality
gn\; and Vy = 0V, /0t captures the change in the value of being an outside entrepreneur
due to the growth of the economy along its balanced growth path. The expected value
Ex», is an expectation over quality level ¢, and innovation step \z. Therefore, an outside
entrepreneur’s value is determined by the expected value from obtaining an external
innovation and replacing an incumbent.

To conclude the equilibrium’s characterization, I still need to derive the invariant
distribution of the number of products across firms. Recall that, as laid out before, pu,
denotes the share of firms producing n goods, and it satisfies >, | y,, = 1. The invariant
distribution depends on the flow equations

n Inflows Outflows
0 Fuyr Te

1 Fus2t + z. Fui (1 + )
N Fpp(n+ 107+ Fup y(n—Da, .y Fuan(r + z,)
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The first row shows the inflows and outflows into outside entrepreneurs. An inflow hap-
pens whenever a firm with one product loses it through creative destruction, either to
another outside entrepreneur or an incumbent firm. Outflows happen when an outside
entrepreneur obtains a successful innovation and becomes an incumbent with one single
product. The second row shows the inflows and outflows of firms with market leadership
in one variety. Inflows occur when outside entrepreneurs obtain a successful innovation
and whenever a firm with two products loses one through creative destruction. Outflows
happen if a firm loses its only product and becomes an outside entrepreneur or when a
firm with one product obtains a successful innovation and increases its portfolio of vari-
eties. The last row is simply a generalization for firms with any number of varieties n > 1.
Finally, the following proposition derives a closed-form solution of the invariant product
number distribution.

Proposition 4. For n > 1, the invariant distribution p, is given by

n

=~ T2 (24)

nFa, ;1T

Proof. Appendix A.2.4. [ |

Before introducing the definition of the balanced growth path equilibrium of this
economy, which will conclude this subsection, it is helpful to obtain an expression for
aggregate R&D expenditure R. This is given by the sum of external R&D expenditure of
incumbents z,, (including adjustment costs) and potential entrants x., and internal R&D
expenditure of incumbents z,. Therefore, R can be obtained as

R = 2 Fuy, [Ign&q + Z (nQn + Xz,’f) Qj] + vx.q. (25)
i=1 j=1
Next, a balanced growth path equilibrium and its properties are defined.

Definition 2.1. For every t, j € [0,1], n, ¢ and q;, a balanced growth path equilibrium
consists of allocations {k;,l;, 7, Ty, 2n, Tc}, provider-driven complementarity {m;}, aggre-
gate variables {Y,C, R, A, L, L* | F,Q}, value function coefficients {A,, B,}, distribution
of number of products {y,}, rates {r,g} and prices {p, w,r} such that

1. {k;,l;,mj,p} are the solution to the intra-temporal labor-quality-price decision of
intermediate firms,

2. per-product external {z,} and internal {z,} flow rates satisfy (21) and (22),
3. {w} satisfies (12),

4. share of workers producing the final good L and intermediate goods L* satisfy (15)
and LF =1— L,

5. creative destruction T satisfies (17),

6. entry flow rate x. and measure of incumbents F' solve (23), and satisfy the free-entry
condition Vo = 0,
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7. distribution of number of products satisfies (24),

8. given p,, provider-driven complementarity {m;} and average provider-adjusted qual-

ity Q satisfy (3) and (13),

9. aggregate REID, R, satisfies (25), aggregate output Y satisfies (2) and aggregate
consumption satisfies the market clearing condition C =Y — R,

10. the growth rate satisfies (16),
11.

12.

The

the value function coefficients {A,, B,} satisfy (19) and (20),

the interest rate satisfies the Euler equation (1).

effects of provider-driven complementarity. Figure 3 compares an economy

without provider-driven-complementarity (v = 1) with an economy with provider-driven-

complementarities (y = 1.01).

Otherwise, the parametrization is the same for both
economies and is chosen for illustrative purposes.

Figure 3: The effects of provider-driven complementarity
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Under provider-driven complementarity, the per-variety profit function (8) shows that
the profits of a firm increase in the number of products supplied to the market. As
a consequence, the first term A, in the value function 18 also does, as it captures the
discounted stream of profits obtained by a market leader. Panel 3a shows this result. Note
that the value of being an incumbent with one product if firms generate provider-driven
complementarity is lower than there is no provider-driven complementarity. This happens
due to the different rates of creative destruction between both economies. As the value of
being an incumbent firm increases in firm size, the franchise value of expanding into more
product lines, captured by the second term in the value function 18, is slightly convex as
Panel 3b shows. Hence, the per-product external innovation rates increase in firm size,
leading to a higher creative destruction rate in equilibrium. This increase implies that
incumbents expect to be replaced faster, reducing their discounted stream of benefits.
The higher equilibrium creative destruction rate is compensated for by the direct effect of
provider-driven complementarity on the profit function for firms that are market leaders
in more than one variety. This is not the case for firms with one variety that do not
generate provider-driven complementarity.

The effects of provider-driven complementarities on the R&D decisions of firms lead
to significant changes in the equilibrium invariant firm size distribution as shown in Panel
3d. In particular, the increase in the creative destruction rate leads to a decline in new
firms’ entry rate as, upon entry, the discounted stream of benefits of an entrant is lower.
Consequently, the measure of incumbent firms is also reduced and, most importantly,
incumbent firms become bigger.

2.2.2 Baseline framework

The previous discussion highlights that provider-driven complementarity shapes R&D
decisions of firms even in a simple model where complementarity does not interact with
quality in determining the market leader of each variety. Recall that in the simplified
framework both the probability of obtaining a successful innovation and the creative
destruction rates experienced by firms are independent of their size (number of varieties in
which they are market leaders). This section considers a generalized version of the model
where condition 10 — which determines the market leader of each variety — depends
both on the quality jump obtained by an innovator, and on the relationship between its
size and that of the incumbent.

Taking as given the values of r, g, {7}, and {u,}, an incumbent firm i € F chooses
the per-product external, z,,, and internal, z,;, innovation rates in order to maximize'®

rVo(qi) = max { 2 [W’Ylfn_l%' + 7o Vaa(a\{gs}) — V(@)

xn:{znj}?:l gj€q;

+ zng[Vala\ g} vr 1)) = Vala)] - 0250

+ nr,Ep s, [1{A127A<n+1,j>} |:Vn+1(qi Ui AgnAe}) — Valai) — Z qj”

q;€9;

13A detailed derivation can be found in Appendix A.2.2.
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— Xain’ }+V(qz)

There is a key difference with respect to the simplified framework. Now, to become the
new producer of a variety, the innovation step has to be sufficiently big so that it can
offset the difference in provider-driven complementarity offered by the incumbent and
the innovator. This is captured by the indicator function inside the expectation operator
Ex.»,, which now depends crucially on the equilibrium distribution of the numbers of
products across firms. This implies that to form this expectation correctly, each firm
needs to know the firms’ equilibrium distribution across products. As a consequence, this
model is computationally more intensive, although it remains tractable. The following
proposition characterizes the closed-form solution of the value function, closely resembling
that of the simplified framework.

