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Ten Facts on Declining Business Dynamism and Lessons
from Endogenous Growth Theory’

By UFUK AKCIGIT AND SINA T. ATES*

In this paper, we review the literature on declining business
dynamism and its implications in the United States and propose a
unifying theory to analyze the symptoms and the potential causes of
this decline. We first highlight 10 pronounced stylized facts related
to declining business dynamism documented in the literature and
discuss some of the existing attempts to explain them. We then
describe a theoretical framework of endogenous markups, innova-
tion, and competition that can potentially speak to all of these facts
Jjointly. We next explore some theoretical predictions of this frame-
work, which are shaped by two interacting forces: a composition
effect that determines the market concentration and an incentive
effect that determines how firms respond to a given concentration
in the economy. The results highlight that a decline in knowledge
diffusion between frontier and laggard firms could be a significant
driver of empirical trends observed in the data. This study empha-
sizes the potential of growth theory for the analysis of factors behind
declining business dynamism and the need for further investigation
in this direction. (JEL D33, E25, J24, 113, 033, 034)

usiness dynamism in the United States has been slowing in the last several

decades. Multiple studies have recently demonstrated various aspects of this
declining US business dynamism, some of which, interestingly, have also emerged
in other economies. For example, the entry rate of new businesses has decreased,
productivity growth has slowed down, the labor share of output has decreased, while
market concentration and the corporate profit share of Gross Domestic Product
(GDP) have increased. The literature has more or less agreed that there is a broad
weakening of business dynamism in the United States. Yet, there is little agreement
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on the underlying causes of these empirical trends, and these trends have mostly
been discussed in isolation. In a current research agenda, we strive to shed light on
this discussion using new growth theory.

To better understand the drivers of declining US business dynamism, we analyze
the symptomatic empirical trends together in a unifying theoretical model that
allows for the quantitative analysis of alternative explanations proposed in the liter-
ature. We conduct this analysis in two separate but complementary papers. In this
one we focus on the empirical and theoretical aspects of the analysis. In particular,
we first review a broad set of stylized facts documented in the literature. These facts
are as follows:"

(1) Market concentration has increased.

(2) Markups have increased.

(3) Profit share of GDP has increased.

(4) The labor share of output has declined.

(5) Market concentration and labor share are negatively associated.

(6) Labor productivity gap between frontier and laggard firms has widened.

(7) Firm entry rate and the share of young firms in economic activity have
declined.

(8) Job reallocation and churn have slowed.
(9) The dispersion of firm growth rates has gone down.
(10) The productivity growth has fallen.

Next, we propose a unifying theoretical framework to assess the plausibility of
potential drivers of what has plagued the US business environment. In particular,
we demonstrate that the new theory of firm dynamics and endogenous growth
proves especially useful in this regard. Our analytical investigation shows that a
fairly stylized version of a step-by-step innovation model of creative destruction
and endogenous competition is capable of replicating salient features of declining
business dynamism. Our analysis also demonstrates that the ramifications of
endogenous growth theory continue to help us understand the intriguing aspects

"'Many of these trends have also caught public attention, raising concerns that they may indicate a decline in
business competition. The Economist has published a special report on the subject matter (Economist 2018b).
Policymakers are also concerned. Indeed, the Federal Trade Commission has recently held the “Hearings on
Competition and Consumer Protection in the 21st Century” with special attention to competition and market
concentration.
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of business dynamics, underscoring the scope and the depth of this theory, which
deservedly earned it the Nobel Prize in economics in 2018.

The key ingredient of our model is the strategic interaction between two com-
peting firms in each market. Our theoretical framework draws on the research and
development (R&D) race models of the industrial organizations literature (e.g.,
Harris and Vickers 1985, 1987; Budd, Harris, and Vickers 1993), where typically
two players race for a prize and players exert different efforts depending on their
own position relative to their competitors. A fruitful branch of endogenous growth
literature has introduced these partial equilibrium models into a macro general equi-
librium setting to study various aspects of product market competition with strategic
interaction between competing firms (e.g., Aghion, Harris, and Vickers 1997; Aghion
et al. 2001, 2005; Acemoglu and Akcigit 2012; Akcigit, Ates, and Impullitti 2018).
Similar to these studies, our theoretical framework centers on an economy that con-
sists of a measure of intermediate product lines. In each of these lines, two incumbent
firms compete 2 la Bertrand for market leadership.? These firms produce the same
good with different labor productivities; hence, the firm that has a better technology
serves the market. Sectors are of two types. In leveled sectors, both firms have the
same productivity and, therefore, both firms have the same market share and com-
petition is strongest. In unleveled sectors, one of the two firms has a strictly higher
productivity and serves the entire market; hence, market concentration is highest.
Crucially, in this model, the markups are endogenous. More specifically, the markup
the leader firm can charge, and thus its profits, depends on the technological edge it
has over its competitor. Firms invest in R&D to improve their productivity, hoping to
obtain market leadership or increase their profits. The key benefit of this framework
is that it explicitly models the relationship between product market competition and
firms’ endogenous innovation decisions. While the strength of competition affects
firms’ innovation efforts, the technological advantage of a firm determines its rela-
tive position to its rival and thus its markup and profits. Therefore, this framework
allows us to explore different margins that could have distorted firm-level decisions
and thus have led to endogenous changes in business dynamism.

For the sake of exposition, in this paper we present a fairly standard version
of the model, where we abstract from entry and limit the technology gaps the
firms can potentially have. This comes with a big advantage: We are able to ana-
lytically derive theoretical predictions that illustrate most of the stylized facts,
although at the expense of remaining silent on a few other ones. A crucial margin
that we explore is knowledge diffusion between frontier and laggard firms. In the
model, we include an exogenous probability of catch-up, which makes the laggard
close its technology difference with the leader. This feature can be considered as
a reduced-form representation of any mechanism that makes followers learn from

2This framework emphasizes the crux of competition between firms—their strategic behavior. Strategic firm
behavior creates a complex state space of firm decisions, as each of these depend on the decisions of other firms.
The model overcomes this complexity by summarizing the web of strategic actions by the decisions of only two
firms—a leader and the follower. These two firms stand for the best firm versus the rest of the firms in an industry.
Therefore, the structure should not be interpreted as reflective of competition between only two firms; rather, it
summarizes the competition between a market leader and the rest of firms, which strategically invest in innovative
activities with the aim of overtaking the leader.
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leaders and a reduction of it leads to slower knowledge diffusion (e.g., due to more
intense use intellectual property protection or firm-specific customer data). While
such a spillover appears to be beneficial for laggard firms, in reality, it also entails
a cost for the leading firm in terms of higher competition. In the model, this cost is
reflected by the fact that the frontier firm loses its technology advantage and, thus,
the leadership of the market.

We demonstrate theoretically that a decline in knowledge diffusion implies higher
concentration with higher markups and profits, in line with empirical findings in
the literature (Facts 1, 2, and 3). It also generates a decrease in the labor share of
output (Fact 4). The dominant force behind these results is the compositional shift
in the economy to more unleveled and concentrated sectors where more productive
firms pay less to their workers (Fact 5). As sectors become more concentrated, the
productivity gap between the competing firms opens up (Fact 6). We also note that
the lack of free entry of firms leaves our model agnostic about the age-related trends
(Fact 7). Similarly, the combined variation in both the composition and incentive
margins (affecting firms’ innovation efforts) yields ambiguous results for other
incumbent-growth related moments (Facts 8 and 9), and also aggregate economic
growth (Fact 10), calling for a quantitative investigation. Nevertheless, even though
the simple theoretical analysis here falls short of replicating all stylized facts listed
above, it demonstrates the potential of this framework to contribute to the discus-
sion of declining business dynamism and shows that the reduction in knowledge
diffusion may be a reason for the observed declining business dynamism. We leave
a quantitative and more in-depth investigation (accounting for free entry of firms) to
our complementary study Akcigit and Ates (2019).

The reason why we focus on the knowledge diffusion margin is twofold. First,
Fact 6 suggests that there has been a divergence between productivity performance
of frontier and laggard firms, with laggards falling behind even more in recent
years. While this may be a symptom of a variety of causes, the empirical evidence
discussed by Andrews, Criscuolo, and Gal (2016) hints toward changes in the
diffusion margin. Moreover, in our complementary study Akcigit and Ates (2019),
we find that among competing alternative theories—changes in entry costs,
corporate tax schemes, and R&D tax incentives—the decline in the intensity of
knowledge diffusion is the only margin that can explain all observed trends both
qualitatively and quantitatively. We also present some new empirical evidence that
supports a slowdown in knowledge diffusion at the end of the paper.

