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Abstract

I develop a tractable multi-country endogenous growth model with a technology adoption mar-
gin. Innovation and adoption are skill-intensive activities, and a trade-off arises whether skilled
labor is used to push out the technological frontier or to adopt existing technology. I use the theory
to revisit the effect of market integration on growth among asymmetric countries with large dif-
ferences in innovative capacity. Transitional dynamics and long-run effects implied by the model
differ substantially from benchmark models and jointly explain stellar per capita growth in emerg-
ing markets and the disappointing growth performance of advanced economies after rising global
market integration since the 1990s.
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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 globaliza-
tion: 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 accompa-
nied by increasing inequality and unexpectedly weak growth in the very countries driving the world’s
technological frontier.

The key step is to embed a skill-intensive technology adoption margin into an otherwise standard
model of endogenous long-run growth, which gives rise to a novel innovation-adoption trade-off. 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 technol-
ogy. Adoption here concerns the mundane but essential activity of incorporating 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 trade-off 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 de-
gree of technology adoption, positive innovation effects can be entirely undone by weak technology
adoption, explaining uneven and sluggish growth in advanced economies as emerging markets join
the world economy. This innovation-adoption trade-off is distinct from the more commonly stud-
ied trade-off 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 eco-
nomic growth 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 higher
skilled labor shares contribute more to the global technological frontier. Third, while the technologi-
cal 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. Incorpo-
rating 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 inno-
vation 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
incentive to innovate, and foreign innovation, which reduces it, exactly cancel. Underlying this result
is a classic Ricardo-Heckscher-Ohlin-Krugman 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.
This skill scarcity 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 20%, which leads production sector firms to cut down on skilled labor
for adoption purposes, ultimately reducing technology adoption by 17%. The calibration predicts a
cumulative drop in real wages of production workers of 10%, 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 about7% for the aggregate wage bill. The impact on total
per capita income is around minus 3%, 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 is-

sues 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 complexity of
incorporating both innovation and adoption at once in a multi-country setting. I provide a tractable
framework -directly nesting benchmark growth models- to study the intricate interplay between in-
novation and technology 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 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.

3See 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 is complementary to the overall agenda in this
strand of the literature.

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



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 (2010a), Lucas and Moll
(2014), or Comin and Mestieri (2014; 2018). Barro and Sala-i-Martin (1997) and Acemoglu, Aghion, and
Zilibotti (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
Comin and Hobijn (2007), which focuses on initial implementation of new technologies. Relative to
these works, I draw out an innovation-adoption trade-off embedded in an otherwise standard semi-
endogenous growth model with realistic scale effects.®

Third, this paper relates to the literature on trade and growth. Rivera-Batiz and Romer (1991)
emphasize the pro-growth effects of market integration. Grossman and Helpman (1991a) provide the
classic treatment, and Melitz and Redding (2021) survey the subsequent literature. Eaton and Kortum
(1999) develop a model of global growth with exogenous diffusion of ideas and highlight the role of
global diffusion gaps in shaping innovation incentives.® In contrast, I make diffusion endogenous, so
that these gaps reflect adoption choices. Once adoption is modeled as a choice, asymmetric market
integration gives rise to a novel innovation-adoption trade-off that alters the impact of globalization
on growth and inequality.

Sampson (2016; 2023) and Perla, Tonetti, and Waugh (2021) highlight the role of learning in het-
erogeneous firm settings, similar to Buera and Oberfield (2020)’s 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

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

5The innovation-adoption trade-off 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 (Sampson, 2016; Perla, Tonetti,
and Waugh, 2021).

®A 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 trade-off
in the presence of an asymmetric market integration shock. However, in steady state, the framework developed here is as
tractable as quantitative trade models so one could incorporate many countries and bilateral trade cost. Transition dynamics
are important and the quantitative section is focused on dynamics. A related literature in international trade has studied the
distributional consequences of globalization, which appear modest, see Helpman (2016). In this literature, the closest paper
is Arkolakis et al. (2018), which embeds export platforms into a static multi-country Melitz model to study specialization in
innovation and production.



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.

2 Closed Economy

2.1 Environment

I outline the economic environment next, which is cast in continuous time indexed by ¢. The model
is a two-sector model of long-run growth. I first discuss the problem of a representative household,
and then develop the production sector and research sector separately. All derivations and proofs are
deferred to the appendix.

Households

A representative household supplies their labor inelastically, which leads to an economy wide en-
dowment of L; units of production labor and H; units of high skilled labor. The household’s labor
endowment grows at constant rate gy = gz, > 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
Uu = max [~ e (P=9)t og ¢, dt
{ctaBt}tZ()f &t
s.t. @
Bt = 7By +wgH +wr Ly — Cy,

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.

Production Sector

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

_ 1 My 5y 71
Yi=M, °* / Yy, ¢ di , 2)
0

where M; denotes the mass of available intermediate goods, indexed on the interval i € [0, M;].” Fi-
nal output can be consumed or turned into an investment good, Y; = C; + I;, where C; and I; are

1
"Using the productivity shifter M, °~' ensures that there are no scale effects in the production sector. An alternative setup
building on Hopenhayn (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. Scale effects are present but confined to the research sector.



aggregate consumption and investment, and the final good serves as numeraire. Physical capital de-
preciates at rate §; giving rise to the standard neoclassical capital accumulation, K = I, — 6, K;. I
refer to intermediate goods producers i € [0, M;] as “firms”, in contrast to firms in the research sector
referred to as “innovators”.

Firms. Infinitesimal intermediate goods firms compete monopolistically and solve a static profit max-
imization problem and a dynamic technology adoption problem. The static problem involves setting
a monopoly price, hiring labor, and renting capital goods. The dynamic problem concerns the adop-
tion of new technology, which is costly.

Static Firm Problem. Firms produce differentiated varieties using production labor /; ; and a contin-
uum of symmetric capital goods z;;, € [0, A;]. At time ¢, A;, describes the set of capital varieties
available to firm i; conditional on this set, the firm then chooses how much of each available capital
good z;; ; to rent. Each capital good corresponds to a distinct technology, raising firm productivity
through a variety effect as in the original Romer (1990) model. In this sense, A; ; captures firm level
productivity. Firm output is given by

At T o 1 11—«
o ' ijt . it
Yit (A (7 ) dJ) <1_a> : ©)

Production labor is hired at rate wy, ;, and all capital goods are rented at common rate p,; , = px, .

The static problem leads to operating profits that are log-linear in aggregate output Y;, factor
prices, and firm productivity

Vi o 7 (-
t o —a o— —«
I = > (0 — 1px,twi,t ) Aiy : (4)

Productivity A; . is taken as given in the static problem but endogenized through a dynamic technology-
adoption decision, described next.
Technology Adoption. Technology adoption is equivalent to expanding the set of capital goods avail-
able to the firm. Relative to the set [0, 4; ;], the superset [0, A ;] contains all existing capital goods
including recent inventions not adopted yet. This technological frontier Ar; is common to all firms,
and A;; < Ap,. Formally, firm ¢ makes a costly choice to add the flow, Ai,t , of new technology.
Following Nelson and Phelps (1966), I make two crucial assumptions on the adoption process.
First, technology adoption requires skilled labor. Second, technology adoption features an “advantage
of backwardness”. Equation (5) formalizes these concepts

Aie = vAF AL (1)’ 5)

where ¢; ; denotes skilled labor devoted to adoption in firm ¢, 1 — # > 0 governs the advantage of
backwardness, and S € (0, 1) induces diminishing returns to technology adoption at a point in time.



The parameter v > 0is a constant assumed sufficiently small to avoid a corner solution at A; ; = Ap ;.5
The setup gives rise to a dynamic trade-off between the cost of skilled labor today, and the future
benefit of adopting technology.

It is convenient to use a normalized level of technology relative to the technological frontier,

Ai
it = — 0, 1].
St (0,1]
After recognizing that firms differ only in their normalized productivity z, I drop the firm subscript ¢
and keep track of z instead. Finally, I introduce an exogenous exit shock arriving at rate Jx.
The firm’s dynamic adoption problem can be characterized by the Hamilton-Jacobi-Bellman equa-

tion
Vi(re+0x) = maxIl (2) — we e + 20:V; + |74
s.t. (6)
2t = szbf — gF,t2t,

where gy, +,0: V4, Vi, gr ¢ represent skilled wage growth, derivatives with respectto z and ¢t of the value
function, and the growth rate of the technological frontier.
An interior solution satisfies the first-order condition
1
u = (e )
WH,t
which is the technology adoption problem at the heart of the paper. The high-skilled wage represents
the cost of technology adoption, while the term Bvz!0.V; captures the marginal benefit of hiring
skilled labor.
Using standard optimal control techniques, I show in the appendix that the firm’s optimal adoption

effort obeys
it Bzl Ty (0 —1) (1 — )
—(1=B) =7t = Guy, +0x+ (1 —0)grs — ; (8)
Lt WH t 2t
8,11,
where H'(l_jit)("_l) = 0.II; is the partial effect of normalized productivity on profits. The term
Bbffluzf I (c—1)(1—a)

e - in (8) captures the ratio of the marginal benefit (II; (c — 1) (1 — a) /z;) to the

marginal cost (wHyt/ﬁLfflvzf). The remaining terms, r; — gu,, , + 0x + (1 — 0) gr, form an effective

8 An alternative is to use the original Nelson-Phelps specification AM = (Ar,t — Ait) g (hi,¢) for some monotone function
g. This doesn’t alter any qualitative insights of the model but ensures that the firm can never hit a corner solution. My spec-
ification has an additional degree of freedom in 6 which allows me to match the speed of convergence across countries. See
Lucas (1993), Parente and Prescott (1994), and Sampson (2023) for similar formulations.



discount rate. In addition to the usual components -interest rates, wage growth, and death shock-
the discount rate is affected by two non-standard forces: the advantage of backwardness, (1 — 6) gp 1,
and skilled wage growth. Intuitively, given an advantage of backwardness is present (§ < 1), delaying
investment in technology adoption is beneficial as waiting allows firms to adopt new technologies at
lower cost. Conversely, faster growth in skilled wages raises the incentive to adopt early.

