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Abstract
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1 Introduction

Over the past three decades, globalization has dramatically expanded markets for innovation, driv-
ing record levels of patenting, R&D spending, and technological progress. Yet in many advanced
economies — including the United States and Western Europe — productivity growth has slowed,
wage growth has stagnated, and inequality has surged. This paradox lies at the heart of modern glob-
alization: how can innovation be accelerating while incomes for many are falling behind? In this
paper, I develop a new general equilibrium growth model that explains why globalization has been
accompanied by increasing inequality and unexpectedly weak growth in the very countries driving
the world’s technological frontier.

The key novelty is to embed a skill-intensive technology adoption margin into an otherwise stan-
dard model of endogenous long-run growth. By adoption I mean a costly and purposeful effort to
use a specific technology, which is different from diffusion that happens automatically, or imitation
related to the question of the ownership of technology. Adoption here concerns the mundane but
essential activity of implementing new technologies into a firm’s production process. While often
an afterthought, it is clear that frontier innovation is inconsequential without adoption. The main
assumption in the model is that both the invention of new ideas and the adoption of existing ones
requires skilled labor.

A tradeoff between adopting technology vis-a-vis pushing out the technological frontier emerges
as both activities ultimately have to draw on the same scarce factor, skilled labor. This tension be-
comes particularly acute during an episode of market integration between advanced economies and
emerging markets. In the integrated equilibrium, emerging markets adopt advanced economies’
technology. Foreign technology adoption raises the returns to innovation, and induces a realloca-
tion of skilled labor within advanced economies from domestic adoption toward innovation for a
larger global market. Since aggregate growth depends on both the technological frontier and the
degree of technology adoption, positive innovation effects can be entirely undone by weak technol-
ogy adoption, explaining uneven and sluggish growth in advanced economies as emerging markets
join the world economy. This innovation-adoption tradeoff is distinct from the more commonly stud-
ied tradeoff between innovation vs. production because production is easily outsourced to emerging
markets while local technology adoption is not. Formalizing and exploring this mechanism by means
of a tractable general equilibrium model is the main contribution of the paper.

My analysis proceeds in three steps. In the first step, I develop a closed economy version of Romer
(1990)’s benchmark two-sector growth model with endogenous technology adoption. Firms in the re-
search sector invent new technology using skilled labor, while firms in the production sector combine
capital goods with production labor to produce output. My key departure is that production sector
firms solve a dynamic adoption problem: they decide how much skilled labor they devote to adopt-
ing new capital goods, which embody frontier technology. The solution pins down an endogenous



technology adoption gap.

The closed economy setup highlights two countervailing forces that determine the decentralized
equilibrium. On the one hand, the model features a complementarity between adoption and inno-
vation on the market for ideas. Ideas only become profitable after they are adopted so that higher
adoption effort in the production sector pushes up the net present value of developing an idea where
I use the term idea and innovation interchangeably. Intuitively, innovators would like their ideas to
penetrate the market as quickly as possible. On the other hand, by virtue of modeling both innova-
tion and adoption as skill-intensive activities, a factor market rivalry arises as innovators and adopters
compete for the same scarce resource, skilled labor. If one activity expands, it does so at the expense
of the other in this general equilibrium setting.

Despite the fact that innovation and technology adoption are forward-looking interdependent ac-
tivities, the steady state is surprisingly tractable and the equilibrium adoption gap is a negative power
function of the skill premium. This simple relationship unlocks all key results in the paper, and cap-
tures the intuition that when skill becomes relatively more scarce, production sector firms endoge-
nously adopt less technology.

In the second step, I generalize the model to a multi-country setting to study economic growth
in an integrated world. I embed the model into a semi-endogenous growth framework a la Jones
(1995) to allow for a realistic degree of scale effects. The model is consistent with key stylized facts of
economic growth endogenous in open economies. First, the long run equilibrium is characterized by
a stationary cross-country income distribution where all countries grow at the same rate. Yet, growth
spurts are possible when countries join the global economy and gain access to the world technological
frontier. Both aspects follow from a model with endogenous technology adoption that features an
advantage of backwardness. Second, countries with higher research productivity, larger populations,
or greater shares of skilled labor contribute more to the global technological frontier. Third, while
the technological frontier exhibits scale effects and depends on the total size of the global research
force, a country’s individual productivity is unrelated to its size as it adopts technologies invented
elsewhere. Incorporating these features is necessary for any coherent treatment of technological
change in a globalized world. This is a difficult task in models that only allow for innovation, but
becomes trivial once innovation and adoption are modeled jointly.

I next establish a sharp theoretical distinction between symmetric market integration among sim-
ilar countries—such as the formation of the European Common Market in the late 20th century—and
asymmetric integration between emerging markets and advanced economies. Symmetric integra-
tion amongst advanced economies has no adverse effects on inequality or technology adoption and
delivers the standard gains from integration. The reason is that foreign adoption, which raises the in-
centive to innovate, and foreign innovation, which reduces it, exactly cancel. Underlying this result is
a classic Ricardo-Heckscher-Ohlin type logic where for identical technology and factor endowments
prices remain unchanged, while gains from integration are driven by standard scale effects as each



country uses the other country’s technology.

This contrasts with the globalization shock of the 1990s and 2000s, marked by a pronounced asym-
metry between advanced economies (“West”) and emerging markets (“East”) ushering in a period of
unprecedented market integration. Consider the following thought experiment: each economy is on
a balanced growth path, and an unanticipated liberalization in the East moves each country from
autarky to free trade in final goods and technology, reflecting the fall of the Iron Curtain or China’s
ascension to the World Trade Organization. Assuming that the West develops frontier technology and
can partially protect its intellectual property, fast technology adoption of emerging markets in the in-
tegrated equilibrium raises the returns to innovation in the West. This leads to heightened research
effort in the West and temporarily faster growth of the technological frontier, which is the standard
mechanism emphasized in the literature. While this effect is present in my framework, there is an
important twist to this logic: productivity not only depends on the technological frontier but also on
its adoption.

An expanding research sector induces a rise in the skill premium, causes a reallocation of skilled
labor away from the production sector, and ultimately hurts technology adoption. The chain of events
is most easily understood through the lens of the Heckscher-Ohlin model where skill becomes scarce
in advanced economies due to heightened specialization in innovation in the integrated equilibrium,
which coincides with a rising skill premium and a widening technology adoption gap.

Since aggregate growth in the West depends on both the evolution of the technological frontier
and the degree of technology adoption, the impact of an asymmetric globalization shock is ex-ante
unclear. Whether positive or negative effects dominate depends on externalities in innovation and
technology adoption. I explore this by contrasting the efficient allocation with the decentralized
equilibrium. I find that when ideas are harder to find (Bloom et al., 2020) and there are mild learn-
ing spillovers in adoption, underinvestment in adoption relative to innovation occurs. In that case,
integration with a foreign economy that adopts technology aggressively but contributes little fron-
tier technology themselves induces a growth slowdown in advanced economies. Note that sluggish
growth in the West is consistent with exceptional growth in the East, which is often ignored in the
rich-country focused debate around the productivity slowdown. In fact, the mechanism relies on it
as key driving force since technology adoption in the East induces the bias in favor of global innova-
tion vs. local adoption in the West.

In the third step, I combine cross-country data supplemented with worker and establishment-
level micro data to quantify the impact of globalization on growth and inequality. Solving for the
entire transition path and focusing on the West, I find that the asymmetric globalization shock gen-
erates a sizable increase in innovation and employment of skilled labor in the research sector. The
skill premium increases by 25%, which leads production sector firms to cut down on skilled labor
for adoption purposes, ultimately reducing technology adoption by 20%. The calibration predicts a
cumulative drop in real wages of production workers of 13%, relative to the counterfactual balanced



growth path in autarky. While skilled labor gains in real terms, after aggregating up worker incomes,
I arrive at a cumulative growth drag of about 9% for the aggregate wage bill. The impact on total
per capita income is around minus 5%, and the difference is accounted for by the role of asset ac-
cumulation and royalties earned abroad. High innovative activity and an increase in the valuation
of technology coincides with sluggish per capita growth as global innovation crowds out domestic
technology adoption.

Transition dynamics are crucial to understanding these results. While productivity growth in the
very long run tracks growth of the technological frontier, along the transition path, they are divorced.
A widening adoption gap exerts downward pressure on realized productivity growth rates despite
elevated growth of the technological frontier.

In contrast to this bleak scenario, full convergence of the East in terms of skill endowments and
innovative capacity would restore the powerful pro-growth effects of market integration while si-
multaneously reducing inequality in the West, consistent with the theoretical results on symmetric
integration. The model thus suggests that the rise of India or China as research powerhouses would
be extremely desirable from the point of view of unskilled workers in the West, which contrasts with
popular fears about emerging markets’ abilities to compete in high-tech.

I conclude by citing additional evidence in favor of the main mechanism and discussing related
issues such as skill biased technological change and automation. Overall, little attention has been
paid to the role of technology adoption in a globalized world,' perhaps in part due to the complex-
ity of incorporating both innovation and adoption at once. I provide a tractable framework -directly
nesting benchmark growth models-? to study the intricate interplay between innovation and tech-
nology adoption that should be relevant to a host of issues at the nexus of growth and inequality.
Relationship to the literature. I build on the literature on endogenous growth (Romer, 1990; Gross-
man and Helpman, 1991b; Aghion and Howitt, 1990), and incorporate a technology adoption margin
into Jones (1995). A large literature uses variants of these models to study the aggregate productivity
slowdown,® focusing on falling population growth and declining business dynamics as drivers.* Rel-
ative to this literature, I focus on the distinction between innovation and technology adoption, and
emphasize the latter to understand patterns of global growth.®

Jovanovic (1997) argues that costs of technology adoption as a share of GDP exceed costs associated with innovation by an
order of magnitude.

2The framework is equally applicable to models of vertical innovation (Grossman and Helpman, 1991b; Klette and Kortum,
2004), see work in progress by Trouvain and Violante (2025).

3The productivity slowdown is a robust feature of the data, although its onset differs somewhat across countries. Fernald
(2015) and Cette, Fernald, and Mojon (2016) point out that this slowdown started before the financial crisis.

“See Peters and Walsh (2021), Jones (2020), Engbom et al. (2019), and Hopenhayn, Neira, and Singhania (2018) on works that
highlight the role of population growth on productivity and business dynamics. An alternative explanation for the productivity
slowdown focuses on firm dynamics and biased technology shocks, see De Ridder (2019), Olmstead-Rumsey (2019), Rempel
(2021), Akcigit and Ates (2019), and Aghion et al. (2019), building on Klette and Kortum (2004). Akcigit, Ates, and Impullitti
(2018) consider a two-country model, and explore the impact of trade policy on business dynamics and growth. Incorporating
an endogenous technology adoption margin along the lines proposed here should be complementary to the overall agenda in
this subfield.

5The theory shares some predictions with models of directed technological change (Acemoglu, 2002; Acemoglu, 2003; Ace-



Second, a large literature studies the role of technology adoption for cross-country income dif-
ferences, see Parente and Prescott (1994), Lucas (2009a), Comin and Hobijn (2010), Lucas and Moll
(2014), or Comin and Mestieri (2014). Barro and Sala-i-Martin (1997) and Acemoglu, Aghion, and Zili-
botti (2006) study developing economies’ choice between adoption and innovation.

A small number of papers has modeled innovation and adoption jointly. Konig et al. (2021), build-
ing on Konig, Lorenz, and Zilibotti (2016), as well as Benhabib, Perla, and Tonetti (2021), Hopenhayn
and Shi (2020), and Sampson (2023) develop heterogeneous firm models where high productivity
firms innovate, while laggard firms imitate high productivity firms. Comin and Gertler (2006) and
Anzoategui et al. (2019) study business cycle fluctuations in a model with both innovation and adop-
tion. The complementarity between innovation and adoption on the market for ideas is related to but
distinct from Comin and Hobijn (2007), which focuses on initial implementation of new technolo-
gies. Relative to these works, I draw out an innovation-adoption tradeoff embedded in an otherwise
standard semi-endogenous growth model with realistic scale effects.®

Third, I relate to the literature on trade and growth. Rivera-Batiz and Romer (1991) highlight the
strong pro-growth effect of market integration. Eaton and Kortum (1999) develop a model of global
growth with exogenous diffusion of ideas.” Sampson (2016; 2023) and Perla, Tonetti, and Waugh (2021)
highlight the role of learning in heterogeneous firm settings, similar to Buera and Oberfield (2020)’s
quantitative model of international technology diffusion. The dynamic gains from trade are large
in much of the literature and hard to square with the growth slowdown. Modeling both innovation
and adoption, and recognizing the inherent tension this generates in a general equilibrium model,
can break the strong pro-growth effects in the case of asymmetric integration whilst preserving the
positive link between market size and innovation.?

The rest of the paper proceeds as follows. Section 2 presents a model of innovation and adoption.
Section 3 models the open economy. Section 4 quantifies the model and studies transition dynamics.
Lastly, I discuss empirical evidence consistent with the key mechanism and conclude.

moglu, Gancia, and Zilibotti, 2015), models of appropriate technology (Atkinson and Stiglitz, 1969; Basu and Weil, 1998; Ace-
moglu and Zilibotti, 2001; Caselli and Coleman, 2006), and models of technological revolutions (Greenwood and Yorukoglu,
1997; Caselli, 1999).

The innovation-adoption tradeoff contrasts with the previous literature, which focuses on heterogeneous firm setups
where leading firms innovate and less productive firms learn from leading firms. Since innovators don't internalize the learn-
ing spillover, innovation is undersupplied, see Konig, Lorenz, and Zilibotti (2016), Benhabib, Perla, and Tonetti (2021), and
Sampson (2023). In such settings, globalization has strong pro-growth effects as it favors larger innovative companies that can
overcome the fixed cost of exporting (Melitz, 2003), and partially corrects for the market failure as in (Sampson, 2016; Perla,
Tonetti, and Waugh, 2021).

7A quantitatively focused trade literature builds on this line of work, see Lind and Ramondo (2022), Cai, Li, and Santacreu
(2022), and Somale (2021). Relative to this literature, I keep the model simple to draw out a novel innovation-adoption tradeoff
in the presence of an asymmetric market integration shock but the framework developed here in a steady states is as tractable
as quantitative trade models so one could incorporate many countries and bilateral trade cost.

8A related literature in international trade has largely focused on the uneven distributional aspects of international trade,
which have been found to be modest, see Helpman (2016). In this literature the closest paper Arkolakis et al. (2018), which
embeds export platforms into a multi-country Melitz model to study specialization in innovation and production. In contrast,
I provide a dynamic model with endogenous technology adoption focused on the interplay between frontier innovation and
adoption.



2 Closed Economy

2.1 Environment

T outline the economic environment next, which is cast in continuous time. All derivations and proofs
are deferred to the appendix.

Households. A representative household supplies their labor inelastically, which leads to an economy
wide endowment of L units of production labor and H units of high skilled labor. The household’s

labor endowment grows at rate gz = g, > 0. Factors earn income at wage rates wy, + and wg ¢, and

the skill premium is defined as s; := % The household solves a consumption-saving problem
U = max [T e (P9t log ¢, dt
{Ct,Bt}tZO fO &t
st @
B, = B+ wy,Hy +wp 1 Ly — Ct,

with the usual transversality condition in place. Total assets in the economy are denoted by B, changes
in total assets B represent net savings and r is the return on assets. Per capita consumption growth
follows from the solution to (1) and equals % =71 —p.

Production. A competitive final goods producer combines differentiated intermediate goods using a
Benassy (1996)-CES aggregator

71
_ 1 o—1
Y, =M, 7" (/ . Yid di) , (2)
1€80,

where M, is the mass of intermediate goods Q,.” Final output, which serves as the numeraire, can be
consumed or turned into an investment good, Y; = C;+1;, where C; and I, are aggregate consumption
and investment. Physical capital depreciates at rate J;, giving rise to the standard neoclassical capital
accumulation, K =1, — §;.K;.

I assume that intermediate goods producers compete monopolistically, after paying a fixed en-
try cost fg in terms of unskilled labor. Entry occurs up until the cost of entry matches the value of
entry, Vg, which is an endogenous object and derived below. The only force inducing firm exit is an
exogenous death shock arriving at rate dx.

Infinitesimal firms ¢ € Q, produce differentiated intermediate goods using capital goods x;; ; €

9This assumption ensures that there are no scale effects in the production sector. An alternative setup building on Hopen-
hayn (1992) is presented in the appendix where no such assumption is needed to maintain a production sector that is constant-
returns-to-scale. The payoff here is that constant-returns-to-scale production on the firm level makes the exposition easier.



4, , and production labor /; ; according to
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Production labor is hired at rate wr, ;, and differentiated capital goods are rented at rate p,;,, = pa,
since capital goods are assumed to be symmetric. This leads to a simple static cost minimization

problem where the firm takes as given the set (1,4, , and factor prices to minimize production cost

given (3).
The static firm problem is standard and deferred to the appendix. The key feature is that firm op-
timally spreads its capital expenditure evenly across different capital goods, p,,z;: = % where

A;; € R is the measure of set Q4,, and X;; = [ x4;.dj is total physical units of capitalyin firm 4.
This leads to a setup where A;, can be interpreted as firm productivity operating through a variety
effect as in the original Romer (1990) model. In a monopolistically competitive setting,'’ firm oper-
ating profits, which are the difference between sales relative to the cost of production, are a simple
log-linear function of aggregate demand Y; 4, factor prices, markup, and firm productivity
o Y',t g a l-a e l1—a)(c—1

Technology Adoption. Technology adoption is equivalent to making new capital goods available on
the firm level, i.e., expanding the set (4, ,. Relative to the set 24, ,, the superset 24, contains all
existing capital goods including recent inventions not adopted yet, and the associated measure Ap
represents the technological frontier. Following Nelson and Phelps (1966), I make two crucial as-
sumptions. First, technology adoption requires skilled labor. Second, technology adoption features
an “advantage of backwardness”. Equation (5) formalizes these concepts

Aig = vAF"A% 1, (5)
where h; ; is the amount of skilled labor hired by firm ¢ for adoption purposes, 1 — 6 € (0, o) governs
the advantage of backwardness, and the parameter 5 € (0, 1) induces diminishing returns to technol-

ogy adoption at a point in time. The parameter v > 0 is a constant assumed to be sufficiently small to
avoid a corner solution at 4; ; = Ap;."!

0Since technology adoption is costly and firms produce according to a constant-returns-to-scale technology, I have to deviate
from the benchmark competitive production sector. This is, of course, the same argument put forth in Schumpeter (1942)
and Romer (1990) as to why constant-returns-to-scale competitive economies are not consistent with theories of endogenous
growth.

1 An alternative is to use the original Nelson-Phelps specification AM = (Ar,t — Ait) g (hi,¢) for some monotone function
g, which does not change any qualitative insights of the model but ensures that no matter how much skilled labor is used, the
firm never hits a corner solution. My specification has an additional degree of freedom in § which allows me to match the speed



The setup gives rise to a dynamic tradeoff between the cost of skilled labor today, and the future
benefit of adopting technology, which can be formalized using a H]JB equation. It is convenient to

use a normalized level of technology relative to the technological frontier z; , := ﬁF: , and normalize

the firm value function of an incumbent firm V by the wage wy 4, i.e., v; = Yelz1) where I drop

WL, t
the ¢ subscript after recognizing that the only way in which firms can potentially differ is in their

normalized productivity z, which is the key individual state variable to keep track of in the dynamic

problem
v (1t — Gup .t +0x) = max 7 (2) — sthy + 2,00, + 0y
s.t. (6)
Zt = szhf — gF.t%t,

where g,,, , 7, 0.v, 0, gr represent production worker wage growth, normalized profits 7 = % , partial
derivative of the normalized value function with respect to z, partial time derivative of the normalized
value function, and the growth rate of the technological frontier. I now drop time subscripts for ease
of notation.

An interior solution to (6) satisfies the first order condition

S

[200] ™5 )

which is the technology adoption problem at the heart of the paper. The skill premium in (7) appears
as the key relative price associated with the cost of technology adoption while the term 3¢2?9,v cap-
tures the marginal benefit.

There is a straightforward link to the g-theory of investment that reveals the key economic intu-
itions. First, consider the effect of a marginal increase in normalized technology on firm value.

Proposition 1. The value of an increase in normalized productivity equals

0o . 0
b= [ erlrmom -0l ('Z) 0. 7du ®)
t 2t
wherer — gu, + 0x + (1 — 0) gr — £ is an effective discount factor that combines standard inter-temporal
discounting and firm death r — g,,, + 0x with new terms that depend on the advantage of backwardness
. 0 .

(1 — 0) gr and relative skill price growth . Moreover, the term (ZZ—":) captures that for 6 > 0 past adoption
makes future adoption easier. The term 0,7 captures how productivity improvements raise profits.

Relative to standard g-theory, a new term emerges that accounts for the advantage of backward-
ness (1 — 0) gp. Intuitively, if the advantage of backwardness is strong, delaying investment in tech-

of convergence across countries. See Lucas (1993), Parente and Prescott (1994), and Sampson (2023) for similar formulations.



nology adoption is beneficial, which appears as a higher effective discount factor. Similarly, if there
is an anticipated increase in the relative price of skilled labor 2, investing in technology adoption
is especially advantageous today relative to tomorrow, pushing down the effective discount factor.
Lastly, 4 is inversely related to the advantage of backwardness, and captures the idea that adopting
technology is easier for firms that already use sophisticated technology. This parameter will be key
in generating realistic TFP convergence dynamics across countries.

Second, and in contrast to standard g-theory, note that the mapping from skilled labor to technol-
ogy adoption is non-linear, even in the long run since § < 1. This ensures that production sector firms
always hire a positive but finite amount of skilled labor for technology adoption. An implication is
that changes in the skill premium induce finite adjustments on technology adoption and skilled labor
demand, in contrast to the standard g-theory where investment is perfectly elastic in the long-run.

I show in the appendix how to derive the optimal dynamic path of skilled labor devoted to tech-
nology adoption by solving a standard Hamiltonian yielding the following differential equation

h-1-8

h 1 { $ /%ﬁlmeﬁﬂaﬂan}’ ©)

T*ngJr(SXJr(l*a)gF*;* 5 .