While we explicitly focus on the declining US business dynamism in this
paper, we find it valuable to briefly discuss the model’s implications for aggregate
productivity growth. The balanced growth path of the model predicts an ambiguous
effect of a decline in the intensity of knowledge diffusion on aggregate produc-
tivity growth, similar to Facts 8 and 9. Again, this result hinges on the combina-
tion of a positive incentive effect and a negative composition effect. However, the
sequencing of these effects would matter if we consider the transition path of the
economy adjusting to a decline in knowledge diffusion. While the initial stimula-
tion of neck-and-neck firms to innovate would raise the growth rate, the subsequent
shift of the economy toward unleveled sectors would cause a growth decline, cre-
ating a hump-shaped response in aggregate productivity growth. This insight can
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shed a light on the recent “fast/slow” cycle observed in US productivity growth—in
other words, faster growth between roughly the mid-1990s and mid-2000s, which
many economists see as a by-product of diffusion of information and communica-
tion technologies (ICT) in the economy, followed by a slower growth rate (Fernald
2014; Syverson 2017).

The rest of the paper is structured as follows. Section I presents the empirical
evidence on declining business dynamism. Section II discusses potential causes of
these trends proposed in the literature. Section III presents the theoretical model and
its analytical implications. Section IV discusses the knowledge diffusion margin.
Finally, Section V concludes.

I. Empirical Trends in the United States

In this section, we briefly discuss the empirical trends on which we focus through-
out our analysis.

A. Fact 1: Market Concentration Has Increased

Market concentration has been rising in the US economy, as documented by
Autor et al. (2017a, b).> Figure 1 demonstrates this trend in terms of the fraction of
sales captured by the largest top 4 and top 20 firms, respectively, in each industry,
while concentration measured by the Herfindahl-Hirschman index exhibits similar
results.* Grullon, Larkin, and Michaely (2017), analyzing Compustat data, arrive
at a similar conclusion documenting the marked increase in market concentration
in most US industries in the post-2000 era. Akcigit and Ates (2019) show a similar
pattern in patenting activity. Several other studies focus on rising market concentra-
tion and its aggregate implications (see Barkai 2017; Gutiérrez and Philippon 2016,
2017; Eggertsson, Robbins, and Wold 2018; among others).>°

B. Fact 2: Markups Have Increased

The level of markups has been on the rise in the United States, as illustrated in
Figure 2 (see Nekarda and Ramey 2013; De Loecker and Eeckhout 2017; Gutiérrez
and Philippon 2017; Eggertsson, Robbins, and Wold 2018; Hall 2018, among

3See Council of Economic Advisors (2016) and OECD (2018a) for a thorough discussion. By contrast, notes
by some participating delegations (see OECD 2018c by the US delegation and OECD 2018b by Business at OECD
(BIAC)) on the same subject doubt the notion of increased market concentration on the grounds of mismeasurement
concerns and the lack of focus on relevant markets.

4 An article in The Economist (2016) also emphasizes a rise in US market concentration, providing evidence
on the across-the-board increase from 1997 to 2012 in the share of sectoral revenues accruing to the top four firms
in the United States.

STn his Wall Street Journal column, Larry Summers suggests that a rise in market power may be driving the
symptoms of what he dubs “secular stagnation” (https://wapo.st/1 UUFOsm?tid=ss_tw&utm_term=.4df9b0193380).
In a recent speech, Stiglitz (2017) emphasizes the role of regulation in the rise of firms’ market power across the
US economy and discusses the adverse economic and political consequences of this shift, especially in terms of
higher inequality.

®In a similar vein, Azar, Marinescu, and Steinbaum (2017) document concentration in the US labor market
using disaggregated data at the geographical-occupational level.
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FIGURE 1. MARKET CONCENTRATION

Notes: “Top 4 CR with sales” refers to the fraction of total sales accrued by the four largest firms. “Top 20 CR” is
defined similarly.

Source: Autor et al. (2017b)
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FIGURE 2. AVERAGE MARKUP OVER TIME

Source: De Loecker and Eeckhout (2017)

others; see De Loecker and Eeckhout 2018 for an international comparison). Using
cross-country data, Calligaris, Criscuolo, and Marcolin (2018) also find a global
rise in markups (driven by firms in the top decile of the markup distribution) and a
widening average markup gap between digitally-intensive and other sectors. This
trend has received notable attention because markups serve as a proxy for market
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power and concentration. Eggertsson, Robbins, and Wold (2018) argue that a rise in
the market power and markups of firms along with a lower natural rate of interest are
responsible for several macroeconomic and asset-pricing trends in the United States
observed since the 1970s. Similarly, Farhi and Gourio (2018) also find a notable
contribution from rising market power to several macro-finance trends.” Barkai
(2017) also focuses on the effect of declining competition and establishes a similar
link between higher markups and lower capital and labor shares. It is, however,
worth noting that recently there has been criticism regarding the evidence of rising
markup trends on the grounds of measurement concerns—more precisely, the lack
of “selling, general and administrative expenses” from variable input costs when
computing markups (Karabarbounis and Neiman 2018; Traina 2018).

C. Fact 3: Profit Share of GDP Has Increased

Similar to markups, the profit share of GDP has been on the rise, as shown in
Figure 3. Some recent papers investigate the implications of this trend. Gutiérrez
and Philippon (2016) argue that higher within-industry concentration measured in
terms of profitability is associated with weak investment. This result resonates with
the findings of Eggertsson, Robbins, and Wold (2018), who explore mechanisms
that can give rise to higher profitability and lower investment-to-output ratio, along
with several other changes.® In a different approach, Aghion et al. (forthcoming)
explore the link between innovation and top income inequality in the United States
and show evidence of the tight association between innovative activity per capita
and profit share of output.

D. Fact 4: The Labor Share Has Declined

Figure 4 demonstrates the steady decline in the labor share of output in the
United States since the early 1980s (Karabarbounis and Neiman 2014; Elsby,
Hobijn, and Sahin 2013; Lawrence 2015). Kehrig and Vincent (2018) highlight an
even stronger drop in the labor share in US manufacturing sector between the late
1960s and early 2010s. This trend has also an international nature, as highlighted by
Karabarbounis and Neiman (2014) and Autor et al. (2017b).

E. Fact 5: Market Concentration and Labor Share Are Negatively Associated

Autor et al. (2017b), Barkai (2017), and Eggertsson, Robbins, and Wold (2018)
all point to a tight relation between the fall in the labor share and a rise in market
concentration. Indeed, Figure 5, reproducing the findings of Autor et al. (2017b),
demonstrates the negative correlation between the two variables across US indus-
tries. Moreover, Autor et al. (2017b) contend that to the extent that changes such

7 Of note, the authors emphasize that accounting for unmeasured use of intangible capital reduces the estimated
effect of market power.

8The Economist (2018c) also documents rising average profitability of nonfinancial corporations in both the
United States and Europe.



264 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS JANUARY 2021

0.14 — 0.12
X
g o
© — 0.1 S
g o
S o014 3
o —0.08 g
o o
o ®
k) ]
o — 0.06 o
g 0.06 — o
"’ @
5 - 004 g
o x
Before tax =~ === =~ After tax
0.02 — 0.02
T T T T
1980 1990 2000 2010

FIGURE 3. PROFITS AS A FRACTION OF GDP OVER TIME

Note: The figure shows corporate profits of nonfinancial domestic US firms adjusted for inventory valuation and
capital consumption.

Source: Authors’ own calculation using the BEA NIPA Table 1.15
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as globalization or new technological advances favor more productive companies,
there arises a positive relationship between the level of firm productivity and its
labor use (measured by payroll-to-sales ratio). The authors also provide sugges-
tive evidence in this regard, namely, a positive association between industry-level
productivity (measured by output per worker, patents per worker, etc.) and concen-
tration (measured by fraction of sales accrued by 20 largest firms).
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FIGURE 5. CORRELATION BETWEEN SECTOR-LEVEL CHANGES IN CONCENTRATION AND LABOR SHARE

Source: Autor et al. (2017b)

F. Fact 6: Labor Productivity Gap between the Frontier and Laggard Firms
Has Widened

One fact that is particularly informative about the underlying mechanism behind
declining business dynamism concerns the labor productivity gap between frontier
and laggard firms. Indeed, as shown in Figure 6, this gap—measured in terms of
real value added per worker—has been on the rise (Andrews, Criscuolo, and Gal
2015, 2016). This figure replicates the findings of Andrews, Criscuolo, and Gal
(2016), which are based on a cross-country comparison of the top five percent of
firms with the highest labor productivity level (frontier) to the rest of firms (lag-
gard).” The authors assert that this trend is worrisome in light of their finding that
the aggregate productivity performance is weaker in industries where the divergence
between frontier and laggard firms is stronger. Of note, van Heuvelen, Bettendorf,
and Meijerink (2018) argue that a productivity divergence between frontier and lag-
gard firms is nonexistent in the case of the Netherlands.

9 Although the study uses the Orbis database, whose coverage of US firms is rather limited, the authors argue in
a complementary work that the firms from advanced economies are well represented in the frontier group (Andrews,
Criscuolo, and Gal 2015).



266 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS JANUARY 2021

Frontier firms Laggard firms

o
w
|

o
(V)
|

0.1

Normalized average productivity

T T T T T T
2002 2004 2006 2008 2010 2012
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Note: Labor productivity is defined as real value added per worker.