Adoption effort behaves like investment in an intangible capital stock with adjustment frictions.
The exponent § makes past adoption decisions more or less important for the firm’s ability to adopt
future technology. Similarly, a more linear . (high 3) makes firm adoption choices relatively more
sensitive to the cost of adoption.

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 so

Ve = /Vt (z)dF; (2), 9)

where Vg, is the value of an entrant and dF; is the incumbent distribution over z. The expected
present discounted value of entry must not exceed the entry cost, Vg; < fgwr:. This free entry
LfEE*t —0xM;, where Lg ; and Lp ; denote unskilled labor devoted

to entry and production of intermediates.

condition pins down firm entry, M, =

Equation (9) 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 (9) is that the model
collapses to a homogeneous firm model. Since entrants are, on average, as productive as incumbents,
and technology adoption in (5) has no exogenous firm-specific parameters, the only fixed point is
one where firms make identical choices.!’ This simplification allows me to express normalized firm
profits in closed form whenever the free entry condition binds,

°In contrast to learning spillovers at entry, Lucas (2009b), Lucas and Moll (2014), and Perla and Tonetti (2014) highlight
knowledge spillovers among incumbents. Two comments are in order. First, note that the spillovers in Perla and Tonetti (2014)
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 framework of Lucas (2009b) and Lucas and Moll (2014) are different as all agents continuously
learn from another.

10T show in the appendix how to allow for a weaker spillover at entry, for example where the entry distribution F; (2|E) is
modeled as a linear function of average incumbent productivity, zg = Ag [ 2dF} (), 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.
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The value function in (10) is standard except for the fact that the cost of technology adoption, wg 4.4,
need to be subtracted from operating profits. It is because of this that I deviate from an assumption
of perfect competition in the production sector. Since technology adoption is costly and firms pro-
duce according to a constant-returns-to-scale technology, I need profits to compensate for the cost of
adoption.!

Research Sector

I build on Romer (1990) where innovators pay a fixed cost in skilled labor to create new ideas. These
new ideas then 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. Consequently, forward-looking innovators internalize the timing of adoption, which
generates a novel feedback between innovation and adoption absent from the benchmark model.'?
Value of Innovation and Technology Adoption. For simplicity, I assume that technologies are adopted
in the order in which they are invented.” Let 7, € R* denote the waiting time between invention at
calendar time ¢ and adoption. Denote by =, the flow profits generated by an adopted innovation at
time u. The present discounted value of an innovation created at time ¢ is

Vig = ftO:Tt exp (— ftu rydv) Iy du. (11)

Note that discounting begins at the time of invention ¢, while profits accrue only after adoption ¢ + 7;.

Adoption in the order of invention induces a simple queue, which allows me to pin down the
waiting time in closed form. At time ¢, a new cohort of inventors enters the economy. The measure
of technologies that stand between the cohort entering at ¢, and currently adopted technologies, is
Ap,; — A;. Since new ideas invented after time ¢ enter the queue behind this cohort, the waiting time
7; depends only on how quickly firms adopt existing technology, which is captured in the adoption

flow
d
dv

This differential equation, together with boundary conditions Ap , — A; atinvention, and zero at adop-

(AF,t - Av) = *Av = 79A,1)Av7 v E [t7t+ Tt]~ (12)

UThis 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. A competitive model of adoption is feasible
when following the Lucas (1978) and Hopenhayn (1992) class of models with diminishing returns on the firm level as detailed
in the appendix.

12This complementarity seems related to the the influential work of Comin and Gertler (2006), although the concept does not
explicitly appear their paper, which focuses on short-run amplification of cyclical shocks. Comin and Hobijn (2007) is the less
known but more relevant precursor, which focuses on complementarities in initial implementation of technology in a model
where innovators race for patents, see Reinganum (1989).

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,
as long as the expected waiting time is a function of adoption effort in the production sector.

10



tion (Ar; — Aiyr = 0), delivers a tractable expression of the waiting time

log z:

ST gawdy
Tt

(13)

Tt =

This waiting time is fully determined by production sector firms’ adoption effort. Past adoption effort
pins down the current frontier gap defined as — log z;. Future adoption effort pins down the average
speed at which new technology is adopted, ffm
average speed then yields the waiting time, which is a statistic measured in units of time 7;.

gA pdv /7. Intuitively, dividing this frontier gap by

Innovation Spillovers and Free Entry. The rest of the research sector is standard and follows Jones
(1995) closely. Innovators produce new ideas with skilled labor according to

. o Jai A—1
AF,t = Lt = "YA?t < Lt) HI_’t,
fI,t ’

where H;,; denotes the total amount of skilled labor devoted to innovation. Infinitesimal inventors

1-A
takes the fixed cost fi, = (i‘:) /VA?t as given. This fixed cost depends on an exogenous fun-

damental research productivity v, and the familiar spillovers: a dynamic knowledge spillover A?t

1-A
where ¢ < 1 governs the sign and strength of the spillover, and a congestion externality (}2‘:)

parameterized by A € (0,1]."

After invention, each innovator holds an infinitely lived patent. Innovators rent capital K; from
households to produce differentiated capital goods X, that embody their ideas. Supplying one unit
of differentiated capital requires one unit of capital, so the marginal cost of production equals the
user cost of capital, r, + ;. Firms in the production sector combine capital varieties using the CES
aggregator embedded in equation (3). Monopolistic competition among innovators therefore implies
a constant markup over marginal cost. As a result, the rental price of capital goods equals p,; =
Lry+6p).

The equilibrium amount of skilled labor devoted to innovation Hj ; is pinned down by a free entry
condition, Vi; < fi,wm: Whenever the free entry condition binds, the inventor value function
takes the closed-form
exp (f ftHT rvdv) i ggr - [1+ 74

Tt = Guwg,: — (1 - )‘) (gHI,t - gL,t) + QSgF,t’

Vie = (14)

where a standard discount rate r; — gy, , — (1 — A) (gH,,,, - gL7t) + ¢gr,+ accounts for firm death, time
discounting, and appreciation of the value of an innovation. Non-standard is the term exp (— ftt” Ta dv) S
[1 + 7], which accounts for the fact that profits arrive with a delay, and the delay itself could change

“The congestion force is slightly different from the one in Jones (1995), and chosen with an eye toward the open economy to
guarantee a well-behaved interior equilibrium with every country active in each sector. A micro-foundation can be provided
using research skill heterogeneity as in Phelps (1966), see Eaton and Kortum (1999).
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over time, 7.

Normalized System

It is convenient to study the equivalent normalized system, where I choose the normalizing factor
such that the variables become stationary along a balanced growth path. For the production sector, I

. .. L L . .
use the following normalizations, v; := %, o= writ’t, b= lp gy ot = lg g,y = j‘f—f, which give
rise to the following equations
Ut = fE7 (15)
Tt — S¢lt
vy = — bt (16)
! Tt — Juwp,t + 0x
.l
m=— —(gr + ox) m. (17)
JE

Total skilled labor devoted to technology adoption equals Hy = [ t;di = M;i;. The normalized

amount of skilled labor devoted to technology adoption is defined as hy ; := Hu  while the normal-

Ly
Hi .
7.+ Total normalized supply

ized amount of skilled labor devoted to innovation is defined as iy ; =
of skilled labor equals h; = f—:

Similarly, I normalize variables pertaining to the research sector, vy := ——, 7y, 1= _l},# s
’ AF,t wr ¢ ’ AFJ wr ¢
ArT? . .. . .
and ar,; := —p—. Together with binding free entry, the normalized equations read
s hl*)\
v = b (18)
0
exp (f fttJrT rvdv) Ttgr - [1+ 7
ULt = ’ (19)
Tt = Gy, — (1 - )‘) (gHI,t - gL) + ¢gF,t
. gL
art = (1—9) (’Yhf:t —apg 1_¢) : (20)

Table 1 summarizes the key features of the economic environment. In this table, I use three addi-
tional results that reduce the complexity of the system substantially, at the cost of blurring assump-
tions (confined to the text before this subparagraph) with equilibrium outcome. First, since firms
in the production sector are symmetric, profits across firms are identical and take the simple form

I
pt L Next, define aver-

I, = 2+ 1. In normalized form the expression simplifies to m; = CEN R

to’

age normalized productivity as z, = ([ 277 'dF} (z)) 77 as in Melitz (2003), which every individual

M)

the correct object to compute the partial effect of productivity on profits from the point of view of

firm treats parametrically. This allows me to express profits as II; = , which is

an individual firm."® Second, since the equilibrium in the research sector also features symmetric

Oy

BIn a symmetric equilibrium, it must be that z; ; = 2; Vi. Yet, the partial derivative is still we defined and given by 52

evaluated at z; ; = Z;.
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a(l—a)y <=2 alptwr ¢

. . . . 1
innovators, I have II;; = A, = =74, which, in normalized form, equals 7, = Bt

ap,tzt "

Lastly, note that I can express aggregate output as ¥; = (

&)O‘ AtLp ¢
« 11—

11—«
) after aggregating over all
intermediate goods.