Proposition 5. There exists an equilibrium with adjustment cost Q,, = A1 — A,, and
positive entry, where for n =1 an incumbent’s value function has the form (18), and the
coefficients A,, B, and (), satisfy the recursions

S
— A w
(r+7.n)A, —T(n— DA, =7y +x (W — < &
$-1
Epx, [1{/\1;7A(n+17j>} (Ant1Ae + By1 — Bn)] _ ((p +n7)B, —nTB, 1\ ¥
~ ~l_ 5—}5 1; _ 1 ’
Yxen @
with Ay = By = 0, and per-product RED intensities given by
E; [La,5ra00) (ApsiAs + Bogr — Bo)] ) 7
T, = — , (26)
xno!
1
A, o1
znjzznz(AA)wl. (27)
Xt
Proof. The proof follows closely that of Proposition 3. [ |

The value function in the baseline framework also consists of two parts. Note that the
key difference with the simplified framework is that the probability of obtaining a success-
ful innovation is now endogenous and appears both explicitly and implicitly through its
effect in the creative destruction rate 7,,. The term A,,, in addition to its size dependence
due to the shape of the profit function, now additionally depends on size due to the effect
of provider-driven complementarity on creative destruction. This is a direct consequence
of the fact that all else equal, firms with market leadership over a higher number of goods
are less likely to lose their leadership through creative destruction. The probability of
obtaining a successful innovation also appears in the recursion for B,,, which relates to
the value of extending the product portfolio of the firm through external R&D, and in the
per-product external innovation rates x,. As firms increase their quality portfolio, the
probability of obtaining successful innovations increases, but at a declining rate. In other
words, the marginal probability increase is declining in size (asymptotically converging to
0 as the probability approaches 1).
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As in the simplified framework, the value Vj of being an outside entrepreneur is the
expected value from entering and successfully replacing an incumbent. This value satisfies

Vo — Vo = max {zEnnx, [1ia,5y000y [Vi({anda}) — Vo] — vaeq)

Similarly to the case of an incumbent, to become the new producer, the innovation step
has to be sufficiently big to offset the difference in provider-driven complementarity offered
by the incumbent and the innovator. The indicator function again captures this.

The invariant measure of firms producing n goods, u,, needs to be re-defined to
incorporate the probability of obtaining a successful innovation. The invariant distribution
now depends on the flow equations

n Inflows Outflows

Fuim B, [La,syatiny]
1 F/,LQQTQ + erh,)\x [1{AIZ’YA<1’j)}] F,ulﬁ + F[LlfL‘lEh7)\x [1{AI>’YA(2"7)}:|
n Fpinia(n +1)7n4 Funn,

+Fpiyq(n — 1)5(371_1Eh’>\.r [I{Aw>,yA(n,j)}] +F iz, Ep a, [I{AwZ,YA(rrkl,j)}:I

The following proposition derives a closed-form solution of the invariant product num-
ber distribution.

Proposition 6. Forn > 1, the invariant distribution p, is given by

n

1 TLe T

Proof. The proof follows closely that of Proposition 4. [

The definition of the balanced growth path equilibrium of the baseline economy con-
cludes this section. It follows closely Definition 2.1, which can be extended to accommo-
date the baseline framework. Specifically, the definition needs to include the probability
matrix (11) and the sequence of creative destruction rates {7,}.

3 Quantitative Analysis

3.1 Business dynamism, concentration, R&D expenditure, and
provider-driven complementarity

In this section, I briefly discuss the empirical trends that motivate the quantitaive anal-
ysis. These trends are based on several facts that have already been documented in
the literature relying on data from Compustat, Business Dynamics Statistics, and World
Development Indicators.'* I also provide suggestive evidence of the relevance of provider-
driven complementarity in shaping consumer demand.

14 Specific details about the data can be found in Appendix A.1.1.
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Figure 4: Firm entry rate
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Source: Author’s calculations using Business Dynamics Statistics data.

Fact # 1: Declining entry rate. 1 start by reviewing a well-known and widely
documented fact about declining business dynamism in the United States. Figure 4 shows
the firm entry rate using data from the BDS. Since 1985, the firm entry has contracted in
around 1/3, declining by 5 p.p. As Decker et al. (2016) and Akcigit and Ates (2021) show,
the same trend holds for establishments. This decline in the entry rate is also related to
the long-run decline in the startup rate Karahan, Pugsley and Sahin (2023).

Figure 5: Cumulative share of sales by firm quintile
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Source: Author’s calculations using Compustat data.

Fact # 2: Increased firm concentration. An additional well documented fact is the
contemporaneous increase in the concentration of businesses (see, among others, (Akcigit
and Ates, 2023), (De Loecker, Eeckhout and Unger, 2020), (Grullon, Larkin and Michaely,
2018), (Van Reenen, 2018), (Aghion et al., 2023), or (Helpman and Niswonger, 2022)).
Figure 5 shows the five-year average share of sales of each quintile of firms in Compustat.
From 1985 to 2010, the share of sales held by the 20% biggest firms in the U.S. economy
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increased from roughly 90% of the total sales between 1985 and 1990 to 93% between
2005 and 2019. From 2010 to 2015, this share has declined slightly in the aftermath of
the Great Depression.

Fact # 3: Increased R&D expenditure. The endogenous growth literature stresses
innovation — typically the result of successful R&D activities — as a key driver of ag-
gregate growth. Figure 6 depicts the total expenditure in R&D as a share of total cost!®
or total sales for firms in Compustat. During the last decades, R&D expenditure has
roughly doubled relative to firms’ total cost and total sales.'¢

Figure 6: R&D expenditure as a fraction of Total Sales and Total Cost
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Source: Author’s calculations using Compustat data.

Figure 7: U.S. Real GDPpc Growth

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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Source: World Development Indicators.

15Tn the data, the total cost of firms is Operating Expenditure (OPEX), the sum of Cost of Goods Sold
(COGS), and Selling, General, and Administrative Expenses (SGA).

16The increase in R&D can also be observed by using aggregate data from the OECD. For example, the
share of Gross domestic expenditure on R&D has also increased during the last decades. The interested
reader can find additional details in Appendix A.1.2.
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Fact # 4: Growth slowdown. Through the lens of the standard growth literature,
the apparent increase in R&D effort would lead to stronger aggregate growth. However,
the last decades have been characterized by stagnant or even declining growth rates.!”
Figure 7 shows the slowdown of GDPpc growth. While in the mid-1980s, GDPpc growth
averaged 2.5%, this rate has declined to 1.5% in the mid-2010s.

Figure 8: Consumption decisions for digital services in the U.S.
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Original content 29%

Specific content 27%

0% 10% 20% 30% 40% 50%
Share of respondents

Why did you choose Microsoft OneDrive rather than other cloud storage solutions?

Easier accesible with my devices 43%
Was automatically installed or activated 43%
Higher trust in security 41%

Better compatible with my

0,
software and services 4%

Better functionality or usability 38%

Higher trust in responsible handling

of my data 36%

Better price-performance ratio 30%

0% 10% 20% 30% 40% 50%
Share of respondents

Note: Survey conducted in the United States from October 26 to November 5, 2018. Respondents aged
18-69. Source: Statista Global Consumer Survey

Provider-driven complementarity. Figure 8, shows the responses to two questions
regarding the consumption decisions of two well-known internet-based services: Apple
Music and Microsoft OneDrive.'® Both questions try to address what is the most rel-
evant aspect shaping consumers’ consumption decisions. As it turns out, both services

17See, for example, Duernecker, Herrendorf and Valentinyi (2014), Gordon (2018) or Gordon and Sayed
(2018).

18To the best of my knowledge, extensive consumer data that allows matching consumers’ demand with
the different products supplied by a firm is not readily available
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are designed in a way that are easier to access/are better compatible (read-as more com-
plementary) with other goods or services provided by the same firm. More strikingly,
this is a more important factor in shaping demand than the price-performance (read-as
price-to-quality) ratio. Relying on Nielsen data, Grasby, Corsi, Dawes, Driesener and
Sharp (2019) provide further evidence on the relevance of the complementarity between
products in increasing the likelihood of buying additional products from the same brand.

Based on this suggestive evidence, in this paper, I model the fact that consumers value
more products when the same firm offers them. This novel mechanism, labeled provider-
driven complementarity, is defined as firms’ ability to transform seemingly independent
products into complements when provided by a single firm. Ultimately, provider-driven
complementarity is a firm-specific characteristic that is incorporated into its products
during the process of product creation and innovation. The next section develops a
theoretical framework that introduces provider-driver complementarity into an otherwise
standard quality ladder model.

