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We argue that the recent increases in market concentration and markups are partly due to an ‘innovation
feedback effect’ of globalisation. Lower trade costs increase innovation incentives for global firms. As the
winners of the ensuing innovation race increase their technological advantage, concentration and markups
rise. We develop an endogenous growth model capturing this effect and calibrate it to US manufacturing data.
We find that the increase in trade between 1989 and 2007 raised the aggregate markup by 3.5 percentage
points. This is entirely due to innovation: without the innovation response, markups would have fallen by 4
percentage points.

Since the 1970s, the US economy has experienced significant structural changes: industries have
become increasingly concentrated (Covarrubias et al., 2019; Autor et al., 2020b), aggregate
markups and profits have increased (Barkai, 2020; De Loecker et al., 2020b) and the labour share
has declined (Karabarbounis and Neiman, 2014).

At the same time, the United States has also experienced a dramatic increase in trade openness.
According to the World Bank, the trade-to-GDP ratio increased from 10.8% in 1970 to 26.3%
in 2019 (World Bank, 2022). However, the academic literature has largely been silent on the
possible connections between globalisation and the secular increase in concentration and market
power.

Indeed, the potential effects of trade on competition are unclear. Traditionally, economists have
emphasised the pro-competitive effects of trade, as import competition forces domestic firms to
lower their markups. On the other hand, exporters might increase their markups and low-markup
domestic firms could lose market share, leading to an ambiguous aggregate effect (Arkolakis
etal., 2019). In this paper, we propose a new dynamic link between trade and competition, which
we call the ‘innovation feedback effect’, and argue that it can account for some of the observed
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trends. Precisely, we argue that lower trade costs increase the stakes in innovation races between
global firms. The winners of these innovation races increase their technological advantage over
global and local rivals, enabling them to charge higher markups. As a result, lower trade costs
lead to higher concentration and markups, and to a polarisation of the markup distribution.

We find suggestive evidence for this polarisation in the data: the distribution of industry-level
markups in US manufacturing has become increasingly dispersed, and the industries with the
most extreme changes in markups have seen the largest increases in trade openness.

To analyse these forces in greater detail, we develop a two-country general equilibrium trade
model with endogenous markups and innovation. There is a continuum of industries. In each
of them, three types of firms interact: a large Home firm (the ‘Home leader’), a large Foreign
firm (the ‘Foreign leader’) and a competitive fringe of small domestic firms. Leaders face a
variable cost of exporting, while the fringes do not participate in trade. The Home and Foreign
leaders in each industry engage in Bertrand competition, as in Atkeson and Burstein (2008),
while fringe firms price at marginal cost. As a result, each leader’s markup is increasing in its
relative productivity with respect to its rivals.

Leaders can also invest into innovation, which delivers stochastic productivity increases.
By increasing their productivity, successful innovators increase their market shares, profits and
markups. Crucially, leaders’ profit functions are S-shaped in relative productivity. That is, the
marginal gains from innovation are largest for firms that are technologically close to their
competitors, and smallest for firms that are far behind or far ahead.

In this set-up, lower trade costs have important implications for firm innovation and markups.
In particular, lower trade costs raise the stakes in the innovation race between the Home and
the Foreign leader (formally, they accentuate the S-shape of leader profit functions). Therefore,
innovation incentives increase, and do so most strongly for leaders which are technologically
close to their competitors. As these firms pull away from their rivals, the productivity distribution
becomes more polarised, with a large share of industries in which one leader has a large advantage
over all other firms. However, it is precisely in such concentrated industries that markups are
highest. Thus, the innovation feedback effect explains that a fall in trade costs ultimately leads
to an increase in both markup dispersion and in the aggregate markup.

To investigate the quantitative importance of the innovation feedback effect, we calibrate our
model to reproduce the current state of the US manufacturing sector (targeting, in particular, the
empirical distribution of industry-level markups). We then compare the resulting balanced growth
path (BGP) equilibrium, with a trade-to-GDP ratio of 26% (its level in 2007) to an alternative
BGP with higher trade costs, in which the trade-to-GDP ratio is only 15% (its value in 1989).

We find that the aggregate markup is 3.5 percentage points higher in the low—trade-cost BGP.
To decompose the sources of this difference, we solve for the transition path from the high—
trade-cost BGP to the low—trade-cost BGP, considering a one-time permanent surprise reduction
in trade costs. We find that the innovation feedback effect is responsible for the entire markup
increase. Indeed, on impact, when the productivity distribution is fixed, the fall in trade costs
reduces the aggregate markup by 4.0 percentage points (mainly because domestic leaders lower
their markups in the face of higher import competition). However, over time, the innovation
response induces a polarisation of the productivity distribution that shifts the aggregate markup
back up, raising it above its initial level.