Source: Andrews, Criscuolo, and Gal (2016)

G. Fact 7: Firm Entry Rate and the Economic Share of Young Firms Have Declined

A widely debated symptom of declining business dynamism in the United
States is the fall in firm entry (see Decker et al. 2016; Karahan, Pugsley,
and Sahin 2016; Gourio, Messer, and Siemer 2014, among others). Figure 7 illus-
trates this phenomenon using Business Dynamics Statistics data. This pattern is
also common to individual industries. A back-of-the-envelope calculation by
Gourio, Messer, and Siemer (2014) suggests that lower firm entry between 2006
and 2011 cost more than 1.5 million jobs. In their follow-up study, Gourio, Messer,
and Siemer (2016) use US state-level data to find significant output losses driven by
the forgone “missing generations.”

In parallel, the share of young firms in economic activity has been on a secular
decline since the early 1980s, as highlighted by Decker et al. (2016) and Furman
and Orszag (2018) (see Figure 8).'° Interestingly, other studies have shown that
similar trends are present in several other advanced economies as well (e.g.,
Criscuolo, Gal, and Menon 2014; Bijnens and Konings 2018). This decline is par-
ticularly concerning given the outsized contribution of surviving young firms to job
creation of rapid growth (see Haltiwanger, Jarmin, and Miranda 2013 in the context
of the United States and Bravo-Biosca, Criscuolo, and Menon 2013 for an interna-
tional comparison). Similarly, contrasting the life-cycle dynamics of businesses in
India and the United States, Akcigit, Alp, and Peters (2016) show that managerial
impediments to the selection and growth of highly productive young firms have
considerable aggregate consequences in terms of productivity and income.

19Goldschlag and Miranda (2016) document that the decline has been especially pronounced in high-tech-in-
tensive sectors in the post-2000 period.
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H. Fact 8: Job Reallocation and Churn Have Gone Down

Figure 9 shows the secular decline in the gross job reallocation rate (defined as
the sum of job creation and destruction rates) in the United States. Decker et al.
(2016) provide a thorough analysis of this trend using confidential data from the
Census Bureau. The decline has been apparent in the retail trade and services
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sectors for several decades, whereas in the information sector a pronounced
decline started in the early 2000s. Davis and Haltiwanger (2014) show that a fall in
labor market fluidity was common to several other countries during the 2000s, though
to a weaker extent than in the United States in most of them. This phenomenon is
possibly a concern for the health of the economy because it implies fewer job oppor-
tunities, longer unemployment spells, lower wage growth (Hagedorn and Manovskii
2013), and worse job-worker matches (Akerlof, Rose, and Yellen 1988).

1. Fact 9: The Dispersion of Firm Growth Rates Has Gone Down

Along with a decline in the activity by young (and high-growth) firms, the disper-
sion of firm growth (measured by standard deviation or skewness) moved down as
well, as demonstrated by Decker et al. (2016) (see Figure 10). Using data from the
US Census Bureau, Decker et al. (2016) also document industry-level heterogeneity
in this margin. In particular, they argue that the decline in growth dispersion has
become stronger in the post-2000 period, as young firm activity in high-tech sectors,
which were the sectors that exhibited high growth dispersion to begin with, started
to lose steam.

J. Fact 10: The Productivity Growth Has Fallen

Finally, a heated debate on which our discussion of declining business dyna-
mism could potentially shed some light concerns trends in US aggregate produc-
tivity growth (labor or multi-factor) in the last several decades. Except for a short
period of increase between roughly the mid-1990s and mid-2000s, US productivity
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growth appears to be have slowed down notably (Gordon 2012; see Figure 11).!!
Gordon (2016) concludes that broad-impact innovations have been depleted, which

"Syverson (2017) and Ahmad, Ribarsky, and Reinsdorf (2017) refute the argument that the measured
slowdown in aggregate productivity growth may reflect measurement problems. The studies conclude that even if
there was mismeasurement, it could only account for a small part of the decline.
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implies a structurally low aggregate growth in the foreseeable future, a prediction
shared by Fernald (2014). Brynjolfsson and McAfee (2014) and Brynjolfsson,
Rock, and Syverson (2017) disagree, arguing that the diffusion of new technologies
such as artificial intelligence will boost productivity growth going forward, whereas
Nordhaus (2015) expects the opposite.'?

While understanding the long-term future of aggregate productivity is very
intriguing in itself and has far-reaching implications, resolving this debate is beyond
the scope of this paper. Our priority here is to understand declining US business
dynamism in an all-encompassing manner, which is a daunting task by itself. Yet we
will also examine the growth implications of the framework that we will use for this
task, which we hope would help set the stage for future research to explore potential
links between changes in business dynamism and aggregate productivity growth.

II. Potential Causes of Declining Business Dynamism

As discussed in the previous section, a large and growing body of work presents
evidence of a slowdown in US business dynamism and its manifestations through
several potentially related dimensions. The question that naturally follows is, of
course, What is the driving force behind these developments? The answer to this
question is still being debated. The literature has proposed various candidates, albeit
often focusing on specific aspects of business dynamics, including demographic
shifts, sectoral changes, and regulations, among others. In this section, we summa-
rize these likely candidates.

As the culprit for the declining pace of start-up creation, some researchers have
focused on structural changes to the economy. Karahan, Pugsley, and Sahin (2016)
argue that “demographic” shifts were the main driver of declining US entrepreneur-
ship. In particular, they argue that the slowdown in the growth rate of the US labor
force with the end of the “baby-boomer” generation led to a rise in wages and, in
turn, a decline in the firm entry rate.'® Another structural shift-based explanation for
the fall in the firm entry rate relies on the Gordon (2016) argument that the economy
has run out of low-hanging fruit innovations—i.e., ideas that are relatively easier to
obtain and have far-reaching spin-off applications. Bloom et al. (2017) support this
view, arguing that research efforts have been increasing, while their productivity
has been falling, likely exacerbated by dead-end duplication of effort as described
in Akcigit and Liu (2016). A decline in patent to R&D ratio was also observed by
Kortum (1997). Through the lens of Gort and Klepper (1982), a lower arrival rate of
impactful innovations would translate into lower rates of firm entry.

Focusing on job flows, Decker et al. (2018) argue that the culprit behind declining
dynamism is the declining responsiveness of firms to shocks rather than a structural

2Fernald and Jones (2014) also point to a possible pickup in aggregate productivity growth due to the
productivity-improving contribution of artificial intelligences (AI). They also mention potential spillovers from
R&D conducted in developing countries such as South Korea and China, which are poised to provide vast resources
for innovative activity.

13 Similarly, Aksoy et al. (2019) analyze the effects of demographic trends in 21 OECD countries over the
period between 1970 and 2014 using a panel VAR framework. The authors find that population aging reduces
aggregate output growth and investment by dampening innovative activity.
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change in the nature of those idiosyncratic shocks. They argue that the declining
responsiveness likely reflects difficulties in the employment adjustment margin,
which may depend on a variety of factors (see Decker et al. 2016 for a succinct
overview). For instance, Davis and Haltiwanger (2014) suggest that lower worker
fluidity may be a reflection of widespread occupational licensing practices or the
inhibitory effects of employment protection regulations.'*

Analyzing the decreasing labor share in the economy, some recent studies focus
on the role of “superstar” firms—very productive firms that dominate the industries
in which they operate—and the concentration of economic activity in the hands of
these firms. Autor et al. (2017b) show that the product market concentration across
US industries has been increasing in the last several decades and that the industries
with the highest concentration of sales are the ones with the largest declines in
the labor share. The authors also provide evidence that the concentration dynam-
ics due to superstar firms are more pronounced in “winner-takes-all” industries.'?
These findings are consistent with the analysis of Kehrig and Vincent (2018) who,
using data from US Census of Manufactures, document the shift of value added to
hyper-productive, low labor-share establishments. Using cross-country data, Diez,
Leigh, and Tambunlertchai (2018) also find empirical support for the increasingly
dominant role of superstar firms. The authors argue that the market power of super-
star firms, manifesting itself in higher markups and profit margins, has been on the
rise and is negatively associated with the labor share of output. Similarly, Barkai
(2017) also finds a link between higher concentration and lower labor (and capital)
share.'®-17

One potential driver of rising market concentration may be the nature of new
technologies and the increasing importance of the use of (often big and pro-
prietary) data and tacit knowledge in production processes along with the rise

!4Furman and Giuliano (2016) document that about a quarter of US workers hold occupational licenses, a
dramatic increase since the 1950s. As to the effect of noncompete laws, see Marx, Strumsky, and Fleming (2009).
Using a seemingly exogenous variation in noncompete laws in Michigan, the authors show the attenuating effect of
such policies on labor mobility. White House (2016) highlights that noncompete contracts bind a sizable fraction
of workers, even those without a four-year college degree and those earning less than $40,000, suggesting an abuse
of the laws, possible in ways harmful to job reallocation. See Wessel (2018) for a brief nontechnical account of
regulatory concerns in light of competition.

1S Andrews, Criscuolo, and Gal (2016) show the prominence of ICT-intensive sectors, which are more likely
to be of a “winner-takes-all” nature, in the differential productivity dynamics of frontier and nonfrontier firms.
In his Jackson Hole remarks, Van Reenen (2018) contends that a growing part of the US economy has gained
winner-takes-most/all characteristics, possibly thanks to globalization and/or technological advances.