3.2 Main experiment

In this section, I use the theory of provider-driven complementarity to perform a quanti-
tative experiment motivated by the influential contribution of Bloom et al. (2020) arguing
that ideas have become harder to find during the last decades. Specifically, I decrease
the size of the quality jump obtained after a successful innovation, which is treated as
exogenous to the model. This decline can be also be interpreted as a reduction in the
probability of obtaining a ‘radical’ innovation.'®

I start by considering a version of the model with a mild level of provider-driven
complementarity, which I calibrate by targeting average moments of the data between
1985 and 1990. Then I decrease the parameter governing the quality jump’s size after a
successful innovation (A). To do that, I explicitly target the decline in the U.S. growth
rate between 1985-1990 and 2010-2015. I show that this decline has important effects
on business dynamism: the entry rate declines, the concentration of sales increases, and
the equilibrium R&D expenditure increases even as the economy’s aggregate growth rate
declines. To highlight the importance of provider-driven complementarities in explaining
the dynamics of firms observed in the data, I conduct a second exercise where I consider a
version of the model without provider-driven complementarity. I henceforth refer to this
second version of the model as standard quality ladder model. I compare both versions
of the model along their respective balanced growth paths with constant rates of growth.
Contrary to the provider-driven complementarity framework, the standard quality ladder
model cannot replicate the evolution of business dynamism observed in the data.

In what follows, I start by briefly describing the numerical solution algorithm and the
model’s calibration before discussing the results.

3.2.1 Solution

The solution method is based on computing the equilibrium firm value functions and
R&D decisions. This equilibrium is obtained as a fixed point in a space that includes the

9Within this framework, ‘radical’ innovation is any external innovation (either from an entrant or an
incumbent) that allows it to become a market leader. This definition follows that of Acemoglu and Cao
(2015).
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rate of growth along the economy’s balanced growth path, stationary creative destruction
rates, and stationary distribution of the number of products. After obtaining the solution
for a set of parameters, the model is simulated to obtain the model-based moments of
interest.?"

3.2.2 Calibration

Here I present the baseline calibration. The model has 11 structural parameters that need
to be calibrated, which I partition into two sets. The values of the first set are determined
without solving the model by relying on previous literature. The second set of values are
determined by solving the model and targeting several moments from the data.

Externally calibrated parameters. I start by setting the discount rate p to 2%, a
standard value in this literature. The theory I propose relies on the asymmetries generated
by provider-driven complementarities across firms of different sizes. As laid out in the
previous section, firms’ behavior depends on the number of varieties they supply to the
market and on the distribution of the number of products across firms. To focus on
the effects of provider-driven complementarity, I assume constant returns to scale in the
R&D technology for external innovations, i.e., 0 = 1 — ¢, as in (Klette and Kortum,
2004).%! The parameters ¥ and 77[} govern the curvature of the external and internal R&D
cost functions. To assign a value to these parameters, I follow Akcigit and Kerr (2018)
that, relying on previous literature, set both equal to 0.5.%22 This implies that both cost
functions are quadratic in the Poisson (external or internal) rates of innovation.

The key parameter for the calibration is v, which measures the strength of provider-
driven complementarities. This effect is not trivial to measure in the data, thus given
the lack of an estimate for this parameter, I fix a value of v = 1.0245, which implies a
mild effect of provider-driven complementarity. Later on, I consider alternative values in
a sensitivity analysis. As shown in Section 2 with a theoretical example for the simplified
model, introducing provider-driven complementarity yields a higher weight of the right
tail of the size distribution. With provider-driven complementarity, firms can profit more
from each product line obtained through external innovation. Under the assumption of
constant returns to scale in the external innovation’s production function, the equilibrium
innovation rates increase with size, leading to bigger firms in equilibrium. It is important
to remark that provider-driven complementarity does not play any role in determining
the market leader of each variety by assumption in the simplified model. Consequently,
the effects of provider-driven complementarity on firm size are reinforced in the baseline
framework when provider-driven complementarity interacts with the quality dimension in
determining the equilibrium market leader of each variety.

Internally calibrated parameters. It remains to assign parameters to the step size
of external and internal innovations, scale parameters of external (for incumbents and
entrants) and internal cost functions, and per-product profitability. For simplicity, I

20Further details can be found in Appendix A.3.

21This assumption has important effects on the relationship between R&D and size. In Appendix A.4.1
I relax this assumption allowing for decreasing returns to scale as in (Akcigit and Kerr, 2018).

22This implies that ¢ = 2.
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assume that the average innovative step obtained from external innovations is the same
as the fixed step of internal innovations.?® This additional restriction leaves me with the
following five parameters that need to be determined:

1. Mean value of innovative step size (\),

2. Scale parameter of external innovation cost function (y),
3. Scale parameter of internal innovation cost function (x),
4. Scale parameter of entrant cost function (v),

5. (Inverse) Elasticity of substitution across varieties (/).

Although all the parameters jointly determine the endogenous equilibrium outcomes of
interest, each of them is tightly related to a moment of interest. I discuss these connections
in what follows.

As is well known, the source of endogenous growth in a quality ladder model is the
successful improvement of quality. Therefore, the mean value of innovative step size
for external and internal () innovations is closely related to the economy’s equilibrium
growth rate. The scale parameters of the external and internal innovation cost functions
(x and x, respectively) will determine the equilibrium expenditure of firms in external
and internal R&D. Besides, their interaction determines the ratio of external to internal
innovation. Consequently, both scale parameters are connected to the equilibrium ratios
of R&D expenditure over total cost and sales. I use my sample of firms from Compustat
to target these ratios. The scale parameter of the entrant cost function (v) determines
the entry cost and is closely related to news firms’ entry rate. As measuring entry in
Compustat is not straightforward, I use data from Business Dynamics Statistics to target
the entry rate. Finally, the elasticity of substitution across varieties (37!) determines the
equilibrium per-product profitability of each variety and is closely related to the average
profitability of firms. Again, using my Compustat sample of firms, I target the average
ratio of total sales minus total operating expenditures before depreciation to total sales.

Based on the previously established connections, I initially calibrate the model to the
average moments of interest between 1985 and 1990. Specifically, I compute model implied
moments and compare them to their counterpart moments in the data. Technically, I solve
the simple minimum distance equation given by

- i [model(5) — data(j)|
4 data(j)]

Fit of the Model. Table I shows the full set of calibrated parameter values for the
provider-driven complementarity model and the standard quality ladder model as well as
the fit of both models to the targeted moments.

Both models do an excellent job in replicating the targeted moments for the 1985-1990
period. Introducing a mild provider-driven complementarity effect does not turn into a
significant change in the parameters’ values with respect to those of the standard quality

23In terms of the parameters shown in previous sections, that implies Ae = A = A
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Table I: Calibrated parameters

Parameter PDC ST  Target Data PDC ST
A 0.113 0.112 GDPpc growth (%) 2.5 25 25
X 4914 459 (Mean) R&D / Sales (%) 64 68 6.2
X 0.593 0.592 (Mean) R&D / Total Cost (%) 74 7.8 7.2
v 0.799 0.823 Entry Rate (%) 11.9 119 119
B 0.195 0.198 Mean profitability (%) 12,5 125 134

Note. PDC: Provider-driven complementarity model features. ST: Standard quality
ladder model. Second and third columns report values for the internally calibrated pa-
rameters. Values of the externally calibrated parameters: p = 0.02, ¢ = 0.5, ¢ = 0.5,
v =1.0245 (PDC), v =1 (ST).

ladder model. Moreover, the values of the parameters I find are similar to those of Akcigit
and Kerr (2018), even though they use a different sample of firms. In what follows, I
provide intuition on how the parameters differ across the provider-driven complementarity
framework and the standard quality ladder model.