Table 1. Economic Environment

Agg. Production

11— .
Output, capital accumulation Y, = (%)° (Aff;“> » K=Y, —Cp— 6Ky
Euler equation
Inter-temporal consumption d=ri—p
Adoption & Firms
Adoption technology 2 = I/szf — gF.t2%t
. . —Guw 5 1—6 _ 192 Omy
Adoption effort o= Dfvast X+(17/3)gw S
- a T o e VL
1rm protits Tt = Miwp i o \ Z¢ — (o-D(A—a) my
Labor/capital demand Lpywr, =21 (1-0)Y,, Xipay=22 ()Y,
Free entry gy e = JE
Firm creation My = Z;Tt — (0x +gr.) my
Innovation
5 — T+l
Mark-up eXp(— ST —g ]fa;th dv)a al [14-7] sehi7™
t v 9wy, o, TPIFv P,t4T t] 1t
Free entry Tf*ng,t7(17)‘)(9H1,t79L)+¢9F¢ af,t4r2t4r Y
Idea creation ary = (1—¢) (Vhﬁt — agy f_ﬁ)
Market clearing
Skilled lIabor has+his=h
Unskilled labor lgs+1lpy =1
Capital goods X =Ky

2.2 Balanced Growth Path

I first focus on a balanced growth path (BGP) to illustrate two countervailing forces that are not
present in the benchmark model. On the one hand, adoption and innovation compete for skilled
labor, which gives rise to a factor market rivalry. On the other hand, innovation and adoption are
complements on the market for ideas/capital goods. I isolate each channel, and show how they jointly
pin down the decentralized allocation. I then contrast this allocation with the constrained social opti-
mum. I end this section by discussing model extensions and how the model compares to the previous
literature.
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The definition of a BGP is almost identical to Jones (1995), with the exception that equilibrium in
the production sector gives rise to a constant technology adoption gap defined as — log z. To ensure
the BGP is well behaved with an interior adoption gap, I impose the following parameter restriction,
p+ox+(1—0)gr>pB(c—1)(1—a)gp.'®

Proposition 1. The model admits a unique balanced growth path with a constant and positive adoption
gap, —log z, where population grows at exogenous rate g, = gy > 0, wages, per capita consumption,
productivity, and the technological frontier grow at constant rate gu, = guw, = ge = ga = gr = 7%5. The
endogenous variables {s, ap, m, g, lp, ¢, ha, hi} are constant, the interest rate equals r = p + gr, and free
entry binds in each sector.

Skill Premium and Technology Adoption. In general, the firm-level demand of skilled labor
devoted to adoption is such that the marginal benefit of an additional unit of skill matches the effective
discount term. On the BGP with 2 = 0 and ; = 0, this condition implies a closed-form solution for
skilled labor demand on the firm-level that depends on the skill premium and firm profits according

to
1 -1)(1 - 1
_1B=D0-a)g 1 o
sp+ox+(1—-0)gr s
wherek, := % collects parameters that are exogenous on the BGP. Equation (21) shows that

firm-level demand for skilled labor depends on normalized profits,”” and the skill premium, which
serves as key summary statistic of the cost of technology adoption. The reason the skill premium
emerges as the correct summary statistic of the cost of technology adoption depends on two assump-
tions. The first one is that technology adoption requires skilled labor. This, however, is not enough.
The other key assumption is that firm entry requires unskilled labor, or at least less skilled labor than
adoption.'® Once entry costs are denominated in unskilled labor, one can show that along a BGP,
profits have to be proportional to unskilled wages. Furthermore, note that the partial effect of pro-

ductivity on profits is proportional to profits, %—E = M, which is proportional to unskilled
wages, while the cost of adoption depend on high-skilled wages. Consequently, the ratio of the two

emerges as the correct summary statistic that pins down technology adoption."

16The economics contained in this restriction is that adoption cannot be too attractive, otherwise firms will hit the boundary
and the first-order condition doesn’t apply. What makes adoption attractive are weak diminishing returns to adoption (3 large),
and a large effect of productivity on profits ((c — 1) (1 — «)). In contrast, high effective discounting due to impatience, death
shock, and advantage of backwardness reduces the incentive to invest in technology adoption.

7The reader can see now that p+x +(1 — 0) gr > 3 (0 — 1) (1 — a) gr ensures spending on adoption is less than operating
profits, ts < w, which is needed to sustain net profits.

181 generalize and explain at the end of this section that the logic of the paper goes through as long as entry is less skill-
intensive than technology adoption.

YFormally, one needs to show that normalized profits only depend on exogenous parameters, at which point equation (21)
is justified in the sense that = is fixed and the skill premium is the correct summary statistic of the cost of adoption relative to
its benefits. Note that V; = Me—r) _ frwrp s & m= w

P , which establishes that normalized profits don’t depend on
the skill premium.
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Having established that equilibrium adoption effort is inversely related to the skill premium, and
normalized profits are constant, I turn to a key results of the paper that is essential in creating a
trade-off between innovation and adoption.

Proposition 2. An increase in the skill premium, ceteris paribus, leads to an increase in the technology

adoption gap o1 5
ogz

“dlogs 1-6

Proposition 2 states that a one percent increase in the skill premium leads to a drop in normalized
productivity by % percent, and thus a widening adoption gap. This partial equilibrium result is
general in the sense that any shock that leads to an increase in the skill premium, which does not
directly impact the adoption technology or normalized profits, causes a widening gap between the
technological frontier and current productivity.

To understand the proposition, take account of the fact that on a BGP, z; = z, the adoption gap is
proportional to adoption effort. Adoption effort, in turn, depends on the skill premium. Solving for
zusing # = 0 and ¢ = 1k, 7, the normalized productivity level equals

L <W> o)
gr

Despite the fact that innovation and technology adoption are forward-looking interdependent activ-
ities, the steady state is surprisingly tractable and the equilibrium adoption gap is a negative power
function of the skill premium, z s~ 129 This simple relationship unlocks all key results in the pa-
per, and captures the intuition that when skill becomes scarce signaled by a rising skill premium,
production sector firms endogenously adopt less technology. 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 on the BGP, I zoom in on the complementarity between innovation and adop-
tion on the market for ideas. The two are tied together through the endogenous waiting time. Given
gA = ga, the endogenous waiting time in (13) simplifies to

log 2z

T=— .
ga

With this constant waiting time,?° the normalized present discounted value of an innovation in (18)

20The expression looks identical to the endogenous waiting time in Perla, Tonetti, and Waugh (2021) but has a completely
different interpretation. In their work, z represents the gap between a firm’s productivity and the lower bound of the firm
productivity distribution.
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simplifies to

2ix, (23)

where the effective household discount factor defined as p := p — g1 depends on impatience and
population growth. Inspecting equation (23), the reader might notice that the value function looks
almost identical to the one in Romer (1990) and Jones (1995), save for the term 274 . Thisterm captures
the fact that the technology adoption gap reduces the present discounted value of an innovation.
Intuitively, innovators would like their ideas to penetrate the market rather sooner than later. The
extent to which the value of innovation responds to the adoption gap depends on how costly waiting
is, captured in the effective household discount factor p, relative to the speed at which the “adoption
queue” is moving, g4. In the limit for = — 1, the expression converges to the present discounted
value in the benchmark Romer-Jones model.

Equation (23) shows that the value of innovation is increasing in z, and thus increasing in firm-
level adoption effort «, see (22). Yet, given free entry, an increase in the value of innovation is arbi-
traged away by new innovators. Therefore, the effect of a falling adoption gap shows up in the form
of more skilled labor devoted to research, h;, and an expansion of the technological frontier Ar. This
complementarity between innovation and adoption on the market for capital goods is captured in the
following two equations?

1 b
h[ = —— gr Oélpz 974, (24)
5 p+ gr
1
h)\L -9
Apy = (m) ) (25)
gF

Combining equation (24) and (25), a one percent increase in z, ceteris paribus, shifts out the techno-
logical frontier
Olog Apy  p A

dlogz ga  1—¢’
where the first term, p/ga, captures how a narrower adoption gap stimulates additional research,
while the second term, \/(1 — ¢), captures how additional research translates into new technology.*
Asbefore, this complementarity is a partial equilibrium result, and I turn to general equilibrium next.
General Equilibrium. The interaction of innovation and adoption in general equilibrium pins down

A
2Since ar = 0 along a balanced growth path, the resource constraint implies % = ag. Inserting this into the free entry

1-A
condition, v; = ShLY , yields normalized demand for skilled labor in the research sector, h;. To obtain (25), recall that

1—¢
Ap¢

aF ‘= —f, -
22This is to be understood as a long-run level effect relative to some alternative balanced growth with lower research activity.
There model setup could be couched in the fully-endogenous style of the original Romer (1990) model with constant population.

In that case, changes in the adoption gap would permanently shift the growth rate.
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the skill premium, which is the key endogenous object. Once the skill premium is known, research
effort and adoption effort follow immediately. I defer other equilibrium outcomes to the appendix to
save space to focus on the key market clearing condition for skilled labor given by

hi + ha = h. (26)

1
7wm simplifies conveniently to mm = w_lgﬁﬁ Combining this with normalized skilled labor de-

mand from the research sector form (24), the market clearing condition becomes a simple function

To obtain aggregate adoption effort, I sum over all firms’ adoption effort, ha = tm = <k, 7mm, where

of the skill premium, the adoption gap, and exogenous parameters

1 gr b1 K,
—— alpz9a + ————————|p = h. 27
sptgr T slo—1)(1—a)’ @)

hi ha

Note that Ip, the share of unskilled labor devoted to production, is independent of the skill premium,
research effort, or adoption effort, and can thus be treated like an exogenous variable for all practical
purposes.”* Both demand for skilled labor in innovation and adoption are downward-sloping in the
skill premium, as indicated in the first and second panel in figure 1. Skilled labor is mobile across
sectors, and equilibrium is reached when the total relative demand for skilled labor matches aggre-
gate supply. Note 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 that requires a numerical solution.

The market-clearing skill premium immediately pins down the technological frontier and the
adoption gap, which, in turn, determines wages

1
o—-1 _\T= +gr+0
wL,t = ( P pr ) AF,tZ7 Pz = %a (28)

WH,t = WL,tS-

Equation (28) highlights that stable long-run growth must ultimately originate at the technological
frontier. At the same time, adoption gaps generate powerful level effects, which have long been rec-
ognized as important drivers of cross-country inequality (Nelson and Phelps, 1966), which I incor-

231 use the fact that Y; "T*l (1 — o) = Lptwr, ¢+, which follows from Cobb-Douglas production in a monopolistically com-
Yy 1

wy, 1Lt o°

%4The equilibrium value for Ip is found by combining the free entry condition, 7 (1 — x,) = (p + 6x) f& with normalized

equilibrium profits, 7 = %% = % i, and the resource constraint for firm creation on a BGP, m = méx;fgm'
Firm entry in the production sector, and hence the share of the unskilled workforce devoted to entry is independent of the
skill premium because entry only requires unskilled labor. I generalize the model at the end of this section by assuming entry
requires both types of labor, and I also discuss other important extensions like skilled labor in production and endogenous

skilled labor supply.

petitive setting, and 7m =
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Figure 1. Market Clearing for Skilled Labor

Innovation h; Adoption ha Market clearing hy + ha

porate in the open economy setting with country-specific adoption gaps. The same equation also
underscores the role of transition dynamics: changes in the frontier and adoption gaps along the
adjustment path can shape growth and inequality within advanced economies, much as human capi-
tal accumulation and rising research effort contributed to elevated growth over the twentieth century
(Jones, 2002; Fernald and Jones, 2014).% This is to say: a priori, there is no reason to think the changes
in z are less important than changes in research effort, even in frontier economies.