16 As one of the manifestations of increasing market power of superstar firms, the literature has cited increas-
ingly higher return on invested capital (ROIC) by superstar firms relative to others. A recent paper by Ayyagari,
Demirguc-Kunt, and Maksimovic (2018) challenges this point. The authors argue that the increasingly unequal
distribution of ROIC is driven by the mismeasurement of intangible capital. Still, the authors acknowledge that there
may be other channels through which superstar firms exercise higher market dominance in ways that are harmful
for the economic activity in the longer term. Preemptive mergers, in which large firms buy out smaller prospective
competitors, is one such strategy (see Cunningham, Ma, and Ederer 2018, Economist 2018a). Similarly, Blonigen
and Pierce (2016) find that mergers and acquisitions in the US manufacturing industry result in higher markups
without generating any significant productivity gains.

17Other explanations for declining labor share proposed in the literature include offshoring (Elsby, Hobijn,
and Sahin 2013 and Boehm, Flaaen, and Pandalai-Nayar 2017 in the context of US manufacturing industry), declin-
ing corporate tax rates (Kaymak and Schott 2018), substitution of production workers by automated machinery
(Acemoglu and Restrepo 2017), and a decline in population growth (Hopenhayn, Neira, and Singhania 2018).
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of ICT-intensive sectors.'® Digitalization, reliance on data, and the use of tacit
knowledge can favor large and more productive firms in ways that hamper the
diffusion of technology from frontier to laggard firms, as stressed by Andrews,
Criscuolo, and Gal (2016).'® Calligaris, Criscuolo, and Marcolin (2018) find that
markups are higher in digitally intensive sectors relative to nondigitally intensive
ones. Bessen (2017) finds that industry concentration measured by sales ratios is
strongly associated with the industry-level intensity of ICT use. Autor et al. (2017b)
find evidence that suggests a negative association between industry concentration
and slower technology diffusion measured by the speed of patent citations. These
findings may reflect that firms that better adapt to new technologies can gain a rel-
atively more advantageous position compared to their competitors and can capture
outsized market power. For instance, Grullon, Larkin, and Michaely (2017) find
that in the post-2000 period, US firms in more concentrated markets possess a larger
number of patents as well as more valuable ones, which the authors interpret to be
indicative of higher entry barriers in such sectors.

Regulations may be another driver of lower technology diffusion between
firms, causing higher market concentration. Andrews, Criscuolo, and Gal (2016)
argue that lack of pro-competitive and extensive product market reforms exacer-
bated the widening productivity gap between frontier and laggard firms in retail
services sectors across OECD economies in the post-2000 period. Grullon, Larkin,
and Michaely (2017) find support for weaker antitrust law enforcement in the
United States. This finding resonates with several legal studies that underscore a
paradigm shift in the application of antitrust regulations toward the Chicago school,
which emphasizes product market efficiency in the interpretation of laws (see Baker
2013; Khan 2017; Lynn 2010). Using US data on lobbying and campaign spending
activity, Bessen (2016) argues that political rent seeking played a disproportionate
role in rising corporate profit margins in the United States in the post-2000 period.
Using a cross-country approach, Haltiwanger, Scarpetta, and Schweiger (2014)
also stress the role of strict hiring and firing regulations in the reduced pace of job
reallocation.?”

III. Model with Endogenous Markups and Innovation

In this section, we present a theoretical model of innovation and firm dynamics.
The framework draws on step-by-step innovation models of endogenous growth
(Aghion et al. 2001, 2005; Acemoglu and Akcigit 2012; Akcigit, Ates, and Impullitti
2018) and is a simplified version of the model studied by Akcigit and Ates (2019).

"8In their Jackson Hole remarks, Crouzet and Eberly (2018) document the positive association between
the intensity of intangible-capital use and concentration at both the industry and firm level. See also Furman
and Seamans (2018) for the growing role that Al plays in economic activity. The authors also discuss the case for
a tailored regulatory framework in the face of economic implications specific to Al and the productive use of data
more broadly.

19 An article by the Economist (2017b) also highlights the concern that large proprietary data bring an outsized
market advantage to firms that possess them.

29Goldschlag and Tabarrok (2018) find no relationship between increasing federal regulations and declining
US entrepreneurship and challenge the notion that regulations might be behind secular trends in US business
dynamism.
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In our analysis, we will discuss the analytical implications of the model in light of
the empirical regularities listed in Section I, focusing on the balanced growth path
(BGP) equilibrium. For a quantitative analysis that also accounts for the transition
path, we refer the interested reader to Akcigit and Ates (2019). A number of crucial
features of the model are worth emphasizing: (i) Firms have strategic investment
decisions—a key to understanding declining business dynamism, (ii) productivity
enhancing innovation decisions are endogenous, (iii) thus, markups are endogenous,
depending on the technology gap between competitors, and (iv) a reduced-form
parameter governs the process of knowledge diffusion, keeping technology gaps
within some limits.

In our model, a representative final good firm combines a continuum of interme-
diate goods to produce the final output. There is a unit measure of intermediate good
product lines, and in each of them, two intermediate good firms compete to enjoy
the monopoly power of production.?! Intermediate firms produce the same product
but with different productivities. The firm with a higher productivity—the leader—is
able to capture the market and reaps the monopoly rents. Firms invest in research and
development activities to improve their productivity and take over the market owner-
ship. Importantly, we assume that there is an exogenous flow of knowledge from the
market leader to the follower that allows the follower to close the productivity gap
with the leader, bringing them to a neck-and-neck position. The Poisson rate of this
knowledge diffusion will be crucial in our analysis; in particular, we will show that a
weakening in this margin can generate some of the observed changes in the economy.

A. Basic Environment

Preferences.—We consider the following closed economy in continuous time.
A unit measure of representative households consumes the final good with log-utility
preferences

U, = ftooexp(—p(s — 1))InC,ds,

where C, represents consumption at time #, and p > 0 is the discount rate. The
budget constraint of the representative consumer reads as

C + At = w,L, + rA,

where A, denotes total assets and L, denotes labor (supplied inelastically). We
normalize the total labor supply to one, such that L, = 1. The relevant prices
are the interest rate r,, and the wage rate w,. We normalize the price of the con-
sumption good to one without loss of any generality. Households own the firms
in the economy, and the asset market clearing condition implies that the total
assets A, equal the sum of firm values, A, = [ Vi df, where Fis the set of firms in the
economy.

21 Azar and Vives (2018) analyze some of the observed trends in US business dynamism in a general equilib-
rium model of oligopoly that explicitly accounts for common ownership of firms.
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Final Good.—The final good Y, is produced in a perfectly competitive market
according to the following production technology:

1 .
(1) InY, = j(;lnyjtd],

where y;, denotes the amount of intermediate variety j € [O, 1] used at time .
The final good is used for consumption and R&D investment. Hence, the resource
constraint of the economy is simply

(2) Y, = C,—I—R,,

with R, denoting the aggregate R&D expenditure. Next, we describe the production
of intermediate varieties.

Intermediate Goods and Innovation.—In each product line j, there are two
incumbent firms i € {1,2} that can produce a perfectly substitutable variety of
good j. Total output of variety j is given by

Yi = Yt Y_ijes

where —i denotes the competitor of firm i, such that —i € {1, 2} and —i # i.Each
firm produces according to the following linear production technology:

Yiit = Yijt lijt-

Here, 1;;, denotes the labor employed, and g, is the associated labor productivity of
firm i. These firms compete for market leadership a la Bertrand. The firm that has
a higher labor productivity enjoys a cost advantage, which enables it to supply the
entire market of good j. We call firm i the market leader and —i the follower in j
if g; > ¢g_;. The two firms are neck-and-neck if ¢; = ¢_;.

Firms can improve their productivity by investing in innovation activity. If an
innovation arrives in time (t,t + At) , it increases the innovating firm’s productivity
level proportionally by a factor A > 1 such that

dij(r+Ar) = /\Qijr

Assuming an initial value of g;o = 1, we can summarize the productivity levels
at time t by g;; = A", where ny, captures the number of productivity improve-
ments that took place by firm i since time 0. The productivity difference between a
leader and its follower reflects the difference between the total number of technol-
ogy rungs these firms’ productivities build on. In this simplified setting, we assume
that this difference can be at most one step, such that the economy consists of two
types of product lines: leveled and unleveled. Then, the relative productivity level is
given by
ijp -\l = N - = \Min,

q—ijr — N\
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where m;;, € {—1,0,1} defines the technology gap between the firm i and —i in
sector j. The technology gap between the two firms is a sufficient statistic to describe
firm-specific payoffs, and, therefore, we will drop industry subscript j and use the
notation m;, € {— 1,0, 1} whenever m is specified to denote a firm-specific value.
Likewise, we will use mj, € {0, 1} to index sectors that are leveled or unleveled.

Firms invest in R&D to eventually take over the production by improving
their productivity. When a firm invests R;; units of final good, it generates an
innovation with the arrival rate of x;;,. Following a large empirical literature that
estimates the innovation cost function,?> we consider a quadratic cost of generating
the arrival rate x;;, denoted by R;;, such that

2

X

_ X
ijt = OZTYI.