ﬁ(l%)(”_l) = 0,7 captures the partial effect of productivity on profits and follows from dif-

where
ferentiating (4) with respect to productivity. Along a balanced growth path, equation (9) will deliver
a closed-form solution for firms’ technology adoption expenditure shown below.

Entry and Adoption Spillover. I close the production sector by assuming free entry after paying a
fixed cost fg in terms of unskilled labor. Entrants draw their productivity from the distribution of

incumbents written in normalized form

vg = / v (2) dF, (2), (10)

vg < fi (11)

where v (z) is the value of a production sector firm of normalized productivity z, dF; is the incumbent
distribution over z, and the expected present discounted value of entry must not exceed the entry cost.

Equation (10) embodies the key spillover in technology adoption, which is that entrants learn from
incumbents. This assumption features prominently in the idea flow literature, especially Luttmer
(2007), and is even more natural in the context of technology adoption: a spillover is necessary in
any growth model where private firms’ technology adoption is a key ingredient of long-run growth
whenever there is positive firm entry. To see why, imagine that incumbents improve their productivity
at a constant rate by adopting new technology, while entrants enter at some fixed productivity level.
In that case the firm size distribution would be ever diverging.

A convenient implication of the spillover embedded in the entry technology in (10) is that the



model collapses to a homogeneous firm model. Since entrants are, on average, as productive as in-
cumbents, and technology adoption in (5) has no exogenous firm-specific parameters, the only fixed
point is one where firms make identical choices.!? In that case, the value function admits a closed

form solution ~
T —sh

_resh 12
T_ng +5X ( )

v =

valid off and on a balanced growth path as long as the free entry condition is binding. The value
function in (12) takes into account that the normalized cost of technology adoption, sh, needs to be
subtracted from operating profits, and then applies the common discount factor consisting of interest
rate, wage growth, and exogenous exit rate.
The creation of production sector firms depends on how much unskilled labor is devoted to entry,
Ly, and exit rate dx as follows .
E

M= =% —§¢M, (13)
E

where Lp denotes unskilled labor devoted to output production.
Research Sector. I largely follow the setup in Romer (1990) where innovators pay a fixed cost in skilled
labor to create new ideas, which enter the economy in the form of differentiated capital goods. The
key difference to Romer (1990) is that innovators can only monetize their innovation if production
firms have adopted their technology. Forward-looking innovators thus have to take into account when
their ideas are adopted, which generates a feedback between innovation and adoption absent from
the benchmark model.

For simplicity, I assume that older ideas are adopted first.'* The waiting time for an innovation
to become profitable, i.e., to be adopted, is defined as , € R*. Denote by 7 (u) the flow profits
generated by an adopted innovation so the present discounted value equals

Vie = [o exp (= [ rodv) 71 (u) du, (14)

where the discount factor runs from ¢ onward although profits accrue only from ¢+ 7; with r; referring
to the waiting time until adoption. The link between waiting time and profitability is simple: if it took
forever for an idea to be adopted, the value of the innovation would be zero.

The assumption that ideas are adopted according to when they were invented induces a simple
law of motion for the waiting time, which makes this forecasting problem tractable. Formally, define

121 show in the appendix how to allow for a weaker spillover at entry, for example where the entry distribution F} (z|E) is
modeled as a linear function of average incumbent productivity, zg = Ag [ 2dF; (z), with Ag € (0,1). This gives rise to a
heterogeneous firm model where entrants have a lower productivity than incumbents, and productivity is increasing in firm
age as older firms have adopted more technology.

BBImplicit in this model is that all firms in the production sector adopt technology in the same order. I develop a version with
stochastic adoption in the appendix, which relaxes this assumption without changing any of the main insights of the model.
What matters for the key mechanism to go through is that the average expected waiting time is a function of adoption effort in
the production sector.

10



the measure of ideas which stands between the adoption of some cohort t's innovation W (¢,¢) :=
Ap; — A;. The first argument in W refers to the time when cohort ¢ paid the fixed cost to innovate,
and is constant from cohort ¢’'s point of view. The second argument is changing over time, and by
construction W (¢t,t + 7:) = 0, i.e., the calendar time of adoption for inventor cohort ¢ is ¢ + ;. To
characterize the evolution of W over time, note that while new ideas may be invented, they will only
be adopted after cohort ¢ and are thus irrelevant for cohort ¢’s waiting time 7. What matters for cohort
t is how quickly the measure W melts away, which depends on the flow of adopted ideas, Ag 4dt where
ga = % is the growth rate of technology on the firm level. The reduction in W over time thus obeys
the differential equation

W = —gaA, (15)

with boundary condition W (¢,¢) = Ap, — A, and W (¢,¢ + 1) = 0. Together with a a trajectory of A
based on firms’ adoption choices, I can solve this differential equation to obtain 7;.

Proposition 2. The endogenous waiting time 1, equals

log z;

STt ga(a)da
Tt

(16)

Tt = —

First, note that (16) only implicitly defines 7 as it appears both on the left and right hand side.
Along a balanced growth path with constant adoption gap and productivity growth, however, it is

_logz
ga
—log z, the technology adoption gap. The waiting time is thus determined by production sector firms

easy to see that the wait time simplifies to 7 = where g4 is the productivity growth rate, and
as their adoption effort pins down how large the gap between current and frontier technology, log z,
is. This measure of physical distance is then divided by the average speed at which new technology
is adopted, g4, which yields a statistic measured in units of time 7.

The rest of the research sector is standard. Innovators produce a flow ﬁAi{t of new ideas with
one unit of skilled labor, where fz is a fixed entry cost, A%’ represents a knowledge spillover and
¢ € (—o0, 1) governs the strength of the spillover following Jones (1995). This induces to the following
law of motion of the technological frontier

. 1
Apy = —
! IRt

where Hy denotes the total amount of skilled labor devoted to innovation.

Af  Hy, (17)

Hp,¢ \ 1~
The fixed cost fg; = % depends on exogenous research productivity v, and a congestion

Hy
Ly

of labor devoted to innovation increases.'* After invention, innovators hold on to an infinitely lived

1-x
externality parameterized by A € (0, 1]. For A < 1, innovation becomes harder as the share

(HF,t)17>\
il

“The congestion force is slightly different from the one in Jones (1995) where fg; = represents the possibility
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patent. They rent capital K from households to supply differentiated capital goods X, that embody
the innovator’sidea. The marginal cost of renting out such capital goods to the production sector firms
thus equals the rental rate inclusive of depreciation r + d;. Given the intermediate goods’ producers
production function with constant elasticity across differentiated capital goods in (3) and innovators’

market power, the usual markup over marginal cost formula applies and leads to the following rental

rate that production sector firms face, p, = £ (r + ).

For adopted technology, the profits or royalty my simply equal m = £22L 15
The equilibrium amount of skilled labor devoted to innovation Hy is pinned down by a free entry

condition, V1 < % . Whenever the free entry condition is binding, the inventor value function
F

takes the closed-form

. exp (_ ftt+7 rvdv) Titr - (14 74 18)
L = Guy — 95 — (1= X) (9me — 91) + bgr’

where a standard discount factor L accounts for firm death, time discount-
r—=guwy, —9s—(1=X) (9Hp—g1 ) +dgr

ing, and appreciation of the value of an innovation implied by free entry into the research sector.

Non-standard is the term exp (— /, ttJ” rvdv) Tri+r - |1 + 7], which accounts for the fact that profits

m1,14+- arrive with a delay. The delay itself could change over time, 7, and an increase in the waiting

time would necessitate higher firm profits to respect the break-even condition implied by free entry.

Market clearing. Capital market, final goods market, and labor market clearing is imposed

K=X
Y=C+1
L=1Lg+Lp
H = Hy + Hp,

where Hp denotes the aggregate amount of skilled labor devoted to adoption, and is given by h; -
M where the i subscript makes clear that h; refers to a single production sector firm’s skilled labor
demand.

of useless duplication, i.e., two researchers coming up with the same idea at the same time. The specification is chosen with
an eye toward the open economy, and delivers a well-behaved open economy equilibrium.

5To derive 7 LP#, note that innovator profits are a constant fraction of capital expenditure, m =
%K Da (1 — %) = % (1 — a) p= K, which can be rewritten in terms of unskilled labor using Cobb-Douglas production
= % (1 —a) 25 wlp.
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2.2 Balanced Growth Path

I focus on a balanced growth path for expositional purposes, and will consider transition dynamics
in the quantitative section. To obtain a stationary system, I introduce the normalized variables v; :=
Ap? .

A;‘Qw, ap == “— L =gy hp = Heopy = Hoop = 20y = M The normalized value of an

innovation and the free entry condition simplify to

t+1
exp (— ¢ (ot 94— 9w, —9L) dv) alpsir
v = I [1 4 7] (19)
Tt — Gwyp, — Gs — (1 - )‘) (gHF - gL) + ¢gF ZafF
1—X
T (20)
v

alp ¢4+
zag

The term captures a market size effect where a larger production sector lp ., raises profits,
while more competition by other innovators, zar, lowers them.

Normalized laws of motion for firm creation in the research and production sector read

e = (1= 0) { — ar 2} @
= (g +8x)m. (22)
i

Equilibrium Definition, Existence, and Uniqueness. The concept of a balanced growth path is very
similar to Jones (1995). The main difference is that equilibrium in the production sector gives rise to
a constant technology adoption gap defined as " := — log z.

Proposition 3. Along a balanced growth path wages, per capita consumption, productivity, and the tech-
nological frontier grow at rate ga = Guw, = Guwy = g5 = ﬁ g1, while population grows at exogenous rate
gr = gu > 0. The endogenous variables z, s, ap, m, lg, lp, hp, hp are constant and the interest rate equals
T =p+9r.

Except for pathological corner solutions, equilibrium is unique and well behaved after imposing
the following parameter restrictions.

Assumption 1. Suppose that the following inequality holds
p+ox+(1—-0)gr>pB(1—a)(oc—1)gr

This assumption ensures that the benefit of adoption is not too large. If, for instance, varieties
were too substitutable (¢ — o0), firms’ incentive to adopt technology to capture the whole market are
too strong, leading to corner solutions.
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In a stationary equilibrium I have Z = 0 which, using (6), implies

Z:(Wye. (23)
gF

Together with (9) and setting 7 = 0, the equilibrium demand of skilled labor of a firm in the produc-
tion sector takes the simple form
_1p0-a) (o - g

h= 24
s p+ox+(1-0)gr @

which implies that spending on technology adoption is a constant fraction of operating profits. Using
w—sh

p+ox
nous parameters and the skill premium, i.e., h = 1A, where A, is a constant, and I can pin down the

the free entry condition, fr = I can solve for firm-level skilled labor demand in terms of exoge-
normalized measure of firms m.'°
Skill Price and Technology Adoption Gap. The equilibrium adoption gap directly follows by com-

bining (23) and (24)
AN
- ()™
gr

which establishes an immediate link between the skill premium and the technology adoption gap.

Proposition 4. An increase in the skill premium, ceteris paribus, leads to an increase in the technology

adoption gap ol 5
ogz

Cdlogs 1-6

Proposition 4 is the central result in the paper on which all other implications hinge: an increase
in the skill premium leads to an increase in the adoption gap. This partial equilibrium result is gen-
eral in the sense that any shock that leads to an increase in the skill premium, which does not directly
impact the adoption technology, causes a widening gap between the technological frontier and cur-
rent productivity. A market integration shock, which I will analyze in the open economy section, can
precisely cause such an increase in the skill premium due to specialization in innovation.
Complementarity between Innovation and Adoption. Having understood how equilibrium adop-
tion is pinned down along the balanced growth path, I zoom in on the complementarity between
innovation and adoption on the market for ideas. The two are tied together through the endogenous

waiting time 7 = — %. Substituting out 7 when computing the normalized present discounted value
1®Note Y 2=1 (1 — &) = wy, Lp due to Cobb-Douglas production, and 7° = -1, implies 7 = %P m Using this
together with free entry fg (p + 6x) = # — sh, the law of motion of firm creation 7 = —£- — (§x + g1) = 0 in the steady

mfg

_ Bl—a)(c—1)gr\ "
where A, = (1 - WH});;QFF) ’

_ N _ 1
state, and lp = 1 — lg, impliesm = =) (o= DA T5F9D)
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of an innovation from (19) and defining the effective household discount factor g = p — gz, leads to'/

1 b
_ alng:’ (25)
p+gr ar

U1

where the term 274 is the key difference to a standard Romer model. It captures the fact that a tech-
nology adoption gap reduces the present discounted value of an innovation. When there is no adop-
tion (z — 0), the value of an innovation is zero. As ideas are adopted more quickly, the value of
innovation increases, and when z — 1 the expression nests the present discounted value in Romer
(1990).

While innovators take this adoption gap as given, it should be clear that it is an endogenous out-
come depending on adoption effort in the production sector. Increasing technology adoption, ceteris
paribus, leads to rising innovation. To see this, combine equation (25) with the free entry condition,
and the resource constraint for ar to obtain equilibrium demand for skilled labor from the research
sector'®

hF = — = F Oélpzﬁ. (26)

Both the positive effect of adoption on innovation through z, and the direct negative effect of the rel-
ative cost of skilled workers on innovation, i.e., the skill premium s, appear in (26). The next propo-
sition formalizes the complementarity between adoption and innovation.

Proposition 5. A reduction in the technology adoption gap, ceteris paribus, increases the measure of frontier

technology by a constant elasticity
dlogAp X p

dlogz 1—odgr

The term q—pF characterizes the passthrough from adoption to net present discounted value of an

innovation, while the term ﬁ characterizes the passthrough from net present discounted value to
innovation, which depends on the entry technology in (17).

Both proposition 4 and 5 are partial equilibrium results, and it is clear by now that the relation-
ship between innovation and adoption is complex: on the one hand, there is a complementarity on
the market for ideas where higher adoption effort raises the returns to innovation, and hence entry
into research, through shorter waiting times. On the other, both activities draw on skilled labor, which

t+T
U1 use the fact that the discounting term simplifies along a balanced growth path, e~ JeTT (rotga—gup —ar)dv

5 1 L1 L4 . . . . .
e~ T(Ptga) = ¢ ogz(-‘?A + ) = zoa " , and partly cancels with % in the denominator in (19). The fact that a wider adop-
tion gap raises profits through its effect in the denominators represents weak competition once an idea is adopted.

A
8Since ar = 0 along a balanced growth path, the resource constraint implies % = ag. Inserting this into the free entry
o shi=® . . .
condition, vy = > Fv , yields normalized demand for skilled labor in the research sector.
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means that the expansion of one activity has to come at the expense of the other in general equilib-
rium. It is thus important to consider the effect of shocks in a fully-specified general equilibrium
model.

The key market clearing condition is the one for skilled labor,

hg + hp = hiot.

Combining this with (24) and (26) pins down the skill premium
1 b 1
S (2) 94 Ap + gAD = hiot, (27)

where A and Ap are constant along a balanced growth path.”” A simple plot in figure 1 illustrates
their interactions. Both adoption activity and innovation activity are downward sloping in the skill
premium. While aggregate labor supply is fixed, it is perfectly elastic within sector and equilibrium
is reached when the relative demand for skilled labor matches aggregate supply.?’

Figure 1. Market Clearing for Skilled Labor

Innovation (hr) Adoption (hp)

Given a solution for the skill premium, the relative share of labor devoted to adoption vis-a-vis

YThroughout the paper I focus on equilibria where hiot is sufficiently scarce so that s > 1.
20Note that (27) is a non-linear equation because z itself is a function of s, which is the only aspect of the closed-economy
model requiring a numerical solution.
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innovation in the decentralized allocation reads

ho B 1{5 1} P
1 —06a o T ptoxter
hg  1—-0a [gr 1+ 05

(28)

Two aspects of (28) are noteworthy. First, the allocation is unrelated to research productivity . Con-
sequently, neither the allocation of skilled labor across sectors nor the skill premium respond to
changes in research productivity in the long run. Changes in fundamental research productivity thus
do not lead to a reallocation of skill across sectors.

Second, note that a negative shock to the relative supply of skilled labor would reduce both inno-
vation and adoption activity, but the effect on the research sector would be larger due to second round
effects: an increase in s first makes the key input, skilled labor, more expensive reducing both activ-
ities. Furthermore, a widening technology gap would further decrease innovation through a second
round effect as the value of innovation is falling due to a longer waiting time. Vice versa, an expan-
sion in skilled labor will simultaneously reduce the technology adoption gap and boost the share of
skilled labor devoted to innovation.

To complete the description of the decentralized equilibrium, note that the equilibrium interest

40k
(0%

rate r = p + gr determines the price of capital goods p, = . The capital-effective-labor ratio
1

K _ o T—a _ e Nlio-1 \Tia: 21 :
m—Bk‘(m) where B, = o~ 7= (1 — )" (%1 - a)' " isaconstant.” The production

side aggregates up to the familiar Cobb-Douglas production function
11— a
() () &
11—« «o

wy, = Bw . ZAF (30)

and the unskilled wage is given by

where B,, picks up constant parameters. Note that the unskilled wage depends on both the overall
technological frontier Ar and the degree of technology adoption captured in z.

Lastly, total assets B in the economy consist of physical capital, ownership of production sector
firms, and ownership of research firms, i.e., intellectual property

B:K+M~V+A-Vlad°pted+(AF—A)~/ Vi(r)dF (1),

0

where the second term adds the value of firms in the production sector, the third term includes the
value of adopted ideas, and the final term adds the value of ideas not yet adopted, taking into account
that innovations closer to adoption are more valuable with 7 = sup{7;};ca,, and dF () keeps track

21Using total labor H + L instead of unskilled labor engaged in production to define capital intensity only impacts the
constant term.
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of the distribution of waiting times.

Efficiency. The allocation of skilled labor will be generically inefficient, and depends on externalities
in both innovation and technology adoption. In the appendix, I derive the socially optimal allocation
of skilled labor where the only margin the social planner decides on is the allocation of skilled labor
across sectors, taking endogenous firm entry in the production sector as given. *> To provide the
key intuition, I focus on the case with low effective discount rate, i.e., 5 — 0, which pins down the
constrained efficient allocation of skilled labor in closed form, where SP denotes the planner solution
and DC the decentralized one

hD SP B 5 1

<hF) =T g9 (31)
hD DC B B 1 1

(hF) T—6a V17 e (32)

Private and planner allocation differ in four ways. Three of which are standard and arise due to in-
efficiencies in the research sector, as elaborated in Jones (1995): a markup distortion for o < 1, a
negative dynamic knowledge externalities for ¢ < 0, and a congestion externality for A < 1.7

The novel feature is the externality associated with technology adoption, whereby spillovers at
entry lead to too little adoption. The reason is that incumbents do not internalize that entrants ben-
efit from their adoption efforts. This mechanism is captured in (32) by the term 2*9- > 0. The

(1-0)gr
inefficiency disappears when dx = —g;,, which can be interpreted as incumbents creating additional

spin-off establishments at an exogenous rate, which exactly matches the overall population growth
rate so that gross entry is zero. If so, firms fully internalize the benefits of adoption.?*

Whether the autarky decentralized allocation is efficient or not is crucial to understanding the im-
pact of market integration on growth, see Atkeson and Burstein (2010) and Perla, Tonetti, and Waugh
(2021). When there is underinvestment in technology adoption to begin with, which is then ampli-
fied by specialization in innovation in the open economy, then the model can generate sluggish and
uneven growth patterns in the aftermath of market integration across asymmetric countries.?

22The model is not well-suited to study this margin. For one, the fact that adoption has to happen on the firm level means
there is a strange incentive to curtail firm entry. Moreover, I took out scale effects in the production sector using the produc-
1

tivity shifter M, °~', which introduces inefficiencies unrelated to the key tradeoff of allocating skilled labor to innovation or
adoption.

23Note that Jones (1995) finds that for reasonable parameterizations the decentralized allocation features too little innova-
tion. Jones’ conclusion is partly driven by the assumption that the production sector is efficient. In a model with technology
adoption, this tradeoff becomes more interesting since technology adoption features externalities as well.

24The influential model of technology adoption of Parente and Prescott (1994) can be understood as an efficient knife edge
case where 0x = g7, = 0 with exogenous frontier growth.

251n contrast to learning spillovers at entry, Lucas (2009b), Lucas and Moll (2014), Perla and Tonetti (2014), Perla, Tonetti, and
Waugh (2021) highlight knowledge spillovers among incumbents. Two comments are in order. First, note that the spillovers
in Perla and Tonetti (2014) and Perla, Tonetti, and Waugh (2021) could be re-interpreted as spillovers to entrants if the lowest
productive firms, which are the adopters in their setting, were to be replaced by new entrants. The point is, the mechanics of
the spillover are very similar. The framework of Lucas (2009b) and Lucas and Moll (2014) is different as agents continuously
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Extensions. The appendix explores several extensions, including heterogeneous firms with imper-
fect knowledge spillover, complementary public investments to spur technology adoption, the role
of immigration, skilled labor in the cost of entry in the production sector, skilled labor directly in
the production function, and endogenous skilled labor supply. Movements in the skill premium are
key to generating adverse technology adoption effects, and any extension that weakens this channel
weakens the mechanism’s strength. Of course, however elastic skilled labor is, it appears not elas-
tic enough to undo the substantial increase in the skill premium observed over the past couple of
decades.

3 Open Economy

In this section, I generalize the setup to a multi-country open economy model. Countries differ in
only two dimensions: research productivity +,, relative skill endowment Ao ,, Wheren € {1,..., N}
is a country index of a total of V countries.?® Non-research related technology including the adoption
technology are identical across countries. We shall see that this minimal amount of heterogeneity is
sufficient to generate a realistic cross-country income distribution.

International Trade. Countries frictionlessly trade an undifferentiated final good.?”” Capital goods
are produced locally to avoid the complex issues of offshoring. Importantly, even if a domestic idea
is embodied in foreign capital abroad, the domestic inventor still receives profits coming from the
markup applied to the capital good. Trade thus occurs to compensate foreign technology owners for
access to their intellectual property, similar to Burstein and Monge-Naranjo (2009) and McGrattan
and Prescott (2010).