To better understand how innovation and adoption interact in the decentralized general equilib-

rium, I compute the ratio of the two

gr

_ +-0x+
hi 1-0a %

ha B 1[p P

P
Intuitively, a high $ shifts skilled labor into technology adoption, as adoption becomes relatively more
useful, while a strong advantage of backwardness (1 — ) pushes labor away from adoption. More-
over, the ratio of skilled labor in adoption vs. innovation is unrelated to research productivity .
Consequently, neither the allocation of skilled labor across sectors nor the skill premium respond to
changes in research productivity in the long run.?® Similarly, an increase in adoption efficiency in the
form of a rising v would raise innovation and lower the adoption gap (recall z, = 20,7 — grt%z). That
is to say, neither research nor adoption productivity is able to break the complementarity between
innovation and adoption in general equilibrium in the closed economy.?’

ZInterestingly, in the growth accounting exercises of Jones (2002) and Fernald and Jones (2014) there is no technological
frontier gap. An assumption that is relaxed in Peters and Trouvain (2026), which leads to a revision of the role of technological
frontier growth over the 20th century.

26Changes in fundamental research productivity thus do not lead to a reallocation of skill across sectors. This result will no
longer be true in the open economy where differences in fundamental research productivity generate comparative advantage,
and hence specialization.

?’This is true even though skilled labor devoted to adoption falls as v rises, which is true by virtue of the factor market
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Equation (29) also shows that an expansion in the supply of skilled labor would boost both inno-
vation and adoption through a fall in the skill premium, but the effect on the research sector would
be larger due to second round effects: a fall in s first makes the key input, skilled labor, cheaper. Fur-
thermore, a falling technology gap boosts innovation through a second round effect, and (29) shows
that the research share would increase as skilled labor expands and the adoption gap falls. This pre-
diction rings true for the US economy after WW2, where an expansion in the skilled labor share and
a decline in the skill premium (Katz and Murphy, 1992) coincide with overall fast growth and rising
research effort (Jones, 2002), at least up until the 1990s.?® The important takeaway, however, is that
innovation and adoption rise in lock-step as skilled labor supply expands over the 20th century. In
this sense, the complementarity dominates in the closed economy even in general equilibrium.

In the open economy section, I show that a globalization shock among asymmetric countries is
exactly the kind of shock that can break this complementarity. Fast technology adoption of emerging
markets in the integrated equilibrium raises the returns to innovation in the West, at which point the
domestic factor market rivalry becomes the dominant force characterizing the domestic interaction
between innovation and adoption, allowing the research sector and skilled labor to outgrow the rest
of the economy. Before moving to the open economy, it is helpful to analyze the efficiency properties
of the model, which ultimately determines the impact of shocks, including a market integration shock
(Atkeson and Burstein, 2019; Perla, Tonetti, and Waugh, 2021).

Efficiency. The allocation of skilled labor is generically inefficient, and depends on externalities in
both innovation and technology adoption. In the appendix, I derive the socially optimal allocation
where the social planner decides on 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, p — 0, which pins down the decentralized allocation in closed form. The
superscripts SP and DC denote the social planner and decentralized solution, and compute the ratio

clearing condition.

28While many case studies have been performed, I am not aware of a study that systematically documents changing adoption
gaps within the US (Comin and Hobijn (2010b) focus on the cross-country context which also lines up with the prediction as
skilled labor expanded globally). An instructive graph documenting falling adoption gaps for different technologies in the US
can be found here: https://ourworldindata.org/grapher/technology-infrastructure-diffusion-us. In current work in progress,
we explore this issue more carefully (Peters and Trouvain, 2026).

2The model is not well-suited to study optimal policy with respect to endogenous firm entry in the production sector. For
one, the fact that adoption has to happen on the firm level means there is a strange incentive to curtail firm entry. Moreover,

1

o

I took out scale effects in the production sector using the productivity shifter M, °~*, which introduces inefficiencies unre-
lated to the key trade-off concerning the allocation of skilled labor to innovation or adoption. One can rid the model of this
inefficiency by resorting to a Hopenhayn version with diminishing returns on the firm level, or by assuming that the number
of firms is always proportional to the number of workers, My = L., similar to Jones (2022). I emphasize that this inefficiency
does not interact with the misallocation of skill across sectors.
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of skilled labor devoted to adoption vis-a-vis innovation

ha sp_ 51
(m) =T 179 (30)
ha DCi 5 1 1
<h1> “1-9aW1T LT, (31)

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.%

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 (31) by the term (‘i"_fg‘;; > 0. The
inefficiency disappears when éx = —gr, which can be interpreted as incumbents creating additional
spin-off establishments at a rate that matches the population growth rate so gross entry is zero. If so,
firms fully internalize the benefits of adoption.®!

Inefficiencies in the closed economy shape how market integration affects growth, see Perla,

Tonetti, and Waugh (2021). With underinvestment in adoption—exacerbated by specialization in the
open economy—market integration can lead to sluggish and uneven growth.
Extensions. The appendix considers several extensions, including heterogeneous firms with imper-
fect knowledge spillovers, complementary public investments that promote technology adoption,
immigration, and skilled labor in entry and production. The core mechanism is robust across these
environments. A central insight is that the negative relationship between the skill premium and tech-
nology adoption remains intact as long as firm entry is less skill-intensive than technology adoption-a
mild and empirically plausible restriction. In fact, if entry is modeled as a Cobb-Douglas labor aggre-
gator with skill share i so the entry cost equal wa;Mwﬁ,t , then the passthrough from skill premium
to technology adoption changes to

_6logz
Jdlog s

—-w

For any 1 < 1, the key insight survives. Moreover, one can rescale §/1 — 6 to generate the same
reduced form link between adoption and technology, —9log z/0log s, for varying degrees of skill-
intensity. Perhaps surprisingly, none of this depends on how skilled labor enters in production as I

30Note 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 trade-off becomes more interesting since technology adoption features externalities as well.

31The influential model of technology adoption of Parente and Prescott (1994) can be understood as an efficient knife edge
with dx = gr, = 0 and exogenous frontier growth. There is one additional externality related to search-and-matching frictions
that arise from the endogenous adoption margin. This friction is ambiguous in the sense that there can be too much or too
little adoption, and disappears when 5 — 0.
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show in the appendix, and the relevant margins are confined to the cost of entry relative to the cost
of technology adoption.

I stress that the key assumption, namely that technology adoption is modeled as a relatively skill-
intensive activity finds support in recent empirical work. Bijnens, Humlum, and Vanormelingen
(2025) use detailed firm-to-firm trade data to show that the adoption of new capital goods requires
directly related overhead skilled labor services. Moreover, the assumption that adopted technology
complements unskilled labor finds direct empirical support in Bloom et al. (2025), which documents
that new technologies diffuse primarily through their adoption in lower-skilled jobs, consistent with
the complementarity between adoption and low-skilled wages in the model.

Another important extension endogenizes the supply of skilled labor. Since the mechanism op-
erates through movements in the skill premium, any force that dampens its response, like endoge-
nous labor supply, weakens the innovation-adoption trade-off. At the same time, changes in the skill
premium together with the elasticity 5/1 — 6 form a sufficient statistic for the impact on technology
adoption in the baseline model. Conditional on a change in the skill premium, the elasticity of skilled
labor supply becomes irrelevant, as it is already embodied in that change. In practice, whatever the
elasticity of skilled labor supply, it was not large enough to prevent the substantial rise in the skill
premium observed in recent decades. More broadly, the framework is generally robust to extensions
that leave the technologies governing entry and adoption unchanged and generate the same move-
ment in the skill premium. Lastly, Appendix A.10 contains a more detailed discussion of how the
model differs from the recent idea flow literature, and models that incorporate both innovation and
technology adoption.

3 Open Economy

In this section, I generalize the setup to a multi-country open economy model. Table 2 provides an
overview of the economic environment in the open economy, and I develop the results on the BGP in
the main text below.
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Table 2. Economic Environment

Countries

Index ne{l,.,N} =N
Country-heterogeneity Y={Vn}tnen, B ={hntnen, Lt = L Vn e N

Net exports NX,+ := Final good net exports fromn € N'tok € N.

Agg. Production
: : Xt *raA tLp nt l-a )
Output, capital accumulation A (L) (7) y Kt =Yo1—Chy— 0k Kpy — > NXpit

l1-a

Euler equation

Cn,t

Inter-temporal consumption =Tt =P
Adoption & Firms
Adoption technology Znt = ng,tzz,t — gF,t%n,t
) by Tt Gug,  FO(L—0)gr i Tt Tt
Adoption effort = = =3 =
’ (o—1)(1-a)

. _ Yin 1 [ zZn,t _ lpn.t 1
Firm profits Tt = M, pwpme o (Z) T (o-1)(1-a) mp s
Labor/capital demand Lpniwrne =" (1—a)Yor, XntPont = S (@) Yoy
Free entr ottt — f

y Tn,t*QwL,n’t+5x E
Firm creation Myt = IEfi’;' — (0x +gL) Mt
Innovation
Mark-up Dant = T"%Mk
Free entr ) exp(= T k= Gup o H O dY) alpaig, 4ina] _ Skahiih
y n Tk,t*ng,k,f,7(17>‘)(9H1,k.179L)+¢ngt AF t4ry Zn ttry Tk
. . 1-
Idea creation agy = (1—9¢) (Zn %hﬁn,t — ap; 1 ) ,oapy = (00, Arn) /L,
Market clearing
Skilled labor hant+ hine = hn
Unskilled labor lEmt +1ppnt=1
Capital goods Xnt = Kny
Final goods > 2k NXp g =0

Country Differences. Countries differ along two dimensions only: research productivity ~,,, and
relative skill endowment h,,, where n € {1,..,N} := A is a country index of a total of N coun-
tries. Asymmetric integration refers to integration across countries that differ in at least one of these
dimensions. All other features of the environment, including the technology governing adoption,
are identical across countries. Despite its parsimony, this structure is sufficient to generate a real-
istic cross-country income distribution driven entirely by endogenous productivity differences that
emerge from research productivity and skill endowments.