R
In this expression, « determines the scale of the cost function and Y, ensures that the
cost scales with the size of the economy.

In addition, we assume that knowledge may diffuse from the leader to the follower
at an exogenous Poisson flow rate . Knowledge diffusion enables the follower to
catch up with the leader’s productivity level, bringing both firms to a neck-and-neck
position. We interpret this exogenous catch-up probability to reflect the degree of
knowledge diffusion or intellectual property rights (IPR) protection as in Acemoglu
and Akcigit (2012), with lower values of § implying higher protection and lower
catch-up. A leaders’ patent expires with the flow rate 9, allowing the follower to
replicate the frontier technology and catch-up with the leader.

In Figure 12, we demonstrate how leadership positions in intermediate product
lines evolve as a result of innovations. The left panel exhibits five product lines with
different degrees of competition, with the first three lines being unleveled and the
last two being leveled. Red circles denote leaders, blue squares denote followers,
and black diamonds denote neck-and-neck firms. If firm i leads in an unleveled
line, then g; = Ag_;. The right panel shows the changes in leadership. In line 1, the
follower catches up with the previous leader with the help of an exogenous shock
of knowledge diffusion, while in line 2, the follower catches up with an endog-
enous innovation. In line 4, a neck-and-neck firm innovates and escapes intense
competition, capturing the market leadership. In lines 3 and 5, there is no change
as no firm innovates (and as the follower in line 3 does not receive an exogenous
shock).

B. Equilibrium

Next, we focus on the Balanced Growth Path (BGP) Markov perfect equilib-
rium, with equilibrium strategies depending only on the payoff-relevant state
variable m € {—1,0,1} and all aggregate variables growing at the same rate g.

22Among many others, see Griliches (1990); Blundell, Griffith, and Windmeijer (2002); Hall and Ziedonis
(2001); and Akcigit and Kerr (2018). Another set of papers (e.g., Hall 1993; Bloom, Griffith, and Van Reenen 2002;
Wilson 2009; and Hall and Van Reenen 2000) estimates the tax price elasticity of R&D spending and finds a value
of unity, which corresponds to a quadratic cost function in our case.
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Panel A. Product lines Panel B. Entry, exit, and leadership
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FIGURE 12. EVOLUTION OF PRODUCT LINES

Notes: Panel A exhibits the positions of competing incumbent firms in leveled and unleveled industries with
heterogeneous productivity levels. If firm i leads in an unleveled line, then ¢; = Ag_;. Panel B illustrates the effects
incumbent innovation on industry leadership. Empty squares or circles denote the previous position of innovating
firms.

Henceforth, we will drop the indices i, j, and # when it causes no confusion and use
only the pay-off relevant state variable m. We first focus on the static equilibrium
and then present the details of firm value functions, innovation decisions, and the
resulting aggregate dynamics.

Households.—Optimal household decisions determine the equilibrium interest
through the Euler equation such that

(3) r=g+p,
where g is the BGP growth rate of consumption.

Final and Intermediate Good Production.—The optimization of the representa-
tive final good producer generates the following demand schedule for the interme-
diate good j € [0,1]:

_ Y
where p;; is the price of intermediate j charged by the producing monopolist i. Notice
that the unit-elastic demand implies that the final good producer spends an equal
amount Y on each intermediate j.

The linear production function for intermediate goods implies that an intermedi-
ate producer’s marginal cost is

_w
5) Me; = .

with w denoting the wage level. The marginal cost of production increases in the
labor cost w and decreases in labor productivity g;. Bertrand competition leads to
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limit pricing such that the intermediate producer sets its price to the marginal cost
of its competitor:

We define the normalized wage rate in the economy, which also corresponds to
the labor share, as

w

~I=

Then the equilibrium intermediate good quantities are simply

q—ij
(7) Yi = wj forg; > q_

and y; = 0 otherwise. We assume that production is randomly assigned to both
firms in that period when g; = ¢_;;. The optimal production employment of the
intermediate producer is given by

(8) =g = form e {01},
It follows that the operating profits of an intermediate firm exclusive of its R&D
expenditures becomes m(m;) = (p; — MC;)y;, which implies

rm) = {(1—§)Y itm, = 1

0 if m; € {0,—1}.

Notice that the markup, and thus the profit level, is positive only for the leader.
Therefore, the model provides a useful starting point to analyze the dynamics of
markups in an economy, which are determined by the distribution of intermediate
lines across leveled and unleveled ones. That, in turn, crucially depends on firms’
endogenous innovation decisions. More specifically, combining (5) and (6), the
markups in leveled (m; = 0) and unleveled (m; = 1) sectors are

Pi 1:{>\—1 ifm; = 1

M L= =
arkupj MC; 0 if m; = 0.

We are now ready to solve for the aggregate wage and output. To this end, we
first define

0 = exp(j(;llnqjdj>

as the aggregate productivity index of the economy. Moreover, we denote the
share of unleveled industries, which also acts as a proxy for the level of market
concentration, by

1
= fo 1(q; # q-y)dj-
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Then the final good production function (1) and the equilibrium intermedi-
ate-good output (7) yield

0
Moreover, the labor market clearing condition, fol lidj = 1, yields the labor share w
as

(A1

(10) w=1-—p 5\

This expression (10) shows the behavior of the labor share in the model. Note that
the labor share is decreasing the level of market concentration u, and the markup
parameter A. If market concentration rises (i.e., u increases), labor share falls in
return.

Combining equations (9) and (10) gives the level of final output as

(11) Y= A”[l—i(k/\l)].

Notice that, along the BGP, final output is proportional to the aggregate
productivity index. Therefore, the long-run growth rate of output and consump-
tion are determined by the growth rate of aggregate productivity. Note another
interesting result that emerges from (11): The distribution of markups creates some
static efficiency losses. For instance, if the economy is least concentrated (1 = 0),
or most concentrated (1 = 1), then we have ¥ = Q. However, when markups
are unevenly distributed across the sectors, then the economy suffers from some
additional efficiency losses.

Firm Values and Innovation—We denote the stock market value of a firm that is
in state m; € {—1,0,1} by V,,.. Then, the value function of an incumbent firm that
is one-step ahead, i.e., m; = 1, is given by

l"Vl—Vl

= max{( —%)Y— (1 —s)<)%%l/+)c1[vl = Vi] + (x21 +0) [Vo — V] }

The first two terms on the right-hand side of the expression capture the profits net
of R&D expenditure. The third term captures the result of a successful innova-
tion by the leader.”® The fourth term reflects the result of a follower innovation
or the exogenous knowledge diffusion, which happens at rate §. In these cases,
the leader loses its productivity advantage and becomes neck-and-neck with the
competitor.

23When the one-step leader innovates, the gap difference does not increase, because of the imposition of an
upper limit on the potential size of gaps. As a result, a one-step leader optimally chooses not to invest in R&D.
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Reciprocally, the value of function of a follower is defined as

2
Vo, -V, = n}alx{—a%Y—F (x_1 +0)[Vo— V] }

Notice that the follower does not produce and, therefore, does not earn any profits.
Yet, the firm is forward looking and thus invests in R&D with the prospect of first
catching up with the leader and then taking it over through successive innovations.
Notice that catch-up can also happen at the exogenous flow rate §. Finally, the value
of a neck-and-neck incumbent is given by

2
(12) Vo=V = n}%x{—a%Y+ Xo[Vi = Vo] + xo[V_1 — Vo }

A successful innovation of the neck-and-neck firm makes it a leader, whereas an
innovation by the competitor makes it a follower.

To solve for the equilibrium innovation efforts, which are all stationary in the
BGP, we first normalize firm values in Lemma 1 and turn them into stationary
objects.

LEMMA 1: Define the normalized BGP value v,, such that v,, = V,, /Y. Then,
form; € {—1,0,1}, v, is given by

py, = H}c?x{ <1 - %) +x1[vi = wi] + (221 + ) [vo — vi] },

2
pv_| = max{ —% + (x,l + 5) [vo - \Ll] },

X

2
pvy = max{—x—zo+xo[vl — o] + Xo[v_1 — vy }

Xo

PROOF:
It follows directly from substituting v,, Y for V,,, and using Euler equation (3). ®

The first-order conditions of the problems defined above yield the following
optimal innovation decisions:

(13) x =0,
Xo = Vi — Vo,
X | = Vg—V_q.
The aggregate BGP R&D expenditure is

2 2
(14) R = (u%+(1—u)x—2(’)y.
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The law of motion for y is as follows:

(15) fr = —p(x_y 4 06) + (1 — p)2xp.

The unleveled sectors become leveled at the rate x_; + d, and therefore the mass of
sectors that leave the unleveled state is simply u(x,l +46 ) However, leveled sectors
become unleveled as soon as one of the two neck-and-neck firms innovate, which
happens at the rate 2x,. Therefore, the mass of sectors that enter into the unleveled
state is (1 — p1)2x;.

In the BGP, the share of unleveled sectors remains constant, jt = 0; therefore,
the share of unleveled sectors is

. 2X0
(16) S T
We derive the closed-form solution in the Appendix.