1

! While fringe firms do not innovate, they may catch up to the leaders at an exogenous rate.

© The Author(s) 2023.
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We perform several robustness checks that confirm these results, and show that our model also
matches several untargeted moments reasonably well (including the distribution of industry-level
concentration ratios and import shares). Moreover, the model manages to reproduce the shift in
the empirical industry-level markup distribution between 1989 and 2007. On the whole, these
results suggest that trade might indeed have been one contributor to the rise of markups in the
US manufacturing sector.

Finally, we analyse the welfare implications of our model. As trade increases innovation
incentives, transitioning from the high—trade-cost BGP to the low—trade-cost BGP raises the
long-run growth rate, by 0.14 percentage points per year. This explains that the consumption-
equivalent welfare of the representative household rises substantially, by 15%. However, these
gains are unequally shared, as profits increase more than wages. Moreover, higher markup
dispersion is a source of greater misallocation of labour across firms.

A rapidly growing literature claims that the competitive landscape in the United States has
changed dramatically since the 1970s. For instance, influential papers have pointed out increases
in markups (De Loecker ez al., 2020b), markup dispersion (Edmond et al., 2021), profits (Barkai,
2020), concentration rates (Covarrubias et al., 2019) and a decline in the labour share (Autor
et al., 2020b; Kehrig and Vincent, 2021). While none of these trends is uncontroversial,? the bulk
of the evidence does suggest that top firms have become more dominant in the US economy.
These trends also hold for the manufacturing sector, which is the focus of our paper.’

There is a lively debate about the potential causes of these trends. Prominent explanations
include changes in technology (De Ridder, 2019; Cavenaile et al., 2021; De Loecker et al.,
2021; Ganapati, 2021; Akcigit and Ates, 2022) and changes in antitrust policy (Gutiérrez and
Philippon, 2022). Globalisation has received less attention as a potential driving force. However,
we claim that the dynamic effects of trade on innovation could have played a role in the increase
in markups and markup dispersion. Furthermore, we find that this rise is due to within-industry
forces, in line with the empirical literature (Autor et al., 2020b; Baqaee and Farhi, 2020; De
Loecker et al., 2020b; Kehrig and Vincent, 2021).

Besides the aforementioned studies on recent trends, our paper relates to a vast literature on the
link between trade and competition. The theoretical literature, dating back at least to Krugman
(1979), shows that trade lowers the markups of domestic firms, but increases the markups of
exporters (Melitz and Ottaviano, 2008; Arkolakis et al., 2019). The empirical literature finds
mixed results (e.g., De Loecker and Warzynski, 2012; De Loecker ef al., 2016; Brandt et al.,
2017; Feenstra and Weinstein, 2017, De Loecker and Eeckhout, 2018).* Our paper makes a
contribution by focusing on the interaction between markups and innovation, while the literature
has generally abstracted from innovation and considered fixed productivity distributions.

A small number of papers has explicitly considered the interaction between trade, innovation
and competition (Impullitti and Licandro, 2016; Lim et al., 2018; Aghion et al., 2022; Impullitti
et al., 2022). Our model proposes a mechanism that is fundamentally different from those
described in these papers, namely the fact that trade leads to a polarisation of the productivity

2 Basu (2019) and Bond et al. (2021) critically discussed markup and profit measurement issues.

3 Amiti and Heise (2021) recently pointed out that the sales concentration measures of the US Census Bureau only
measure concentration among US firms (i.e., they include exports by US firms and do not include imports). Using
micro-level trade data, they computed an alternative market-level concentration rate (excluding exports and including
imports) and showed that this rate did not increase since the 1990s.

4 A smaller branch of this literature has studied the effect of trade on markup dispersion and misallocation (Epifani
and Gancia, 2011; Edmond et al., 2015; Asturias et al., 2019; Weinberger, 2020).

© The Author(s) 2023.
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distribution. We also show that this mechanism is quantitatively relevant for the US manufacturing
sector.’

Finally, our paper is also related to an extensive literature on the effect of trade on innovation,
dating back to Grossman and Helpman (1991) and Rivera-Batiz and Romer (1991). Important
recent contributions include Baldwin and Robert-Nicoud (2008), Sampson (2016), Hsieh er al.
(2019), Bloom et al. (2020), Akcigit et al. (2021) and Perla et al. (2021).° While the theoretical
effect of trade on growth is ambiguous, the quantitative results of these papers suggest that
positive effects prevail and that they are large. This is consistent with evidence from empirical
studies, which generally find that exposure to trade increases innovation and technology adoption
(Lileeva and Trefler, 2010; Bustos, 2011; Chen and Steinwender, 2021; Coelli et al., 2022).”
We contribute to this literature by exploring the feedback effect of changes in innovation on
markups.