International Trade. Countries frictionlessly trade a homogenous final good. Capital goods are pro-
duced locally to abstract from offshoring. Importantly, even if a domestic idea is embodied in foreign
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capital abroad, the domestic inventor still receives profits coming from the markup applied to the cap-
ital good. Trade thus occurs to compensate foreign technology owners for access to their intellectual
property as in Burstein and Monge-Naranjo (2009) and McGrattan and Prescott (2010).

Adoption in the Open Economy. Relative to the closed economy, firms now adopt technology from
the world technological frontier, which is the sum of all ideas in each country,

W
AF,t = § AF,n-,t-
n

Conditional on prices, the firms adoption problem is otherwise unchanged. Consequently, along a
BGP, firms spend a constant fraction of their operating profits on technology adoption, so that
1
by = —K,T
S
still holds. This makes the model very tractable as all local feedback effects from innovation are
captured in the relative price of skill, s,,. Moreover, aggregate normalized demand for skilled labor

Ry

1

1 r g
s (c—1)(1—a)
Relative productivity across countries is pinned down by the relative amount of skilled labor de-

in adoption remains unchanged relative to the closed economy, and still equals hy , =

voted to technology adoption, and the overall importance of skilled labor in adopting technology
parametrized by the advantage of backwardness (1 — 6) and static diminishing returns to adoption (/5)

8 B
1—6 1—6
(Lk) _ (hA,k) B WLk e n (32)

293 hA,n Zn, wr,n

The result follows from noting that the normalized measure of firms, m, will be identical across coun-

tries.®

Innovation. I assume that the knowledge spillover (AEW’ is global in the integrated equilibrium,*

but otherwise the same law of motion as in the closed economy applies, A ,, ; = ‘2t =+, (AF,.0) ¢ Hf\’,n’tL};tA.

fin,t
Using the normalized variables a)f := (%) e and hy,, = H‘L”:*t, the share of ideas developed in
country equals '
_ Jnhi, (33)
Xn = gray

Equation (33) says that countries with higher research productivity or greater research effort there-
fore contribute disproportionately to the global frontier.
In the absence of trade cost, the value of an innovation is unrelated to where the idea was invented.

32Productivity 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. It 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.

333ee 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.
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Consequently, free entry ties the cost of innovation across countries together, and delivers countries’
relative research effort as a function of skilled worker wages and research productivities,

I 1-X w -1 N 12028
( Lk) _ ( H:k) _ (k) Vn, (34)
hI,n Tn \WH,n Tn Sn

where the second equality uses the link between skill premia and skilled wages. Because congestion

in research is country-specific (A < 1), the free entry condition always binds.
Combining equation (33) and (34) determines the share of ideas produced in country &

1 1-8-60 _x

A 1-6 1-—X

Y S
k k 1-5-0 . (35)

1
1—X 1—6 1—X
Zn Tn = Sn

This share captures comparative advantage in research, and depends on the two key determinants of

Xk =

innovation: differences in skill premia related to skill endowments, and differences in fundamental
research productivities. The former generates trade patterns driven by factor endowments in the
spirit of Heckscher-Ohlin, while the latter reflects Ricardian technology differences. To guarantee
a well-behaved open economy equilibrium, I impose § < 1 — ¢, which guarantees that higher skill
premia in a country reduce its research share. Intuitively, this condition ensures that an increase in
the skill premium also implies an increase in skilled worker wages.

To characterize aggregate innovation effort, I focus on country k and derive the normalized value
Vit

of innovation, v == ———t———
T (Axe{t) Pwre’

1 alp w £ 1 ol 1+-2
ULk = Zip Lyn,t Z;ZA = P Zzn gA7 (36)

 ptor aF WL k.t P+ grapzk

n n

where I used the fact that labor devoted to production is identical across countries. Equation (36)
highlights the role of cross-country adoption gaps in determining the value of innovation. Holding
country k’s adoption gap fixed, rising foreign technology adoption affects innovation through two

channels. First, a declining adoption gap leads to a falling waiting time, zﬁ%‘ . Second, higher foreign
adoption raises foreign real wages, expanding global market size. The closed-economy expression is
nested by setting z, = 0 for all n # k.

Market Clearing. Combining (33), (35), and(36) yields the relative share of skilled labor in innovation
in country k consistent with free entry

- 1+ -2
1 gr L Zn 9A
hrr = —= alpzg® Xk (7,8 ( (37)
’ Sk p+ gr k H(,_Z zn: 2k
N~ specialization

same as autarky rel. market size
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where I highlight the connection to the closed-economy expression, which is extended by two terms.
The first additional term captures specialization x which is a function of the whole vector of exoge-
nous research productivity and endogenous skill premia (v = {v,},s = {s, } for n € N/). The second
term captures the size of the world economy relative to the domestic economy. Since the adoption
gap remains a function of the skill premium, z,, x s, %, the allocation of skilled labor to innovation
within each country is fully pinned down by exogenous parameters and skill premia.

Market clearing in the open economy thus boils down to finding a set of skill premia consistent

with skilled labor market clearing in each country,
hL’ﬂ (77 S) + hAtn =h, Vne€ N. (38)

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

A
follows directly {Xy, z» }nen, as well as the normalized world technological frontier a) = z”%h‘

3.1 Discussion of the Open Economy Model

Patterns of Trade. Final goods trade is unbalanced. Countries more specialized in innovation earn
royalties abroad, matched by final goods flows from the net importers of technology

-1
St = a0-a i -

Yi
0_ 9

Y;:W
N
net trade inflow into k
where Y,V =} 'Y, ; is world GDP. In an equilibrium where technology is 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. Under correct measurement, the goods trade deficit would be
offset by a services surplus, leaving the current account balanced.

However, a growing body of evidence shows that multinational profit shifting and the relocation of
intangible assets distort this accounting. Guvenen et al. (2022) document that a substantial fraction of
income attributed to U.S. foreign affiliates reflects profits generated by intangible capital developed
domestically but booked abroad. As a result, royalty income may not be fully recorded as service
exports and instead appears as retained earnings abroad, mechanically widening the measured trade
deficit. Large unbalanced inflows of the tradable final good into advanced economies from emerging
markets have attracted much attention, especially in the US context. The model highlights that this
is a natural implication of the invention of frontier technology being relatively concentrated in a few
rich countries in an integrated world.**

34This lines up with the observation that the trade balance tends to be more negative than the current account balance,
particularly so when focusing on the USA during the 2000s. This observation becomes even more striking when valuation
effects on foreign assets are included, see Gourinchas and Rey (2007).
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Cross-Country Productivity Differences, Scale Effects, and Technology Adoption. The model is
consistent with key stylized facts of economic growth 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. Related to this is
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, GDP per capita, and technology adoption gaps as documented in Caselli and Coleman (2001)
and Comin and Hobijn (2004; 2010). The setup thus reconciles the findings Mankiw, Romer, and Weil
(1992), which focuses on human capital differences across countries, with Parente and Prescott (1994)
emphasizing technology adoption and TFP differences as the key driver of cross-country inequality.

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. Caselli and Coleman (2006) make this point explicitly. Relative
to this, I note that endogenous specialization in innovation mitigates this issue: skill-rich countries
specialize in invention, which pushes toward factor-price equalization and narrows skill premia. This
is, of course, an instance of the classic factor price equalization theorem of Stolper and Samuelson
(1941).

Second, countries with higher research productivity, larger populations (introduced in the next
section), or higher skilled labor shares contribute more to the global technological frontier. I stress
that relative to other studies, which take out scale effects in open economy settings,* I maintain the
non-rivalry of ideas and the important link between skilled labor endowment and idea production.
These types of scale effects are extremely natural, and find strong support in the data.

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 technolo-
gies invented elsewhere.*® 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 that endogenous firm entry ensures that
a country twice as large requires twice as many skilled workers to keep the amount of skilled labor

353ee for instance Sampson (2023), Sampson (2016), and Perla, Tonetti, and Waugh (2021)

36The idea that scale effects disappear in the cross-section of countries once technology diffuses is already implicit in Nelson
and Phelps (1966), and explicit in Benhabib and Spiegel (1994) and especially Howitt (2000). The contribution here is to provide
an explicit micro-foundation that tractably embeds this into a model where the evolution of the frontier is endogenous, and
responds to technology adoption choices. See also Ramondo, Rodriguez-Clare, and Saborio-Rodriguez (2016) for a view from
the trade literature, and Gross and Klein (2024), which differentiates between local and global ideas to develop a model with
realistic cross-country scale effects.
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devoted to technology adoption within each firm constant.” It seems a natural assumption in the
context of adoption since any one idea is adopted many times highlighting the rivalrous nature of
adoption.

The setup again generalizes by incorporating skilled labor in entry and production, and the central
assumption is that technology adoption is more skill intensive than entry. This is a good point to
consider what happens if one were to assume instead that entry is more skill-intensive than adoption.
If so, skill-scarce poor countries would have relatively few firms, and the few firms would spend a
relatively high amount of skilled labor on technology adoption. This is, of course, contrary to a large
body of evidence that shows that relatively many firms with low levels of technology adoption are the
predominant mode of production in poor skill-scarce countries, see Cirera, Comin, and Cruz (2022)
for detailed evidence.

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 will show next that such a richer model offers
new insights into the impact of market integration on growth.