According to the predictions of the theory highlighted in Section 2, under provider-
driven complementarity, incumbent firms have an extra incentive to innovate — both
externally and internally — to increase their profits. Consequently, to be able to match
the desired ratios between R&D and total cost or total sales, a lower cost to conduct
R&D is needed in the standard quality ladder model. In turn, this implies that in the
standard quality ladder model, the scale parameters of the external () and internal ()
innovation cost functions are slightly lower than their counterparts in the provider-driven
complementarity model. The calibrated values imply that around 55% of total growth
comes from external innovation, while 20% comes from internal innovation (the remaining
25% is attributed to entry). These results are comparable to those of Akcigit and Kerr
(2018). However, in their recent contribution, Garcia-Maza et al. (2019) show that up to
70% of growth can stem from internal innovation. In Appendix A.4.2 I show that my main
results are preserved even adjusting the calibration to capture that alternative relationship
between external and internal R&D. The theory I propose in this paper also implies that
entrants are less likely to become market leaders as they do not generate provider-driven
complementarity upon entry while incumbents do. Consequently, the calibrated value of
the scale parameters of the entrant cost function () needed to obtain the entry rate of
firms observed in the data must be smaller under provider-driven complementarity.

The growth rate in both models is 2.5%, the same as observed in the data. By
construction, the source of endogenous growth in a quality ladder model is the successful
improvement of quality. In particular, the economy grows as additional successful rungs of
the quality ladder are attained. The differences in the needed step sizes of innovation (\)
across models are minor but highlight an important equilibrium outcome: under provider-
driven complementarity, there are fewer active firms in equilibrium, and incumbents tend
to be bigger. This is why, although incumbent firms innovate more in this framework, a
bigger step size of innovation is needed to obtain the growth rate observed in the data.

Finally, both models closely match the average profitability of firms found in the data.
It is important to note that the ratio between profits and sales in the model includes
R&D expenditures. Consequently, a relatively higher value is needed under provider-
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driven complementarity compared to the value obtained for the standard quality ladder
model. One relevant remark about profitability in the model is that, by construction,
markups are exogenous and fixed. Therefore, the model would only generate big changes
in firms’ profitability if markups were endogenous or, at least, time-varying. This would be
reflected in the model through exogenous changes in the (inverse) elasticity of substitution
across varieties J. Although I abstract from these changes in the main exercise, recent
literature has pointed out that markups have indeed changed during the last decades, and
are important to explain recent macroeconomic trends, see for example Barkai (2020),
De Loecker et al. (2020) or Feijoo Moreira (2022). In Appendix A.4.3 I show that my
main results are preserved even if an increasing trend in markups is introduced into the
model.

3.2.3 Results

I now discuss the implications of a decline in the ‘radicalness’ of innovation on business
dynamism, which is the quantitative analysis’s primary objective. This exercise is mo-
tivated by the literature arguing that ideas have become harder to find during the last
decades, which I capture in the model by reducing the average innovation step size ()
obtained after a successful innovation.

To perform the exercise, I re-calibrate A to match the observed decline in the U.S.
growth rate between 1985-1990 and 2010-2015, leaving the remaining parameters constant.
This delivers a value of A equal to 0.073 with provider-driven complementarity and 0.072
in the standard quality ladder model. In what follows, I compare both models along their
respective balanced growth paths. The results of the quantitative exercise are summarized
in Table II.

Table II: Quantitative analysis Results. Changes in the U.S.
between 1985-1990 and 2010-2015.

Moment Data PDC ST
GDPpc growth (p.p.) —-0.99 —1.00 -0.99
(Mean) R&D / Sales (p.p.) 371 097 -0.16
(Mean) R&D / Total Cost (p.p.) 4.32  1.01 —0.17
Entry Rate (p.p.) —-2.89 —0.28  0.06
Top 20% Sales (p.p.) 1.68 152 -2.19

Note. PDC: Baseline provider-driven complementarity model. ST:
Standard quality ladder model.

The first row of Table II shows that both models can accommodate the decline in the
economy’s growth rate, reproducing the observed decline in the data closely. From (16)
it follows that reducing the quality jump, everything else constant, decreases the increase
in quality upon successful innovation therefore reducing the growth rate of the economy.

The remaining rows of Table II show the effects of the decline in the other moments
of interest, which are all non-targeted. The decline in the innovative step size generates
opposite effects across both versions of the model in:

1. the equilibrium R&D expenditure relative to the total sales or total cost of firms,
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2. the equilibrium entry rates,
3. the share of sales accounted for by the 20% biggest firms of the economy.

To provide intuition on the reasons underlying this opposite behavior and help better
understand the general equilibrium effects of the experiment, in what follows, I start
by discussing the implications of the decline within the standard quality ladder model.
This model is a particular case of the baseline framework when v = 1, thus many of its
implications carry over to the provider-driven complementarity framework. In Figure 9
I show a battery of theoretical results for both models, which I now turn to discuss in
detail.

Standard quality ladder model. Consider the effects of the decline in the step size of
innovation for the standard quality ladder model. Figure 9¢ shows that when the innova-
tion step size declines, the value function’s coefficient capturing the stream of discounted
profits of being a market leader increases (ST 85-90 vs. ST 10-15). This is a direct
consequence of the decline in the economy’s growth rate, which drives down the general
equilibrium interest rate according to the household’s Euler equation (1). I henceforth
refer to this result as the market effect, which enhances the incentives to conduct R&D.
Moreover, firm profitability is also determined by its quality portfolio. When the innova-
tive step size declines, a firm expects to obtain smaller quality improvements over after a
successful innovation (internal or external), which hinders its incentives to conduct R&D.
I henceforth refer to this result as the quality effect.

In Figure 9d I show that the equilibrium per-product internal innovation rates decline
sharply, implying that the quality effect dominates the market effect. This is an intuitive
result: internal R&D allows increasing the quality of a variety the firm already produces,
i.e., a firm conducting internal R&D is already the market leader of that variety. As a
consequence, the marginal benefit of increasing the quality of that variety is dominated
by the expected quality increase after innovating.?* As the average innovative step size
declines, the incentive to conduct internal R&D also does. This naturally leads to less
internal R&D in equilibrium, reducing R&D expenditure.

The dynamics of external R&D, represented in Panel 9e, are substantially different.
After the innovative step size decline, the per-product external innovation rates are barely
affected. Opposite to the internal R&D decision, a firm conducts external R&D to become
the market leader of a variety outside its quality portfolio. As a consequence, for the
external R&D decision, the increase in the stream of discounted profits associated with
being a market leader (the market effect) is now as important as the decline in the
expected quality increase after innovating (the quality effect). Provided that the per-
product external innovation rates remain constant, both effects cancel out for incumbent
firms. However, for potential entrants, I find that the market effect slightly dominates the
quality effect, leading to a small increase in the innovation rate of entrants. This increase
has three important implications: i) it leads to an increase in the equilibrium entry rate
(see I1); ii) it generates a small increase in the rate of creative destruction of the economy,
as shown in Figure 9b; and iii) it yields an increase in the measure of incumbent firms
in equilibrium. Finally, Figure 9f shows that the distribution of the number of products

24 Loosely speaking, the productivity of investing in internal R&D declines, and the marginal profit
gain is now lower.
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Figure 9: Quantitative analysis results
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Note. PDC: provider-driven complementarity model. ST: standard quality ladder model. Note: along
all panels, z-axis represents number of products (0 refers to a potential entrant). Panel 9a represents the
expected probability of replacing an incumbent through external innovation conditional on the innovator
current size. Interim Pr. depicts the probability of replacing an incumbent after declining the step size
innovation, but fixing the firm size distribution to its 1985-1990 level.
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across firms slightly compresses. As the distribution of the number of products across
firms and the size distribution of firms are tightly linked,? it follows that the share of
sales of the biggest firms in the economy declines as shown in Table II.

Provider-driven complementarity. Before discussing the implications of provider-
driven complementarity, it is relevant to highlight that in this framework the probability
of obtaining a successful innovation is a function of size, as Figure 9a shows. This is op-
posed to the standard quality ladder model, where this probability is constant and equal to
one, i.e., any successful quality improvement always find its way to the market. According
to (3), as firms increase their portfolio, they generate a higher level of complementarity.
Therefore, small firms, all else equal, find it more challenging to become market leaders as
they provide less complementarity to the consumer. When ideas get harder to find, more
quality innovations that would be successful in the absence of provider-driven comple-
mentarity do not find their way into the markets. Although the decline in the innovative
step size reduces the ex-ante probability for any firm of the economy, its effects are more
relevant for small firms. In other words, all firms are less likely to become market leaders,
but small firms are relatively more unlikely.