The remainder of the paper is structured as follows. Section 1 presents stylised facts on
markups, markup dispersion and trade in the US manufacturing sector. Section 2 lays out our
model and discusses its main features. Section 3 presents our calibration strategy, our quantitative
results and robustness checks. Section 4 analyses the welfare consequences of changes in trade
costs. Finally, Section 5 concludes.

1. Markups and Trade in US Manufacturing

Our paper claims that trade has a dynamic effect on competition through innovation, which we
call the ‘innovation feedback effect’. This effect is based on the idea (formalised in Sections 2
and 3) that innovation incentives increase in a more open economy. Innovation has an element
of randomness. In some industries, domestic firms will come up with decisive innovations,
increasing their market shares and markups. In other industries, foreign firms are more successful
innovators, and domestic firms will experience declining market shares and markups. Our model
suggests that the net effect of these developments is an increase in markup dispersion and in the
aggregate markup.

In this section, we present some motivating evidence for this narrative. First, we show that
there has been a substantial increase in the dispersion of industry-level markups in the US
manufacturing sector. Second, we present some suggestive evidence for this increase in dispersion
being linked to an increase in trade openness. We return to this evidence when we calibrate our
model.

5 Impullitti and Licandro (2016) is probably closest to our work, combining an endogenous growth model with Cournot
competition. In contrast to us, they found that markups decrease after a trade liberalisation: markups on domestic sales
fall, markups on exports increase and, as domestic firms have higher market shares, the former effect dominates. In their
model, trade also increases innovation incentives, leading to higher productivity growth. However, because all firms grow
at the same rate, this change has no feedback effect on markups. Instead, in our model, the key feature is that changes in
innovation incentives are heterogeneous across firms. This triggers a polarisation in the markup distribution that overturns
the initial pro-competitive effect of trade. As we show in Section 1, this polarisation is in line with the data.

% In particular, our model shares some features with Akcigit e al. (2021), who considered the interaction between
trade policy and innovation in an economy with exogenous markups.

7 There are important qualifications to this statement, especially for the effects of greater import competition, where
the evidence is mixed. For instance, Bloom er al. (2016) found a positive effect of Chinese import competition on
innovation for European textile firms, while Autor et al. (2020a) found a negative effect for US manufacturing firms. Shu
and Steinwender (2018) provided an overview of this literature.

© The Author(s) 2023.
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Fig. 1. Distribution of Industry-Level Markups in 1989 and 2007.

Notes: Industry-level markups are computed as indicated in the text. Industries are defined at the NAICS
six-digit level, and excluded if they have on average less than three firms between 1989 and 2017. The
left-hand side graph shows the raw distribution, while the right-hand side graph plots the cumulative
distribution functions obtained when weighting by an industry’s value of shipments.

1.1. Data

To measure markups, we use the Compustat data set, including all publicly listed firms in the
United States (Standard and Poor’s, 2021). We compute firm-level markups as in De Loecker
et al. (2020b).® Our main focus, however, is on industry-level markups. Following Edmond et al.
(2021), we define these as the cost-weighted average of firm-level markups within each North
American Industry Classification System (NAICS) six-digit industry. We drop industries that
have on average data for less than three firms per year.

To measure trade flows, we rely on industry-level import and export data for the Unites States,
constructed in Schott (2008; 2018). Furthermore, to measure total sales by all domestic firms in
an industry, we use the NBER-CES Manufacturing Industry Database (NBER and CES, 2021).
With these data, we compute an index of trade openness as

Exports; , + Imports; ,

Trade openness,; , = .
P """ Value of Shipments; , — Exports; , + Imports, ,

That is, the trade openness of industry i in year ¢ is given by the ratio of total trade to sales
on the domestic market. Between 1989 and 2007, this index increased for more than 90% of
the 96 manufacturing industries for which we have data in both years, showing that the US
manufacturing sector has experienced a substantial increase in openness.

1.2. Markup Dispersion and Trade Openness in US Manufacturing

Figure 1 plots the distribution of markups across industries in 1989 and in 2007. The figure shows
a striking shift of the cumulative distribution function: in 2007, there are both more low- and

8 Precisely, we use their estimated production function elasticities (published in De Loecker ef al., 2020a), and compute
markups as the ratio of the output elasticity of variable inputs (cost of goods sold) to the sales share of variable inputs.