Adoption in the Open Economy. The problem of a production sector intermediates goods producer,

conditional on prices, remains unchanged in the sense that along a balanced growth path firms spend
Ap

j.
This makes the model very tractable as all local feedback effects from innovation are captured in

a constant fraction of their operating profits on technology adoption, and I still have h; ; =

the relative price of skill, s;. The only difference for production sector firms is that they now adopt
technology from the world technological frontier, which is the sum of all ideas in each country,
AY = > on Arn.

A desirable feature of the framework is that it delivers a coherent theory of scale effects across
countries, which in this context concerns the link between country size and productivity. Note that
most standard growth (and trade models) predict a positive link between country size and productivity

learn from another. I note that adding additional adoption spillovers among incumbents amplifies the main mechanism and
renders inefficient adoption more likely.

26 Allowing for heterogeneous country size Ly, is an easy extension pursued in the quantitative section.

?’Intermediate goods trade a la Krugman (1980) can be added without complication. Exporting neither raises nor reduces
normalized profits of firms producing differentiated varieties, so this margin doesn’t interact with the incentives to adopt
technology.
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at odds with the data.?®

Proposition 6. A country’srelative productivity is determined by the relative amount of skilled labor devoted
to technology adoption, and the overall importance of skilled labor in adopting technology parametrized by
the advantage of backwardness (1 — 0) and static diminishing returns to adoption (5)

B B
hig\*° hor % A wg .

: —(fpE) T Lk Wk g . 33
(’Mj) (hD,j) A vkjel 33)

J wy

The proposition follows from noting that the normalized measure of firms, m, will be identical
across countries. Consequently, the relative share of skilled labor devoted to adoption, Ap, is pro-
portional to the actual number of skilled workers within each firm, h;. This, in turn, pins down the
technology adoption gap and thus productivity. Note that productivity here refers to the rate at which
production sector firms turn physical inputs into physical output, which is a simple metric that also
determines unskilled worker wages.” The model highlights the elevated role of skill in technology
adoption, which is consistent both with causal micro evidence (Foster and Rosenzweig, 1996; Foster
and Rosenzweig, 2010) and the aggregate relationship between skill and GDP per capita. The setup
thus reconciles the findings Mankiw, Romer, and Weil (1992), which focuses on human capital differ-
ences across countries, with Parente and Prescott (1994) emphasizing technology adoption and TFP
differences as the key driver of cross-country inequality.

While I maintain the non-rivalry of ideas, equation (33) makes clear that there is no link between
country size and productivity precisely because smaller countries can adopt technology invented else-
where. This is why the technological frontier has to be modeled as a global one: If countries were to
adopt only their own local innovations, a skill-rich but small country like Denmark would be a poor
place. Technically, the key to generating realistic scale effects is to note that endogenous firm entry
in the economy ensure that a country that is twice as large requires twice as many skilled workers to
keep the amount of skilled labor devoted to technology adoption constant within each firm.*°

283ee Alesina, Spolaore, and Wacziarg (2005) for a summary of empirical work on the issue, and Ramondo, Rodriguez-Clare,
and Saborio-Rodriguez (2016) for recent work in international trade. In related work, Gross and Klein (2024) differentiate
between local and global ideas to deal with cross-country scale effects.

21t need not coincide with an aggregate measure of productivity that aims to incorporate gains from trade, see Burstein and
Cravino (2015) for an in-depth discussion. More generally, the two-sector model does not map easily into standard national
accounting practice. Note that most of technology adoption on the firm level is likely misattributed to production and implicit
in standard wage contracts. Similarly, the notion of R&D is a restrictive one as not every innovation is associated with expen-
diture aimed for patentable intellectual property. My strategy is the quantitative section is to apply a broadly defined notion of
research activity and match the employment share associated with this activity. My focus on the term A = zAr as productivity
is consistent with micro-level TFP estimation on the establishment-level in the production sector. This also turns out to be the
key metric for unskilled workers later defined as non-college, which constitute the lion share of employment even in advanced
economies.

30The role of endogenous entry in dealing with scale effects is reminiscent of Young (1998). It seems a natural assumption
in the context of adoption since any one idea needs to be adopted multiple times in different firms highlighting the rivalrous
nature of technology adoption. The idea the scale effects disappear in the cross-section of countries once technology is adopted
or diffuses is not new, and already implicit in Nelson and Phelps (1966). The contribution here is to provide an explicit micro-
foundation that tractably embeds this into a model where technology is endogenous, and responds to technology adoption
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One caveat is in order. If skill is key, and skill is scarce in poor countries, it ought to be true that the
price of skill is high in poorer countries. While skill premia tend to be higher in poor countries, they
are not as high as a standard model of neoclassical production with two types of labor like Mankiw,
Romer, and Weil (1992) would suggest, see Caselli and Coleman (2006). In the open economy, this
concern will be largely irrelevant due to endogenous specialization in innovation related to the classic
factor price equalization theorem in international trade due to Stolper and Samuelson (1941).%!

Technology adoption makes the global idea stock useful for the local economy, and in particu-
lar raises labor productivity and real wages of unskilled workers. I emphasize that the allocation of
skilled labor to adoption, h;, is an endogenous outcome in the framework and not only depends on
the relative skilled labor endowment, A, but also on endogenous specialization in innovation in
the open economy creating a tradeoff between between innovation and adoption that impacts both
growth and inequality, which I turn to next.

Innovation in the Open Economy. The knowledge spillover is global in the integrated equilibrium,*?

. . . . AW)? Hg .
but otherwise the same law of motion as in the closed economy applies, Ag , = (ar) e where W de-

TRk
(HF,k: )I—A
notes world aggregates. Entry is subject to the familiar local congestion externality fg ; = L’”T
Using the same normalized variables as in the closed economy, the variable x; := ‘:FV'J“ denotes the
. F
share of ideas developed in country k along a balanced growth path *
A
VhE
Xk = ’ (34)
gFaEV
wy 1—¢

where aff = (ATF) and hp = Hz"“.

In the absence of trade cost the value of an innovation, Vi, is unrelated to where the idea was
invented so there is no country subscript. Consequently, I can use the free entry condition, V =
frrwnk (AY) —¢ , to derive countries’ relative research effort as a function of skilled worker wages and

1-A
hM) _ Ok WHn

research productivities ( Vn. Note that the ratio of skilled wages across countries

hF,n Yn WH Kk
1—6—3 8
. . . . . . Sk X 1-6 . —1—9
is a function of the relative skill premia, — 2~ = S2ULE — ( 5k since wr, p x 2, AY oc s, 1 AY.
Y WH n SnWL n Sn ) F k F

Together with the resource constraint in (34), differences in skill premia and fundamental research
productivities are the only determinants of the share of ideas yy,

choices.
31The more challenging problem is to generate low skill premia when the emerging market is in autarky. A skill-intensive
endogenous technology adoption choice provides some help in this regard as I show in the quantitative section.
32See Grossman and Helpman (1991a) for an in-depth discussion of this issue. Global knowledge spillovers seem a natural
assumption in a model of long-run growth. The knowledge spillover is assumed to be local in autarky.
. w -~ A
3Note A, = vk (AYV) ¢ h?,kL so along a balanced growth path “% = h?’kL Ay (4 Sl = b

Ap,k gray
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1 1—-8—60 X

A 1-6 1-—X

Y S
S (35)

1 B A
1—X 1—6 1—X
Zn Tn o Sn

Equation (35) takes the familiar logit-form pervasive in the trade literature since Eaton and Kortum

Xk =

(2002) depending on productivities and prices.
To guarantee a well-behaved open economy equilibrium, I impose the following assumption en-
suring that the share of ideas produced in a country is falling in the skill premium.

Assumption 2. Assumethat <1 —6.

Once imposed, the model is well behaved. Since the knowledge spillover is global, and the con-
gestion force local, no one country will capture the entire market for ideas.

To solve for the total amount of skilled labor devoted to innovation, I have to pin down the actual
value V1, which now depends on innovator profits across all countries but is otherwise unchanged

Vi = #gi&;’ ; w2 (36)
Equation (36) highlights the role of adoption gaps across countries in determining the value of in-
novation. There is a direct negative effect of adoption gaps through wait times, zﬁ, and an indirect
effect through the wage w,, o z, AY where higher real wages imply a larger market.

I show in the appendix how to combine (34), (35), and(36) to obtain the relative share of skilled
labor in innovation in country k that is consistent with free entry in the integrated equilibrium.

Propesition 7. Demand for skilled labor in innovation equals

1 1-B8—60 1

T—X -0 1—X B s
Vi Sk 3 25 (1475
hF,k = AFO 1 1—8—6 X Sn (37)
I—Xx _, "1-6 1—X
Zn Yn  Sn n

where Apo picks up terms that are constant along a balanced growth path.

Market Clearing. Combining (37) with aggregate relative demand for skilled labor in adoption,

hpi = /S\—:, delivers the key market clearing condition that pins down all other endogenous variables
= 55 s 2 ( )
AD AFO’}/17 S = = —1—9 1+
htotre = =+ e i) DL (38)
k Zn 77;7A37L -6 T-Xx T

Given a set of skill premia solving (38), each countries’ research share and technology adoption gap

A
follows directly {xn, Z }neq1,.., v}, as well as the normalized world technology ay = %.34

34To pin down the open economy equilibrium, a simple algorithm based on market clearing in equation (38) works well
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Patterns of Trade. Trade is unbalanced. Countries more specialized in innovation earn royalties
abroad, matched by final goods flows from the net importers of technology
o—1 Yk
t_trade_inflowy, = ——a(1—a) YV |xp — o
net_trade_in flowy, . a(l—a) [Xk YW}
where YW = 3" 'Y, is world GDP. The patterns of net trade depend on the vector of fundamental
research productivity {~, } and skill endowment {ht,,, }, allowing for both Ricardian technology dif-
ferences and Heckscher-Ohlin factor endowment differences. In an equilibrium where technology
is largely produced in the West due to higher research productivity or greater skill endowments, final
goods flow from East to West as compensation for technology usage.

3.1 Globalization, Growth, and Inequality

Two points are noteworthy about the relationship between international trade and growth. First, in
this simple model the trade elasticity of the final good is infinite, which implies that final goods trade is
notimportantin itself. However, trade allows countries to access foreign technology by compensating
the owners of foreign technology with shipments in terms of the final good. Second, gains from
integration can be large even when trade flows are relatively small because access to ideas doesn’t
require that the entire capital good is shipped across countries. It suffices to pay a royalty to the
foreign country, constituting only a fraction of the value of the capital good.*

The model admits a simple sufficient statistic for the long-run wage effects of market integration,
similar to Arkolakis, Costinot, and Rodriguez-Clare (2012) (henceforth ACR).

Proposition 8. The ratio of unskilled worker wages in the open economy vs. closed economy for some country

where the skill premium is raised whenever there is excess demand for skilled labor in a country using

AQ-9)-8 1

1—6 T—X 7%(1+£)
s ¢
zﬂ:n

1
Ap 1 Apoy™—*sy,
1 1—B8—6 X

htot,k htot,k- 1—Xx_ ~1-6 1—-x
Zn n Sn

[
S =

where the new starting point s ncq¢ uses a simple relaxation scheme sy nezt = asj, + (1 — &) s, & € (0, 1). I'verify that this
procedure converges to the same solution for different starting values. I am not aware of a general uniqueness proof for the
multi-country version of this model. After inspecting the market clearing condition in (38), the reader will note that neither
the gross substitutes property used in Alvarez and Lucas (2007), nor uniqueness proofs based on non-homogenous integral
_ B (145
equations as in Allen and Arkolakis (2014) apply, because of the term 3}~ s, 1=0 ( Taa )
across countries absent from standard trade models.
35A country in my baseline calibration would have to export 14% of its final output when its entire idea stock is held by
foreigners. In contrast, in a symmetric equilibrium where every country holds an even share of global technology with suffi-
ciently rich financial markets, no goods would have to be shipped whatsoever as net trade flows are zero and trade in financial
asset would render trade in final goods redundant.

which causes an interdependency
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where I netted out long-run growth. The effect on skilled worker wages follows T = e
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~eresea - The key distinction to ACR is that the change of the skill premium forms part of the sufficient
statistic accounting for movements in the technology adoption gap.
The impact of market integration on the technological frontier are captured in increasing inno-

A
. . gEET N\ -9 . . . .
vative effort in the home economy (h%‘d) and gains from ideas developed in other countries,
F.k

1
(X—lk) m, which depend on a constant scale elasticity ﬁ as well as the share of ideas developed in
the home economy. If this share is small, the gains are large. The logic is the same as in ACR where
a large import share suggest a country has much to lose if it fell back to autarky. The novel feature
in (39) is the endogenous adoption margin which shows up in the skill price ratio (;:%) _%. An
increase in the skill price ratio, ceteris paribus, hurts unskilled workers. The reason is that a ris-
ing skill premium leads to less domestic technology adoption, which allows for a richer response of
market integration on growth. In particular, the effects are now dependent on whether the country
integrates with similar or very different trading partners in terms of research productivity and skill
endowments, {7y, Atot,n }-

Consider first integration between symmetric countries with -y, = 7, Atot,n, = htot V1. This benign
scenario delivers the standard variety gains from trade without negative distributional effects, and no

changes in the adoption gap, summarized in the following proposition.

Proposition 9. Symmetric integration leaves the skill premium and the technology adoption gap unchanged
relative to autarky, and raises income by a factor of N =3

The proposition follows from noting that for symmetric countries the open economy market clear-
ing condition in (38) collapses to the closed economy. Consequently, skill premium and adoption gap
don’t respond in the long run. By symmetry, every country produces a fraction 3, of ideas, and plug-
ging this into (39) completes the proof.>® In the case of symmetric integration, real wage gains accrue
to all workers without adverse inequality effects. The strength of this response depends on ¢, i.e.,
how much harder ideas are to find. This result contrasts with the case of asymmetric integration
described next.

In the case of asymmetric integration, the impact of market integration is ambiguous. First,

open \ 725 =
note that the term (ﬁ%) o (Xik) "% will lead to the usual gains driven by technological fron-
'F. k
tier growth. The non-standard effect arises from the negative link between technology adoption and

36This result is reminiscent of Krugman (1980) where trade integration induces variety gains but leaves the measure of vari-
eties in each country unchanged.
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the skill premium captured in the last term. If market integration raises the skill premium, then the
overall effect on the absolute wages of unskilled labor can easily turn negative, and productivity of
production sector firms may fall. Even so, it is easy to prove that skilled workers always gain given
B <1-6.

Figure 2 summarizes the main argument of this paper graphically where a demand-driven expan-
sion of the research sector in a globalized world leads to a reduction in technology adoption. In gen-
eral equilibrium these interdependencies are transmitted through an increase in the skill premium.
Whether positive innovation or negative adoption effects dominate is a quantitative question. More-
over, the previous discussion was restricted to long-run level effects ignoring transitional dynamics.
I next calibrate a more general version of the model to explore these questions quantitatively.

Figure 2. Open Economy Market Clearing for Skilled Labor

gopen

Innovation (hp) Adoption (hp)

4 Quantification

I quantify a version of the model to explain three striking features of global growth since the mid 90s,
two of which are depicted in figure 3.

First, strong growth in emerging markets, especially Eastern Europe and China, have lead to a
decline in global inequality measured as dispersion in income per capita across countries. Using
PPP-adjusted GDP per capita form the PWT, the cross-country Gini index declines by around seven
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Figure 3. Cross-Country Convergence and Within-Country Divergence
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The data is based on the World Inequality Database, see Alvaredo et al. (2020). The gini index is computed over the whole
population and uses pre-tax income, split concept. Aggregates are employment-weighted averages within each country group,
where I compute the within-country Gini index using a 3-year moving average. Country income is based on ppp-adjusted
output per capita using PWT V10. Country list for Western Europe: Austria, Belgium, Denmark, Finland, France, Germany,
Iceland, Luxembourg, Netherlands, Norway, Sweden, Switzerland, United Kingdom; Country list for Eastern Europe: Alba-
nia, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Montenegro, Poland,
Romania, Serbia, Slovakia, Slovenia. I do not consider Southern European countries.

pp. from 1995 to 2015 when focusing on a set of West and East European economies.*” Second, within-
country income inequality went up substantially. When measured in terms of pre-tax per capita in-
come the rise in within-country inequality matches the decline in cross-country inequality.

Third, while per capita growth was exceptional in Eastern Europe and some parts of Asia, per
capita growth in the West was abysmal during this episode of rising market integration. This is par-
ticular puzzling against the backdrop of rising research effort and strong patent growth, a common
proxy for innovation. I showcase this for the German economy, which has long-run administrative
matched employer-employee data including information on worker education, and is a major pro-
ducer of frontier technology. The left panel in figure 4 contrasts strong patent growth against weak
wage growth. While wage growth and patent growth moved in lock-step at the beginning of the sam-
ple, they diverge since the 1990s when patenting takes off and wage growth begins to slow down. The
right panel in figure 4 documents the increasing total employment share in the research sector, here
broadly defined including headquarter services, IT, and Finance. The model developed can account

account qualitatively for all these patterns using one simple framework that takes into account the

37Convergence is not uniform, and many countries, especially in Africa, have seen much less catchup growth, if at all. See
Milanovic (2016) for an in-depth discussion of global convergence. The focus on Europe is simply due to easily comparable

data series.
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Figure 4. Growth, Patents, and Inequality in Germany
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Data for patents comes from the Crios Patstata database, see Coffano and Tarasconi (2014). Wage data is computed based on the PWT version 09, combining real national gdp (not PPP) with their measure
of the labor share and dividing thorough by the total population. Patents are normalized so that the wage level and patent level coincide in 1984. GDP per capita growth does better than wages, but
still grows substantially below trend, leading to an overall growth slowdown. Employment shares in production and research sector are based on IAB data for West Germany with additional details in
the appendix. This classification can be carried out using different sectoral codes (broad vs. narrow where the narrower codes are unavailable for earlier periods) and a question arises whether IT and

finance belong into the research or production sector.
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interplay of innovation and technology adoption in a globalized world.

I next explore how far quantitatively the model can go in rationalizing these empirical patterns.
To do so, I generalize the model along three dimensions. First, I introduce exogenous innovator death
shocks that arrive at rate d;. These shocks hit both adopted and unadopted ideas, which innovators
take into account when entering the research sector, and lead to a simple generalization of the base-

line model with generalized waiting time, 7, =

Tt
convergence dynamics, as well as entry and exit dynamics consistent with the data. Second, I now
allow for differences in country size L,,. Third, I introduce a technology adoption friction up < 1
operating in the emerging market in autarky similar to Parente and Prescott (1994) to avoid a coun-

log z+

ff,H'T gA(z)+érde

. Idea death shocks lead to more realistic

terfactually large autarky skill premium in the emerging market explained in more detail below.

Calibration. To quantify the aggregate implications of the theory I have to pin down a set of param-
eters © = {p,a, 0,0, f5,0x, {Ln}, {tn}, {7}, 01, v, 8,0, X\, {htot,n }, gr. } Where the inner parentheses

and subscript n indicate that the parameters are set separately for each country.

Externally set parameters. I set the capital share equal to .4, capital depreciation equals 5%, and the
discount rate is 5%, which, together with income growth of one percent, gr = 1%, implies a long-run
real rate of 6% consistent with stock market returns. I set the elasticity of substitution across inter-
mediate goods varieties equal to 2.5, consistent with evidence from Broda and Weinstein (2006). I set
firm exit rates in the production and research sector equal to 4%, i.e., dx = & = .04.>® These num-
bers line up well with German establishment micro data from the IAB, where I split establishments

into research-intensive and production-intensive firms consistent with the two-sector structure of the

38Recall that the higher the arrival rate of death shocks (dx) in the production sector, the stronger is the adoption externality.
I choose conservative values that are lower than the empirical estimates from Garcia-Macia, Hsieh, and Klenow (2019) (ranging

from 8% to 4% depending on firm age and time period), Peters and Walsh (2019) (5.4%), or Sampson (2023) (10%).
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model.
Adoption. The implications of the theory hinge on the importance of technology adoption, which
directly relates to the ratio %. Cross-country inequality and growth patterns are informative about

the ratio % since real wage differences for unskilled workers across countries in the steady state
equal
B8
Wy _ hD,n 1-9 . (40)
wr hp, k

Conditional on a distribution of the relative amount of skilled labor devoted to adoption across coun-
tries {hp .}, the parameters (6, ) translate this distribution into observed cross country unskilled
wage inequality.
Taking logs of (40) and adding measurement error u allows me to back out % by running the
following regression
logzn: = a+ 0+ 12510ghp e + tny (41)

The slope coefficient equals % where I proxy for unskilled worker wages using GDP per capita and
I proxy for hp using the relative share of college-educated workers in each country, i.e. hit. This
approach only works for countries that do little innovation and I thus drop countries above the 90th
percentile in terms of output per worker, which account for most innovative effort in the world.*
Figure 5 shows a simple cross-sectional plot between the relative share of skilled labor and output
per worker using the PWT and the Barro and Lee (2013), with an R-square of .55. The skill share is
measured as the ratio of workers that have complete tertiary education relative to those who don’t
consistent with the model. The resulting regression coefficient when dropping the top 10% of richest
countries equals 0.74 with robust standard error 0.07 .

While this identifies the ratio 1%, I need to pin down each parameter individually. To do so, I
chose 0 such that the model is consistent with catch-up growth convergence patterns across countries.
Barro’s “Iron law” (Barro, 1991) suggests countries converge at a rate of 2%, i.e., the coefficient in
the cross-country convergence regression, after controlling for additional covariates such as human
capital is close to —.02. I linearize the law of motion of z to show that the advantage of backwardness
1 — @ is the key parameter governing this speed of convergence

Z

~ (1—-0)(gr+ 1) (logzss —log z:) + B (gr + 61) (log hss — log hy) .