Finally, we show the equilibrium growth rate of this economy in the following
Lemma.

LEMMA 2: The BGP growth rate of the above economy is
(17) g = 2xp(1 — p)InA.

PROOF:
See the Appendix for its derivation. B

The growth rate of the economy is determined by innovations of neck-and-neck
firms, which improve the productivity of workers employed in intermediate-good
production. The surprising result here is that firms in unleveled sectors do not
contribute to the BGP growth. This happens because while the leaders do not
invest in innovation—as they could not open up their lead more than one step—the
followers do not push the frontier forward, but rather catch up with the leader’s
technology level. Therefore market concentration () has a negative impact on
economic growth (g).

Next, we define the equilibrium. When deriving our analytical results we
will focus on the BGP equilibrium, where all aggregate variables grow at a con-
stant rate, while firms’ innovation rates remain constant. We present closed-form
expressions for innovation rates, market concentration (x), and economic growth
(g) in the Appendix.

DEFINITION 1 (Equilibrium): A BGP Markov perfect equilibrium in this economy
is an allocation

Vi Pip Xip RV CWr 8 o1
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such that (i) the sequence of intermediate quantities and prices {y;,p;} satisfy
equations (4)—(6) and maximize the operating profits of the incumbent firm in the
intermediate good product line j; (ii) the R&D decisions x;; are defined in equations
(13), and the aggregate R&D is specified in equation (14); (iii) C and Y are given
in equations (2) and (11); (iv) aggregate wage w clears the labor markets at every
instant; (v) interest rates r satisfies the households’ Euler equation; (vi) the share of
unleveled industries p satisfies (15); and (vii) all aggregate variables (Y,C,Q,R,w)

grow at the same g, which is given in (17).

C. Impact of Knowledge Diffusion, o

In this section, we discuss some theoretical predictions of the framework intro-
duced above, which shed light on several empirical trends discussed in Section I.
Specifically, we focus on the effects of a decline in the intensity of knowledge
diffusion on firms’ innovation rates and their distributional consequences. These
effects, in turn, generate changes in markups, profits, and the labor share that are
comparable to the observed trends. In the next section, we provide a discussion
on why a decline in knowledge diffusion is a plausible explanation in light of the
changes in the US economy in recent decades.

We start with the following lemma that will form the basis of the main
results.

LEMMA 3: The following results hold in a BGP equilibrium:

(i) Neck-and-neck firms have higher innovation intensity than laggard firms,
ie.,

X_q < X0-

(if) An increase in knowledge diffusion decreases innovation efforts. The decline
is even more drastic for the neck-and-neck firms, i.e.,

PROOF:
See the Appendix. B

The first point of Lemma 3 is a standard result of step-by-step innovation
models driven by the escape-competition effect—the attempt of neck-and-neck firms
to get ahead of their competitor by intensely investing in innovation. The second
point implies that a decline in knowledge diffusion has a positive effect on the
innovation rates of follower and neck-and-neck firms, but more so for neck-and-neck
firms. The reason is that the value of being a leader increases disproportionately as
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the exogenous risk of losing the positions declines. These relationships lead to the
following corollary.

COROLLARY 1: The following result holds in a BGP equilibrium:

(i) A decrease in knowledge diffusion increases market concentration:

du
—5 < 0.

PROOF:
See the Appendix. B

Corollary 1 describes the main predictions of the model when two BGPs with
different knowledge diffusion rates are compared. The relatively larger increase in
neck-and-neck firms’ innovation rates in response to a decline in the intensity of
knowledge diffusion results in an associated increase in the measure of unleveled
sectors. This compositional shift forms the backbone of the theoretical predictions
that we discuss in Section IIID.

For the sake of analytical tractability, we clearly abstracted from important fea-
tures of an economy that would potentially affect the dynamics of the model econ-
omy and its implications in regard to the stylized facts. One such feature is firm
entry. Restricting the maximum number of technological gap differences to one also
forgoes richer dynamics. In a complementary study (Akcigit and Ates 2019), we
incorporate these features along with some others to build a much richer framework
and provide a quantitative analysis that also considers transitional dynamics. The
extended model also allows us to run a head-to-head comparison of potential causes
of the observed empirical trends in terms of their potency to explain those trends
jointly. Acknowledging these caveats, we next turn to the theoretical predictions of
the model.

D. Reduction in Knowledge Diffusion and Empirical Facts 1-6

Using the theoretical results above, now we are ready to generate the empirical
predictions of our model.

Fact 1: Market Concentration Has Increased.—In our model, market competitionis
toughest when firms are in a neck-and-neck position, i.e., when the industry is in
state m = 0. Markups and profits vanish because of limit pricing, and sales are
equalized. As a result, the aggregate Herfindahl-Hirschman index (HHI) can be
summarized as follows:

HAT = < [(100%)% + (09)%] + (1 = o) x [(50%)? + (505%)’]

= 0.5+ 0.54.
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Our model implies that the HHI, the key measure of market concentration, increases
in the measure of unleveled industries (x). Recall that the BGP expression of the
unleveled industries is

2X0

r= 2XO+X71+(5'

From Corollary 1, a decrease in knowledge diffusion increases market con-
centration through a direct and an indirect channel. First, a reduction in § reduces
the frequency at which followers learn from the leaders, hence, market concen-
tration increases. Second, reduced knowledge diffusion increases the return to
being the market leader. Neck-and-neck firms are much closer to becoming a
leader than a follower who needs two innovations to become a leader. Therefore,
an increase in the return to being a leader gives a bigger incentive to neck-and-neck
firms, which in turn expands the share of unleveled industries, hence, the market
concentration, 1.€.,

d(HHI)

s < 0.

Fact 2: Average Markups Have Increased.—In this model, markups are positive
only when a firm has a strict advantage over its rival, i.e., m; = 1. Therefore, the
average markup in this economy is

Average_markup = px (A—1)+ (1 —p) x0
= pux (A—=1).

This expression shows that the average markup is proportional to the market
concentration in the economy. Using Corollary 1(i), we conclude that the average
markup increases when knowledge diffusion decreases, i.e.,

d(Average_markup)
75 <0

Fact 3: Profit Share of GDP Has Increased—Another empirical fact that the
the model can directly explain is the rise in the profit share of GDP. Recall that the
profits in unleveled sectors are (l — )\_I)Y and in leveled industries they are O.
Therefore, the aggregate profit share is simply

(18) Profit/GDP = 1 X ( —%)

We again see that a rise in market concentration increases the share of GDP that
is accrued by the business owners. Hence, a reduction in knowledge diffusion also
causes a rise in the profit share of GDP, i.e.,

d(Profit/GDP)

2 < 0.
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Fact 4: The Labor Share Output Has Declined.—In our model, labor is the only
input for production. When business owners generate some additional gains as a
fraction of the output, it comes at the expense of reduced labor compensation.
Therefore, markups and labor share go in opposite directions. More formally, the
labor share in the above economy is

Labor_share = (1 — p) x 1+ p x 1

A
“1owe (1)

which is again defined as w as in equation (10). The labor share is 100 percent in
leveled industries and 1/ in unleveled industries. Therefore, this expression shows
that the labor share decreases in market concentration and increases in the level of
knowledge diffusion, as summarized by the following expression:

d (Labo r_share )

P > 0.

Fact 5: Market Concentration and Labor Share Are Negaatively Assocaited.—
Our model has an interesting prediction on the relationship between productivity
and labor share. In the same industry, firms’ wage bill as share of sales decreases
when they become more productive. Consider a leveled sector. When firms are
neck-and-neck, the labor share is simply 100 percent, as they do not generate any
profits. Yet once one of the firms innovates and becomes more productive, the labor
share declines to 1/\. Therefore, market concentration and labor share are nega-
tively correlated:

Labor_share(mj = 1) < Labor_share(mj = O).

Fact 6: Labor Productivity Gap between Frontier and Laggard Firms Has
Widened.—Another interesting feature of our model is the link between relative
productivities (g;/q_;) and knowledge diffusion (). The productivity of the market
leader relative to the follower is 1 in leveled industries and A in unleveled industries.
Therefore, the average relative productivity can be expressed as

Average_productivity_gap = X A+ (1 — u)

= l+px(A-1).

This expression, together with Corollary 1(i), implies that when knowledge
diffusion slows down, the productivity gap between the leaders and followers
open up. Therefore,

d(Average_productivity_gap)
do
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E. Remaining Empirical Facts 7—-10

In the introduction of this paper, we listed four more empirical facts in the
US data. The first of those facts was related to entrants.

Fact 7: Firm Entry Rate and the Share of Young Firms in Economic Activity
Have Declined.— Our model is silent on these closely tied observations, as we
abstracted from free entry in order to keep the model analytically tractable and
mostly focused on the competition between two incumbents. However, we can
already develop some intuitions on the implications of free entry in this framework.
Empirically, it is well known that new firms start small and some manage to grow
over time. To capture this, we can think of a framework where entrants replace
followers (m; = —1) with probability x or neck-and-neck firms (m; = 0) with
probability 1 — p. Since entrants would be forward looking, they would directly
be influenced by those forces that impact the market concentration. In particu-
lar, the implication of reduced knowledge diffusion (i.e., a decline in §) would
increase market concentration p, which implies that a new entrant is much more
likely to compete against a dominant market (m; = 1), which would discourage
new firm creation. This would also imply that the economic activity by young
firms would also decrease.