© The Author(s) 2023.
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Table 1. Changes in Trade Openness and Changes in Markups.
—0.02 < AMarkup

AMarkup < —0.02 < 0.08 AMarkup > 0.08
ATrade openness 0.319 0.064 0.218
No. observations 32 32 32

Notes: For this table, we divide industries into three groups according to their changes in markups between 1989 and
2007, and compute the mean change in trade openness for each tercile. Means are weighted by industry value of shipments
in 1989. Changes in trade openness are winsorised above at the 5% level.

Table 2. Changes in Trade Openness and Changes in Markups:
Regression Evidence.

Dependant variable: ATrade openness

(1) (2)

AMarkups —0.450** —0.367*
(0.210) (0.194)
(AMarkups)? 0.256™* 0.248"*
(0.090) (0.085)
Aln Sales —0.507***
(0.181)
R? 0.11 0.16
No. observations 96 96

Notes: All variables refer to changes between 1989 and 2007, and are standardised to have
mean 0 and SD 1. Here Aln Sales is the log change in an industry’s value of shipments
between 1989 and 2007. All regressions are weighted by industry value of shipments in
1989. *, ** and *** denote significance at respectively 10%, 5%, and 1%.

more high-markup industries than there were in 1989. The coefficient of variation of the markup
distribution (i.e., the SD normalised by the mean) increased from 0.19 in 1989 to 0.28 in 2007.°

Our theory of the innovation feedback effect provides one potential explanation for this increase
in dispersion. The theory suggests that more trade leads to higher markups in some industries
(those that are increasingly dominated by US firms) and lower markups in others (those that
are increasingly dominated by foreign firms). To test this idea in the data, we divide industries
into terciles according to the magnitude of their change in markups, measured by the difference
between industry-level markups in 2007 and in 1989.

Table 1 shows that trade openness has increased most in the lowest and highest terciles
of markup increases. On the other hand, industries with intermediate markup increases have
experienced much lower increases in trade openness.

Table 2 shows the same finding in regression form, regressing changes in trade openness on the
level and the square of changes in industry markups. The coefficient of the square term is positive
and statistically significant, pointing again to a higher increase in trade openness in industries
with more extreme changes in markups. The result is robust to controlling for industry-level
changes in sales.

Obviously, the stylised facts presented in this section are just correlations, and do not prove
any causal relationship between changes in trade openness and changes in markups. However,
they provide suggestive evidence that there could be a link between both outcomes. In the next

9 These findings are related to Edmond er al. (2021), who documented an increase in the dispersion of markups across
all firms (while we focus here on the dispersion across industries).

© The Author(s) 2023.
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section, we present a model that formalises one particular innovation-driven channel that could
explain this association.

2. Model

To analyse the interplay of trade, markups and innovation, we combine a model of trade between
symmetric countries with two standard frameworks in the literature: the Atkeson and Burstein
(2008) model of oligopolistic competition and a Schumpeterian endogenous growth model (for
a review of this literature, see Aghion et al., 2014).

2.1. Environment

2.1.1. Preferences

Time is continuous, infinite and indexed by ¢ € R;. The world consists of two large open
economies, labelled Home (H) and Foreign (F). Each economy is populated by a representative
household with discount rate p > 0. The representative household of country k is endowed
with a fixed amount of time L* each instant, which she supplies inelastically in her country’s
labour market. We assume throughout that both countries have the same labour endowment (i.e.,
L =LF =1L).

The representative household’s intertemporal utility function is

+00
U{;:/ e " InCkdr, (1)
0

where C¥ stands for the consumption of a non-tradable final good. Consumption decisions are
subject to the flow budget constraint AF < r¥A¥ + wkL — PKC¥, with Af > 0 given. Here, w¥
is the wage in country k and P} is the price of the final good. The household owns all domestic
firms, and there are no international capital flows. Thus, the stock of wealth A’; equals the value
of country-k assets, and the rate of return 7 is a priori country specific.

2.1.2. Technology and competition

The final good in each country (Y*) is produced by a large number of firms operating under
perfect competition. They produce the final good by assembling the output of a measure-one
continuum of industries indexed by j € [0, 1], with a Cobb—Douglas technology:

1
YF =exp |:/0 lan]ft dji|.

Here, Yj’f , stands for the quantity of industry-j output used in country k. In each country k, the
output of industry j is assembled using three intermediates. One intermediate is produced by a
large Home firm (henceforth, the Home leader), and another one by a large Foreign firm (the
Foreign leader). The third intermediate is produced by a country-specific competitive fringe.
The fringe can be thought of as a large number of firms operating under perfect competition. The
three intermediates are aggregated in a constant-elasticity-of-substitution (CES) fashion, so that

yij - [(a)H)l/n(yij’,)(n—l)/n 4 (a)F)l/"(yijJ)(”_l)/"
+ (wc)l/n(yfck’t)(fl—1)/71]71/(71—1) with n > 1.