If 6; + gr = 5%, a reasonable estimate for 6 is 0.55 which ensures that 35 ~ —.02. This is consistent
with Lucas (2009a)’s calibration of the same advantage of backwardness parameter. In that case, the

31n closed economies the approach would not work since country-specific technological frontiers would confound the link
between relative skill endowments and real wages, hence I run this cross-sectional regression in 2015 to capture the post-
integration state.
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Figure 5. Relative High-Skill Share and Output p.c.
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The plot combines ppp-adjusted output per worker from PWT 9.1 with the Barro and Lee (2013) dataset on schooling for a
cross-section of countries in 2015. I equate high-skilled labor with the share of completed tertiary education of the population,
and low-skilled labor is its complement. The colored dots refer to Congo, Brazil, and Germany in this order from left to right.
When implementing the linear regression I use lagged skill ratios as instrument to deal with measurement error in a two-stage
least square regression.

implied parameter is 3 = .35.

Innovation. The long-run frontier growth rate is endogenous, and equals ﬁ gr.. To keep the model
simple, I will assume a constant long-run labor force growth rate g;, = 2% with fixed high-skill vs.
low-skill shares.*

I assume a dynamic knowledge externality of ¢ = —1 in the baseline calibration. This parameter-
ization is more optimistic than what the evidence in Bloom et al. (2020) suggests closer to ¢ = —1.5.
Two aspects are noteworthy. First, because there is an endogenous technology adoption gap, the
mapping between research effort and productivity is more complicated than in Bloom et al. (2020):
the framework here highlights that ideas may appear harder to find, in part, because less ideas are
adopted. Second, the sluggish response of advanced economies’ GDP growth to globalization makes
it unlikely that this parameters is large and positive. Calibrating the model using a more optimistic
dynamic externality leads to counterfactually strong growth for all countries.

To calibrate the congestion force \,* I note that cross-country specialization in innovation should

40Slowing population growth and rising educational attainment represent two confounding factors that push in opposite
direction: slowing population growth reduces long-run growth in idea-based growth models (Jones, 1995) while rising educa-
tional attainment is pushing the other way. The model developed here could in principled be used to study this tradeoff, but
one would have to think harder about selection into schooling, and the substitutability between skilled and unskilled workers
in production vs. technology adoption vs. innovation. These are important issues for future work.

“My congestion externality differs slightly from Jones (1995)’s original setting with fg o HF“AAI? , where the frontier
growth rate equals gr = ﬁ gr- If countries have different population sizes and the static congestion is local (which is what
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contain information on this parameter. If research productivity among innovating countries was
identical, v,, = ~, the model would imply a log-linear relationship between the share of ideas Y,
the total number of researchers H, and country size measured in terms of the unskilled labor force
L in steady state

log xn = ag + Alog Hp p, + (1 — A) log L,,. (42)

I assume that research productivity is similar across advanced economies,* and I approximate the
share of ideas from country n using average internationally protected patents from country n over
the period 2011-2019. Note that I use recent flows to proxy for the stock of ideas, which works in steady
state. Combining these assumptions with data on the total number of researchers and total employ-
ment from the OECD “Science, Technology, and Innovation” database allows me to use (42) to obtain
estimates for A. The fit between total number of researchers and patenting is almost perfect with an
elasticity of unity, and a correlation of .97, see figure 2?2, providing some justification for assuming
identical research productivity across advanced economies.*® The fact that global patents are tightly
related to a country’s number of researchers, which, among rich countries, is tightly correlated with
country size, highlights once more why a multi-country semi-endogenous growth model is the right
model to study long-run growth. Scale matters, and scale differs across countries.

one would like for a well-behaved open economy equilibrium), it is preferable to use the ratio of researchers to unskilled labor

1-X
(%) . Otherwise, a strong counterfactual bias toward innovation in small countries would emerge since the total number

of researchers of a small country is generically smaller.

“While Sampson (2023) provides evidence that sectoral research productivity differs across countries, he finds that differ-
ences are much larger across emerging vis-a-vis advanced economies. Sectoral heterogeneity likely overstate differences in
aggregate research productivity. I thus view his findings as broadly consistent with the spirit of my exercise.

43While Sampson (2023) provides evidence that sectoral research productivity differs across countries, he finds that differ-
ences are much larger across emerging vis-a-vis advanced economies. Sectoral heterogeneity likely overstate differences in
aggregate research productivity. I thus view his findings as broadly consistent with the spirit of my exercise.
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Figure 6. Specialization in Innovation
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The plot uses data from the OECD “science, technology, and innovation” database. I plot
patents flied under the PCT (global patents) against and the total number of researchers simi-
lar to Bloom et al. (2020). The set of countries is the same as in the previous plot for the West.
Each dot represents a simple average within each country over the period 2011-2019 to avoid
the confounding influence of the financial crisis and the pandemic.

Running cross-sectional regressions based on (42) with both total employment and number of re-
searchers is challenging due to high multicollinearity and obvious endogeneity concerns. Nonethe-
less, I run a linear regression with details deferred to the appendix that suggest a reasonable value
of A around .98. Since small differences in research productivity and skill endowments are likely to
induce an upward bias, I make a back of the envelope adjustment and use A = .9 as my baseline value.

I am left with the following parameters {fg, {L,}, {itn}, {7}, ¥, {Ptot,n }}. I assume that Aty in the
advanced economy is .15, roughly consistent with data from Barro and Lee (2013) over the period 1980
- 2015, and similar to the high skill-low-skill ratio in Acemoglu et al. (2018). I target a skill premium
of s = 1.6 in the initial equilibrium for the advanced economy based on Buera et al. (2022), and I
target a relative productivity level of z = .75 in advanced economies in autarky, which means that
the waiting time for an idea to be adopted equals 5.7 years. Since I don’t have firm heterogeneity, the
reader should think of this waiting time as the moment when the product has reached substantial
market penetration,* and not the first time the capital good is used somewhere in the economy. I
then use z and s to pin down the fixed cost of entry in the production sector as well as the shifter in
the adoption technology { fg, v} = {1.25,.21}. I normalize unskilled labor in the advanced economy
to unity, and assume that the foreign economy is of relative size LT = .66, which roughly lines up
with the relative size of Eastern Europe.” Lastly, I normalize research productivity in the West to

4The number lines up well with the study of Golder and Tellis (1997) which finds that it takes on average six years for a new
consumer durables to achieve substantial market penetration. Of course, adoption gaps have been associated with virtually
any technological innovation, see Griliches (1957) for the classic case of hybrid corn.

4The larger the East, the stronger are the uneven effects of market integration in the West. Moreover, note that I abstract
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unity without loss of generality.

I will consider different values for v* and A, in the quantitative exercise. For the case of asym-

metric integration, I assume v* ~ 0, h;, = .05, which implies that all innovation is produced in the
West. I view this as a central feature of market integration in the 1990s and 2000s, see for instance
the OECD study by Khan and Dernis (2006) which documents a large increase in patenting in Europe
during this period with almost no patenting activity in Eastern Europe.*® In an alternative scenario, I
will assume skill endowment and research productivity in the East converge to the values in the West.
Before I turn to the quantitative exercise, I have to take a stance on the initial equilibrium.
Initial Equilibrium. The initial autarky equilibrium should be consistent with the wage gap across
East and West, and the skill premium within each block. Having close to zero research productivity,
however, would imply a counterfactually large wage gap. I fix this by assuming that the East’s inno-
vation in autarky is easier as it copies technology already invented in the West.*” Moreover, since
skill is relatively scarce in the East, ceteris paribus, the skill premium should be relatively high. In
the data, this is not true and I calibrate the model such that the skill premium in East and West are
the same in autarky. This can be done by imposing a simple technology adoption wedge similar to
Parente and Prescott (1994). Specifically, suppose that there is a market-share reallocation friction
11D aue in @utarky such that the impact of technology adoption on profits is suppressed

aZ7r;:utarky = ,ul*),aut (c-1)(1-aqa),
——

<1

where 0,7 = (0 — 1) (1 — «) is the frictionless benchmark always operating in the West, see Hsieh
and Klenow (2014) for evidence in favor of such reallocation frictions. In a model with endogenous
technology adoption, such frictions reduce the incentive to adopt technology. This suppresses the
demand for skilled labor twofold. Fist, directly through lower demand for skilled labor in the pro-
duction sector, and then indirectly through the equilibrium effect of weak technology adoption on
the present discounted value of innovation. Consequently, the skill premium can be arbitrarily de-
pressed.*® Once markets integrate, this wedge disappears, i.e., Ibopen = 1, which reflects market

away from trade costs and potential bargaining over innovator rents, which would allow me to increase the size of the East and
generate the same impact on the West, see the appendix for extensions along these lines.

4The contribution of Eastern Europe at the time is so small that it ends up in a residual category. For more recent years,
this assumption may be less appropriate, especially with respect to other emerging markets such like China. See

4"The problem here is that the emerging market block I consider is small with a relative size of .39, and the initial income gap,
while large, is not nearly large enough. The model could be applied without this ad-hoc assumption to China, which is a much
larger economy starting out from a lower income level. Because the allocation of skilled labor across sectors is unrelated to
research productivity in autarky, I simply solve for the allocation in the emerging market using the standard solution routine,
and then scale wages by some constant factor, which is meant to capture that copying is easier than innovating. Note that
no matter how easy copying is, as long there is some cost, there is no incentive to do so in the integrated equilibrium since
Bertrand competition would drive profits to zero.

48While this is not the focus of the paper, a skill intensive technology adoption margin provides a promising candidate expla-
nation for low productivity and the weak link between skill scarcity and skill premium. Indeed, Brainerd (1998) summarizes
evidence of low levels of inequality within and across worker groups in the Soviet Union, and I loosely follow this evidence
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reforms in emerging markets.

Lastly, in a world where ideas are harder to find, it is natural to assume that countries develop
the same technology in autarky. While there is no incentive to develop the same idea twice in the
integrated equilibrium, varieties could overlap initially so I need to specify which country holds the
patent to which variety right after market integration. I assume that the West holds a share ( of tech-
nology while the East holds 1 —¢ and provide a micro-foundation based on small quality differences in
the appendix. I discipline this initial process of ownership reallocation in the integrated equilibrium
with the drop in income in the East right after the fall of the Iron Curtain, which was substantial, and
propose a value of ¢ =.99.* Table 1 summarizes parameters and key moments used for the calibra-

tion.
Table 1. Parameterization

Parameter Value Target/Source
Household

0 discount factor 0.05 standard value

Jr pop. growth 0.02 standard value

Rtot rel. skill share 0.15 Barro/Lee (2013)

hioy rel. skill share 0.05 see text

L rel. size 0.66  see text

e init. wage gap 4.0 see text
Production/Adoption

o capital share 0.4 standard value

Ok capital deprecication 0.05 standard value

Ox exit 0.04 IAB data

o substitution 2.5 Broda/Weinstein (2006)

B static curvature 0.35 see text

0 adv. backwardness 0.55 see text

fr entry cost 1.25 skill premium/waiting time

v adoption tech. 0.21 skill premium/waiting time
Innovation

) dyn. externality —1.0 seetext

A congestion 0.9 see text

01 exit innovation 0.04 IAB data

07 research prod. 1 normalization

v* research prod. 0.01 see text

¢ initial idea share 0.99 initial output drop East

Note: The table provides the parameters used in the baseline calibration, which refers to the case of asymmetric integration.

when calibrating the technology adoption wedge in the East so as to match the skill premium in autarky

49Note that the instantaneous change in GDP in the East at time zero equals approximately £ Y* = a(l—a)for¢
close to one, which is the share of output paid to the owners of technology in autarky. For the baseline cahbratlon this implies

a drop of 14.4%.
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Long-Run Effects. I first report the long-run effects of market integration before I turn attention to
transition dynamics. Table 7 reports the results in the form of the cumulative effect, i.e., long-run
level effect relative to a balanced growth path in autarky.

In the case of asymmetric integration where all innovation is produced in the West, wages of
unskilled workers in advanced economies fall by about 13% in real terms. This contrasts with wage
gains for skilled labor of around 12%. Even though the technological frontier increases by 7%, the
adoption gap widens by 20% explaining weak wage growth for unskilled labor in advanced economies.
I also provide a measure of changes in GDP per capita y.°° The negative effect of integration is still
there, but somewhat weaker than the wage effects, consistent with GDP growth performing better
than wage growth data over the past couple of decades, see for instance Autor et al. (2020). The role
of intellectual property accumulation and asset income in the open economy explains this difference.

Figure 7. Long-Run Level Effects

Asymmetric Integration Symmetric Integration

West East West East
Y 1.0 0.0 Y 0.602 0.398
Alogwy, -0.129 1.276 Alogwy, 0.253 1.639
Alogwy 0.123 1.448 Alogwy 0.253 1.584
Alogs 0.252 0.172 Alogs 0.0 -0.056
Alog (y) -0.051 1.22 Alog (y) 0.253 1.614
Alog z -0.196 1.209 Alog z -0.0 1.386
Alog AW 0.067 0.067 Alog AW 0.253 0.253

Note. The table summarizes the long-run effect of market integration on income and inequality. The left panel uses the
baseline calibration, while the right panel assume that skilled labor endowment and research productivity in the East
coincide with the West. Note that the log change in the value of patents is infinite in the case of no innovation in the East
in the integrated equilibrium. The adoption gap is defined relative to the global technological frontier log z, = 3—\;{; . For
things to add up, I thus defined frontier technological growth as Alog AY = log AY — log Ar where Ag refers to the
frontier in autarky, which resides in the West. Note that I net out exogenous long-run growth All%%f for non-stationary
variables.

These negative findings contrast with the growth experience in the East: all workers gain mas-
sively albeit skilled labor gains relatively more. The gains are entirely accounted for by the adoption
of frontier technology. Because adoption is a skill-intensive activity, there is pressure on the skill

50Measuring GDP poses conceptual challenges. An issue arises as to where the value of ideas appears when computing
GDP per capita, which itself might depend on firm’s profit shifting. I propose the following measure, which corresponds to
household consumption per capita. Note that with log utility, households will consume a fraction p of their assets. I thus
approximate real GDP per capita as y := % where B is the value of total household assets. This total value of
assets does not change much because an increase in intellectual property roughly cancels with the relative fall in assets held
in physical capital and production sector firms. However, because capital income is a substantial share of household income,
including this term weakens the overall negative effect.
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premium in emerging markets in spite of virtually zero research effort. Importantly, fast technology
adoption in the East has a feedback effect on innovation in the West in the integrated equilibrium.
This feedback effect induces increasing innovation at the cost of lower technology adoption, with
overall negative long-run effects for the West as a whole.

To understand this long-run effects, note that in the baseline calibration the autarky equilibrium
in the West is characterized by insufficient adoption. The share of skilled labor devoted to adoption
vis-a-vis innovation in the decentralized autarky equilibrium is roughly 40%, whilst a planner would
allocate 2/3rds of the skilled work force to technology adoption.! This inefficiency is amplified in the
open economy explaining the underwhelming impact of globalization on aggregate growth. What is
crucial for this outcome is that i) there are learning externalities in adoption, and ii) dynamic knowl-
edge externalities are sufficiently weak. Intuitively, if ideas are harder to find, shifting skilled labor
into innovation has only modest effects on frontier growth, which are dominated by the negative
impact of reduced technology adoption. An implication of this is that subsidizing innovation in this
model would be counterproductive for unskilled workers in advanced economies: the skill premium
would widen further, and more labor skilled labor would be diverted away from domestic technology
adoption.””

This bleak scenario contrasts with the case of symmetric integration where the gains from mar-
ket integration are positive for all worker groups across all countries. Specifically, wages in advanced
economies go up by 25%. This is, of course, just an instance of proposition 9: symmetric integration
leaves the allocation of skill across sectors unchanged but delivers desirable scale effects as more
skilled workers are engaged in idea production. The pro-growth effects in the case of symmetric
integration without any adverse inequality effects illustrate the more complex link between growth
and globalization. The model is consistent with the beneficial role of increasing integration across
advanced economies in driving strong post-WW2 growth, while simultaneously allowing for the pos-
sibility of uneven and sluggish growth in the aftermath of market integration among asymmetric
countries. The analysis so far has been restricted to long-run effects and I turn to transition dynam-
ics next.

Transition dynamics. To simplify the transition dynamics, I make two additional assumptions. First,

5l An important assumption underlying this welfare analysis hinges on the planner taking a national perspective. A planner
that cares about world output instead faces a different tradeoff. Intuitively, pushing out the frontier helps both the domestic and
foreign economies, so more labor is devoted to producing frontier technology. Any welfare statement thus crucially depends
on whether the scope of the analysis is global or national.

521 find that at for ¢ ~ 0, all workers gain, and skilled workers gain a lot resurrecting the strong pro-growth effect of integra-
tion. Again, the predictions of the theory are directly tied to how much harder ideas are to find. Could it be, then, that all that is
needed to reconcile the effects of the recent globalization wave on growth is a model where ideas are harder to find? Not quite.
Using Jones (1995)’s model the impact of integration on long-run wages are a log-linear function of the increase in the size of
the population. In the integrated equilibrium with only the advanced economy specializing in innovation, market integration

A
delivers an increase in productivity and wages by a factor of (1 + %) =% which is strictly positive. The assumption that

ideas are harder to find is necessary but not sufficient condition, and need to be combined with a model where technology
adoption complements frontier innovation.
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suppose households reinvest a constant fraction xg,y of the final output good in each country where
Xsav = (Zta) - a%ﬁf: is set such that the saving rate is consistent with the long-run supply of
savings from the household sector.>® The second simplification is that I keep the normalized measure
of firms in the production sector fixed at its long-run level m, which is the same in closed and open
economy and across rich and poor countries.”*

Figure 8 plots the transition dynamics of wages and technology in the case of asymmetric integra-

tion. Non-stationary variables are normalized by the long-run growth rate.

Figure 8. Wages & Technology along the Transition Path

0 5 50 75 100 0 25 50 75 100
Year Year

Note. Based on baseline asymmetric calibration. Wages are plotted in logs, and the frontier level of technology is normalized
by L1~ to net out exogenous long-run growth. Grey lines indicate the evolution of the variable in autarky from the point of
view of advanced economies.

The left upper panel highlights that innovation responds quickly to a larger global market as the
technological frontier expands quickly. The overall modest increase in the technological frontier is a
consequence of ideas becoming harder to find. Technology adoption slows in advanced economies,
leading to a widening adoption gap and a declining relative technology level z. In contrast, fast catch-
up growth in emerging market is evident by the increase in the relative technology level z*. The upper

531n principal, one can solve a model with forward-looking household consumption, which would introduce consumption
smoothing and inter-temporal trade. I prefer to simplify, which gives rise to a subtle issue: foreigners now may hold domestic
physical capital.

54The response of endogenous entry in the production sector is both computationally taxing and matters little quantitatively.
I plot the value of firms in the production sector, v, in the appendix, which does not differ by more than 3% compared to its
long-run value suggesting the channel is unimportant.
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right panel plots a jump in the normalized value of an idea, v;, driven by the initial impact of an
increase in market size. This value displays non-monotone dynamics. The slight initial decline is
explained by weak adoption in advanced economies, which is a drag on innovator profits. At the
same time, the positive impact of the emerging market is growing over time as it travels closer to
the technological frontier. Note that technology adoption matters twofold here. First, a rising the
real wage makes the foreign market more attractive. Second, the waiting time 7* is falling over time,
further raising the net present discounted value of an innovation.

The lower two panels plot out the wage effects in each country. Unskilled worker wages grow be-
low trend for a long time in advanced economies as technology adoption is relatively slow-moving.
In contrast, unskilled workers in emerging markets experience exceptional wage growth driven by
the advantage of backwardness. A sufficiently high skill endowment and a relatively large distance to
the technological frontier allows for this exceptional growth spurt. Turning attention to high-skilled
worker wages, they jump up in both countries. If one were to plot out the skill premium for each
country, that skill premium would be falling over time for the emerging market as high returns to
technology adoption when far away from the technological frontier drive up the skill premium be-
yond its long-run value along the transition path. The dynamics in the advanced economy are more
subtle, and non-monotone. The skill premium initially spikes, then eases slightly due to sluggish
adoption in the advanced economy, but eventually climbs again as technology adoption in the East
continues to raise demand for skilled labor in the advanced economy’s research sector.

A key statistic in the model is the relative share of labor devoted to research, defined as HLjL , which
is plotted in figure 9. The dynamics reveal a large initial jump, consistent with the discrete increase
in market size and the forward-looking nature of R&D investment followed by a gentle decline which
eventually gives rise to steady increases in the research employment share. These non-monotone pat-
terns are driven by a falling technology adoption gap in emerging market and its positive feedback
effect on innovation in advanced economies generating long-lasting dynamics. The model predicts
an increase of research employment by roughly one percentage point. The magnitude is in the right
ballpark but still understates the large increase in research employment in Germany plotted in figure
4. A richer model with endogenous skill-accumulation would certainly be able to generate larger ad-
justments. Similarly, the right kind of sectoral adjustment costs would generate a monotone increase
more similar to the data. Of course, neither is key for the basic point I try to tease out here.
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Figure 9. Expanding Research Sector
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The overall weak wage growth hides a great deal of heterogeneity across worker types with essen-
tially zero growth for low-skilled workers, and robust growth for high skilled workers. Figure 20 in
the appendix shows the evolution of the skill premium and the Gini Index in Germany, both of which
shoot up in the mid 1990s, consistent with the model and the impact of market integration on the
returns to innovation. This pattern of robust innovative activity, weak productivity growth, and stag-
nation for unskilled worker wages holds broadly across advanced economies and poses a puzzle for
benchmark models of endogenous growth. A model that acknowledges the importance of technol-
ogy adoption, and considers the impact on globalization on the returns to “local adoption” vis-a-vis
“global innovation” naturally accounts for the decoupling of innovation and unskilled worker wage
growth. Similarly, fast growth in emerging markets, and rising profits and stock market valuations of
multinational companies in advanced economies are perfectly consistent with the increasing value
of innovation in a globalization world.

This bleak scenario contrasts with the benevolent implication of symmetric market integration
as I have argued before. I next plot the transition dynamics for the case when emerging markets
converge in terms of fundamental research productivity and skill endowment to the level of advanced
economies. I assume convergence in fundamentals takes 30 years and the convergence dynamics
mimic the ones implied by a Solow-model with additional details in the appendix.