The decline in the probability of obtaining a successful innovation can be separated
into two components. The first one is purely mechanical: reducing the average step size
innovation implies that firms are less likely to obtain a successful innovation even in the
absence of general equilibrium effects. The second component that affects the decline
in the probability of obtaining a successful innovation is the change in the firm size
distribution, which is a general equilibrium outcome. Ultimately, the change in the firm
size distribution alters the level of complementarity offered by every firm in equilibrium.
The dotted line in Panel 9a (Interim Pr.) is intended to capture the first component
by representing the counterfactual probability of obtaining a successful innovation after
the decline in the innovative step size but had remained the firm size distribution as in
the period 1985 — 1990. The dashed line (Pr. 10-15) represents the actual probability
obtained in the new equilibrium in 2010 — 2015. Thus, the difference between the dotted
and the dashed line captures the second component. An important and direct equilibrium
effect generated by the probability of obtaining a successful innovation can be observed in
the rate of creative destruction represented in Panel 9b, which becomes decreasing in firm
size. As a firm becomes the market leader of more markets, it generates a higher provider-
driven complementarity effect. In turn, this becomes a barrier to entry for smaller firms:
it becomes more unlikely that a big firm loses a product through creative destruction.

Most of the effects of the decline in the innovative step size in the standard quality
ladder model are preserved under provider-driven complementarity. Specifically, Panel
9c¢ shows that the stream of discounted profits of being a market leader also increases;
however, under provider-driven complementarity, it additionally increases in firm size.
The increase can be separated into two parts. First, there is a symmetric effect across
all firms stemming from the equilibrium interest rate decline, precisely as in the standard
quality ladder model. Second, a non-linear equilibrium effect is inherited from the decline
in the creative destruction rate following the decline in the innovation step size. In other
words, as big firms suffer a lower rate of creative destruction, their discounted stream

25This is a common feature of this type of models which is also highlighted in Akcigit and Kerr (2018)
or Cavenaile and Roldan-Blanco (2021).
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of benefits increases as they expect to remain longer as market leaders. The decline in
the innovation step size affects internal R&D in the same way as in the standard quality
ladder model, the quality effect still dominates the market effect.

Under provider-driven complementarity, the effects on external R&D are different
from those obtained from the standard-quality ladder model. On the one hand, as the
probability that an entrant obtains a successful innovation declines sharply, this drives
down the incentives to conduct R&D for entrants. On the other hand, the incentives to
conduct R&D for an incumbent increase and are also increasing in firm size, following
the non-linear increase in the profitability of being an incumbent. In other words, for an
entrant, the quality effect dominates the market effect, while the opposite happens for an
incumbent. The asymmetric effect of provider-driven complementarities between entrants
and incumbents is key for the results. In particular, entrants do not generate provider-
driven complementarity, which implies that besides finding it more difficult to become
market leaders, upon entry they are also more likely to lose their market leadership due
to creative destruction. Incumbents, in turn, generate provider-driven complementarity,
which not only increases the profitability of all their product lines but drives down the
probability of losing a product through creative destruction.

In summary, the standard quality ladder model predicts a decline in internal innova-
tion R&D rates, accompanied by small, almost negligible, effects on external R&D rates.
As a consequence, R&D expenditure declines. In contrast, under provider-driven com-
plementarity, the increase in external R&D innovation rates compensates for the decline
in internal R&D, leading to an increase in R&D expenditure. As highlighted before, the
decline in the innovation step size also affects firms’ equilibrium size distribution. In the
standard quality ladder model, the small increase in entrants’ innovation rate leads to an
increase in new firms’ entry rate and the equilibrium measure of incumbent firms. Finally,
the firm size distribution slightly compresses, which yields a decline in the concentration
of sales. Under provider-driven complementarity, I find the opposite. Specifically, the
strong decline in the entrants’ innovation rate leads to a decline in new firms’ entry rate,
as shown in Table II. The mechanism proposed in this paper accounts for roughly a 10%
of the decline in the entry rate observed in the data. This decline and the increase in
the external R&D innovation rates of incumbents lead to a decline in the number of in-
cumbents in equilibrium. Moreover, as 9f shows the firm’s size distribution shifts to the
right, implying that a substantial share of firms become bigger in equilibrium. In turn,
this implies an increase in the concentration of sales as shown in Table II.

3.2.4 Non-targeted moments

The quantitative experiment results show the importance of the asymmetry between en-
trants and incumbents generated by provider-driven complementarity. In this Subsection,
I highlight the performance of the model along several non-targeted dimensions.

As it is well known in the literature, the standard quality ladder model generates tails of
the distribution slimmer than the data. Figure 10 represents the simulated invariant firm
size distribution combined with the quality margin. The provider-driven complementarity
framework improves upon the standard quality ladder by generating a thicker right tail
of the sale distribution, although the tails of the distribution are still not as fat as in the
data.
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Figure 10: Firm size distribution, standard quality ladder vs. provider-driven complementarity
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Finally, I review the relationship between R&D intensity and firm size. Recent lit-
erature has documented that smaller innovative firms usually exhibit higher R&D in-
tensity on average.?® The preceding Subsection shows that bigger firms conduct higher
per-product innovation rates (both internal and external) under provider-driven comple-
mentarity, even under the assumption of constant returns to scale in the production of
external innovations. However, the relationship between R&D intensity and firm size is
ultimately determined by the growth of R&D expenditure relative to the growth of sales
as the size of firms increase.

Figure 11 shows that the provider-driven complementarity framework correctly pre-
dicts the declining relationship between R&D intensity and firm size. Recall that provider-
driven complementarity is assumed to be increasing in firm size. From (6) the optimal
quantity supplied is proportional to the level of provider-driven complementary, thus inter-
mediate sales also are. As the (normalized) firm size increases, the declining relationship
between R&D intensity and firm size disappears, resulting in constant returns to scale in
the external innovation production function.

3.2.5 Sensitivity

In this section, I report on a series of sensitivity exercises regarding the strength of
provider-driven complementarity. First, to stress the interaction between innovative step
size and provider-driven complementarity and its effects on the creative destruction rate,
I conduct the baseline exercise using the simplified model in the first sensitivity exercise.
In the second exercise, I show how sensitive the main experiment results are to changes
in 7, the parameter governing the strength of provider-driven complementarity.

I start by describing the results of the simplified framework. To conduct this sensitivity
exercise, I recalibrate all the model’s parameters following the same procedure as before,
and I conduct the same exercise based on declining the step size of innovation. In the
simulation of the model, this step size is assumed to be constant and bigger than the

26See, among others, Akcigit and Kerr (2018), Cavenaile and Roldan-Blanco (2021).
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Figure 11: Relationship between R&D/Sales and firm size
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maximum possible value of provider-driven complementarity +. The results are shown in
the first part of Table III.

In the simplified framework, the effect of provider-driven complementarity is always
offset by a successful quality increase. This implies that potential entrants, small firms
and big firms are equally likely to obtain a successful innovation that allows them to
become the market leader of a variety. In other words, provider-driven complementarity
is irrelevant in determining the market leader of each variety. Consequently, provider-
driven complementarity affects firms’ decisions and outcomes through its effect on the
return function, but it does not affect the rate of creative destruction experienced by
firms of different sizes. This ultimately implies that the industrial organization of firms
is not relevant for the individual decisions of firms. As a consequence, the results of the
simplified model are both qualitatively and quantitatively very close to the predictions of
the standard quality ladder model, which is in line with the theoretical predictions laid
out in Section 2. Although there is marginally more entry as the step size innovation
declines in the simplified framework, the concentration of sales declines less than in the
standard quality ladder model. This is given by the higher skewness of the firm size distri-
bution of firms in the simplified framework, a feature highlighted in Section 2. Therefore,
even under more entry, the simplified model can sustain a higher level of concentration.
This highlights that the key mechanism driving the baseline provider-driven complemen-
tarity model results is the interaction of the quality dimension with the complementarity
dimension.