3.2 Globalization, Growth, and Inequality

Globalization matters in this model because it provides access to the global technological frontier
and allows for gains from trade in innovation. While the trade elasticity of the final good is infinite
-shutting down the usual gains from goods trade- trade in the homogeneous good remains essential.
It allows countries to access foreign technology by compensating its owners. As a result, gains from
market integration can be large even when observed trade flows are small, since access to ideas does
not require shipping entire capital goods across countries.*®

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

Proposition 3. The ratio of unskilled worker wages in the open economy vs. closed economy for some country

k reads .
s 3
open open 1—¢ li open _ lie
Wp gt huc 1 7 s )
wclosed - hclosed Sclosed .
Lkt Lk Xk k
—
Innovation margin Adoption margin

Skilled wages follow immediately from wgy 1+ = sk:wr . The key distinction relative to ACR
is that changes in the skill premium enter the statistic through the adoption margin. As a result,

37The role of endogenous entry in dealing with scale effects is reminiscent of Peretto (1998) and Young (1998). Their focus
rests on constructing a fully-endogenous growth model where long-run growth is unrelated to the level of the population.

38A 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.
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equation (39) is not a sufficient statistic in the ACR sense, since autarky skill premia and research
effort are not directly observable.*
The impact of market integration on the technological frontier is captured by two forces: in-

A
. . . 1—¢ . .
creased innovative effort in the home economy, (hf’;f” / hflg36d> , and gains from ideas developed

abroad, (1/ Xk)ﬁ, both of which depend on a constant scale elasticity 1/1 — ¢. When the share of
ideas developed in the home economy is small, the gains from integration are large. The logic mirrors
ACR, where a large import share signals substantial losses from reverting to autarky.

The novel feature in equation (39) is the endogenous adoption margin, which enters through the
skill price ratio (s°Pem /sclosed) ~T59. An increase in the skill premium, ceteris paribus, reduces un-
skilled wages by lowering domestic technology adoption. This channel changes how market integra-
tion affects growth.

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 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 incentive to innovate, and foreign
innovation, which reduces it, exactly cancel. Underlying this result is a classic Ricardo-Heckscher-
Ohlin-Krugman type logic where for identical technology and factor endowments, prices remain un-
changed, while gains from integration are driven by standard scale effects as each country gains ac-
cess to the other’s technology.

Proposition 4. Symmetric integration with v, = v, h, = h ¥n € N 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 4 of ideas. Plugging
this into (39) completes the proof.

In the case of symmetric integration, real wage gains accrue to all workers without adverse in-
equality effects. The strength of this response depends on ¢, which governs how difficult it is to dis-
cover new ideas. Even when ideas are harder to find, gains from market integration are generally very
large, since any one country tends to hold only a small share of the global technological frontier.*’

These pro-growth effects of globalization potentially disappear in the case of asymmetric inte-
gration, a central element of the globalization shock of the 1990s and 2000s. Suppose that the West

391 thank a referee for pointing this out.
40To illustrate this point note that in 2022 the USA accounts for about 20% of global patents. Using global patents as a crude
proxy for a country’s share in the global frontier, and assuming there are strong diminishing returns to innovation with ¢ = —1,

1
the gains in the open economy for the US will be of the order of 51-(-1) — 1 & 130%. For a small open economy like the UK,
the gains would be around 500%.
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develops frontier technology and can partially protect its intellectual property. Technology adoption
of emerging markets in the integrated equilibrium raises the returns to innovation in the West, in-
creasing research effort and temporarily accelerating frontier growth - the standard mechanism em-
phasized in the literature. To see this most starkly, consider the case where comparative advantage

in research is very large for country k, so xx ~ 1. In this case,

1 gr = Zn 1+£
th = — = OélngA <) .
Sk P+ grF F Xn: 2k

Relative to autarky, where z,, = 0 Vn # k, integration exerts additional pull on innovation through the

term Y, (zn/2)' "

this pull is amplified, reflecting the complementarity between innovation and adoption.

74 . When wage growth and technology adoption accelerate in emerging markets,

The key twist in the model is that the expansion of research effort comes at the expense of do-
mestic technology adoption as depicted in figure 2. Technology adoption in emerging markets raises
the returns to innovation in the West. This leads to heightened research effort and temporarily faster
growth of the technological frontier. At the same time, this reallocation requires a reallocation of
skilled labor away from the production sector. This reallocation is brought about by an increase in
the skill premium, and ultimately hurts technology adoption in the West. Note that the complemen-
tarity between innovation and adoption doesn’t vanish but plays out between domestic innovators
and foreign adopters, at which point the domestic factor market rivalry becomes the dominant force
characterizing the domestic interaction between innovation and adoption.

Figure 2. Open Economy Market Clearing for Skilled Labor

While skilled workers always gain, the impact on unskilled wages and aggregate GDP per capita is
unclear, and ultimately tied to quantitative question of whether positive innovation or negative adop-
tion effects dominate. Moreover, the previous discussion ignored transition dynamics, which are cru-
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cial. 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 can exert downward pressure on real-
ized productivity growth rates despite elevated growth of the technological frontier as improvements
in frontier technology. In the final section of the paper, I quantify a more general version of the model
to explore these questions in a two-country model.

Before turning to the quantitative analysis, I clarify one important issue. In the open economy,
technology adoption —-conditional on the skill premium- does not respond directly to market inte-
gration. The horizontal blue arrow in the first panel embodies the global demand shock for ideas,
which is the key driving force in my model. In principle, globalization may also alter the demand
for adoption in the production sector and shift the demand curve for adoption in the second panel in
figure 2. T highlight two points here and defer formal details to Appendix A.8.

First, there is no long-run effect on demand for technology adoption in my baseline model. To see
why this is the case, note that aggregate spending on skilled labor for adoption purposes is a constant
share of aggregate profits, wy Ha; = YtT” Globalization matters but its impact on adoption is fully
pinned down by movements in the skill premium since output is proportional to the unskilled wage
bill.

This neutrality result survives several extensions, including intermediate-goods trade a la Krug-
man (1980) or environments with country-specific varieties and iceberg trade costs as in Armington
(1969). The deeper reason neither extension impacts adoption directly is that in homogeneous firm
models with monopolistic competition, firm size measured in terms of employment is unrelated to
market size so the only way in which globalization impacts adoption is through the relative price of
skill. Second, Melitz-style selection effects would break this neutrality result. A change in the firm
size distribution generically changes adoption incentives. I develop such a heterogeneous-firm ex-
tension in the appendix where I show that the basic link between skill premium and weak adoption
remains intact.

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
pp. from 1995 to 2015 when focusing on a set of West and East European economies.* Second, within-

“IConvergence 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
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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.

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
interplay of innovation and technology adoption in a globalized world.

Generalization. I next explore how far the model can go in rationalizing these empirical patterns. To

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) and a question arises whether IT and finance belong into the research or
production sector. I use a broad definition here, and compute alternative definitions in the appendix. While the overall level of research employment falls when excluding IT and finance, growth in
research employment actually increases.

do so, I generalize the model along three dimensions. First, I introduce exogenous innovator death
shocks that arrive at rate 0;. These shocks hit both adopted and unadopted ideas, which innovators
take into account when entering the research sector. The waiting time thus generalizes to

log 2;

B STt gaotoidy
Tt

Tt

Idea death shocks lead to more realistic 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 pp < 1 operating in the emerging market in autarky similar to Parente
and Prescott (1994) to avoid a counterfactually large autarky skill premium in the emerging market
explained below.

Quantification. To quantify the aggregate implications of the theory I have to pin down a set of pa-
rameters © = {p, o, O, 0, f5, 0%, {Ln}, {ttn}, {7}, o1,v, 8,0, A\, {hn}, g1 } where the inner parentheses
and subscript n indicate that the parameters are set separately for each country.

{p,a, i, 0, gr}: I set the capital share equal to .4, capital depreciation equals 5%, and the discount
rate is 5%. Together with income growth of one percent, gr = 1%, this implies a long-run real rate of
6% consistent with stock market returns. I set the elasticity of substitution across intermediate goods
varieties equal to 2.5, consistent with evidence from Broda and Weinstein (2006).

{6x, o1}: T use the IAB establishment panel data to compute annual firm exit rates in the production
and research sector, which equa5 in each sector. Recall that the higher the arrival rate of death shocks
(0x) in the production sector, the stronger is the adoption externality. I choose values that are similar
or lower than the empirical estimates from Garcia-Macia, Hsieh, and Klenow (2019) (ranging from
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8% to 4% depending on firm age and time period), Peters and Walsh (2019) (5.4%), or Sampson (2023)
(10%). Using such higher values would amplify the main mechanism.

{6, B, ¢, \}: The implications of the theory hinge on the importance of technology adoption and in-
novation, which directly relates to the ratio % and 1 — ¢. I start by calibrating 6 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 lin-
earize the law of motion of z to show that the advantage of backwardness 1 — 0 is the key parameter

governing this speed of convergence

2~ (1-0)(gr+ 1) (log zss —log z;) + B (gr + 61) (log hys — log hy) .
—_———
=Bz
If 6y + gr = 5%, a reasonable estimate for 6 is 0.55 which ensures that 33 ~ —.02. This value is

consistent with Lucas (2009a)’s calibration of the same advantage of backwardness parameter.
Given 6, cross-country inequality disciplines . In steady state,

Wine  _ (M) =5 (40)
WLkt ha,k,t

Conditional on a distribution of the relative amount of skilled labor devoted to adoption across coun-
tries {ha , }, and conditional on 6, the parameter § maps this distribution into observed cross country
unskilled wage inequality. Setting 5 = .35 implies /1 — § ~ .78, consistent with the cross-sectional
relationship between relative tertiary education shares and output depicted in figure 5. While Ay ,, ¢ is
in general not observed, it can be proxied using country skill endowments as long as the country does
not innovate, which is a reasonable assumption for middle and low income countries. The resulting
slope coefficient when dropping the top 10% of richest countries equals 0.74 , which lines up nicely
with the calibrated parameter.*?