Initially, symmetric and asymmetric integration do not look very different initially: it takes time
for the emerging market to improve their research productivity and skilled labor supply so in the early
stages of convergence the emerging market largely adopts technology, which drives up the return to
innovation and raises the skill premium, reducing technology adoption in the West. However, in the
long-run it becomes apparent that the impact on unskilled labor is fundamentally different. Innova-
tion abroad pushes out the technological frontier, while simultaneously pushing skilled labor back
into domestic technology adoption. This is good news for unskilled workers, and even skilled workers
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are better off in this scenario as the fall in the skill premium is dominated by overall technological
growth.

Figure 10. Wages & Technology along the Transition Path

0 2 50 7 100 0 25 50 75 100
Year Year

Note. Based on symmetric integration where convergence in innovative capacity and skilled labor endowment takes roughly 30
years, see appendix. Wages are plotted in logs, and the frontier level of technology is normalized by L'~ to net out exogenous
long-run growth. Grey lines indicate the evolution of the variable in autarky from the point of view of advanced economies.

5 Discussion & Conclusion

The model is consistent with a number of empirical facts that have so far only been considered in
isolation: rising innovative effort and an increasing skill premium against the backdrop of sluggish
productivity growth and overall wage stagnation in advanced economies. The key mechanism that
accounts for the puzzling evolution of these secular trends is that innovation in a globalized world po-
tentially comes at the cost of weakened local technology adoption. While a clean causal identification
strategy for a theory of global growth seems out of reach, there are a number of distinct predictions
that are borne out by the model buttressing its plausibility.

Empirical Evidence. The model has distinct implications for the uneven impact of globalization on
innovation and technology adoption. The work of Andrews, Criscuolo, and Gal (2015) and Andrews,
Criscuolo, and Gal (2016) seems largely in line with this interpretation as laggard firms, here firms in
the production sector, seem to be losing out. Anzoategui et al. (2019) use survey data on the diffusion
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of specific technologies in the US and the UK. The latter study is consistent with the important role of
technology adoption in accounting for the growth slowdown although their focus is ultimately tran-
sitory and driven by cyclical variation, in contrast to my framework where a globalization-induced
increase in the skill premium creates persistent level effects.

The model also has distinct implications for regional growth patterns within advanced economies
based on the logic that specialization in innovation vis-a-vis production is extremely uneven across
space: if high-income regions have a persistent advantage in innovation, then market integration
ought to further raise growth in innovative regions within advanced economies. This effect would be
accompanied by a reallocation of skilled labor away from relatively poorer regions and coincide with
weak growth in production-focused regions as technology stalls. I make this argument more carefully
in the working paper version (Trouvain, 2023), and focus on the simple cross-regional growth patterns
for Germany in this version of the paper. Figure 11 plots average wage growth, defined as the total
wage bill of full-time employees over total full-time employment, against the log of the initial average
real wage for a local labor market in West Germany.> Wage growth in the early period from 1986 -
1994 was, on average, higher for laggard regions. These growth patterns are turned upside down in
the 2000s, where high-income places grew relatively fast while laggard regions stagnated.

Figure 11. Regional Convergence in Germany
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Using data from the BHP establishment sample, the figure plots average wage growth against initial the initial average wage in real terms. The
plot shows how growth pre 1994 was biased towards lagging regions, while from 1994 onwards growth was biased towards high income regions.
I stop short of the financial crisis, but have looked at convergence patterns from 2006 - 2015 as well which are mostly neutral with a regression
coefficient statistically indistinguishable from zero at standard levels of significance. See the appendix for plots for high, middle, and low skilled
wages separately. A common concern is that international trade, and in particular import exposure following Autor, Dorn, and Hanson (2013),
fully explains weak growth in laggard regions. To consider the effect of import exposure on wage growth, I run a convergence regression with

an additional import exposure variable as control. Import competition accounts for virtually none of the stagnation in laggard regions.

High income regions are more specialized in innovation, and the changing growth patterns are

55Clearly, German integration poses econometric challenges. However, note that internal integration, at least through the
lens of the model, does not generate a bias towards innovation as skilled labor would earn a high return in Eastern Germany
to help adopt technology. This appears consistent with the timing of both the rise in inequality and the productivity slowdown
that takes hold in the mid 90s and early 2000s.
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consistent with rising returns to innovation in the aftermath of global market integration. Figure 12
highlights both the higher initial specialization in innovation, and the further divergence unfolding
in the 2000s. Moreover, a reallocation of skilled labor from production to innovation intensive re-
gions occurs as can be seen in the right panel where the skill share of innovative regions diverges
from laggard regions. These changing regional convergence patterns are more broadly true across
advanced economies including the USA (Berry and Glaeser, 2005; Ganong and Shoag, 2017; Giannone,
2017; Rubinton, 2020), and thus should be uncontroversial. The important difference to this spatially-
focused literature is that their explanations are based on skill-biased technological change, which is a
force for faster growth. In contrast, in a model with endogenous technology adoption, a meaningful
tradeoff emerges. The general equilibrium structure of the model makes clear that the acceleration
in skill growth in innovative centers comes at the cost of production-focused regions, which could
appropriately be described as brain drain.

Figure 12. Share of College Workers across Regions

Changing Share of Employment in Innovation Share of College Workers
across regional wage deciles across High and Low Income Regions
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These plots compute skill share and employment in innovation across high and low income regions in Germany by grouping regions into wage deciles and computing simple averages. The plots are
purely cross-sectional in the sense that I assign labor markets into bins each year so that for example the set of places in the top bin can change every year. In practice, whether one fixed the income
ranking in 1994 instead does not change the broad patterns. There is substantial sampling variation within each region, however, and the cross sectional plots is smoother, which is why I prefer it.

Finally, the key mechanism is consistent with and provides a micro-foundation for a number of re-
cent studies: using micro data and a causal estimation design based on cross-regional variation, Lewis
(2011), Beaudry, Doms, and Lewis (2010), and Imbert et al. (2022), provide compelling evidence that
a change in the local skill mix towards less skilled workers reduces a local labor market’s adoption of
new technologies.

Alternative Hypotheses. Skill-biased technological change is perhaps the most influential explana-
tions to account for the rise in the skill premium, and wage stagnation of unskilled workers, see Katz
and Murphy (1992) and Bound and Johnson (1992). While the evidence in favor of skill-biased techno-
logical change is strong, it is difficult to square it with overall wage stagnation because even though
skill-biased technical change may favor one worker group over another, it ultimately raises every-
one’s wage, see Acemoglu and Autor (2011) and Autor (2019) for a discussion of this point. A related
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literature has focused on the task-content of work and automation, which can generate more adverse
effects of technological change on specific worker groups, see Autor, Levy, and Murnane (2003) and
Acemoglu and Restrepo (2021). Even so, it is difficult to rationalize overall stagnant wages and slow
productivity growth: while automation may reduce wages for some workers, it should raise overall
GDP growth.”® In contrast, in a model with endogenous skill-intensive adoption, rising inequality
and weak productivity growth go hand in hand.

Another important explanation for weak aggregate growth is declining population growth. In-

terestingly, a slowdown in population growth through the lens of a model where ideas are harder to
find (Jones, 1995) predicts a declining share of labor devoted to innovation. The fact that ever-more
resources are devoted to an activity that is getting harder and harder is puzzling. Taking the role of
globalization seriously resolves this tension as technology adoption in emerging markets sustains in-
novation in advanced economies.
Conclusion. In my calibration, weak domestic technology adoption entirely erases gains from addi-
tional innovation in the aftermath of market integration between advanced economies and emerging
markets. The mechanism can generate sizable real wage losses for unskilled workers in rich coun-
tries, and reconciles weak aggregate growth in advanced economies with rising innovative efforts.

Nonetheless, openness and globalization can play a powerful role in sustaining long-run growth
due to the inherent non-rivalry of ideas when emerging markets converge fully and start to contribute
to the technological frontier. Concerns about the adverse effects of the ability of emerging markets
to compete with advanced economies in the research sector are misplaced through the lens of the
model: innovation in emerging markets would push out the technological frontier, and simultane-
ously induce a reallocation of skilled labor toward adoption activity within advanced economies. This,
in turn, would generate broad-based wage growth across worker groups.
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A Theory Appendix

A.1 Production Firm
A.l.1 Static minimization problem of firm in production sector

Optimality can be split into a number of steps, where first I begin by deriving the efficient demand
for each capital good, =, holding A fixed. Without loss of generality, one can think of the capital
goods z; as contained in the interval [0, A] where fOA dj = A. Given total expenditure on capital goods
[ pjz;dj = pjxwhere [ z;dj = z,1canask how much expenditure is spend on each particular variety.
The problem reads

max foA (%)a dj

43

This well-known problem (Dixit and Stiglitz, 1977) leads to the following first order condition

2z (i) T
Tz Pz

and since the capital goods are homogeneous it follows that x; = x;, Vj, k. As a consequence, the total
o

quantity of each individual capital good variety must read p;z; = %

where the last equality holds
because of the symmetry assumption.

Now I can substitute this into the firm production function and find the minimal cost of producing
one unity of output, given factor prices. This leads to the following cost minimization problem

min wl + Pz T
st (B EDT) () =

The problem further simplifies to

min wl + P T
. 11—«
st (2) (%) =1
which has the convenient Cobb-Douglas structure with labor-augmenting technological change. The
first order conditions lead to the constant ratio of expenditure shares on labor and capital
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capital leads to a marginal (and average) unit cost of

me = (p)* (%) .

Average and marginal cost coincide since the production function features constant returns in capital
and labor, conditional on A.

This constant-marginal cost results is important as it simplifies the firm’s price setting problem,
taking aggregate variables as given. Formally, the problem reads

max, Yp 7 [p—md

which leads to the well-known constant markup over marginal cost,

= mec.
p o—1

This constitutes a solution to the static firm problem. Since profits are strictly decreasing in marginal
cost, it is indeed optimal to achieve lowest cost and then charge a constant markup over marginal
cost.

A.1.2 Dynamic Firm Problem and Adoption Gap

The firms’ adoption problem is summarized in the following HJB equation

Vv (’I"t + 5)() = HlaXﬂ'O (Ai,t) — wH,thi,t + Ai7taAV + V
s.t. | (44)
Ay = vAp P AL B, — S1Aqy,

where dx is an exogenous firm death shock and 94V := g—‘g denotes the partial derivative

To solve the production firm’s adoption problem, it is useful to rewrite the problem using a normal-
ized value function v = %, as well as normalizing the state variable A by Ap, i.e. the state becomes
z. With these assumptions, I obtain a system that is stationary in the steady state. In the log utility
case with r = p + gr along a balanced growth path, this leads to the following recursive formulation

of the firm adoption problem,

v(p+0x) = maxy %(Lz)—sh—i—é:@zv—i—ij
s.t. (45)
z = v29nP — (gp + &) 2.

51



A solution to the program (45) needs to satisfy the following first order condition
) 1
{BVanzv}l’B - h. (46)

Equation (46) captures the tradeoff of the effect on firm value of a marginal increase in h relative to its
cost s. In anticipation of the solution, I derive the derivative of 4 with respect to z and ¢, which yields

Oz 0 — 9. h
i t: = (1-8)%
.V S _ Oth
w_¢ — (1-p)on,

Next, derive the envelope condition of the HJB equation to get

(0.v) (p + 6x) = 9T 43 (0220) + (0 O=1uhP — (gr + 1)) (9:0) + 0.0
(0:0) (p+6x+ (1= 0) (gr + 1)) = 2T 4 2(9.20) + (020) & (2PvhP — 2 (gr + 01)) + (820) {(1 — B) & 4 2}
(0:0) (p+0x + (1= 0) (gr + 1)) = % 1 (9.v) (% + ;) 24 (0.0) {(1-8) %t + £}
proxt(1-0)(gr+o) = Sram (=B kit

Now I can substitute in the first order condition and use the fact that I know the derivative of the
profit function to get

= ﬁ{(p+5x+(1—e)(gF+5I)) . [wzw

v2fhB—1 [ o (o=
= ﬁ{(PJr(str(lfO)(gFJr(sl))fﬁ Sh [ (1— )( 1]

@ It

®» |t
—

> >

Moreover, recall that the law of motion of relative technology reads

f v 1B — (gr +01).
In the steady state, we have that
1- _  1B0A-a)(c—-1)(gr+d) | x° | wz’~"
h - s p+6x+(1—9)(gFF+6II) |:’wL:| (gr+01) (47)
1-0 _ vh? (48)

z gr+01

If we combine these two equations one can see that a constant spending on learning activity follows

hs = BU-a)(@=1)(gr+d) {L]
p+ox+(1-0)(gr+01) |wr
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This leads to an inequality that needs to be satisfied for the equilibrium to be well-defined, namely

Bl—a)(c—1) < L4 (1-9).

The left hand side represents the additional benefit of improving your productivity, which combines
the diminishing returns in learning (/3) with the elasticity of the profit function ((c — 1) (1 — «)). The
right hand side consist of effective costs in steady state, which is related to effective discounting as
well as the advantage of backwardness. The firm needs to take into account that as it climbs up the
technological ladder, the pull force introduced through the advantage of backwardness diminishes.
This gives rise to an endogenous adoption gap as a function of the relative price of skill. Moreover,
climbing up the ladder is costly when discounting is high since the benefits only accrue in the future.”

A.1.3 Q-Theory of Investment

A complementary approach to derive the firm problem is to set up a standard current-value Hamilto-
nian. Written in these terms, an obvious connection to the large literature on investment dynamics
in the presence of adjustment frictions emerges.

The current-value Hamiltonian set up in an environment with stationary aggregates (s = 0,constant
growth rates and interest rates) reads

H=7°—sh+q [Vz‘ghﬁ — (gr + 1) z}
with optimality conditions

H,=0=
Qhﬂfl

s = qprz
H,=—¢+ (r—guw, +)q =
0-7° + qu [v0=""h7 — (g5 +01)] = —du + (r = gu, +0x) @1 =

o z .
07+ a1 |02 = (= gu, + ) + (1 = ) (gr + 1)) | = —du.
Letting ¢, = 9,v, it is immediate that this approach coincides with the envelope conditions used

before.
Next, define the integrating factor ¢; = 0log 2z, — [r — guw,, + 0x + (1 — 0) (gr + 61)] t where the time

5’Note that the size of the fixed cost of entering the production sector impacts technology adoption since h; is proportional
to firm profits. However, hp, i.e., aggregate normalized demand for skilled labor in the production sector is unrelated to fg.

One could break the link between z and fg by assuming that the parameter v is proportional to the fixed cost v = vg - f s,

53



derivative equals ¢; = 0% — ((r — gu, + 0x) + (1 — ) (gr + 61)) . Using this integrating factor, I get
qteCt 4 ethtét _ eCtaZﬁ—O
Dpqre’t = €5 0,7° =

o0 o0
DrqreStdt :/ St 9, 70dt =

t() t()

oo
qtoeCfO — qooec“’ = St d,7odt
where the value g..e%> converges to zero since lim;_,, (; = —oo. Consequently, the proposition in

the main body of the paper follows
Gt = / eS¢ 9, 7%ds
t

0o 0
_ / o [r=u; 05+ (1=0) (gr-+6)] (s—) <Z> o.7°ds.
t 2t

A.1.4 Firm value function off and on the balanced growth path

Suppose that free entry into innovation and production holds. In that case, it must be that fg =
v (t, z) . Now the value function solves the HJB

(r+d6x—guw,)v = maxhg—z —sh+ 2(0,v) + 0.

This dynamic H]JB equation is tied to the free entry condition in a useful way, see the discussion in
Peters and Walsh (2019), which Ileverage in the next steps. Note that totally differentiating fr = v (2, t)
with respect to time ¢ implies Z (0,v) = —0. I use this relationship to simplify the HJB equation where
it must be understood that h solves the dynamic adoption problem. Rearranging yields

x° _sh
C N e ST
where I did not assume anything about the stationarity of any of the variables.

Care must be taken for the case when the free entry condition does not hold. In that case, I can
compute the firm value by piecing together the part of the problem where no entry occurs (so I know
exactly what the measure of firms is and hence can back out profits and the optimal adoption de-
cision) plus the value when free entry is again binding. This is relevant because entry is going to
be responsive to learning activity, which pushes down current profits and might thus command a
smaller measure of firms in equilibrium.
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A.2 Research Sector

Long-run growth rate. To see why the long-run growth rate equals %, rearrange the resource con-

straint in innovation

_ 7\ M1
Ap = vA? (LF) Hy — 01 A =
(gr + 01) = yAR 'hp ™" He
o L A—1 HF
(gF + 01) —W’PhF I
A
ag = vhg
gr + 51

1—¢
where I used the definitions ar = AFL and hy = £ Ttis easy to see now that along a balanced growth
path with positive population growth and ¢ < 1, it must be that gr = ;%£5.°°

Similarly, the law of motion of normalized ideas follows from noting that by definition

ar
—=(1-9¢)gr—9r
ag

- _ A—
and after substituting out gr = vAp " () ' Hy — 4y,

) r AN
== 0) Ay (LF) —L- 61] ~ o1
- B
=(1-9¢) VGFF—(SI}—QL
- _Vhi} gL

which implies

ap = (1— ¢) [fyhf} _ ag (51 + 1“’L¢ﬂ

as in the main text.

58Note that if I had chosen the congestion force using fr = HI}_’\, the link between aggregate per capita growth and pop-
ulation growth would be gr = ﬁ gr,- In an earlier version, I used this exact formulation, which works well in the closed

economy. In the open economy, small countries would have a large incentive to specialize in innovation to the extent that this
congestion externality is “local” as opposed to global.
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Decentralized equilibrium. Assume free entry holds

W o= —f‘;‘“;f’ . (49)

Totally differentiating (49) with respect to time ¢ yields
Vi=Vi((1=X) (9re — 92) + 9w + g5 — bgr) (50)

Hp\1—A
where I used the fact that fg = (Tz .

Recall the expression for the net present value of an idea

v o= jffT exp (— ftu (ry + 01) dv) T du - (51)

Totally differentiating (51) with respect to time yields
. t+7
Vi=—exp (—/ (Tv + 51) dv) T t4r [1 + Tt] + (’I"t + (51) , (52)
t

which expresses the value of an innovation in terms of its properly discounted flow profits, exp (— f:” (ry + 1) dv) T4

[1 + 7], taking into account changes in the waiting time 7, as well as appreciation V;. Combining (50)
and (52) yields

exp (— ftHT (ry + 01) dv) Titr - [1+ 7]
Tt = Guw, — 9s + 01— (1 = X) (9, — g1) + dgr

which is identical to the expression in the paper.

In anticipation of solving for a balanced growth path equilibrium, I normalize the value function
using ©% as normalizing factor so that vy = Vz A%, and by free entry v; = gh%_k. Using this normal-

1zat10n
A%’t exp ( ft (ry + 1) dv)
v = — Trer (14 7¢)
WLt Tt — Guwy, — gs + 01 — (1= A) (95, — 91) + Pgr
t+7
v = A?t xp <_ e () dv) QWL tr Lp,tir (1+7)
= ¢
Wt Tt — Gu, — s + 01 — (1= A) (gme — 91) + dgF  AFt4r2t4r
t+7
exp (_ t (Tv + 01 — Jwy, + ¢gF) d’l)) OCLP o (1 L )
v = T
e = G, = 9s T 00— (L= A) (98, — 9) + bgF Ay [0 21yr '
exXp ( (7’1, +01 — gu, + ¢9F) d’U) l
- t L Qlp t4r (1 + 'f_t)

Tt = Guwy, — gs + 01 — (1 = X) (9m; — 9L) + PIF OF ¢4+ 204+
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1-¢
where hp := & and ap = AFL are normalized variables that are constant along a balanced growth

path.
Given log utility, the real rate equals r = p + gr. Along a balanced growth path, v; simplifies to

exp (— JET 5+ ge o+ 01) dv) alp

P+ gr + 01 apz

p+gr+dr
exp( o logz) alp

/~)+gF+5I apz

1 alpzﬁ
p+gr+0r  ar

whereIused s =7 =0,and gy, = ga = gr = 15’_—L¢, and the definition g = p — gr..
Using free entry and in particular %hé‘A = vy I can derive normalized equilibrium demand for
skilled labor

1

R 1 alngFiél o
T lsptortor ar

vhe

pr leads to

Combining this with the resource constraint for ideas in the steady state, ar =

1 1) s
hF — {~gF+IalpZ-‘7Fi‘SI },
sp+gr+ 01

which is the same expression as in the main part of the paper.

A.2.1 Waiting time for innovator

The waiting time 7 for an innovator’s idea to be adopted can be derived as follows. Recall equation
(15). Use an integrating factor and note that on the balanced growth path with a constant adoption
gap, ga = gr. Normalizing the time of entry to zero (tg = 0) so that calendar time ¢ coincides with
waiting time, I can derive the waiting time as a solution to the following differential equation

W, = —6W; — A, (ga +91).
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Using an integrating factor et

[ Lep(n) W, = — [ exp(6it) Ay (81 + ga) du
exp (0rt) Wy — Wo = —Ag [y eld a5 1 g4) du
exp (01t) Wy — Wy = —A4 fot elo Gdr (¢) du
exp (ort) Wy — Wy = —Ag (efot ga(@)+ods _ 1)

W — Wy exp (—drt) = Agexp (—01t) — A,

Wy — (Ap,o — Ao) exp (—0rt) Agexp (—ort) — Ay
Wy — (Ar,0) exp (—0rt) = —A,
(Ar,0) exp (—6rt) — Agels 9a(wdu = W
(Ap.o) exp (—drt) (1 — zgeds QA(U)-HS]du) _ W,

Now set W (0,t) = 0, which is the point in time when the waiting time is zero. From the previous
derivations it is clear that this happens when

1= zoefot ga(u)t+odu (53)

i.e., the waiting time is implicitly defined by (53). Taking logs and rearranging yields

log 29 B
f(;‘ ga(u)+oidu
t
In general, instead of starting at time zero, entering cohorts start in calendar time ¢ and hit the market
att + 7, so the expression generalizes to

log z;

fttJrT ga(u)+8idu
Y

; (54)

T=-

in line with the claim in the main text.
This waiting time is an endogenous object that depends on inventors’ and adopters’ choices, not
justin ¢ but also in periods going forward. In the steady state, however, the expression collapses to a

simple statistic
log 2z

Cgator

Next, I derive the time derivative 7 which is important to compute transition dynamics. Note that

(54) implies

701 =log Ap; — log Ay -
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I totally differentiate this expression to obtain

drér=gr (t)dt —ga (t +7) (dt +d7) =

dr _ ge(t)—galt+7)
dt gat+7)+0

One might be concerned whether 1 + 7' > 0, i.e., if 7’ > —1. To see that this concern is immaterial
take account of the following fact. Because 8 < 1, the marginal benefit of adopting technology are
infinite so that I can safely assume g4 > —d (if there was no adoption the two would be equal). Then,
I prove by contradiction that 7 < —1 cannot be the case. Suppose 7/ < —1. Then,

- t
gF gA(+T)<_1 N
i+galt+7)
gF—ga(t+7)<=d1—ga(t+71) =
gF<—61.