© The Author(s) 2023.
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Here, y%,, ., ¥4z, and yi , stand for the intermediates sold in country k by the Home leader,
the Foreign leader and the domestic competitive fringe of industry j'°; 7 is the elasticity of
substitution between intermediates, and as it is larger than 1, it is easier to substitute between
intermediates than between industries (where our Cobb—Douglas assumption imposes an elastic-
ity of substitution of 1). Finally, the weights {w.} represent the quality of intermediates sold by
producer ¢, holding ) ", @, = 1. We assume that qualities are fixed over time, and for symmetry,
we impose throughout wy = wp.
The production of intermediates uses a simple linear technology:

yj?w = Cljc,zf];” force {H, F,Cy,Cr}.

Here, E’;C,t is labour used by producer c of industry j for its production in country k and g,
denotes the productivity of producer c. Home and Foreign leaders can increase their productivity
through innovation, as we will describe below. When intermediates are exported, they are subject
to an iceberg trade cost T > 1, so that ty units must be shipped to the other country for y units
to arrive.

In each industry, the Home and Foreign leaders interact strategically in a static Bertrand game.
That is, at every instant and for each market, each leader chooses a price that maximises its profits
given the prices charged by all other firms. The fringes do not behave strategically, and charge a

price equal to their marginal cost.

2.1.3. Innovation

Leaders can increase their productivity by investing into R&D. We assume that by paying a flow
cost equal to x;z%' Y} units of the final good (with x; > 0 and y; > 1), a leader generates a
Poisson arrival rate of innovations z. A successful innovation improves the leader’s productivity
by a factor 1 + XA, where A > 0. By contrast, we assume that in every industry the fringes in
Home and Foreign have the same productivity (i.e., ¢jc,.: = qjc,.: = qjc.), and that fringe
firms do not innovate. However, both fringe firms and leaders whose productivity is below that
of their foreign counterpart benefit from technological spillovers. Precisely, we assume that at
an exogenous Poisson rate ¢ > 0, both fringes and the lagging leader catch up with the highest
productivity leader.

Industry-level outcomes in our model crucially depend on firms’ relative productivities. Given
our assumptions, relative productivities can be summarised by two integers. First, we define the
technology gap of the Home leader with respect to the Foreign leader, n;; € Z, as

Dife _ (q 4 pymie,

qjF.t
We say that Home is leading in industry j if n;, > 0, lagging if n; , < 0 and neck-to-neck with
Foreign if n; ; = 0. Second, we define the technology gap of the Home leader with respect to the
fringe, ncj; € N, as

qjH,t
qjc.t

= (14 Ay,

10 We assume that fringe firms do not export (i.e., industry j in Home does not use the Foreign fringe’s intermediate).
This would be an equilibrium outcome if there were a small fixed cost of exporting. In the data, not all firms export and
those that do are on average larger (e.g., Bernard et al., 2018).

© The Author(s) 2023.
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As the fringe can never become more productive than the least productive leader, nc; ; is always
non-negative, and n¢;; > n;, holds.

In our model’s BGP equilibrium, the innovation choices of Home and Foreign leaders generate
an invariant distribution of technology gaps (n, n¢) over industries. Assuming that laggards are
subject to technological spillovers (captured by the parameter ¢) is necessary to ensure the
existence of such an invariant distribution, as it prevents relative productivities from diverging to
infinitely large values.

2.1.4. Entry and exit

At every instant, incumbent leaders can be displaced by entrants. For each country—industry pair
(k, j), there is one potential entrant at each instant, which can invest Xex‘/’f Y tk units of the final
good to generate a Poisson arrival rate of innovation x.!" An entrant that generates an innovation
displaces the incumbent leader, who exits forever. An entrant that fails to innovate exits forever.
Entrant innovations are equivalent to incumbents’ innovations, i.e., they improve the productivity
of the incumbent leader by a factor 1 + A.

2.1.5. Market clearing
The final good of the economy is used for consumption and for R&D. Thus, the aggregate
resource constraint is

CH+Rf =Y/, 2)

where RF stands for aggregate R&D at time 7. Labour market clearing in turn requires that
labour demand from domestic producers (fringe and domestic leaders) in each country k equals
domestic labour supply:

1
/ (EI;k,z + elj‘ck,z + El;‘k,t) dj =L*
0

forall k, k' € {H, F} with k" # k.

2.2. Equilibrium

Our analysis mostly focuses on a symmetric BGP equilibrium, where both countries have the
same wage and GDP, and aggregate variables grow at a constant rate. We thus analyse the BGP
equilibrium first, and postpone the discussion of shocks and transitions between BGPs until
Subsection 3.4.