While the cross-country relationship between skill shares and income is consistent with the model,
the direction of causality is not unidirectional. Human capital accumulation is itself an endogenous
outcome shaped by institutions, culture, and historical conditions (Sokoloff and Engerman, 2000). In
that sense, the regression should not be interpreted as causal. That said, the focus here is narrower.
The model emphasizes the role of skill in technology adoption. Conditional on access to a common
global frontier, higher skilled labor endowments increase adoption and raise productivity. This mech-
anism is supported by both macro and micro evidence. Comin and Hobijn (2004) document a strong
link between tertiary education and technology adoption across countries. At the micro level, exoge-

#1n 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.

nous variation in local skill supply induces technology adoption: Lewis (2011) and Beaudry, Doms,
and Lewis (2010) for the United States; Foster and Rosenzweig (1996) and Imbert et al. (2022) for India
and China. The direction runs from skill composition to technology adoption.

Turning to innovation, note that the long-run frontier growth rate is endogenous, and equals
91/1—¢. 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 set the dynamic knowledge externality to ¢ = —1 in the baseline calibration. This parameter-
ization is more optimistic than what the evidence in Bloom et al. (2020) suggests, which is closer to
¢ = —1.5. Two considerations motivate this choice. First, with 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 muted response of advanced economies’ GDP growth to globalization
makes it unlikely that dynamic knowledge spillovers are positive. Calibrating the model using a more
optimistic dynamic externality leads to counterfactually strong growth for all countries.** I offer ro-

43Slowing 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 trade-off, 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.

441 caution against interpolating empirical estimates based on regional or sectoral variation. Strong local agglomeration
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bustness exercises with respect to 5 and ¢ to show how sensitive the results are to either parameter
in appendix B.4.

In the canonical Romer-Jones framework, the capital share and the markup are jointly deter-
mined by «, which implies relatively high markups. I maintain this structure to keep the calibration
directly comparable to estimates of ¢ in Jones (1995; 2002), Fernald and Jones (2014), and Bloom et al.
(2020), all of which are grounded in this specification. Changing the elasticity of substitution across
capital goods necessitates a reinterpretation of ¢. This goes back to the observation that it is difficult
to distinguish empirically between ideas becoming harder to find (a low ¢) and ideas becoming less
valuable (a high elasticity of substitution). What ultimately matters for the quantitative implications
of the model is whether adoption is inefficiently low in autarky. Lower markups in innovation make
this more likely, but recalibrating ¢ to match long-run growth offsets that effect.

To calibrate the congestion force \,* I note that cross-country specialization in innovation should
contain information on this parameter. Under identical research productivity among innovating
countries (v, = 7), the model implies a log-linear relationship between the share of ideas, the to-
tal number of researchers, and country size

log Xnt =y + Alog Hy o + (1 — A)log Ly, . (41)

This relationship provides a natural moment to discipline .

I approximate x, using internationally protected patent flows over 2011-2019, which proxy for
idea shares in steady state. Data on researchers and employment are drawn from the OECD Science,
Technology, and Innovation database. Among advanced economies, the elasticity of patenting with
respect to the number of researchers is close to unity, with a correlation of 0.97 (Figure 6). This sup-
ports the assumption that research productivity is broadly similar across rich countries.*® Moreover,
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 dif-
fers across countries.

effects can coexist with large diminishing returns to research for the world as a whole.

45My congestion externality differs slightly from Jones (1995)’s original setting with f1; o Hllg AAIf‘t, where the frontier
growth rate on the BGP equals gr = Agr./1 — ¢. If countries have different population sizes and the static congestion is local
(which is what one would like for a well-behaved open economy equilibrium), it is preferable to use the ratio of researchers
to unskilled labor (Hj ;/L¢)' > . 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.

46While Sampson (2023) provides evidence that sectoral research productivity differs across countries, he finds that differ-
ences are much larger across advanced vs. emerging economies than within each country group. Moreover, sectoral hetero-
geneity likely overstate differences in aggregate research productivity on the country level, which is the focus of Sampson
(2023). I thus view the findings in Sampson (2023) as broadly consistent with my calibration.
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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.

Estimating equation (41) directly is complicated by multicollinearity between total employment
and researcher counts, as well as by endogeneity concerns. A baseline cross-sectional regression
nevertheless yields A = .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,}, {ttn}, {7}, v, {hn}}. I assume that h in the ad-
vanced 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 = 1.5 in the initial equilibrium for the advanced economy close to Buera et al. (2022), and I target
a relative productivity level of z = .75 in autarky, which means that the waiting time for an idea to
be adopted equals 5 years. Bloom et al. (2025) show that even within advanced economies, diffusion
gaps can persist for decades. Since I don’t model firm heterogeneity, the reader should think of this
waiting time as the moment when the product has reached substantial market penetration.*’ 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, consistent with the relative
size of Eastern Europe. Lastly, I normalize research productivity in the West to unity without loss of
generality.

4 Golder and Tellis (1997) finds that it takes on average six years for a new consumer durables to achieve substantial market
penetration.
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I will consider different values for v* and h* in the quantitative exercise. For the case of asymmet-
ric integration, I assume v* ~ 0, h* = .05, which implies that all innovation is produced in the West.
This captures a salient feature of market integration in the 1990s and 2000s, where a large increase in
patenting activity in Europe coincides with virtually no patenting in Eastern Europe, see Khan and
Dernis (2006) for supporting evidence.*®

In an alternative scenario, I assume that skill endowments and research productivity in the East

gradually converge to Western levels. Proposition 4 implies that, under symmetric integration, long-
run inequality remains unchanged while growth increases. I model convergence as occurring over
roughly 30 years (see Figure 20 in the appendix). During the transition, the rich country experiences
weak adoption and skill scarcity. In the long run, however, convergence reduces comparative advan-
tage in innovation and eliminates these imbalances. Eventually, an expansion of the technological
frontier raises wages for all. Before I compute these transition dynamics, I have to take a stance on
the initial conditions.
Initial Conditions. I first solve the transition dynamics in autarky in the West by introducing an ex-
pansion in relative skilled labor endowments, from 0.1 to 0.15, which delivers elevated growth, falling
inequality, and a rising research share along the transition path, all of which are key features of ad-
vanced economies’ growth trajectory since WW2.*’ The model is thus consistent with the observation
in Fernald and Jones (2014) that temporary forces pushed up the growth rate over the 20th century.

I'then introduce a globalization shock by adding another emerging economy to the world economy
in the mid 90s. I thus have to take a stance on initial conditions in the East, which again must differ
from their long-run steady state since these economies grow at an elevated rate. I first ensure that the
model is consistent with the initial income gap across East and West in the mid 90s. Having close to
zero research productivity in the East in autarky, however, would imply a counterfactually large wage
gap. Ifix this by assuming that the East’s innovation 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 4, .., in autarky such that the impact of technology adoption on

“8For more recent years, this assumption may be less appropriate, especially with respect to other emerging markets such
like China. I explore the implications of this shift in the symmetric integration scenario later on.

“*See appendix B.1.6 for more details.

50The 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.
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profits is suppressed

71_*
autarky
aZ7T:j':utarky = M:losed (U - 1) (1 - a) 27*7

<1
where d,m = (0 — 1) (1 — «) 7/zis 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 de-
mand for skilled labor twofold. Fist, directly through lower demand for skilled labor in the production
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 depressed.

While this is not the focus of the paper, a skill intensive technology adoption margin provides a
promising candidate explanation for low productivity and the weak link between skill scarcity and
skill premium along the development spectrum, see Caselli and Coleman (2006). Regarding the So-
viet Union, the lack of incentive to improve productivity due to central planning has been widely
acknowledge, see Kornai (1992). Consistent with this are the low low levels of inequality within and
across worker groups, see Brainerd (1998), despite skill being more scarce than in West. I loosely fol-
low this evidence when calibrating the technology adoption wedge in the East so as to match the skill
premium in autarky of 1.5. Once markets integrate, this wedge disappears, i.e., j1};,.,, = 1, reflecting
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. Although integration eliminates the incentive to duplicate innovation
going forward, some overlap in varieties may exist at the moment of integration. It is therefore nec-
essary to specify the initial allocation of patent rights across countries. I assume that the West holds
a share ¢ of the existing technology stock and the East the remaining 1 — (. Appendix B.3 provides a
micro-foundation based on small quality differences across varieties. To discipline this initial reallo-
cation of ownership, I match the sharp decline in income observed in Eastern Europe following the
fall of the Iron Curtain. This calibration implies ¢ =.99.°! Table 3 summarizes parameters and key
moments used for the calibration.

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 10% in real terms. This contrasts with wage
gains for skilled labor of around 12%. Even though the technological frontier increases by 7%, the

SINote 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 cahbrat1on this implies
a drop of 14.4%.
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Table 3. Parameterization

Parameter Value Target/Source
Household

P discount factor 0.05 standard value

gL pop. growth 0.02 standard value

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

h* rel. skill share 0.05 see text

L% rel. size 0.75 see text

Zj—% init. wage gap 4.5 see text
Production/Adoption

@ capital share 04 standard value

Ok capital deprecication 0.05 standard value

Ox exit 0.05 IAB data

o substitution 2.5 Broda/Weinstein (2006)

153 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

o1 exit innovation 0.06 IAB data

0% research prod. 1 normalization

¥* 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.

adoption gap widens by 17% 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.

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

52Measuring 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 := Ww 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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Figure 7. Long-Run Level Effects

Asymmetric Integration Symmetric Integration
West East West East

Y 1.0 0.0 Y 0.571 0429
Alogwy  -0.091 1.174 Alogwy, 0.28 1.666
Alogwpy 0.119 1.576 Alogwy  0.28 1.702
Alogs 0.21 0.402 Alogs 0.0 0.036
Alog(y) -0.029 1.148 Alog(y)  0.28 1.861
Alog z -0.163 1.101 Alog z -0.0 1.386
Alog AV 0.073 0.073 Alog AW 0.28 0.28

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 2, = A, /AY. For things to add up, I thus defined frontier technological
growth as A log A‘F’V = log A‘FN —log Ar where Ap refers to the frontier in autarky, which resides in the West.
Note that I net out exogenous long-run growth (1 — ¢) ! Alog L for non-stationary variables.

of frontier technology. Because adoption is a skill-intensive activity, there is pressure on the skill
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.>*

53 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 trade-off. Intuitively, pushing out the frontier helps both the domes-
tic 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.