However, even if there is no research effort whatsoever, the worst frontier growth rate must be at
least as high as —d;. Thus by contradiction it must be that 7 > —1.

A.3 Constrained Planner Problem

The allocation of skilled labor will be generically inefficient, and the inefficiency is central to under-
stand the response of the economy to globalization. I derive the socially optimal allocation of skilled
labor where the only margin the social planner decides on is the allocation of skilled labor between
innovation and adoption taking endogenous firm entry in the production sector as given.*

The planner solves

o0
max e Plog (¢;) dt,
{HF,tyct}tZO/O g( t)

subject to the following constraints

11—«
vo= () )"
K = Y - C - 0K
Ap = VALY HR
i - _ B
A = vA4 G(HMHF) ’

59The model is not well-suited to study this margin. For one, the fact that adoption has to happen on the firm level means
there is a strange incentive to curtail firm entry. Moreover, I took out scale effects in the production sector using the produc-
1

tivity shifter Mt_ 7=1  which introduces inefficiencies unrelated to the key tradeoff of allocating skilled labor to innovation or
adoption.
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and £ =4 =4,
The constrained efficient allocation of skilled labor across innovation and adoption equals

hp \ S B 1[s
(hF> =120 | g +(1=-9), (55)
where SP stands for social planner. Recall the decentralized allocation (DC)
) - ] e
2y = D = 56
(hF -0« |gr 1+”(J[5_"9J§§FL (56)

which generically differs from the planner solution implying that the allocation of skilled labor is
generically inefficient.

I provide a comprehensive discussion of the discrepancy between planner and decentralized allo-
cation next where I isolate the distortions induced by the innovation and adoption margin separately.
To do so, I need to generalize the baseline model to allow for an additional use of skilled labor in pro-
duction, beyond its role in technology adoption. If there is only innovation and adoption, shutting
down one margin makes the allocation trivially efficient. If, on the other hand, there is skilled labor in
innovation, adoption, and production, I can shut down the innovation and adoption margin in turn,
and study under what conditions the decentralized equilibrium coincides with the planner solution.

A.3.1 Solve Planner Problem
The planner takes M and Lp as given, and I can solve for the optimal allocation using a Hamiltonian.

B
H = ma =079 log (¢) + e [(ALp)' ™ K™ = C = 5K | + i |vA? AL (f:;) A

Hpy,

¥ pa, [»yAgth; - 51AF}
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dcC - pxL = e*(p*gL)tl
c
. l—a
. b (ALeY T
dk - K =« ( K > 51@
A My AfLhg
th . _— = B
e GrAral? ()
. _ B
dA - _kAa _ HEK (1 a) (ALp)' " K + |rA?=1AL—0 (hD) - 51]
HA  pa A m
fta HA 9 40 (ho ’ =171\
dAg : ———L =" |1-0)vA"A; () + [¢7AF Lhg — (51}
HAg HAg m

where the equation (dA) implies a link between the marginal utility of an extra unit of capital (ux)

B
oA’ AL0 (hD> — 51]
m

o . (e
it becomes clear that in a steady state 44 = L 4 g; since (ALLP) + [01/1407114113_9 (@)ﬁ - 61} is

and the multiplier (1 4), and after rearranging

fta  prLp ( K >a
St l—a)(—) +
pa  pa ( ) ALy

m
stationary, and f—i = g1, as the relative share of labor devoted to production is constant.

The usual link between marginal product of capital, discounting, and per capita consumption
growth emerges, which pins down the ratio of physical capital to effective labor used for production
(as opposed to entry)

1

K _( o )1“
ALy \p+gr+ 6k '

Note that the planner accumulates more capital than households in the decentralized equilibrium

due to the markup externality. Next, note that ﬁ—;‘ = % Combining (dAr) with (dhg), and recall
F
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p=p—grL,yields

: B
_HAr _ B4 [(1 —0)vA?AL? <hD>
HAg K Ag m

A l(1 —0)vA®A? (;D)ﬁ

+ [orag 7 Lhp - &1

p—gr+gr= a + [¢7A?71Lh% - 51}

HAg
P B
P MYAR Lhg (1—6)vA? A" hp + oA tond — 5,
0 A1—0 (hp\P hs F m F F
BrAP A" (72)" 32
2 ON B
p+gr= Ay Ay Ly (1—0)vA®A° ho + ¢7A¢_1Lh)‘ — 01
9 A1—0 (hp\P hg Flm F F
BrAP A" (12)" 32
) MYALT LR _
+gp="TE 20 (1 g) ¢ [mAg‘; LLhd — 51} .
Bhv
Using ap = Aé;b and in the steady state ap = ;:LJFF;I, and gr = ﬁgb
- A + 4
pt+gr= (gﬁFhFI)(l —0)+ (o (gr+ 1) —a.
hp

Rearranging yields the final result

ho _ B 1]_7
hF 1—-6 X gF+6I

+(1—-9¢)].

A.3.2 Planner Problem with Skilled Labor in Production

To study the distinct inefficiencies induced by externalities and markups in each sector, I generalize
the baseline mode and assume that the production of intermediate goods also requires skilled labor

11—«
Na =npn
ng . i P,
Yi = / *) dj
< JEQa, ( a ) ( l1-a )

withn € [0,1), and hp := M analogous to the definition of hr and hp.
The planner takes M and Lp as given, and chooses the allocation of skilled labor across sectors,

as a production factor

and consumption to take account of the inter-temporal dimension of the problem. The difference to
the previous setup is that skilled labor is also used in production so setting the skilled labor share in
production equal to zero restores the original. I set up the present value Hamiltonian and solve the
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following program

1-a
AN
H =maxm,ce Plog(c) +ux — ) AL—c¢-L—-6.K

11—« AL

ho\”
+ua VA("AIIJ_‘9 (m) — 01A

uar [TAFLEY — 1 As] .
The first order conditions read

.
dec: ul =e P
c

11—«
1—a) (157p1 K\° VAP AL poN\ B My AL Lhd
dn: )<P P) () ALuAﬁF(D) g, AP LR

hp 11—« AL hD m hF

and the optimality conditions associated with the co-state variables read

1
dC : pgL =e Pt=
c

_ 1-n1n l-a «@ 0 A1—06 B é N
dh - MKU(l a) (lp hp) <K> AL:MAM <hD> ZHAFM

hp l1—« AL hD m hF
11—«
dk : — (g = « Zfl’inhg ket —§ (with k := £)
’ HE = PK 11—« k AL
T—a\ (1) " K\® oot 1o (hp\?
dAy 1A, = A0 =0 (T ’ ALTLLR)
F: —fia; = pa [(1=0)v F m + Ag {‘25’7 rp Lhy — 51] .

Equation (dA) implies a link between the marginal utility of an extra unit of capital (ux) and the
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multiplier (1 4), and after rearranging

. 1-n37 e’
drea(H) e "
11—«

NS (1—a) "0 LR L+ |ovar=tai-o (o - 6 (58)
pa  pa -« AL ToAm I
. B

_PAr _ Pa l(l — ) vA?AL° (’“’) + [mA?‘thé —61} : (59)
KA HAp m

Inefficient Adoption. Focus first on the case with exogenous innovation, so I can ignore all terms that
involve the co-state variable ;1 4,. Note that from (dc) I have —ﬁ—f; = p + gr along a balanced growth
path. Next, note that the only way for ﬁj—;‘ in (58) to be constant is for Z—ﬁ = % + g1 to be true. This

-«
1—npn a B
N HK Iy "hp K o_1  hp
Pt gr 40 /LA( Oé)<1—oz> <AL vz m

11—«
15 "R! K\*
/7+9F+51_MK(1—04)<P P) () L+ 0 (gr + 01)

implies

A l-—«a AL
g+ 0= (1-a) b\ (K L0+ ) (60)
P T grF I—MA Qo 1—o AL gF T 01

where the second lines uses the link between hp and z in the steady state. Next, note

11—
wen(L—a) (1p "hi KN\ g’ (o)’
HA hp l1—« AL B hD m
J B (gr + 1)

1— 11—«
pa oy oo (B28) T () L

which can be used in (60) to get

e 1=00 | 1+ =t

which characterizes the efficient allocation of skilled labor in the case without innovation but with
skilled labor as a factor of production in the intermediates good sector.
To obtain the decentralized solution, note that a fraction of total output is spend on adoption and

64



a constant fraction is spent on skilled labor in production

Hpwg = —
P o pt ox + (1—0) (g5 + 01)
Howyg = Ygi1 (I1—a)n
and the ratio equals
DC
R R o
(1-0)gr

This setup is very close to the one in Parente and Prescott (1994). This expression contrasts with the
solution to the constrained planner problem in (62)

(hD>SP_ o - (62)
hp 1-0n 1“1‘%

Since dx + g1, > 0, the decentralized allocation suffers from underinvestment in technology adoption.

As argued before, this inefficiency is a generic feature of models where incumbent firms make costly
adoption choices, and entrants learn from incumbents. Note that I abstract away from any learning
spillovers among incumbents, which would amplify this inefficiency.®® Moreover, the result high-
lights how the efficiency result in Parente and Prescott (1994) constitutes a knife-edge case hinging
on zero population growth (¢, = 0) and no churn among incumbents (dx = 0), in which case (61) and
(62) agree. If there was firm entry in Parente and Prescott (1994), one would have to assume some
form of spillover to tie together the productivity of incumbents and entrants so that a stationary firm
size distribution emerges.

Inefficient Innovation. Next, suppose firms are automatically at the technological frontier, so let’s
set p 4 to zero while z = 1. This scenario is almost identical to Jones (1995). In that case,

11—«
My ASLRYD 1—a) (12771 K\“
dh - fiag YAp LNy :ukn( )(P P) <) AL

hr iy 1-a AL
fae M AN N -
dAp: ——E£=I12(1- E_F L AP Lhy — 61
" By A e ( 1-a ) <AFL> " {m P

®0There is a large literature suggesting that technology adoption effort may be inefficiently low, see for example Foster and
Rosenzweig (2010) in the context of agricultural production in developing economies.
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The same logic as before implies % = ’;—IZ ~+ gL SO
. ,

l—a
_ I8~ "hl K \* _
P+9F+51=;Z:(1—04)<I1>_ap> (AFL> L+{¢7A? 1Lh?_51]

- YL [ hpl
0= ——hi (A\—— .
p+ge+ 01 yi= F( hop o

1—¢
Now using ap = AFL and vhy = ag (gr + 61) I get the ratio of skilled labor in production vis-a-vis

hp n p }
o1 +1-gl.
hy )\{QF+5I ¢

In contrast, the decentralized allocation in the model without adoption equals

hp 77( p )
e _ N +1), 63
hp o \ gr+ 01 (63)

innovation.

which can be derived following the step in Jones (1995), and, trivially, features all the same externali-
ties already present in Jones (1995): markup distortions in « leading to too little innovation, negative
dynamic knowledge externalities for the case of ¢ < 0leading to too much innovation, and a conges-
tion externality for A < 1 that also leads to too much innovation, all else equal. For the innovation-
production tradeoff considered in (63), Jones concludes that for reasonable parameter values, the
economy is characterized by insufficient innovation even when there are negative research external-
itleswith p < 0and A < 1.

Jones’ conclusion is partly driven by the assumption that the production sector is efficient. In
a model with technology adoption, as I have shown before, this tradeoff becomes more interesting
since technology adoption features externalities as well. It is ex ante unclear weather externalities in
innovation or technology adoption dominate.

A final remark before I conclude this welfare analysis relates to the fact that the full model with
both technology adoption and innovation features externalities that are absent when considering
the simplified model where I isolated each margin separately. To see this, assume o = A, ¢ = 0, and
dx = —gr, which renders innovation and adoption efficient when considered in isolation. In that case,
it is still true that planner and decentralized allocation disagree, which can be seen by computing the
ratio of the planner and the decentralized allocation

SP
(@) ~ _
) ot (1 T ) , (64)

(1—0) (gr + 1)

and since z < land 1 + m > 1 it is unclear if the decentralized allocation features too little
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or too much adoption. My interpretation of this result is that the advantage of backwardness on the
one hand, and the wait-in-line assumption and congestion in bringing ideas to market on the other,
induce externalities similar to the search literature. Innovators don’t take into account that they make
adoption easier. And adopters don't internalize their impact on the waiting time.

A4 Open Economy

Derivation of the share of ideas originating from country k.

You start with the free entry condition into research, and because the value of innovation is the same
no matter where you innovate (because ideas are sold to the same world market frictionlessly), and
assuming all countries innovate (which is always true for A < 1), I have

(hF,n)l—A WHn — (th)l—)\ WH R

(65)
T (AF)° 7 (AY)
(hF,n)l_A WHn _ (hF,k)l_A WH,k
Tn Yk

Next, use the fact that by the resource constraint, a link between share of ideas and skilled labor
devoted to innovation emerges

(g5 + 01) Xnay = Ynhi -

Substituting this in (65) and rearranging yields
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1—-(B8+6)
Next, note that the high-skilled wage ratio is a function of the skill premium alone ZZ—" = %) o

\n Sn

Summing over all countries implies

1 _ 2
e () ()
— Xk - Tk WH,k
1 1—(B+6) -5
X”:Z(%>l_k (Sn) -0
Xk - V& Sk
- (8r0)\ T Tox
Z ﬁ < 1;) =2
1 nTn Sn
E ( 1- (ﬂ+9)> FE
( 1 (6+9)> 25

—-
L-(840)\ T T-X

1—

En 'Yn Sn

This establishes the result in the main part of the paper.
Derivation of the key market clearing condition in the open economy.

n

WH

Xk =

WHk 13 _ 1 alLp Zr’isl
. — = n~n

e F Pt ge o (Ay) Y

wH’khl_)‘ o 1 Oélp Z . nyiAiél

W BT Gt getor (ay)

WH ;1) gr+d1  alp 7 T
=hp = Xk ) Wnzn* "
e P pge O by, Z "

+ 4
ZnSihp = _grTOor alpx Z Zn gA+5I

P+ gr+ o1
== —lzﬁaeﬁ 5
g + 01 Ve Sk B 14+ -5
2ESEhEr = = — al E Zn CATT.
kSKIF k p+gF+5IZ 1 _1159913,\ P n
n n

8 .
Note that z = s~ -9k, same as in the closed economy, and collect terms that are constant along a

balanced growth path so

68



Combine this with the market clearing condition

Ap it s 1+ -2

— k k gATo

ot & + Aro T T-5=6 X Zn AT
Sk 1-B—6 _

Generalized ACR Formula. Recall the expression for real wages in the open economy relative to the
closed economy reads

A
o ()T (L) ()
k _ ) — . k
closed ~— closed closed
Wi he & Xk Sk
2 1-(8+6)
open open 1-¢ % open —
wir" | hek <1>1 ¢.(5k ) e
closed ~— closed closed
Wy hg'% Xk Sk

To derive this expression, start with the resource constraint which implies a link between equilibrium

and

research effort and the share of ideas invented by country &

w ’Ykhl)?\,k
(g7 +01) Xk

. . . . . AW.open W,open -6
Now the ratio of frontier technology in the open and closed economy is given by WeTosed = (;ﬁ‘?‘clnsed ) =
F F

peren N 25 0\ i
(L) (—) where I used the fact that y§os¢d = 1.

Rl X
. . . wopen AW,open Zopen
To study the real wage effects I have to account for the adoption margin since —omed = W ke

k

W,closed closed *
Ag Zp,

open open \ — 25
Note that Zi—7 = (L) """ which delivers the result. For skilled wages the skill premium needs
k

closed
Sk

open AW,OP?«” Lopven  copen

Wi — “4F
tO be added; wcHlosed - AW,cLosed zclosed gclosed *

These wage ratios reflect the long-run differences in wages after all temporary adjustments have

taken place. In particular, since the long-run supply of capital is perfectly elastic, the capital-effective
labor ratio is the same in the open and closed economy and is thus netted out in the ratio. This con-
cludes the derivation.
Open Economy with country size differences. I next generalize the framework to allow for countries
of heterogeneous sizes, which helps me to take the framework to the data. I use the “home economy”
aka the West as baseline for the normalizations. This means that the definition of the normalized
world technological frontier is unchanged. Define b,, = LT" € R™ as a weight attached to country ¢
relative to the home economy. You could as well pick Lw = ), L, or any other normalizing factor
that grows as the same rate as the labor force.
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The growth of the technological frontier now reads

Z AF n

AF,n

- ;Xﬂ AF,n

=S (2 () 1)
_ Z (W g nbn — 61)

ag

_ Tn hF,nbn s
- Z Xn Xi CLW — 01

n F
o bn
IR

This result of course coincides with the previous result when countries are equal-sized and b,, = 1.

Consequently,
3 Vg bn 1
w = — [ A — 5
gaF (1 ¢) { agv 1+ 1_ (bgL

n

and in the steady state
W _ Ln Il nbn
gp+or

By free entry, I have
1-X 1-A
he .  win . hF,k WH,k

Tn Tk

and by the resource constraint I have
Xk %hg\ Wb

Combining free entry and resource constraint delivers

-8
WhereIusedekocAFs - |
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I next derive the demand for skilled labor as before, using

Sk,1-a _ L 1 o T
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Note that for the symmetric country case with all endogenous variables and exogenous productiv-
ity shifters identical across countries, the expression would coincide with the solution to the closed
economy setup since the term ), b,, appears in both nominator and denominator.

Inserting this expression into the market clearing condition and iterating over a set of skill premia
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across countries delivers the long-run steady state allocation

1 1_1-6-8

Ap gr + 01 ’YFS;FA e s

— + Apo— — al zZn “ATNh, = hiot k-
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n

A.4.1 Trade cost and bargaining in open economy

I will next show how to extend the open economy model to include trade cost and bargaining. These
extensions are potentially important in taming the impact of the East on innovation in the West. In
a model where innovation happens in the West, and the East is a relatively large country that adopts
Western technology, the pull force can become so strong that the skill premium in the West shoots
up so much that Western workers are left impoverished. Two reasonable assumptions to avoid this
outcome relate to the role of trade cost, and bargaining over innovator rents, which I consider in turn.
Trade cost. Recall the flow profits of innovation in the steady state are proportional to

aL W, zJA”I
T X E .
AFZn

One could easily introduce ice berg trade cost from innovator ¢ to technology user ¢

where 7;, > land 7;; = 1.

The trade cost is somewhat non standard because the model differs from, for instance, from Krug-
man (1980) where the trade elasticity o — 1 shapes the importance of trade cost. The reason is that the
only good that is traded is the royalty associated with innovator profits. The locally optimal markup is
applied onto domestic cost, which maximizes total domestic revenues, and there is no way to further
raise profits. However, the profits need to be shipped back to the holder of the patents, and trade
costs apply so only a fraction % of the value of the idea arrive at home.

One could envision that financial markets can help overcome this trade cost when both countries
hold ideas. That is, instead of shipping the royalty back one could simply trade it for the royalty that
accrues to foreign firms in the domestic economy. The extent to which this is possible depends on
the degree of specialization and would not work if all ideas are held in the West.

Bargaining over royalties. An alternative interpretation for the wedge parameter 7 could be micro-
founded by considering explicit bargaining over innovator profits. For example, one could imagine
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that the Chinese government could try to extract rents from foreign innovators’ ideas. This would
help reduce the impact of foreign adoption on innovation in the West. If the (corrupt) government
wastes this income, the model coincides exactly with the previous extension. Alternatively, one can
rebate the profits to households.

A.4.2 Total Asset Stock in Open Economy

I derive the total value of assets in the open economy, which depends on the value of domestic capital,
domestic production sector firms, and global intellectual property. Note that ideas are adopted at
different points in time in different countries, which I need to keep track off. I focus on the two-
country case, and I focus on the value of an idea, which is the complicated object when constructing
the total value of assets held by the home economy. I focus on the case where all intellectual property
is held in the home economy (West).

It is easy to see that the value of an innovation V"V can be split into home and foreign component

Next, note that along a balanced growth path a simple expression for the value of an innovation of
ideas that are already adopted, denoted by V4, obtains

1 aLpw;
Va=
p—grtgrtd A
vy 1 aLpwf

Cp—gLtgrto A

Conveniently, changes in the real wage for a fixed long-run interest rate have no bearing on the value
of an innovation since they directly cancel with the total numbers of adopted ideas in the denominator
(recall w o< A).

The forces that do matter are i) changes in the waiting time, and ii) an extensive margin effect in
the form of another country using ideas. I focus on the first issue first, and introduce the following
notation. Let V1, (k) denote the value of an innovation at time ¢ that is k years away from adoption.
Clearly, this asset has value, but its value ought to be below ideas that are already in use at time ¢.
Using the HJB equation (r + ;) V1 = 0 + Vi, and noting Vi 411 (0) = Va ¢4, I have

Wit (k) = Vit (0) e~ (rHonk

= Vapppe” THODE

=V te—(r+61—gL)k‘

. . v
where the last line follows from using =+ = edLk,
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Next, note that if we knew the distribution of k, i.e., the waiting time of non-adopted ideas, we
could already compute the total value of intellectual property using

Ay Vo + (Aps— A) - / Vi (K)dF (k) + A7 -V o+ (Apg — A7) - / Vir (k%) dF (k)
0 0

where dF (k) is the appropriate marginal distribution over wait times ranging from zero to 7.