2.2.1. Pricing decisions, market shares and profits
Demand functions: The representative household in each country k maximises utility (1)
subject to the flow budget constraint and a no-Ponzi condition, taking the initial wealth level as
given.!? This yields the standard Euler equation:
Ck
L= (3)
t

I The assumption that R&D costs of incumbents and potential entrants grow linearly with GDP is necessary to
guarantee the existence of a balanced growth path.

12 Wealth in the economy is equal to the value of all domestic firms. In equilibrium, each country must hold a
transversality condition ensuring that the present discounted value of wealth is zero in the limit of time.

© The Author(s) 2023.

$20Z J8qWIBAON |.Z UO J8Sn euO|adJeg ap BUIOUQINY 1elISISAIuUN AG | LZ/189/1 26/1LS9/EE | /aloe/fo/woo dno olwapeoe//:sdiy Woll papeojumoc]



980 THE ECONOMIC JOURNAL [APRIL

Final goods firms demand intermediate quantities (y%, . Y57 . Y5, ,)jef0.1) from domestic and
foreign firms. Their cost-minimisation problem implies the demand functions

. plj(c . -1 Pthtk . ' 1= 1/(1—n)
ij,t = C()C( Pk‘ ) Pk ’ Where Pj,l = |: Z We (pjc,t) ] ’ (4)
Jit Jit ¢=H,C;.F

pf’c, , 1s the price of the intermediate produced by producer c in industry j for country k& and Plk ;
is the ideal price index of industry j in country k. By symmetry, aggregate GDPs are equal across
countries. Thus, from now on we omit country superscripts for aggregate GDP, Y;, and normalise
the common price of the final good to P, = 1.

Pricing decisions: In each industry j, the Home and Foreign leaders compete in a static
Bertrand game. That is, they choose the optimal price for their good (on the Home and Foreign
markets), taking the prices charged by the fringe and by the other leader as given. As each industry
is small with respect to the aggregate economy, leaders also take the aggregate wage and price
index as given. However, they do realise that they have market power in their industry, and that
their decisions affect the industry price indices P th and P f .-

The pricing problem of leaders is similar to Atkeson and Burstein (2008), and its solution
is discussed in greater detail in Online Appendix B.1. Throughout, we describe equilibrium
conditions for the Home market, but those for the Foreign market are analogous (as there is no
interaction between markets, the leader’s problem is separable across markets).'?

The Home leader’s optimal price on the Home market is

W, y /=D —ofy,

H _ H
Pins = MWjg,——, Where pujy, = 1 H ®)
qjH. ~ O

with Uﬁq,z standing for the market share of the Home leader on the Home market. That is, the
Home leader charges a markup uj’H’t over its marginal cost of production, and this markup is
an increasing function of its market share. This is because leaders with higher market shares
effectively face a less elastic demand curve, and therefore have more market power. Formally,
the market share of producer c in industry j and country k is defined as

k k k 1—
O'k _ pjc,tyjc,t —w <ch’t> n (6)
et = Tpk yk e\ Tpk :
" Pj»le,t Pj,z
The Foreign leader’s optimal price on the Home market is
H
H H TWr H n/(n—1 -0,
Pjr; = Wip,—, where uip, =——p—"". )
J IE G ip J 11— Gﬁ‘,r

This condition is analogous to that of the Home leader, except for the fact that the Foreign leader’s
marginal cost includes the variable trade cost 7.
Finally, as the fringe operates under perfect competition, its price is

Wi

®)

Pjcyt = .
qjc.t

Equations (5) to (8) pin down the equilibrium markups and market shares in every industry j
as a function of firms’ relative productivities. Indeed, (6) shows that market shares depend only

13 Following Atkeson and Burstein (2008), we abstract from equilibria with dynamic collusion.
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on relative prices, and the pricing equations show that relative prices depend only on market
shares and relative productivities. Online Appendix C provides further details for the solution of
this system of equations.

Note that as relative productivities are fully characterised by the technology gap n = (n, n¢),
industry-level markups and market shares depend only on n and on the parameters 1, 7 and {w, }.
Thus, we henceforth identify an industry by its technology gap n.

Profits: From the above, it is easy to show that the profits of the Home and Foreign leaders in
each market k are

—1
M, (n) = 7f(n)Y,, where nf(n)= [ —(n— 1)} 9)

ok(n)

and o*(n) is the market share of firm c in country k in an industry characterised by a technology
gap n. Thus, profits are an increasing function of market shares and scale linearly with aggregate
GDP.