The next two empirical facts concern the average growth rate of incumbants:

Fact 8: Job Reallocation and Churn Have Slowed.—

Fact 9: The Dispersion of Firm Growth Has Gone Down.—Our model has
the potential to explain these facts as well. Note that the change in the growth
rate dynamics of firms is determined by two forces: (i) the composition of
industries (x) and (ii) the innovation incentives in each of those industries. In
particular, a decrease in knowledge diffusion encourages both followers and
neck-and-neck firms to invest more to innova te and become the market leader
since the value of market leadership increases. This creates a positive incentive
effect. However, reduction in knowledge diffusion implies that more sectors
go into an unleveled state where firms invest less in innovation. This gener-
ates a negative composition effect. Hence, the overall response of firm growth
and job reallocation depends on the quantitative magnitudes of each of these
forces.

The final fact considers aggregate productivity growth.

Fact 10: The Productivity Growth Has Fallen.—Similar to the last two facts,
aggregate productivity growth in this model would be determined by the combina-
tion of incentive and composition effects. A decline in the intensity of knowledge
diffusion would exert both a positive force on aggregate growth by stimulating inno-
vation of neck-and-neck firms and a negative force by causing the share of unleveled
sectors to increase. In the BGP, the direction of the combined effect of the negative
force through x, and the positive force through i would be ambiguous, as revealed
by equation (17).
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While a comparison that zeros in on the BGP yields an ambiguous result, reflect-
ing on the transition path can give a little more insight. In the model, endogenous firm
decisions cause the compositional shifts in the economy. Therefore, in response to a
decline in the intensity of knowledge diffusion, we would expect an initial rise in the
growth rate of aggregate productivity driven by higher innovation efforts by firms in
leveled sectors, unless the share of those sectors in the economy is arbitrarily small.
However, as the sectoral composition of the economy shifts to unleveled sectors as a
result of successful innovation by neck-and-neck firms, the growth rate of aggregate
productivity would subsequently decline because the leading firms have no incen-
tive to innovate.”* As a result, a decline in knowledge diffusion would generate a
hump-shaped pattern in aggregate productivity growth over time. Interestingly, the
short stint of higher productivity growth in the United States between roughly the
mid-1990s and mid-2000s, which many economists consider to be a consequence
of diffusion of ICT throughout the economy, is followed by a growth decline. Our
model can provide an avenue to analyze this intriguing pattern.

IV. Discussion on Knowledge Diffusion and Taking Stock

Our theoretical analysis underscores both the potential and the limitations of the
simplified step-by-step innovation framework. As to its potential, we demonstrated
that even a fairly standard version of this framework is able to capture qualitatively
six of the ten stylized facts regarding declining business dynamism. These results
crucially depend on the interplay of incentive and composition effects. However,
the direction of the combined effect is ambiguous when it comes to Facts 8 and
9, calling for a quantitative investigation of their relative magnitudes. Moreover,
several aspects from which we abstracted for the sake of analytical tractability
render the model mute on some other salient empirical observations, such as the
secular trend in the firm entry rate. These outcomes emphasize the need for a
richer quantitative framework for analyzing declining business dynamism in the
United States.

In our investigation, we examined declining US business dynamism in light of
a specific channel-—namely the knowledge diffusion margin. The model-based
responses of variables of interest to a decline in the intensity of knowledge diffusion
strongly parallel their empirical counterparts, indicating that this margin is a very
plausible candidate for the driving force behind the stylized facts. This finding raises
the natural follow-up question: What does this reduced form parameter represent?
We speculate four possible channels, which possibly interact with each other as
well, that could be driving a decline in the intensity of knowledge diffusion in the
US economy: (i) the increasingly data-dependent nature of production, (ii) regula-
tions that favor established firms, (iii) increased off-shoring of production abroad,
and (iv) anticompetitive (ab)use of intellectual property. Next, we reflect on each of
these channels.

24This effect occurs even if leaders are allowed to open up the gap with their competitors more than one step.
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A plausible story is that to the extent that tacit knowledge and big proprietary
data play a larger role in the production process, established incumbents become
more immune to competition from follower firms by protecting their data-dependent
processes.>> As stressed in Section II, several studies highlight the particular
dynamics of ICT- or digitally-intensive sectors (e.g., Bessen 2017; Calligaris,
Criscuolo, and Marcolin 2018). Besides, Furman and Seamans (2018); Jones
and Tonetti (2019); Arrieta-Ibarra et al. (2018) all focus on the increasing impor-
tance of data in the economy, and as Brynjolfsson, Rock, and Syverson (2017)
claim, there is reason to expect its part to grow in the not-too-distant future.?® As
highlighted in the Economist (2017a), the data-dependent production processes
allow large and established firms to exploit data-network effects—more data help
them efficiently expand the customer base, which generates more data that help
improve services, which in turn attracts more customers. With little trading of data,
these companies can keep the data in house, limiting the flow of knowledge to
follower or entrant firms.?” Moreover, an indirect yet no less interesting channel
through which technological advances may favor large firms is described by
Begenau, Farboodi, and Veldkamp (2018). The authors assert that the use of big
data in financial markets reduces the cost of capital for large firms, which are in an
advantageous position to generate such data.

The regulatory framework can also weigh on knowledge diffusion directly or indi-
rectly. Grullon, Larkin, and Michaely (2017) highlight a weakening enforcement of
antitrust law, with the application becoming more lenient toward large firms. Their
findings resonate with several studies in the corporate law literature that agree with
such weakening, especially in recent decades (Crane 2012; Shelanski, Solomon, and
Harty 2012; Wollman 2019; see also Section II). With increased consolidation of
activity in their hands, large conglomerates may potentially find it easier to defend
their turf, substantially decreasing the chances for small firms to learn from and
catch up with them. The finding of Bessen (2016) on the increasing importance of
lobbying and political rent seeking speaks to this possibility. Moreover, regulatory
frameworks can indirectly create barriers for the dissemination of knowledge. For
instance, increased and inefficient use of occupational licensing and noncompete
laws could weigh on job mobility and reallocation (Marx, Strumsky, and Fleming
2009; Furman and Giuliano 2016), which in turn prevents an efficient flow of knowl-
edge through the economy.

251n a recent Harvard Business Review post, James Bessen and Walter Frick argue that increasing use of
software benefits larger firms disproportionately more, helping them dominate their industries (https:/hbr.
org/2018/11/how-software-is-helping-big-companies-dominate). See also the Wall Street Journal article for
examples of how new technologies help large firms to better exploit economies of scale (https://www.wsj.com/
articles/the-problem-with-innovation-the-biggest-companies-are-hogging-all-the-gains-1531680310).

261n a recent study, Jones and Tonetti (2019) approach the increasing importance of data economics from a
novel angle—namely the optimal allocation of property rights for customer data. The authors claim that firms’
attempt to hoard proprietary data for their own use in fear of potential “creative destruction” leads to an inefficient
use of nonrival data. Arrieta-Ibarra et al. (2018) highlight another concern with the market power of data-owning
firms. The authors argue that the monopsony position of firms collecting consumer data may depress the value of
data and productivity gains from its use.

27Vives (2011) and Bergemann, Heumann, and Morris (2015) provide theoretical underpinnings of the interac-
tion between private information and market power—i.e., the ability to affect prices—in the context of supply- and
demand-schedule competition, respectively.
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A third possibility that could drive a potential decline in knowledge diffusion
intensity is the increasing use of off-shore production.?® A large literature has
argued that geographical proximity to the knowledge source plays a very crucial
role in knowledge diffusion (Jaffe, Trajtenberg, and Henderson 1993; Audretsch
and Feldman 1996; Porter 2000). If the ability to utilize spillovers from other firms
depends on the geographical proximity to these knowledge-source firms, it would be
natural to expect a reduction in knowledge diffusion from leaders to followers in the
United States if the leaders do most of their economic activity abroad. This would in
turn depress domestic flow of knowledge.

Another culprit for a declining knowledge diffusion intensity could be the use of
patent protection by large firms through the creation of patent thickets. To the extent
that these thickets are exclusively used for defensive purposes, they may undermine
the activity of followers, as they form, in words of Shapiro (2001), “a dense web of
overlapping intellectual property rights that a company must hack its way through
in order to actually commercialize new technology.”>® For instance, Hall, Helmers,
and von Graevenitz (2015) find that thickets work as a barrier to entry into tech-
nology sectors in the United Kingdom.?? Large firms also frequently buy patents
of competitors before they realize the full potential of knowledge spillovers. Using
patent and reassignment databases maintained by the US Patent and Trademark
Office (USPTO), we provide evidence that this may indeed play a role in declining
knowledge diffusion.