The distribution of k can be derived as follows. Note that the share of ideas close to adoption
among all unadopted ideas depends on how much entry there is, which is directly proportional to
the gross entry rate g + d;. In fact, the distribution % follows a truncated exponential distribution

B (gF + 51) e(gF‘i’(SI)]C
f k)= elgrton)T _ 1

k€0, 7],

where the distribution in the foreign economy features a different 7. Putting the pieces together, and
focusing on the value of innovation in the advanced economy, yields

T A T Vi (k
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0 0
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log 2z
grtor”

where I substituted out 7 = — Now adding the value of intellectual property across both coun-
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tries yields

L p—9L *b* «PZIL
Tot_pat_value = & (1 + (1 - ngf‘SLI) “(gr + 1) (p— gL)> + 2 (1 + (1 —z ZFf‘SLI) “(gr+ 1) (p— gL))
p+gr+ o1
value of patents abroad
where b* keeps track of the relative country size b* = % Using this expression it is easy to com-

pare the total value of ideas to the counterfactual autarky equilibrium. In the counterfactual autarky
equilibrium, the value of patents abroad would be gone, and I evaluate adoption gap and wages at the
counterfactual autarky level.

Next, I add up all assets in the economy and normalize by L to get
Tot_pat_value K

Tot_pat_value a? lp
=w
Lw l—ap+gr+dx

Assets =

+me>

I can construct this expression and compare it conveniently across different counterfactual scenarios
where all elements inside the parentheses are stationary. Lastly, note that one can simply apply the
factor y to the value of patents when both countries are innovation, and one can use the wage of the

emerging market as normalizing factor to perform the same analysis.

A.5 Hopenhayn Version
A.5.1 Static Problem

I solve the static problem of the firm first. I ignore the overhead adoption cost for now but it will show
up in the dynamic problem, of course. Recall the production function

e f l-a
e </ (%) ) (ml— a))

« l—o
where the reader should take account of the curvature induced by ¢ < 1. Note that (1) (ﬁ)

is a normalizing constant for beautification purposes only. ®
The firm solves the static problem -abstracting away from the technology adoption margin for

10ne could easily put the curvature on the outer brackets as well without changing the economics of the paper, i.e., y; =

—a\ ¢
1 zii \¢ 5. 1 l1-a . . . .
(E ( fj €, ( - ) d]) (1_&) ) . This formulation, however, leads to slightly less elegant solutions.
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now- where the price of the final good is normalized to unity, P, := 1.

max vy; — wl; + /pr,jxjdj (66)

zj i

Isolve this problem in two stages. First, consider a given expenditure on intermediate goods p, [ z;dj :=
Rx and solve for the optimal demand for each intermediate good

D _ Rx 4
LL']- - % pm,j
pPg-
- e
where the ideal price index reads Px = ( o, °dj ) . Given symmetry, all prices are identical

so the firms optimally spreads total capital expenditure evenly across intermediates

X .

Now I plug this solution back into (66), and solve the following static maximization problem

-«
X \“ I; ¢
v ((7) (“‘ <c<1—>>> B

which leads to the following first-order conditions

Yyiax = szm
yi¢ (1 — a) = Lw.
Factor payments are constant shares of revenue, due to the Cobb-Douglas assumption, so firm oper-
ating profits equal 7° = y — L;w — X;p, = (1 — () (1 — ) y. Moreover, after inverting the first order

conditions and plugging them back into the production function, output appears as a function of of
input prices, and importantly, of the productivity of the firm 4;
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yiC(l—a ¢
G [ (55
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ol —(1—a)) T=aya=0

Take account of the partial derivative of output with respect to productivity

dlogy 1

67

dlogA ~ 1-¢ (67)

which will become relevant for the dynamic problem considered next. Since 7 = (1 — () (1 — a) y, it
follows that 9% = (1 —a) 4 = 1714%

A.5.2 Dynamic Adoption Problem

I first solve the problem of an incumbent firm, i.e., the technology adoption problem, before I turn
attention to the free entry condition. The dynamic problem reads

(r+6x)V =14V +VsA—wgh
s.t.

A=vA’AL70RP — 5, A

To make the problem stationary, I normalize the value function by the real wage of unskilled labor,

A
A

be continuously growing. Define v := £, and z := -, and note that this change of variable has no
F

and I focus on the state variable z := which will be constant in equilibrium while A and Ay will
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effect on the underlying economics, which can now be studied in the stationary system
,]TO
(r—gw+dx)v= E—i—i}—&—uzé—sh
s.t.
s =v2" WP — (67 + gr) 2.

An interior solution to the system (68) satisfies the first-order condition

b {vzﬂuze}llﬂ | (69)

S

which captures the tradeoff between the cost of adoption in terms of the price of skilled labor, and
the benefit of improving the firm’s productivity.

To derive the differential equation that governs optimal skilled labor investment choices, I differ-
entiate (68) with respect to z, and after using the Envelope theorem, I arrive at

o . .

™ v Vys’
(ngw‘i’(;X):wz +i+ d

z UZ UZ

+ 0029708 — (67 + gr). (70)

Now taking logs of (69) and differentiating with respect to time yields

h 1 {@z Vs,
= Zy

PTG szJrez}' (71)

S

Now plug (70) into (71) to get

h 1 o 6-1, 5 PR

h 1 0 $
il {(rgw +ox) = o = Ov2" " 0P + (61 + gr) + 0 [v2" 1 hP — (64 + gr)] — S}
h 1 §  me

7 =1-3 {T—gw+5x+(1—9)(51+9F)—S—wvz}

h 1 5 BRI pop o
h—1/8{T_gw+6X+(1_9)(6[+gF)_5_Sﬂ_Ow .

The final piece to derive the dynamic investment equation involves deriving the partial elasticity of

profits with respect to productivity, which is ﬁ as can be seen in equation (67), which yields
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(72)

h 1 $ PuRFL 1 wo1
—=——<r—g,+9 1-6)(6 - = —=| .
A 15{?‘ Guw +x + ( ) (01 + gr) S S 1—Cwz
For now, assume that a well-defined steady state exists, which I will prove later, together with stability
and uniqueness properties, and assume that in such a steady state the adoption gap is constant and

firms higher a constant number of skilled workers to adopt technology, i.e., 2 = 0 and & = 0 so that

-0 s

Zy = ( v ) (h«)™% (from resource constraint z)
or +gr

Using this link, one can further simplify (72) to derive h, in the steady state, which is inversely related

to the skill premium,

or +
T—gw+5x+(1—9)(51+9F)_(Ih*jF)1_BCZ

=

1 (0r +gr) % T

h*:* —.
ST—guw+ox+(1—0)(0;+gr)w

(73)

One can verify that the following inequality is necessary for a well-defined balanced growth path

g 6
6<T Gw +0x

+(1-6). (74)
T orer 077
Proof. By contradiction, suppose that 1% > % + (1 — 0). In that case, spending on learning

in the steady state, h.s, is weakly larger than total operating profits %, so that the net profits T =
(%O — shy) are non-positive. However, firms need to make positive profits to cover the initial fixed
cost of entry. Thus, any well-defined balanced growth path requires (74) to hold. O

A.5.3 FreeEntry

To close the model, Hopenhayn (1992) introduces a free entry condition such that the cost of entry,
paid in labor, equals the present discounted value of the firm

In the main part of the paper I assume that F'(A|E) = F (A) where F' (A) refers to the incumbent

productivity distribution (expressing this in terms of total productivity A or relative productivity z is
inconsequential since the firm takes the frontier Ar as given). The remaining steps are extremely
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similar to the baseline model.

A.6 Heterogeneous Firms with Partial Knowledge Spillovers

A simplifying assumption in the paper is the complete knowledge spillover from incumbents to en-
trants. An alternative specification is one where the entrant only obtains a fraction AgE [z] where
Ar < 1. This tweak turns the setting into a heterogeneous firm model where entrants learns from the
most sophisticated incumbent, but imperfectly so. A well-defined equilibrium is characterized by a
distribution f (z) with support z € [AgE (2], Zmax). This leads to a normalized free entry condition

Building on Hopenhayn (1992) and Melitz (2003), the profit ratio of any two firms can be expressed as

n(z) _ 0T g,
w ]E[z(lfa)(afl)] m(c—1)(1—-a) "

(1—a)(oc—1)
= (%) , and normalized profits for firm i are given by
Instead of using ¢ subscript, I now index firms by z.

Next, consider the problem of some firm with productivity z in the steady state (so v = 0)
(p+dx)v(z) = max 7 (2) — sh+ (0.v) - [v2’hP — (gr + 1) 2] .

The first order condition still reads

1

h(z) = {W}la'

S

I assume for simplicity that $ = 0 and derive a similar dynamic investment equation as for the homo-
geneous firm case

‘F.

7

(1= B) = (p+ bx + (1 - 0) (gr +6)) - 2220 [ﬂl—a)(o—l)}

i s w z

>

It is useful to rewrite this expression relative to the firms with the maximum productivity

>

(1-8)=(p+ox+(1—0)(gr+ 1))

B(1—a)(o—1) (zmax)" " M50 Timax ( >9—““‘“><"—” (hmax>1‘ﬁ

i

>

(2

s w Zmax h;

which helps to pin down the equilibrium dynamics. By construction, the most productive firm hires
a constant amount of skilled labor with the only difference to the homogenous firm model being that
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the steady state profits are larger. This is a direct consequence of starting out with an initially lower
productivity. Higher long-run profits have to make up for low profits after the firm just entered, since
the entry cost are the same in both cases.

For this equilibrium to be well-defined, I need it to be true that entering firms improve their pro-
ductivity so that they converge to the more profitable incumbents in the long-run. This is not trivial.
One way to see this is to sue a phase-diagram in the h-z space assuming a stationary equilibrium ex-
ist for some z,.x. Since there is no risk the differential equation I have derived beforehand applies.
Slightly rewriting and ignoring a a scalar 1 — 3 (which does not matter for the issue of existence but
surely matters for the speed of convergence) leads to

h . 2 0—14+(1—a)(c—1) Pinax 1-
- =K — — .
o Zmax h

0—14+(1—a)(o—1)

z

Assuming h=0 implies h = ( hmax. Moreover, assume %‘5)(”—1) > (0 so the

Zmax

h locus is upward-sloping in z. Moreover, note that the # locus implies a positive link between h and

1
zaswell, h = (QFT“Izl‘g) ”  When

0—14+(1-—a)(c—1) - 1-46
1-p5 B’

one can show that the z-locus cuts the h-locus once from below. The associated stability analysis
suggests convergence from below, see figure 13.

Figure 13. Phase Diagram

h=0
z2=0
z
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This structure gives rise to a meaningful stationary distribution whereby firms start out small and
improve their productivity over time. Several features are noteworthy. First, the firm size distribution
is independent of the relative price of skill s. What this suggests is that a new stationary equilibrium
with a higher price of skill produces an identical wave but shifted to the left, i.e., a permanently lower
level of adoption across all firms. This traveling wave property is not surprising in light of recent
work on heterogeneous firms, see Luttmer (2007), Konig, Lorenz, and Zilibotti (2016), Sampson (2016),
Benhabib, Perla, and Tonetti (2021) and Perla and Tonetti (2014). Crucially, the partial equilibrium
elasticity %;E[j] = —% computed in the main text still applies. Second, demand for skilled labor
in the production sector can be derived by integrating over all productivity levels

Zmax

hp =m f(z)h(2)d=.
AeE[z]

Third, the innovator problem in the steady state needs to be updated as follows

V =E.[V(z)] (76)

where V (z) = ftofT(z) exp (— [} [ru + 0x) du) 1 (2, s) ds is a function of the firm-specific z-level which
matters both in terms of firm size and how long it takes for an idea to be adopted by a firm of type z.
The problem is conceptually the same as before except now one needs to keep track of the distribution
of firm-specific adoption gaps. Of course, equation (76) is also conceptually very close to the value
function of an innovator in the open economy in the main text, which is a discretized version of (76)
where 2’s pertain to different countries.

One desirable feature of the heterogeneous firm model is that it can speak to the distinction be-
tween the extensive and intensive margin of technology adoption, i.e., whether a specific technology
is used in a country, and whether all firms in a country use this specific technology, see Comin and
Hobijn (2004) and Banerjee and Duflo (2005) for empirical evidence on the importance of the inten-
sive margin, i.e., differences across firms within a country.

A.7 Other Model Extensions

Stochastic Adoption. Since asset markets are complete and there are no stochastic shocks, risk
plays no role when potential innovators consider entry into innovation. It is thus not surprising that
stochastic adoption does not change any of the results qualitatively.

For example, a different version that I have experimented with is to let un-adopted ideas to be
w = 1% (94 + 0r) where -—— is the uniform density

and A (g4 + 0r) dt is the flow of new ideas that are adopted at each instant. The probability density is

uniformly sampled at Poisson rate

then simply the product of the two, given statistical independence. On a balanced growth path with
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constant relative technology level z, it is again true that a z close to unity makes the adoption friction
vanish. In contrast, as z approaches zero, the net present value of an innovation falls to zero as well
since the adoption probability converges to zero as well.

Using this alternative functional form, one can follow the same steps as in the main text and com-
pute the expected present discounted value of a patent. The insight that adoption and innovation are
complementary on the market for ideas are robust to this alternative functional form. While stochas-
tic adoption is more realistic in the sense that most innovators do not know when, if ever, their idea
becomes profitable, this version of the model would be slightly less tractable regarding the market
clearing condition for skilled labor.

The value function of an innovator would now look as follows

(r— gy +6)Vi=0+A(2) (vﬁd"med - vl) (77)

where gy = {; is pinned down by the free entry condition, A (z) = 1% (ga + d;), and ypdopted

e J&t rotdv () du. The zero in (77) is meant to highlight that there are no flow profits up until

the idea is adopted.

Government & Complementary Infrastructure. A classic theme in the growth literature is govern-
ment capacity, and the important role of complementary public infrastructure investment. For ex-
ample, the adoption of motorized vehicles will not occur unless the government builds roads. An
easy way to incorporate this aspect into the model is to generalize the adoption technology with a
notion of public infrastructure Ag , so that the net flow of ideas reads A; = A%_GAS%)GA;-M — 01 4;.
A normalized version simplifies to 2; = uzélf(b)ezf eh;-B — (&1 + gr) z; where the firm takes z¢ as given.
Without complementary government investment zg will be zero and the returns to adoption are zero

as well. If the government invests in A(Gl_‘z’)e

at a rate consistent with a balanced growth path, then
all of the previous derivations go through after updating the term 6 by a factor of ¢. Note that capable
government employees are likely to be instrumental in building up complementary public infrastruc-
ture. The role of skilled labor remains pivotal.

Unskilled Labor in Innovation and Upward-Sloping Skilled Labor Supply. Another natural exten-
sion is to allow unskilled labor to be used in the research sector as well, i.e., suppose that the entry

cost combine each labor type according to a Cobb-Douglas production function with skilled labor

_w
11—k

sector will simultaneously raise demand for unskilled labor.%? It will still be true, though, that the im-

1-k
share &, so the entry cost becomes fg (“’TH)H ( . In that case, an expansion of the research
pact on unskilled worker wages can be characterized by the evolution of frontier technology Ar and
the relative technology level z alone. Instead of making additional assumptions on the factor inten-
sity in each sector, one can capture these considerations by allowing the supply of skilled labor to be
upward sloping in the skill premium. To this end, suppose that an exogenously growing population

923ee Helpman (2016) for a summary of the large literature on factor-biased trade and inequality.

83



of workers split between unskilled and skilled labor N = L + H where v (s) is the share of workers
that are skilled, which is now an upward sloping function of the skill premium. The market clearing
condition for skilled labor now reads

1 5 1 P ()
—z 9aTIAp+ —Ap = ———~—.
g2 A + s P T1— (s)
I assume 11_"1(/)5()5) = 1o (s — k)" where the baseline case refers to n — 0. As 7 — oo and skilled labor

supply becomes perfectly elastic,*® the skill premium is exogenously fixed at s = x > 1. In that
scenario, the adoption margin is mute, and the implications of the theory with respect to a market
integration shock are extremely similar to the simpler model of Jones (1995) without adoption margin
and one type of labor. T highlight the role of skill scarcity in driving weak technology adoption. Surely
skilled labor supply is somewhat elastic, but not nearly enough to counteract the substantial increase
in the skill premium observed over the past couple of decades.

Skill Biased Technological Change. A common explanation for rising inequality is based on theories
of skill-biased technological change, see Katz and Murphy (1992). Goldin and Katz (2010) present
compelling empirical evidence from a number of studies covering almost two centuries that show
how skill-biased technological change has shaped labor market outcomes. It is thus useful to consider
how my model relates to this large literature. I generalize the model to include allow for changing
task-content of work by modeling intermediate goods production as y = ((Az)” llfa)lfﬂ hP so that
both unskilled and skilled labor enters the production function (3 = 0 is the baseline case in the
paper).** The model remains mostly unchanged except for an additional term A 5 in the labor market

clearing condition,
% ([\Fzﬁ +Ap + Ag) = hyot- (78)

A changing task content is captured in an increase in /3 (or A 5) and would raise the overall price of
skill. This would push down aggregate growth as less skilled labor is available for innovation and
adoption. As production requires more skill, less is available to invest in innovation and adoption.

As pointed out in Acemoglu and Autor (2011), skill-biased technological change generates wage
growth for all workers. The reason is the strong complementarity between high and low skilled work-
ers which ensures that technological change benefits everyone, even if it is biased. The theory pro-
posed here is complementary to this literature by pointing out that a reallocation of skill across space
or sectors can create real wage losses whenever skill is an important input to technology adoption.
If so, the skill premium takes on a new role where an increase in the relative price of skilled labor
reduces equilibrium adoption effort and thus hampers economic growth.

Note, however, that an increase in the relative price of skill driven by a changing task content of

631 do not model the actual investment cost, see for instance Acemoglu (2009) for a model with explicit schooling choice.
64 Acemoglu and Restrepo (2020) show how to micro-found this Cobb-Douglas production function in a model of automation.
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work will hit the innovation sector the hardest due to the second round effects through a rising adop-
tion gap as 2777 falls. A changing task content of work is thus consistent with sluggish growth and
rising inequality in this model, but it will not allow innovative activity to take off. The effect of global-
ization on the returns to innovation will resolve this tension and help make sense of rising innovative
activity in advanced economies.
Skilled Labor in Production Sector Entry Technology. Note that in the baseline model the down-
ward sloping relationship between the skill premium and the demand for skilled labor for adoption
purposes is directly related to the fact that long-run firm profits are proportional to the cost of entry,
which in turn is proportional to unskilled worker wages. A more general version utilizes a Cobb-
Douglas bundle of high-skill and unskilled labor, frw%w, *. In that case the effect of an increase in
the price of skill on technology adoption changes to
dlogz  f

dlogs 1—10

U, (79)

dlogm
’ Ologs

to what extent a high skill premium translates into weak technology adoption relative to firm entry.

while an additional effect on firm entry emerges, i.e. < 0 for pu < 1. The parameter p governs
In the open economy cross-country context it will be desirable to load the effect of skill-scarcity en-
tirely on the technology adoption margin, in part because the firm-to-population ratio is no lower in
poorer skill-scarce countries. The more general entry technology and effects on firm entry may be
useful when thinking about declining business dynamics in advanced economies, see Decker et al.
(2017), which is beyond the scope of the paper.® .

Immigration. A fully integrated equilibrium with free migration behaves differently from the base-
line model. Unskilled migration in the baseline model reduces unskilled worker wages in the ad-
vanced economy in two ways. First, a direct negative effect on the unskilled wage as their factor
becomes relatively more abundant. Second, since there are more unskilled workers, more skilled
labor needs to be devoted to technology adoption, further hurting innovation and reducing frontier
innovation.

Skilled labor inflows, on the other hand, are extremely beneficial for unskilled workers as they
lead to both heightened adoption and innovation. Interestingly, the effect on skilled labor is ambigu-
ous and likely positive as well. Even though their relative wage has to fall, greater adoption and rising
innovation can lift up the high skilled workers’ wages.

Figure 14 helps us assess the relevance of immigration into Germany as a potential reason for weak
wage growth. It turns out that the foreign employment share is falling since the mid 1990s, leading to
an all-time low in the 2000s. This figure suggests that trends in immigration are unlikely to account
for wage stagnation in Germany at the turn of the century. This is not to say that immigration doesn’t
matter - it seems hard to think about technological frontier growth, especially in the US, without the

65This point is related to Salgado (2020) where skill-biased technological change leads to less entry into entrepreneurship.
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input of foreign researchers and entrepreneurs. The model can in principal be used to explore this
issue, and consider the effect of brain drain and innovation gains in a global integrated equilibrium
with realistic scale effects. I do not want to take up this task in this paper.

Figure 14. Immigration

Employment Share of Foreigners

T T T T T
1970 1980 1990 2000 2010 2020
year

Only full-time = ==—-—- All

The figure plots the share of foreign workers in West Germany, using the BHP of the IAB.
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B Computational Appendix

Here I show how to compute the solution and solve for transition dynamics based on the finite differ-
ence method in Achdou et al. (2022).

B.1 Closed Economy
B.1.1 Production Sector Firms’ Problem

The normalized firm problem reads

(re +0x — guw) v (2, X) = %—sh—&-az% (V2P — (61 + gr) 2] + Av

subject to the law of motion for z; and the evolution of aggregate state variables captured in X, includ-
ing the equilibrium measure of firms, among other things. The framework can be readily extended
to include stochastic productivity shocks in A, but I drop this term here.