Labour market clearing: Home labour is employed by Home leaders (for domestic production
and exports) and the Home competitive fringe. Using the demand equation (4), we can show that
their respective labour demands are given by

o 5 (n) Y,

MZ(") wy’

Y,
8 () =oll (m)—.
Wy

offm) ¥,

o (n) = ,
i wHmyw,

RO

(10)

Imposing labour market clearing then yields

w, L . n—1 of(n)(1 — o} (n))
Y, Z Z<ﬂt(n)<ac,,(n)+<—77 ) Z n(l—a,’;(n))+a,’;(n)>’ (1)

n=—00 nc=0 k=H,F

where ¢, (n) stands for the mass of industries with technology gap n at time 7. The technology gap
distribution across industries is endogenous, and will be derived below. Given this distribution,
(11) pins down the aggregate labour share.'

Aggregate markups: We can now define a measure of aggregate markups, our main focus. As
in Grassi (2018) and Burstein ef al. (2020), we define industry-level markups as the inverse of
the industry-level labour share.!> Equation (10) implies that

-1
M(n)E( > af’(n)(uf(n))‘l) : (12)

c=H,Cy,F

That is, the industry-level markup is a sales-weighted harmonic mean of firm markups (and, as
shown in Edmond ef al., 2021, this equals a cost-weighted arithmetic mean of markups). Likewise,
we define the aggregate markup as the inverse of the aggregate labour share, 1, = (w,L/Y;)"".

14 As noted earlier, we always have ncjy = nj, (as the fringe can never become more productive than the least
productive leader). Thus, whenever n¢c < n, ¢;(n, nc) = 0.
15 Note that at the firm level, the markup is also the inverse of the (firm-level) labour share.
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This is a weighted harmonic mean of industry-level markups:

+o0 400 —1
i z( > wt(n>(u(n>)1> : (13)

n=—00nc=0

Taking stock: Conditional on the productivity of each firm at time ¢, the equilibrium conditions
described so far fully pin down output, wages and markups. However, the productivity distribution
is endogenous, shaped by the innovation choices of entrants and incumbents. We now turn to
analysing these choices.

2.2.2. Dynamic R&D and entry problems

Choice problems: As noted earlier, we focus on a symmetric BGP equilibrium, in which
aggregate output in both countries grows at rate g = Y,/Y,. As aggregate R&D spending R*
grows at the same rate as aggregate output (a result that we verify later), consumption also grows
at rate g. Using the Euler equation (3), this implies that r* = rf =r = g + p.

Our previous discussion shows that the dynamic problem of the Home leader in a given
industry has only two state variables: the technology gap, n, and aggregate GDP, Y;. Given these,
the Home leader chooses an innovation rate zy(n) to maximise its value, taking as given the
innovation policies of all other firms. We denote by Vy(n, Y;) the value function of the Home
leader in an industry with technology gap n at time 7. The Hamilton—Jacobi—Bellman (HJB)
equation is

V@, Y,) = m:(ng{[n,’} () + 7Y, — xilzn@NY, — xy()Vy(n, Y,)

+zu@)[Vy(n + 1,nc +1,Y;) — Vy(n, Y,)]
+ [xp(m) + zrMI[Vu(n — 1,n¢,Y;) — Vu(n, Y))]
+ ¢[Vy(0,0,Y) — Vy(n, Y)I} + Vi (n, Y)).

The right-hand side of the HIB equation has the following parts. The first line lists flow profits
from domestic sales and exports, flow expenditure on R&D and the fact that at rate xy(n), the
Home leader is displaced by entry. The second line shows that, when the Home leader innovates
(at rate zy(n)), it increases its technology gap with respect to the Foreign leader and the fringe
by one unit. The third line captures the arrival of Foreign innovations, at rate x (n) (for Foreign
entrants) and z(n) (for Foreign incumbents). Both events reduce the technology gap between
leaders by one unit, but leave the technology gap with respect to the fringe unchanged. Finally,
the fourth line shows that at rate ¢, the leading technology diffuses to all firms in the industry
and technology gaps are reset to zero.

Similarly, Home’s potential entrants in an industry with technology gap n choose an arrival
rate of innovations solving

m%{xﬂ(mvﬂ(n + Linc+1,Y) = xlxum)]" Y.} (14)

Upon innovation, the potential entrant becomes the new incumbent, increasing the technology
gap with respect to the Foreign leader and the fringe by one unit.