Figure 13, panel A demonstrates that since the mid-1980s, there has been a
steady surge in the share of reassigned patents held by the largest 1 percent of buy-
ers of patents. This finding resonates with Grullon, Larkin, and Michaely (2017)—
who argue that merger and acquisition activity is one contributor to higher market
concentration—and with Gao, Ritter, and Zhu (2013)—who claim that one reason
for the decline in the number of initial public offerings in the past two decades
is that startups have become likelier to sell their assets to larger companies. In
addition, we show that there has also been a parallel surge in patent concentration.
Figure 13, panel B reveals that the share of patents applied for by the top 1 percent
of firms with the largest patent stocks has substantially increased. This empirical
contribution from the USPTO data to the discussion of declining business dyna-
mism supports our mechanism (distortions in knowledge flow between frontier
and follower firms) and its implications for observed trends. The nice feature of
our proposed framework is that it provides a theoretical link between Figure 13,
panel A and Figure 13, panel B and these observed trends via endogenous optimal
decisions of forward-looking firms.

28 We thank Pol Antras for this interesting insight.

29Independent estimates suggest that there are about 250,000 patents related to a smartphone today (https://
www.bbc.com/news/business-15343549).

39Similarly, Hall and Ziedonis (2001) document that after the mid-1980s, large firms in the US semiconductor
industry have strived for expanding their patent portfolios to protect themselves against potential holdup problems.
The authors argue that this intensified strategic race for portfolios was the result of a pro-patent legal shift in the
United States with the formation of a centralized appellate court (the Court of Appeals for the Federal Circuit) in
1982. For a more recent account of this shift toward stronger patent rights, see Galasso and Schankerman (2010),
who study the effects of the new regime on the duration of licensing negotiations.
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FIGURE 13. REASSIGNMENT AND REGISTRY OF PATENTS

Source: Authors’ own calculation using US Patent and Trademark Office data.

To be sure, several other factors could be responsible for declining US business
dynamism. A natural next step in this line of research would be the comparative
analysis of those factors, which would necessitate a richer quantitative framework.
However, even through the lens of the simplified model, we can assess the limited
ability of some factors to jointly speak to all stylized facts. For instance, there has
been a steady decline in effective corporate tax rates in the United States, which
may likely have contributed to the rise of profit shares. Yet, in the context of the
step-by-step innovation models with entry, such a shift would likely generate a
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stronger incentive for firm entry, going against Fact 7.3! Of course, various other
alternatives proposed in the literature require a more in-depth investigation, and we
will concentrate on those alternatives in future research.

V. Conclusion

In this paper, we present both a review of stylized facts on declining business
dynamism and a theoretical framework suitable for a joint analysis of these
empirical observations. Accounting for the nexus of competition and firm incen-
tives, the step-by-step innovation framework provides a useful ground to explore
business dynamics through the lens of endogenous firm decisions and the resulting
compositional changes. Our analysis demonstrates that even a simple version of
this rich framework is able to replicate a number of empirical trends associated
with declining business dynamism. However, the analysis also highlights that the
examination of the decades long shifts in the US economy is a matter of quantitative
work. Such analysis would need to establish a tighter link between the model and
the data while also accounting for the transitional dynamics of the economy. This is
the next step in our research agenda.

The ultimate question is, what factors have led to a decline in business
dynamism? Here we address the potential role knowledge diffusion may have
played. We show analytically that a decline in the intensity of knowledge dif-
fusion from frontier to laggard firms generates aggregate responses in line with
empirical trends. Some new evidence that we obtain from the USPTO patent data-
base supports the view that a distortion in this margin has emerged. It is of course
likely that several other factors including structural or policy-induced changes
may have contributed to the observed shifts in the economy. Once again, the study
of these other margins warrants a richer and quantitative framework and is the
central subject of our research agenda.

Finally, a good understanding of the underlying causes of declining US business
dynamism is crucial to form the appropriate policy response. Is a shift in the techno-
logical nature of the economy behind the observed trends? Is there a change in pol-
icy (e.g., enforcement of antitrust policies) that has motivated firms to take actions
that endogenously lead to higher concentration in product markets? These widely
debated concerns call for a framework that enables a comparative study of alterna-
tive explanations. Yet, first and foremost, public policy necessitates an evaluation of
the implications of declining business dynamism on income and welfare—another
fruitful direction for further research.

31For a version of step-by-step models with endogenous firm entry, see Akcigit, Ates, and Impullitti (2018).
In their quantitative analysis, the authors show that entry responds positively across the board to higher R&D tax
incentives for incumbent firms. It is straightforward to see that a decline in corporate tax rates would generate a
similar effect.
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APPENDIX—PROOFS AND DERIVATIONS

PROOF OF LEMMA 2:

On the balanced growth path, the growth rate of output Y is the same as that of the
aggregate productivity Q, as indicated by equation (11). The transition path of Q, is
determined by innovations of neck-and-neck firms, which improve the productivity
of workers employed in intermediate-good production, as summarized by

!
InQ, a = j(;xj,Atln()\qj,) + [(1 - xtht)]lnqjtdj =
(A1) InQ ., —InQ, = In\(2x0, p0,) At + 0 At).

Notice that any of the two firms in each neck-and-neck sector can innovate with
the same flow rate x;,, hence, the multiplication by two. Dividing both sides of the
expression by Az, taking the limit as ¢+ — 0, and calculating at the balanced growth
path obtains the aggregate growth rate in equation (17). m

PROOF (BGP Solutions):
Taking the differences pv; — pvy and pvy — pv_; and rewriting, we obtain

0 = x3,+ 2(p + 6) xo, — 2(1 - %),
0= xalt + 2(p + 0+ th)xflt - x%r
Solving the first equation, we obtain the following positive root:

(p+0)*+2(1 —%)]0'5— (p+ ).

Substituting this expression into second quadratic equation and solving for x_;,, we
obtain

X_1 = [3(P+5)2+4(1 —%) — (p+9) [(p+ 5)2+2<1 _%>]o.5]0.5

Xo —

- [(p +0)2+ 2(1 . %)]0‘5.

Replacing the expressions above in equation (16), we find
po= 2{[(p+5)2+2< —%) - (p+5)}

. { [3(p+ 02 +4(1- 1) = (p+0)(o+ 97+ 2(1 - %)]05]

0.5
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After some rewriting of equation (17), we obtain

g = 2xo(1 — p)InA

= 2x X i+

Ox,l —+ 6 —+ ZXOtln)\

2X0
X_1 —+ 5 —+ 2)(70[

= (x_y,+ d)plnA

- [3(‘)”)2“(1_%)— (P+5)[(p+5)2+2<1—§>]0'5]
oo ea(i- 1)
x{[(p+5)2+2<1—%>]05_(p+5)}
X{F@+”V+4@—§)—@+ﬁﬂ@+ﬁy+z@_%ﬂ”r5
J(GURE! ‘%ﬂai—ﬁp+®}_{-

= (x_y,+9) In\

PROOF OF LEMMA 3:
From the derivations above, we have

x%t = x2—1t + 2(p + 0+ th) X_1rs

which implies xo, > x_;, and thus establishes result (i).
Total differentiation yields

de X0
— = 7 < 0.
Likewise,
dx_l X%—l—x,l((s—i-p)
= — < 0.
do (p+(s+x,]+X0)(X0+5+,0)
Comparison of the two derivatives implies
de dx_l
a5 as <
Xo X%“—x,](é"‘p)

(o t0+p)  (protatx)(motdtp)

(X0 = x_1) (0 4 p) +xox_1 > 0,
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which is the case as x, > x_;. Thus, we obtain result (ii):

de dx,l

W<W<O.

-1 <

PROOF OF COROLLARY 1:
The implied distribution of gaps on the balanced growth path satisfies ;1 = 0,
1.€.,

0 = (x_1 +d)u — 2xop0,
1 = /.L0+M =

0 = (x_; +0+2x)p—2x =

2XO
© (x4 2x)

Totally differentiating the expression, we have

0 = (dx_y +dd+2dxo) py + (x_1 + 0 + 2x0)dpy — 2dxy =

du [ (dx dx, dx _
i ( d51+2d60+1>u1—|—2d—50](x1+5+2x0) !
[ (p+8) (2% 6+ p) +x0x 2%,
(o0 X+ x) (%0 + 5+ p) (x1 + 6+ 2x)
X_|+ ) 2x() -1
- 4642
(x_1 + 0+ 2x)) (%0 +3+p) (ot 0+ 2x0)
< 0.
Because  (x_; +0+2x)) > 0, focus  on [ ( (dx_,/db) +
2(dxo/d5) + 1) + 2(dx0/d6)] = Au—c, where = ( dx_,/ds) +
2(dxo/dd) + 1) and ¢ = —2(dxo/db). Since pu € [0,1], ( ) > 0 if and only

if A > c¢. However, we have

A — _(dx ]+2dX0+1>

dé dé
. de ( dx 1)
=2 %

= c—(l—i—dx*l) < c
o dé ’
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because we have shown that0 > dx_;/dé > —1, which implies (1 + (dx_, /dé))
> 0.Hence, du/dd < 0, implying that a decline in the rate of knowledge diffusion
shifts the distribution to have more unleveled sectors. As shown in Akcigit and Ates
(2019), in case of multiple steps, this result translates into a distributional shift to
sectors with larger gap differences. B
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