The first-order condition reads

(onmn

S

and I use the following boundary conditions

18
S (b1+gp)Z 7% 7
(azv) - 51/20 { v }

1-8
B s [(r+gr)20
(3Zv )  Puzf { v }

for forward and backward difference, respectively, where Z and z represent the highest and lowest

value of z over the grid space.
Rewrite the problem as follows

(re +0x — guw)v(2) = Byzme=h _gp 4 50 [I/Zeh’@ — (01 + gr) z] (80)
and note that B, captures, among other things, the equilibrium measure of firms as well as the prop-

erly weighted average productivity level 2 = {E [z(1=®)(e=D]1 0=~ where the heterogeneity
arises only for the case of imperfect spillover at entry, A\g < 1.
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Note that B,Mz(1=)(e~1) = X 'wwhich can be rearranged to

B — lp 1
CT om0 (1—a) (o — 1)
Moreover, in the steady state m = ﬁ. If T had a value for By, and a solution to (80), I could infer

all endogenous variables. To find B, I solve (80) for a guess of B, and check if the free entry condition
holds

fe=E [v(z)].

I raise the value of B, if the cost of entry is higher than the present discounted value using a bisection
method.
The density of incumbents g, and entrants g,, follows from the KFE equation

gz = AT (gz) 9=z

where I make clear that the infinitesimal generator A7 (g, ) isitself a function of the stationary density
since entrants’ productivity is assumed to be a function of the average zg = AgE [z] . Note that a flow
of g1, + 0x firms enters at productivity zg, accounting for both net entry rate (which is the same as
long run population growth) and exogenous firm death. In matrix form, this means I have to add
— (g + dx) on the diagonal, and (g, + dx) 1.—.,in each column of AT .%¢

Having solved for B; and g, values for /p and m follow as a function of the skill premium

Btg(lfa)(ofl)

l =
p égfat((;ﬁ)ﬁ) + B, z(1-a)(e-1)

1-1Ip
(g1 + 0x) fx

which in turn imply aggregate demand for skilled labor from the production sector
hp =m - /h(z)gzdz.

B.1.2 Research Sector Problem
An alternative approach uses the following normalization

|4

v =/,
’LULAF¢

961f 2, falls between two grid points, I turn the entry draw into a probabilistic one according to how close zg is to either grid
point.
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which leads to the following recursion

. l
01 (re — Gu,, + 014 dgr) = €~ ST (re—gwy +0i+ége)dv _XP4T [1+ 4] +
Zt471QAF t471

and in discretized form

_pt+T _ Ozlp‘t .
ULt (TH—A — Gup t+A + 61 + ¢gF,t+A) —e Jt (Tt gquL+51+¢gF)dv T [1 + Tt]
Zt+7AF t+1

ULt +A — ULt

A

For a free entry equilibrium, I want to make sure at all times that
1
v < fh}lf/\s

holds. This recursive representation can be used to compute equilibrium in the research sector off
the balanced growth path.

B.1.3 Transition Dynamics

Production sector. Taking the sequence {s;, gr ¢, B: }, co,7] @S well as initial and terminal conditions
as given, I solve the production firms’ problem along the transition path. The first order condition
now reads .

{ (0:2Vn+1) 5”22“ }M — b,

Sn+1

where each n is a step in time. Given a solution, the value function in v,, follows recursively.
Firm entry in production. In principal, the entry margin responds to technology adoption along
the transition path. In particular, when the knowledge spillover at entry is strong high technology
adoption effort coincides with lower firm entry so as to respect the free entry condition.

Given a solution for {vg}, I can asses whether the value of entry equals the entry cost fg, and
update labor devoted to firm entry accordingly. Computationally, this is inconvenient because the
linear entry technology leads to bang-bang solutions, which are avoided in general equilibrium but
cumbersome to solve for during the transition.

Isimplify the model by assuming thatip ; = lp s, i.€., a constant amount of labor is devoted to entry
consistent with the long run steady state level, which itself is only a function of constant exogenous
parameters. We will see that this simplifying assumption, which also makes capital accumulation
easier since the effective number of production workers won't jump around during the transition, is
quantitatively innocuous in that the value of entry into the production sector deviates less than 1%
from its long-run steady state.
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Technology Adoption and Waiting time. The model is hard, in part, because innovators need to keep
track of changes in 7, and multiple 7’s in the open economy version. Note that 7 is a jump variable

that is implicitly defined by
log 2o

T 130 ga(a)+oda
To

T0 =

and for a given evolution of A (¢) one can use a simple bisection to get 7p. Once the initial wait time

is determined, one can use the law of motion of the waiting time

F— 9Ft — A t+7
01+ gA t4r ’

which can be inverted, and using the discrete time step approximation, yields next periods wait time
as a function of frontier growth, productivity growth, and the previous wait time

9t~ 9Attr

Tian =Tt + A - .
" ! 01+ gattr

Research Sector. Note that for a guess {s; }, and adoption choices in the production sector, the recur-
sion derived beforehand implies a sequence {v;}. Together with the entry technology into innovation,
this sequence implies a sequence of skilled labor devoted to innovation so as to ensure that free entry
holds.

General Equilibrium. Key inputs in solving the research and production sector’s forward-looking
problems are wage growth and interest rate. Note that wages equal

l1-a\%0o—1
wL,t_( ) Atk?
(% g

where k; = ﬁtp - is effective capital per unskilled worker. Wage growth equals

Jw;, = 9F + 9z + agg,

where g, and g are zero in the steady state.
Similarly, the interest rate equals

a \'"o-1 o1
T = . aky ™" — .

11—«

To proceed, I need to pin down the evolution of the normalized capital stock k;, which follows from
the capitalists’ problem.
Simplified Physical Capital Accumulation. I simplify by assuming that a constant fraction x, of
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domestic final output is reinvested in physical capital. I pick y;s such that the autarky steady state is
consistent with the solution to the representative household problem in the steady state in Autarky.
Given this assumption, the law of motion of physical normalized capital k = ALLP reads

- =xsa “(1- a)_(l_a) kN = (gp + gip + g7 + g2 + 0) -

In discretized form, I have

[Xsa_“(17a)_(1_")k“_1f(gL+glP+gF+gz+5k)]

log( AtAthA )
—x

assumption, /g is assumed to be constant. But note that even in the case of endogenous entry in the

A
kirn =k -e

where initial capital is given, and growth rates are computed as . Based on the previous
production sector, Ig only jumps at the very first moment, and is a smooth function of time for any
t > to.This initial jump should be incorporated in the normalized starting value ko. In the simplified
case, ko is fully predetermined, and initial and long-run value coincide.

Given this law of motion of capital, together with optimal firm entry, the equilibrium interest rate
follows

—1 —(l—a _
Ty = (U a) a " (l1—a) a )akf —
o

where the normalized capital stock in steady state reads

=
ST

gL + gr + 0

. . . .. _ 5
When the saving rate, which is kept constant along the transition path, equals y, = (Zta) -a% ,

I get kss = {("T_la) : m}ﬁ o~ Ta (1 —a)”', which coincides with the normalized capital
stock in the steady state when the saving rate is endogenous.

Algorithm. Note that I have simplified the problem so that the key endogenous object we are after
is the sequence of skill premia {s;}, which clear the market for skilled labor, and are consistent with
forward-looking technology adoption and innovation choices in both production and research sector.

An algorithm that I have found to work well proceeds as follows.
1. Guess {s}.

2. Guess {ar}, solve optimal adoption choice backward, and {Z; }, {r;} forward. Iterate until con-
vergence. Compute {7}, which depends on {z} and {ar}.

3. Solve innovator’s problem holding {z, r} fixed
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(a) Holding 7 fixed, solve the innovator problem backwards (there is not much to solve here
other than computing the value of an idea recursively). Get a sequence of {v;}.

1

i. Givenasequence of {s} and {v1}, derive skilled labor devoted to entry hg; = { % } X

ii. Use {hp} to derive new sequence {ap*"} using the resource constraint related to the
creation of new ideas

iii. Update a7 = relaz = {ar} + (1 — relax) * {al"}
iv. Go back to a) until convergence occurs, ar ~ af".

(b) Update {7} (I am still holding {z} fixed but {7} changes nonetheless because the frontier
ar is moving) and go back to a), stop when 7¢** ~ 7, i.e., 7 has converged to previous
guess.

4. Go back to 2. using a new updated guess {ar}. Keep iterating from 2. - 4. until convergence.

5. Now you have two sequences {hp, hr} that are consistent with optimization and resource con-
straints in each sector. The only thing that remains to be checked is whether the sequences are
consistent with market clearing for skilled labor. Most likely they are not and so we compute
excess demand functions and update the sequence of skill prices gently in the right direction

" = relax * s+ (1 — relax) x s x e

05 [(hp+hr) —hiot]
6. Go backto step 1. and start all over again for the new skill price guess up until convergence, i.e.,
s"e¥ ~ g which coincides with skilled labor market clearing hiot = hp + hr

The figure below computes transition dynamics for a closed economy that is calibrated as in the main
text. I shock the relative skilled labor supply from .15 to .18 by raising the skilled labor supply in the
form of an unanticipated persistent shock at time zero. The transitions are then computed using the
previous algorithm under perfect foresight. Figure 15 plots the results.

Three points are noteworthy. First, note that innovation responds quicker than technology adop-
tion in the sense that convergence to its long-run steady state is faster. This is explained by the advan-
tage of backwardness, which naturally leads to a lagged response of technology adoption. Second, the
dynamics of the skill premium are non-monotone, and a fast initial fall in the price of skill is followed
by slow but small rise in the price of skill later on. The increase in the price of skill, which ultimately
is a function of the demand for skilled labor in this general equilibrium model, is directly related to
increasing and lagged technology adoption effort. Third, the value of entry in the production sector
is hardly moving, and deviates from its long-run value by less than 1% highlighting that the simplifi-
cation is unlikely to matter quantitatively for the transition dynamics. The evolution of the value of
entry into the research sector roughly follows the skill premium, and the difference in the two series
is due to congestion whenever A < 1.
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Figure 15. Skilled Labor Expansion in Autarky
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In this exercise I increase the relative skilled labor supply from .15 to .18. All of this increase occurs at time zero.

B.2 Open Economy

To solve for transition dynamics in the open economy, I follow similar steps. Note that the problem
of production sector firms is unchanged. Firms in the research sector now need to take into account
both opportunities abroad and competition at home when they consider whether to pay the fixed cost
of producing an idea.

B.2.1 Innovation

The value of an innovation generalizes as follows in the open economy where I focus on the case of
differences in size captured by country-specific unskilled labor endowments L.. I consider a version
where I use L from the home economy as the normalizing factor so b, = Z- relative to the home
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economy. The value of an idea reads
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where I used the fact that the allocation of unskilled labor in production vis-a-vis entry is kept con-
stant.

Next, use the normalization vy ; := %. Note that the normalization is country-specific
wr, k| A

because wages are. The normalized value of an idea reads
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where the second line uses the fact that I assumed that firm entry in production stays at its long-run
steady state value, i.e., lp; = Ip.

The reader will note that the expression is almost identical to the closed economy one, except I
have to sum over all countries and take into account that wages w., waiting times 7., adoption gaps
z., and weights b, are country specific.

A country-specific free entry condition holds

ULk, = hF K, A Skt

where a binding inequality is guaranteed as long as A < 1.

The evolution of the technological frontier follows from the free entry equilibrium and the entry
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technology
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The normalized technological frontier a) := ( Ap ) thus evolves according to
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Note that this law of motion in the open economy is independent of the split of ownership of patents

assumed at time zero, i.e., the share ¢ does not show up.

Initial Conditions. In contrast, the evolution of country-specific normalized technology depends on
¢ as follows. Note that at time ¢ — 0 where 0 demarcates the time when markets become integrated,
the normalized frontier technology level in the West reads

(AF,0+A ) e _ (CAF,O—A ) 1=
LT LT
= ()" apo-a,

and similarly the normalized level of frontier technology in the foreign country reads (1 — ¢)' aro—awhere
A — 0. Note that both countries lose some of their ideas due to duplication.

Recall that I define the autarky frontier level relative to an initial real wage gap w := ===, I use
0—A

the following relationship to pin down the implied level of frontier technology in the East

where z;_ » follows from solving the autarky equilibrium in the emerging market. Because I assume
the emerging market has such a small research productivity in the integrated equilibrium, a counter-
factually low level of income is implied. To fix this, I simply assume that copying works exactly like
innovation except the fundamental productivity is higher than in innovation y*P¥ > ~*. It is easy
to see that the allocation and the skill premium are unrelated to v*, which means I can simply solve
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the model for the low research productivity, and scale the frontier technology and real wage by the
appropriate factor to obtain a wage gap w. Some high level of v*<°P¥ will be exactly consistent with
this wage gap.

Next, note that while the adoption gap in the advanced economy does not jump, the adoption gap
in the emerging market changes discretely since it is defined relative to the frontier, which shifts out
from the point of view of the emerging market. Formally,

diin = ZS—AWA;,O—A
Apora
The evolution of this normalized technology level for either country over time changes slightly due
to the global research externality

AF,C _ ’Ychﬁcbc

- — VI
AF,C Xcag‘v
A = L 2
1— R — —— . .
where :gf =Xe= (‘;F}V?V) s0 xcay = (ar,c)™? (ay) " 7. Interms of normalized frontier growth

rates I have

_ (1_¢) kh’})?\,cbc (s + gL
o Xe a?f 1 ¢ .

Capital Accumulation. Finally, note that the problem is simplified by assuming that a share of do-
mestic final goods production is re-invested at a constant rate y, which is the same across countries
and consistent with the long-run equilibrium interest rate. This means that 1 — y is the share of final
output consumed.

Note that this share is sensitive to the initial allocation of patent ownership in the integrated equi-
librium, ¢. At time zero, a share Y* 2o (1 — o) ¢ (1 — x,) of output in the East is consumed by the
West, and vice versa a share Y Lo (1 — o) ¢ (1 — x,) of output in the West is consumed by the East.
This also means that some domestically used capital is now held by other countries. However, for
the equilibrium dynamics of innovation and technology adoption this split is irrelevant. After under-
standing this simplification, the following algorithm applies.

Algorithm.

1. Guess {s.} for each country, holding {a}f‘{t} fixed.

2. Solve optimal adoption choice backward, and {{Z.;}, {r..}} forward. Iterate until convergence
for both countries.
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(a) Compute {7,7*} and {w,w*} taking {z, 2*, k, k*} as given for each country.
(b) Solve innovator’s problem

i. Compute the value of innovation in each country recursively {v, v’}
ii. Implies equilibrium research effort based on free entry into research in each country
{hw, hi}
iii. Compute evolution of aggregate technological frontier using {hr, h}}.

iv. Go back to i) and iterate up until (aﬁ")mrl ~ (ay’)" where n stands for n'" iteration.

)next = relaz * (ay ) oy (1 —relax) * (ay

)new

Update the new guess gently (a}’

(c) Goback to a) and update {7,7*} and {w,w*} gently. Note that while I treat {z, z*, k, k*} as
fixed for now, waiting times and wages change since they also depend on the evolution of
the technological frontier. Iterate till convergence. This always involves the inner loop i) -
iv) and the outer loop a) - ¢).

3. Given a new solution for the evolution of the technological frontier, return to 2. and iterate on
all previous loops up until convergence in {z, z*, k, k*, a} }.

4. Finally check skilled labor market clearing in each country, and use the excess demand function
to update the skill premium in the right direction. Iterate over all loops up until the sequence
of skill premia has converged in each country.

Full convergence. In the case of full convergence I let the research productivity and skill endow-
ment of the poor country converge to the level of the rich country, i.e., ,5* — v, hfy; — hot. I as-
sume that the emerging market fully converges to the fundamentals of the advanced economy within
30 years. I impose a process that mimics convergence in the Solow model, and uses the formula

1

I {htlozaconv (1 — e~ Caem)t) - ( ;ﬂot’o)l—“conv e—(l—aconV)t}m where acony governs the speed
of convergence, and an analogous expression applies to v;. I assume acony = .87, which induces
convergence patters as depicted in figure 16.

The previous computational algorithm applies almost unchanged. Changes in skilled labor en-
dowments shows up in the market clearing condition. And the free entry condition into research
needs to be updated slightly oy 5+ = %h%fkﬁskt where the exogenous research productivity is now
time varying for the emerging market. Laws of motion of idea creation also need to be updated to
take account of the changing research productivity.

B.3 Initial Idea-Ownership in Integrated Equilibrium

The issue here is that in autarky countries may invent identical technology, which begs the question:
who owns the technology in the initial integrated equilibrium. I say initial because in the long-run the
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Figure 16. Full Convergence in East
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initial allocation doesn’t matter and the share of ideas is fully pinned down by differences in research
specialization and country size. I next offer a micro-foundation that pins down this initial ownership
allocation.

Suppose all ideas only invented by the West are held by the West. Ideas that overlap in the interval
[0, Af] are split across East and West as follows. Suppose that the same idea across countries differs
by some quality-metric ¢ > 0 such that the effective quality is ¢. = 1 + €. + u.. The parametere. > 0
is a country-specific quality shifter. Let the shock u be bounded between [—1, 1], mean-zero, and with
a vanishingly small variance. Further, suppose that an innovator needs to pay a fixed cost f, for as
long as the idea exists. As argued in Acemoglu et al. (2018), such a setup converges in the limit to the
simple baseline monopoly pricing when f, — 0,V [u] — 0, and e — 0V, but the ratioo &= — b > 0
converges to something bounded away from zero. This sustains an ownership structure at time zero
where the advanced economy’s share of global patents equals ¢, with ¢ being a function of b and the

initial gap 4.
F
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C Empirical Appendix

C.1 Calibrating \

To calibrate the model I have to pin down A\, which does not have a direct antecedent in the litera-
ture. As explained in the main body of the paper the parameter calibrated in Jones (1995) is slightly
different. In principal, cross-country research specialization among a set of countries with similar
research productivities y allows me to identify A since the theory implies that the steady state share of
ideas is a function of specialization in research, and total country size measured in terms of unskilled
labor

log xe. = ap + Alog Hg + (1 — A) log L.

T use data from the OECD, and combine it with Barro and Lee’s skill measure. I proxy the steady state
patent share (a stock) with average patents over the period from 2011-2019 (a flow). Note that patents
are an imperfect proxy that likely understate innovative activity and technological change. As long
as the paten share is a linear function of the larger share of actual ideas develop in some country, the
approach works nonetheless.

The measure of patents is based on patents captured by the Patent Cooperation Treaty (PIC), which
are global patents that simultaneously protect intellectual property among several countries. This se-
lection helps make patents comparable across countries, and is closest to the notion of “global ideas”
in the paper. Clearly, patents are a crude measure of innovative activity, and there is no reason to
believe the economy is exactly in steady state. Nor should we think that there is no heterogeneity in
innovative productivity among rich countries in Europe. Overall, the approach is imperfect.

Perhaps surprisingly, the empirical results are extremely sensible without any massaging by us-
ing just a simple simple linear regression. After making an ad-hoc adjustment for the bias induced
by unobserved heterogeneity in patenting productivity,®’ I arrive at an estimate A = .9 which is a
reasonable value for a first pass.

I provide robustness results next where I use total employment instead of unskilled labor but the
estimation is otherwise unchanged.

67Sampson (2023) argues heterogeneity in innovative productivity is a lot smaller among advanced economies relative to the
gap between advanced economies and emerging markets.
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Figure 17. Regression for A

log patents log patents log patents log patents log patents

log researchers 1.093*** 0.980** 0.878**
(0.0644) (0.335) (0.390)
log employment 1.070*** 0.113 1.093*** 0.122
(0.0745) (0.353) (0.0657) (0.390)
log (research/employment) 0.980**
(0.335)
N 13 13 13 13 13
R? 0.961 0.944 0.961 0.961

The outcome variable is log patents. Employment is defined as total unskilled labor L consistent with the theory. Robust standard error are
computed, * p<0.10, ** p<0.05, *** p<0.01. The last column runs a constrained regression enforcing that the slope coefficients have to add up to
one.

Table 2. Regression for A robustness

log patents  log patents  log patents  log patents

log researchers 1.093*** 0.942**
(0.0644) (0.360)
log employment 1.074*** 0.152 1.093***
(0.0746) (0.383) (0.0654)
log (research/employment) 0.942**
(0.360)
N 13 13 13 13
R? 0.961 0.945 0.961 0.961

The outcome variable is log patents. The main difference to the previous table is that employment is now total
employment. Robust standard error are computed, * p<0.10, ** p<0.05, *** p<0.01. The last column runs a
constrained regression enforcing that the slope coefficients have to add up to one.

C.2 IABData

The IAB data is provided by the Institute of Employment Research in Nuremberg. While data access
is restricted, the application process is fairly straightforward and open to researchers. The dataset
combines worker level data including wage, skill, and demographics with establishment level data
including total employment and sectoral classification.
Sectoral Classification. The model features a two-sector structure so I classify establishments into
innovative and production establishments. I use different definitions for robustness. Figure 18 plots
the evolution of the aggregate employment share of innovative establishments.

The sectoral classifications are defined in the do-file changing_innovation_activity.do. Below is a
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Figure 18. Employment Share in West-Germany
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Employment shares in production and research sector are based on IAB data for West Germany with additional details in the appendix. This classification can be carried out using different sectoral
codes (broad vs. narrow where the narrower codes are unavailable for earlier periods) and a question arises whether IT and finance belong into the research or production sector.

short summary of the sectors that appear in the definition.

An important statistic omitted in the main part of the paper is the increase in the skill premium
plotted in figure 20. Note that the IAB data is not suitable to document this increase due to heavy top
coding. The skill premium appears stable in the beginning of the sample period and then widens
substantially since the mid 90s.
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Figure 20. Growth, Patents, and Inequality in Germany
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Data for patents comes from the Crios Patstata database, see Coffano and Tarasconi (2014). Wage data is computed based on the PWT version 09, combining real national gdp (not PPP) with their measure
of the labor share and dividing thorough by the total population. Patents are normalized so that the wage level and patent level coincide in 1984. GDP per capita growth does better than wages, but still

grows substantially below trend, leading to an overall growth slowdown. Data for the skill premium, denoted as log ( wTH )where the wage rates are the price of one hour of skilled or unskilled labor,

comes from the KLEMS data version 07. Skill here refers to college-educated workers, group 3 in the Klems data. I do not make additional adjustments for efficiency units within skill group, which does
not change the broad pattern. See the discussion and adjustments made in Buera et al. (2022) who also use the Klems data.The Gini index is pre tax and taken from the World Inequality Database of

Alvaredo et al. (2020).
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