The second sensitivity exercise is based on the specification of v, the parameter gov-
erning provider-driven complementarity. Now I report on the sensitivity of the main
experiment results to changes in the value of this parameter, which can be understood
as varying the strength of provider-driven complementarity. As it was highlighted in the
model’s calibration, the effect of provider-driven complementarity is not readily measur-
able in the data. To avoid this complication, I assumed a mild level of provider-driven
complementarity by fixing a value v = 1.0245. Now I consider the alternative values
v = 1.0215 and v = 1.0275. In each case, I recalibrate all the model’s parameters follow-

37



Table III: Sensitivity Analysis Results. Changes in the U.S. between
1985-1990 and 2010-2015.

Simplified vs. Baseline

Moment ST  Simplified PDC
GDPpc growth (p.p.) —0.99 —0.99 —1.00
(Mean) R&D / Sales (p.p.) —0.16 —0.15 0.97
(Mean) R&D / Total Cost (p.p.) —0.17 —0.16 1.01
Entry Rate (p.p.) 0.06 0.05 —0.28
Top 20% Sales (p.p.) —2.19 —2.07 1.52

Sensitivity with respect to ~

Moment PDC ~=1.0215 ~ =1.0275
GDPpc growth (p.p.) —1.00 —0.99 —1.00
(Mean) R&D / Sales (p.p.) 0.97 0.70 1.32
(Mean) R&D / Total Cost (p.p.)  1.01 0.73 1.38
Entry Rate (p.p.) —0.28 —0.17 —0.38
Top 20% Sales (p.p.) 1.52 0.59 2.55

Note. The results for the standard-quality ladder model (ST) in the first part
and the provider-driven complementarity model (PDC) in the second are obtained
from Table II and represented here for comparative purposes. In the simplified

model the value of 7 is 1.0245 as in the baseline provider-driven complementarity
model (PDC).

ing the same procedure as before and conduct the same exercise based on declining the
step size of successful innovation. The results are shown in the second part of Table III.
As the strength of provider-driven complementarity declines (increases), the increase in
the equilibrium R&D expenditure is smaller (bigger), the entry rates declines less (more),
and the share of sales of the biggest firms increases less (more). In summary, the absolute
value of the moments of interest is monotone in the value of ~.

It can be shown that as v — 1, the results converge to those of the standard quality
ladder model. Interestingly, this implies that for low levels of provider-driven comple-
mentarity, it is possible to obtain qualitatively aligned results with those of the standard
quality ladder model. This is not surprising as, as stressed before, the interaction between
quality and complementarity in determining each market leader is key for the results. If
~ declines, even very small quality improvements can be enough to offset the provider-
driven complementarity effect, independently of the incumbent’s size. As a consequence,
as v declines, provider-driven complementarity becomes less important and ultimately
negligible.

4 Conclusion

This paper explores the role of provider-driven complementarity to explain several salient
facts about declining business dynamism. In particular, the main interest lies in increasing
R&D expenditures and concentration yet decreasing entry rates and economic growth that
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have taken place during the last two decades.

I propose a theory where provider-driven complementarity makes seemingly indepen-
dent products become complements when provided by a single firm. In particular, I build
on the Akcigit and Kerr (2018) quality ladder model of endogenous growth through R&D,
which I extend to explore the effects of this kind of complementarity. The model remains
tractable and allows closed-form solutions. The main difference between a standard qual-
ity ladder model and the provider-driven complementarity model is that complementary
acts as a barrier to entry. In the absence of product complementarities, successful R&D
improving the quality of any good enables the innovating firm to displace the previous
lower-quality incumbent. However, when firms generate provider-driven complementar-
ity, consumers do not necessarily switch to the state-of-the-art higher quality product but
may remain attached to the lower-quality incumbent if the product complementarity effect
is sufficiently large. Therefore, small firms need to develop sufficiently ‘radical’ quality
improvements so that the products they produce can find their way into the markets.

I then conduct a quantitative experiment motivated by the recent literature arguing
that ideas have become harder to find during the last decades. I show that a mild level of
provider-driven complementarity can speak to declining business dynamism within this
environment. In particular, as innovation gets less radical and the economy’s growth
rate declines, the model predicts an increase in R&D expenditure given by the reaction
of incumbents, which ultimately yields a decline in the entry rate of new firms and an
increase in the concentration of sales. I show that a standard quality ladder model without
provider-driven complementarity yields the reverse predictions.

It is worth noting that the theory developed here does not assume limit-pricing, an
otherwise frequent assumption in quality ladder models. Limit-pricing opens the door
for markup heterogeneity, a widely documented fact in the data. However, allowing for
limit-pricing under provider-driven complementarities gives rise to complicated although
exciting and novel markup dynamics beyond this paper’s scope. Additionally, the theory
does not allow for mergers and acquisitions between firms. However, the provider-driven
complementarity is a suitable framework to explain the increased number of mergers and
acquisitions observed in the data. Both issues are left for future research.
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A Appendix [For Online Publication]

A.1 Data

A.1.1 Data arrangements

I perform the following series of adjustments in the sample of firms obtained from Com-
pustat. First, I restrict the sample to firms that are observed for at least five consecutive
years. Second, I restrict my attention to firms with positive sales that report values
of Cost of Goods Sold (COGS) and Selling, Administrative and General Expenditure
(SGA). Even though I am mainly interested in firms that conduct Research and Develop-
ment (R&D) activities, I do not exclude firms from the sample that do not conduct R&D.
However, I exclude firms that do not report R&D expenditure. I also exclude firms that
report a level of R&D expenditure such that its share of R&D as a function of operating
expenditure (the sum of COGS and SGA) is above 1.

A.1.2 Aggregate data on R&D expenditure

The increase in R&D can also be observed by using aggregate data from OECD. The next
Figure shows that the share of gross domestic expenditure on R&D has increased during
the last decades.

Figure 12: Share of GDP of Gross domestic expenditure on R&D

GERD / GDP

Note: Gross domestic expenditure on R&D (GERD) includes expenditure on research and development
by business enterprises, higher education institutions, as well as government and private non-profit orga-
nizations. Source: OECD.

A.2 Proofs and derivations
A.2.1 Proposition 1

Proof. For any distribution of products across firms {j, },>1, it is always possible to find a
sequence of real numbers {iy, is, ...}, such that the [0, 1] product space can be arranged in
a way that varieties j € [0,7;) are produced by firms with n = 1; i € [iy,i2) are produced
by firms with n = 2; ...; and, finally, 7 € [iy_1, 1) are produced by very big firms with
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n = N and N — oo. Therefore, one can write

1

1 N in
J m;q; d] = ]\171_1}(130 Z 71_5 f q; djv (28)
0 n=1 in—1

where 79 = 0, lim,, , 2, = 1, and

Gn = f qj d]
In—1

denotes the average quality of each subset of products. Following the same argument laid
out in the main text, each subset grows at an expected rate

Gn = Fu,(A\,nz, + Aenty,),

As the equilibrium satisfies an invariant distribution of firms (see Proposition 6), the im-
plied provider-driven complementarity effect also is. This implies that along the balanced
growth path the only source of growth is the increase in quality through R&D. Therefore,
the law of large numbers assures that the sum in (28) asymptotically grows at the same
rate as that of average quality, g.