Dynamic solution: Because of the symmetry of our model, we have

Vu(,nc,Y) = Ve(—n,nc —n, Y;) (15)
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for all ¢, and every technology gap (n, n¢) such that ne > max(0, n). That is, the value functions
of Home and Foreign leaders are symmetric. Equation (15) is important because it implies that
in order to solve for the optimal R&D choices, we only need to focus on the dynamic problem
of Home firms.'®

We guess and verify that the value function of Home leaders is linear in aggregate GDP, so
that Vi (n, Y,) = vy(n)Y,. After some straightforward algebra, we get

o +xum)lvy(n) = iné(i’g{ﬂg(n) + () = xilzu(m)]”

+zum)vg(n+ 1,nc + 1) —vy(n)]
+ [xr@) + zr@)[vy(n — 1,nc) — v (n)]
+ ¢[vu(0,0) — vy )]},

where we have used the facts that Vi (n, Y;) = vy (n) gY,;and p = r — g. The first-order condition
for the incumbent’s problem yields

v+ 1ne +1) - w(n))”“”"”
XiVi .
Thus, innovation choices depend on the difference between the Home leader’s current value and

its value in case of a successful innovation. Likewise, the first-order condition of the entrant’s
problem (14) yields

z(n) = ( (16)

o)
xp(n) = ("”("H’”C+ D) . (17)

XeWe
Given the value function of the Home leader, (16) and (17) pin down the optimal R&D choices
of Home leaders and entrants. Furthermore, using the symmetry described by (15), they can also
be used to deduce the optimal R&D choices of Foreign leaders and entrants. To find these objects,
we solve for the value function of the Home leader numerically. Online Appendix C contains
further details on this.

The distribution of technology gaps: Knowing firms’ innovation choices, we can finally char-
acterise the evolution of the equilibrium distribution of technology gaps, denoted ¢, (n). First, for
all technology gaps n # (0, 0), we have
@(n) =1L s0ip(n —1,nc — Do(n —1,nc — D) +ip(n+1,nc)p(n+1,n¢)
= lin(n,nc) +ir(n, nc) + ¢le(n, ne), (18)

where
in(n,nc)=zu(n,nc) + xpn, ne), ir(n,nc) =zr(n,nc) +xp(n, ne)

are the total innovation rates in country A and F, and 1(,.~0) is an indicator variable equal
to one whenever n¢ > 0 and zero otherwise. Inflows into non-zero states occur through Home

16 For example, the value of a Home leader with a technology gap of 5 with respect to the Foreign leader and 6
with respect to the fringe is the same as the value of a Foreign leader with a technology gap of 5 with respect to the
Home leader (implying a technology gap of —5 from the viewpoint of the Home leader) and 6 with respect to the fringe
(implying a technology gap of 6 — 5 = 1 between the Home leader and the fringe).
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innovation from state (n — 1, n¢c — 1) or Foreign innovation from state (n + 1, n¢).!” Outflows
from state n # (0, 0) occur through innovation by any firm or catch-up by the fringe and lagging
leader.

For the specific case of technology gap n = (0, 0), we have

@1(0,0) = ip(1, 0)¢ (1, 0) 4+ ¢[1 = ¢,(0, 0)] — [in(0, 0) +i£(0, 0)]¢; (0, 0). 19)

Equation (19) differs from (18) in two respects. On the inflows block, there is one more term,
coming from the inflow of firms that catch up to the highest productivity firm, an event that
resets all technology gaps to 0. On the outflows block, there is also one term less, as firms do not
catch-up if they are already neck to neck with the Home leader.

On the BGP, the distribution of technology gaps is invariant over time, that is, we have
¢@:(n) = 0 for all technology gaps n. Together with the fact that the distribution sums to one, i.e.,

:i’ioo :[(Oio ¢;(n, n¢) = 1, this condition yields a system of linear equations pinning down
the invariant distribution.

Knowing the technology gap distribution, we can solve for all aggregate outcomes. In particular,
we can derive an expression for the aggregate growth rate.

LEMMA 1. On the BGP, output in both countries grows at a constant rate given by

+00 400 -1 +4o0
g= ( YD e no)intne)+¢ Y Y w(n,nc)|n|> In(1 + 2).

n=-00 ne=0 n=-00nc=0

Proof. See Online Appendix B.2.

Lemma 1 shows that output growth is proportional to the aggregate arrival rate of Home
innovations. These are due to leaders’ and entrants’ own innovations (the first term in the
parentheses) as well as to Home leaders who are behind and jump |n| steps to catch up to the
frontier (the second term). Note that Foreign innovations and catch-up by the fringes do not
explicitly feature in the growth formula, but this does not mean that these forces do not contribute
to growth. Indeed, in equilibrium, aggregate Home innovation is equal to aggregate Foreign
innovation and to aggregate fringe catch-up (this is a necessary condition for the existence of an
invariant technology gap distribution).

Finally, the R&D share of GDP is

Rt +00  +00
7 = 2 2 e noxilen(nn