[ |

A.2.2 Value Functions

Consider an innovator that upon entry would have quality portfolio of size ¢ > 1 if the
incumbent in a given variety has a quality portfolio of size 7 > 1. Re-define the indicator
function that control which innovations are successful in replacing the incumbent as

ij = 1(a,5y00.9))-

For the Simplified framework, &; ; = 1, Vi, j. Bellman’s principle states that value function
for an incumbent firm of size 1 < n = |q;| at some point in time ¢ can be obtained as

_ _n—1 ~ ~ 5_
Vn,f—At(qia %‘—At) = x,{%rﬁ(t, { Z [Wt‘—m’yl - Xz;.l}n’t—_m] qut — Xxit—_Atn"tht
{zini—adfo, ~ 9%

+e3( F [ adtWastad\ e} o- gA2)0)

q5€9q;
+ Tn,t_—AtAtVn—l,dqi\f{Qj}v ij)
+ Tn i At AER L [Ent1j (Visri(di v {an s}, G7) — an]'}]]
+ (1 = > [zimi—ac + Tag-ae + Tnj-adl At) Voi(ai, Cit)) }
q;€q;

where to ease notation I avoid including second or higher order terms in the Poisson arrival
rates for internal and external innovation or creative destruction rates. Performing a first-
order Taylor expansion of the continuation value yields
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Voilds, @) + | — riVailan @) + | [Zjn,fvn,f(ch\—{%} U {giAL} @)

q;€9;

+ T i Vo—1i(a\-{q;}, @) + 20 iEn, [Ens1j {Vari(d Us {ane}, @) — anj}]) At.

Substituting this expression in the original value function, it remains to divide by At both
sides, and take limits as At — 0 to obtain

riVoi(qi, @) =  max { Z [lefnflqj + Tog| Vaer#(ai @\~ {a;}) — Vai(ai @)]

_ n
xn,ty {an,t}jzl Qjefh'

+ 2y Vai(a\ g} vr {gAL} @) — Vilas, @) ] — )A(Z;f_ijj:l

+ nxp, /By, ll{Az;yA(M—l,j)}[VnJrl,t(qi Uy {giA} @) — V(i @) — Qn Z Qj]]

q;€9Q;

A.2.3 Proposition 3

Proof. Plugging the guess
q;€q;
in the value function of an incumbent yields?”

rA, 2 ¢; +rB,g = max {7771_”_1 Z q; + 2 ZnjAn@iN: — X Z Z:ijj

T, {217
q;€q; mr =1 q;€d; qj€q; q;€q;

i CRETTED W YRR AT

q;€qi ;€9

+nxn|:(An+1 - An) Z Qj + An+1qAx + (Bn+1 - Bn)Q:|

q4;€qi
- xfn&cj - nxn(An+1 - An) Z Qj} + Bnqg
q;€9qi
which trivially reduces to

rA, Z ¢ +rB,g = max {W'yl_”l Z q; Z ZnjAngiNs — X Z Z;%ij

T zi
qj€q; no | J}J*I q;€4q; q;€Qq; q;€Qq;

2"Note that .
Vn(Qia (j) = Bnq = Bn(jg
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q;€di q;€qi
+ NIy [An-i-l(ij + (Bn+1 - Bn)@] - 5(952”&6]} + Bnqg
On the one hand, collecting terms with ¢ yields

(7” - g>Bn = nT(Bn—l - Bn) + max {nxn[An—&-lAm + Bn+1 - Bn] - sz%n&} . (29)

Tn

The FOC that characterizes external innovation of a firm with size n > 1 is given by

n(Apy1Ag + Buy1 — By) — dxal~'n? =0,

n

where rewriting yields

([ AniAe + Buyr — B\ 01
v = ( — ) .
Define
A=A, 1A, + B,y1 — B,

Substituting z,, in (29) yields

gitl 1
(r—g)B, =n7(B,—1 — By) +n A — — x| = A~ o , (30)
— Onno—1
(&Xn(}—l) -1 hxn
and simplifying the RHS gives

s 1\ 1 \7a
P -1 _ —1
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Rewriting yields

~ 1
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On the other hand, collecting terms with ¢; yields

rA, = 1" 4 max {znjAn)\z - )Zz;b} +7[(n—1)A,-1 —nA,]. (31)

Znj

The FOC that characterizes internal innovation is given by
An>\z - Xdz;fjil = 07
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where rewriting yields

()
Znj = N .
XY

Substituting this expression in (31) obtain

—1
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A.2.4 Proposition 4
Proof. By induction, I first check it holds for n =1 and n = 2. For n =1

Le
F’7’17

21

which is the same condition obtained from the first flow equation. For n = 2

1 2, 129 lx, x4

Ha = §Fl’2 T1T2 B 5??’7—27

where re-arranging and adding and subtracting x.m; in both sides yields
Fus2mom + xom = xe(1 + 7).
Dividing through by 7 write

Te
Fus2m + x, = T—(xl + 1) = Fu(z1 + 1),
1

which is the same condition obtained from the second flow equation.
Now suppose it holds for n and n — 1, and prove it also holds for n + 1. In this case

1 n—1

B Te T
Hn—1 = LFz, 1 L 17
and
1oz L
Hn = nFz, o1 Ts
From the third flow equation write
1 Te nl T 1 T, v s
Fppoi(n+ 1)1 + F—— —(n -1z, = F— —n(T, + ),
n—1Fz, 4 ;17 n ', 5 T

where simplifying, re-arranging and multiplying and dividing in the RHS by z,,, yields

n+1
1 Te Ty

Hn+1 = -
n+1Fz,. o1 Ts
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A.3 Solution algorithm

I solve the generalized framework as a nested fixed point over the growth rate of the
economy along its balanced growth path, where the equilibrium relationship between ¢
and @ remains constant. The algorithm follow the next steps:

1. Guess M > 1 such that along the balanced growth path, Q = Mq.

(a) Guess a growth rate g.

i. Guess a firm size distribution and a sequence of creative destruction rates
{1}

ii. Given the distribution, characterize the probability sequence of successful
innovation, i.e., the probability of a firm of each size to obtain a successful
innovation conditional on the distribution of incumbents.

iii. Solve for the sequences {A,}, {B.}, {z,} and {z,} in Proposition 5.2

iv. Compute the implied firm-size distribution and creative destruction rates.
If they are the same as the initial guess, go to the next step. If not
converged, go back to step i. by using as new guess a linear interpolation
between the old and new guess.

(b) Compute the implied growth rate of the economy, if not converged, go back to
(a) and update the guess until convergence.

2. Simulate an economy and verify that () = M@, otherwise, go back to 1 and update
the guess.

To simulate the model, I assume an economy composed by 50,000 varieties, with initial
quality normalized to 1. Moreover, I assume that initially, each good is produced by a
single firm. I simulate the economy for 2,000 periods of length At = 0.1. As time is
continuous and the number of varieties is kept constant, at each simulated instant, I draw
a vector of shocks that determines whether there could be entry in a new variety (a new
firm obtains a quality innovation for this variety), external innovation (an incumbent in
a different variety obtains a quality innovation) or internal innovation (the incumbent
obtains a quality innovation). If any of the two first events happens, a quality jump is
drawn from the exponential distribution, and the new market leader on the variety is
chosen.?? Over time, this fixed size economy converges to its balanced growth path where
all aggregate varieties grow at the rate g and the firm size distribution is constant.

A.4 Robustness

In this Appendix, I perform a series of alternative experiments to the baseline quantitative
analysis carried out in Section 3. Specifically, I recalibrate all the model’s parameters
following the same procedure as described in the main text, and I conduct the same
exercise based on declining the step size of innovation.

ZThe critical step is solving for the sequence {B,}. As provider-driven complementarities vanish
asymptotically, and the external R&D cost function will be assumed to have constant returns to scale,
as n grows, B, must converge to a line.

29Tn the unlikely event of ties, equal probabilities are assigned to both firms, and a coin is tossed to
decide the market leader.
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A.4.1 Returns to scale in external R&D

I start by reviewing the relationship between ¢¥» > 0 and ¢ > 0 in the external R&D
production function, which determines the returns to scale the production function. In
the baseline experiment [ impose ©¥» + ¢ = 1, so that the production function exhibits
constant returns to scale as in (Klette and Kortum, 2004). In this Section, I choose
Y + o =< 1 so that it exhibits decreasing returns to scale as in (Akcigit and Kerr, 2018).
Specifically, the value of 1) remains as in the baseline exercise but following (Akcigit and
Kerr, 2018) I fix a value of o = 0.395. The results are summarized in Table IV.

Allowing for decreasing returns to scale in the production function of external innova-
tion does not change the qualitative nature of the baseline quantitative analysis results. In
the absence of provider-driven complementarity, any assumption regarding the cost func-
tion’s curvature yields the same results. However, with decreasing returns to scale, the
innovative step size decline is strengthened if firms generate provider-driven complemen-
tarity. The reasons underlying these results are the same as in the baseline experiment,
i.e., when the innovative step size declines, the probability of obtaining a successful inno-
vation also does. As potential entrants do not generate provider-driven complementarity
until their product portfolio grows, they now find it more challenging to become market
leaders. Under decreasing returns to scale, it is more expensive to grow through exter-
nal R&D upon entry. Therefore, a stronger effect of provider-driven complementarity is
needed to obtain comparable results to the baseline. In that case, even though big incum-
bents are subject to a relatively higher cost, they find that compensated through the effect
of provider-driven complementarity, which increases the profitability of all their product
lines and drives down the probability of losing a product through creative destruction for
an incumbent firm.

Table I'V: Robustness: Returns to scale in R&D production function.

Baseline DRS
Moment PDC ST  PDC ST
GDPpc growth (p.p.) —1.00 —0.99 -0.98 —1.00
(Mean) R&D / Sales (p.p.) 097 —-0.16 1.24 -0.19
(Mean) R&D / Total Cost (p.p.) 1.01 —0.17 1.30 —0.18
Entry Rate (p.p.) —0.28 0.06 —0.64 0.07
Top 20% Sales (p.p.) 152 —219 212 -2.29

Note. DRS: Decreasing returns to scale. PDC: Provider-driven complementarity
model. ST: Standard quality ladder model. Columns 1 and 2 are obtained from
Table II.
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Figure 13: Per-product external innovation rates with decreasing returns to scale

0.105 4

[===PDC DRS 85-90 === PDC DRS 10-15]

Note: z-axis represents number of products; 0 denotes a potential entrant.

It is instructive to look at the profile of per-product innovation rates as a function of
size, represented in Figure 13. As the product portfolio of a firm increases, the probability
of losing a product through creative destruction declines, which increases the profitability
of being an incumbent. Consequently, even if the external innovation production function
exhibits decreasing returns to scale when the innovative step size declines, bigger firms
increase their external innovation rates relatively more with respect to smaller firms.
As a final remark, in the main text, I show that the provider-driven complementarity
framework correctly predicts the declining relationship between R&D intensity and firm
size, even assuming constant returns to scale. As under decreasing returns to scale, the
innovation rates decline with size, this relationship is only reinforced.

A.4.2 Relationship between internal and external R&D

The baseline quantitative analysis’s calibrated values imply that around 55% of total
growth comes from external innovation, while 20% comes from internal innovation and
25% is due to the entry of new firms. While these results are comparable to those of Akcigit
and Kerr (2018), in this Section, I consider an alternative calibration where internal R&D
is the main source of growth, accounting for 60% of total growth. This is similar to the
results of Garcia-Maza et al. (2019), which show that even up to 70% of growth can stem
from internal innovation.
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Table V: Robustness: Relationship between internal and external R&D.

Baseline Ext. < Int.
Moment PDC ST PDC ST
GDPpc growth (p.p.) —-1.00 —-0.99 -1.00 -0.99
(Mean) R&D / Sales (p.p.) 097 —-0.16 0.68 —0.38
(Mean) R&D / Total Cost (p.p.)  1.01 —-0.17  0.71 —0.40
Entry Rate (p.p.) -0.28 0.06 —-0.10 0.27
Top 20% Sales (p.p.) 1.52 —2.19 253 —1.21

PDC: Provider-driven complementarity model. ST: Standard quality ladder
model. Columns 1 and 2 are obtained from Table II.

Table IV shows that the qualitative nature of the results is preserved. Relative to the
baseline exercise, when internal innovation is the main channel of firm growth, the decline
in the innovative step size of innovation generates a stronger increase in the entry rate in
the standard quality ladder model and a milder decline in the entry rate in the provider-
driven complementarity framework. This happens because in this exercise conducting
external R&D becomes relatively more expensive (than in the baseline), which favors
potential entrants relative to active incumbents.

Focusing on the provider-driven complementarity framework, as the innovative step
size declines the probability of obtaining a successful innovation declines and an incumbent
firm’s profits increase through the same mechanism described in the main text. However,
incumbent firms react by increasing less their external R&D rates as it is relatively costlier
now. This observation has two important implications. On the one hand, the firms’
equilibrium distribution shifts less to the right than in the baseline exercise, i.e., firms
become bigger, but less so than in the baseline. Consequently, although probability of
obtaining a successful innovation declines, it declines less than in the baseline, specifically
for potential entrants, so that the entry rate declines less than in the baseline. On the
other hand, the R&D expenditure of firms increases less than in the baseline. Interestingly,
even though quantitatively, these results are milder than in the baseline, the concentration
of sales in the economy increases. This happens because in this economy, firms conduct
more internal R&D than in the baseline. Therefore, even though the distribution of firms
shifts less to the right, big firms in this alternative economy can concentrate a higher share
of the total sales of the economy as they innovate more in internal R&D, which ultimately
implies that on average bigger firms concentrate a larger amount of higher quality, more
complementary — and ultimately, more expensive — products.

A.4.3 Increasing trend in markups

In the baseline quantitative exercise, firms’ markups are assumed to be constant. How-
ever, recent papers as Barkai (2020), De Loecker et al. (2020) or Feijoo Moreira (2022)
show that markups have increased during the last decades and are important to explain
recent macroeconomic trends. In this Section, I consider an alternative calibration where
markups increase by 25% between 1985-1990 and 2010-2015. The results are summarized
in Table VI.

Introducing an increasing trend in markups simultaneously that the step size of inno-
vation declines reinforces the results obtained in the baseline framework. This happens
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because in this economy, the profits associated with being an incumbent increase not only
as a consequence of the decline in the growth rate of the economy — and thus the equilib-
rium interest rate — but also because now firms can charge higher markups. Consequently,
incumbent firms have a much higher incentive to conduct external R&D to increase their
quality portfolio. However, as in the baseline exercise the reaction of potential entrants
is different between the standard quality ladder model and the provider-driven comple-
mentarity framework. In the standard quality model, potential entrants invest relatively
more in R&D to obtain market leadership. Together with the increase in the external
R&D rates of incumbents, the aggregate expenditure in R&D increases. Since there are
more firms in the economy, the concentration of sales declines. In contrast, the opposite
happens in the provider-driven complementarity framework. The strong increase in the
external R&D of incumbents increases not only the creative destruction rate suffered by
small firms relative to big firms, but also reduces the probability of obtaining a successful
innovation. The consequence is a strong decline in the entry rate of new firms in the
economy. Moreover, this increasing R&D effort of incumbents is reflected in a stronger
increase in R&D expenditure. Finally, the combination of declining entry and the shift
to the right of the size distribution implies an increase in sales concentration.

Table VI: Robustness: Declining step size of innovation with increasing
trend in markups

Baseline Increasing
Moment PDC ST  PDC ST
GDPpc growth (p.p.) —1.00 —0.99 -0.99 -1.00
(Mean) R&D / Sales (p.p.) 097 —-0.16 1.55  0.69
(Mean) R&D / Total Cost (p.p.)  1.01 —0.17 217  0.23
Entry Rate (p.p.) —-0.28 0.06 —1.31  2.55
Top 20% Sales (p.p.) 1.52 —2.19 298 -—-3.41

PDC: Provider-driven complementarity model. ST: Standard quality ladder
model. Columns 1 and 2 are obtained from Table II.
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