541 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
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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 30%. This is, of course, just an instance of proposition 4: 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,
suppose households reinvest a constant fraction ys,y 0f the final output good in each country where
Xeav = (1) - a%’%ﬁk’“ 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 in the case of asymmetric integration on the left
panel, and the skill premium and value of innovation on the right panel. The model generates strong
convergence dynamics in the sense that the income gap between East and West is cut in half over the
period from 1995 to 2020.

The right panel shows the dynamics of the skill premium and the normalized value of innovation.
Both skill premium and the value of innovation jump up upon integration. This reflects the immediate
impact of the demand for technology from the East. Investment in innovation happens immediately,
which drives up the skill premium on impact. Furthermore, elevated technology adoption in the East
raises the value of innovation both because foreign wages increase (w « z) and because adoption
times (7 = —log z/(ga + 61)) fall. Unsurprisingly, since the free entry condition in the research sector
ties the value of innovation to the skill premium, the increase in the value of innovation closely tracks
the increase in the skill premium.

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 + LT*) =% which is strictly positive. The assumption that
ideas are harder to find is necessary but not sufficient, and needs to be combined with a model where technology adoption
complements frontier innovation.

551n 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.

56The 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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Figure 8. Wages & Technology along the Transition Path

—  skill premium (s) [=—]

1475

1.0 ———

1.85

1450
-
0.8

1425

1.80

1.400
0.6

1375

Average wage (normalized)

1.75

1350

0.4

1.70

1325

2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050
Year Year

wr, ¢ (1+hst)
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integrated equilibrium.

A key statistic in the model is the relative share of labor devoted to research, defined as Hff +, which
is plotted in figure 9. I plot the closed economy dynamics for 20 years running up the the globaliza-
tion shock introduced in 1995. The share of labor devoted to innovation increases gently in that pre-
globalization period, see figure 4, driven by a falling adoption gap which ultimately originated from a
skilled labor expansion, see appendix B.1.6 for more details. Upon integration, innovation jumps up
by about 1.5 p.p., consistent with the discrete increase in market size and the forward-looking nature
of R&D. The model predicts an increase of research employment by roughly one percentage point.
The magnitude is in the right ballpark but understates somewhat the large increase in research em-
ployment in Germany plotted in figure 4. A richer model with endogenous skill-accumulation would
certainly be able to generate larger adjustments. Similarly, the right kind of sectoral adjustment costs
would generate a monotone increase more similar to the data.

Figure 9. Innovation and Wage Growth (West)
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The overall weak wage growth hides a great deal of heterogeneity across worker types with a

growth drag for unskilled workers as indicated by the gap between the dashed grey and dashed blue
line in figure 9. Because the skill premium jumps, skilled wage growth is not smooth, but the over-
all message is clear: skilled wages grow substantially faster than unskilled ones after an asymmetric
integration shock.®’ Overall, the model succeeds in generating uneven wage growth patterns across
groups, and the negative drag on skilled worker wages eventually dominates the aggregate long-run
effect. Figure 25 in the appendix shows the evolution of the skill premium and the Gini Index in Ger-
many, 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 stagnation for unskilled worker wages holds broadly across advanced economies and
poses a puzzle for benchmark models of endogenous growth. A model that acknowledges the im-
portance of technology 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 un-
skilled 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.
Symmetric Integration. This bleak scenario contrasts with the benevolent implication of symmet-
ric 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, see figure
10.

Figure 10. Full Convergence in East
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S’Interestingly, even in the absence of globalization, skilled wages would have grown somewhat faster (gap between solid
lines) since the falling adoption gap raises the returns to innovation. The pull of adoption on innovation becomes the dominant
dynamic force after a skilled labor supply shock because adoption gaps are slow-moving relative to other state variables, and
hence determine long-run dynamics. This point is more carefully explored in the appendix.
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Surprisingly, symmetric and asymmetric integration do not look very different initially, and if
anything, the impact on unskilled wages initial is more negative. The reason is that it takes time
for the emerging market to innovate, and the dynamics early on are dominated by even stronger
technology adoption in the East, which is sped up by skilled labor expansion. The initial dynamics
are thus an amplified version of the asymmetric case, and technology adoption and unskilled wages
in advanced economies stagnate. Consistent with this is the even larger initial increase in research
labor plotted on the right panel. However, continued convergence in emerging markets means that
they eventually contribute to the technological frontier. At that point, the negative impact is fully
reversed and elevated productivity growth and falling inequality coincide with fast aggregate GDP
growth.%®

Figure 11. Wage Growth Unskilled West - Symmetric Integration
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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
potentially comes at the cost of weakened local technology adoption. While a clean causal identifica-
tion strategy for this theory of global growth is beyond the scope of this paper, there are a number of
distinct predictions of the model that are borne out in the data, which buttress the model’s plausibility.
Macro Evidence. The model makes distinct prediction about the growth trajectory of advanced economies
and emerging markets. Paradoxically, elevated research intensity coexist with weak aggregate growth

581 note that even skilled workers in the advanced economy are better off in this scenario as the fall in the skill premium is
dominated by overall technological growth.
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in advanced economies, while emerging markets grow fast due to technology adoption. Technology
is embodied in capital goods in my framework so both adoption and tangible investment should be
relatively high in emerging markets.

I next compile data from KLEMS to measure growth and investment among Western and Eastern
European economies after the fall of the Iron Curtain, where I use measures that explicitly account
for intangible investment, which contains R&D investment and other types of intangible investment
that arguably represent a small share of overall technology adoption effort.

Tuse the EUKLEMS-INTANProd analytical module (Bontadini et al., 2023). Total investment equals
tangible plus intangible investment is expressed relative to GDP. Tangible investment comprises ma-
chinery, equipment, ICT hardware, and structures. Intangible investment includes research and de-
velopment (R&D), software and databases, organizational capital, firm-specific training, brand, de-
sign, other intellectual property products, and new financial products.

Iinterpret R&D as frontier innovation. Adoption investment refers to complementary intangible
assets that facilitate the diffusion and implementation of existing technologies, measured primar-
ily by organizational capital and firm-specific training. This is an extremely narrow definition that
leaves out most of what constitutes technology adoption efforts concerning time spend by ordinary
employees within the firm as part of their usual job.>’

Table 12 shows three facts consistent with the theory. First, growth is slow in advanced economies
and fast in emerging markets. Second, research effort is high in advanced economies relative to
emerging markets.®® Third, adoption spending appears relatively similar. Perhaps surprisingly, this
last fact is consistent with the long-run predictions of the model where firms spend a constant share
of their profits on adoption. A rising skill premium of course means that adoption effort is falling in
real terms. Moreover, note that tangible investment rate are relatively high in Eastern Europe, and the
gap would be much larger if one were to use net investment rates, which is consistent with elevated
technology adoption since technology is embodied in capital goods.

In figure 13 I relate the share of adoption and innovation within intangible investment to over-
all growth from 1996 to 2023. This helps isolate the role of each because weak adoption simultane-
ously implies weak tangible investment rates. Consistent with the previous findings, the first panel
shows that countries that can focus on technology adoption in the open economy experience a growth
spurt. The second panel produces the mirror image by focusing on innovation as a share of intan-
gible, which is unimportant for emerging markets and consistent with the previous literature (Barro

%91n a broader definition, I also include software, which increase the adoption share of advanced economies somewhat
but does not overturn the main result that R&D is relatively high in advanced economies, and tangible investment together
with adoption dominates in emerging markets. Note that software represents a relatively recent general-purpose technology
that is disproportionately accumulated in advanced economies consistent with my model. Including software in the adoption
measure may therefore mechanically raise measured “adoption” in Western Europe, since older technology waves do not have
separate intangible categories in the data.

©07t is also true that research effort in advanced economies is high relative to the previous decades, see Bloom et al. (2020).
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Figure 12. Investment and Growth Across Europe

West East definition
Gy 0.89 3.01 output per worker growth (%)
L)Y 2.23 0.83 r&d gross inv. rel. to output (%)
I,JY 379 341 adoption gross inv. rel. to output (%)
Ir/Y  18.10 21.96 tangible gross inv. rel. to output (%)

Note. I use the EUKLEMS-INTANProd analytical module (Bontadini et al., 2023) from 1996 - 2023 and fo-
cus on total market industries (TOT_IND). Western Europe includes Austria, Belgium, Denmark, Finland,
France, Germany, Luxembourg, the Netherlands, Sweden, and the United Kingdom; Eastern Europe in-
cludes Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland (with limited
intangible coverage), Romania, Slovakia, and Slovenia. Total investment equals tangible plus intangible in-
vestment (I_Tang +I_Intang) and is expressed relative to adjusted value added (VAadj). Tangible investment
comprises machinery, equipment, ICT hardware, and structures. Intangible investment includes research
and development (R&D), software and databases, organizational capital, firm-specific training, brand, de-
sign, other intellectual property products, and new financial products. Real output per worker is computed
as real adjusted value added (VAadj_q) divided by employment (EMP), and growth is measured as log dif-
ferences. Regional statistics are simple (unweighted) country averages.

and Martin, 1997; Acemoglu, Aghion, and Zilibotti, 2006). Within advanced economies, research ef-
fort appears positively related with growth. The model is consistent with this fact, too. Relatively
skill-intensive innovative regions within a group of integrated economies do better as the demand
for skill increases in a globalized world. The losers amongst advanced economies are the ones more
specialized in production, think for instance Italy. This logic can be taken to the regional level within-
country level whereby innovative regions in rich countries grow away from the production-focused
rest of the economy, which I explore next.

Figure 13. Adoption, Innovation, and Growth in Europe
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I compute simple averages from 1996 to 2023 using data from Bontadini et al. (2023), see table 12 for details. The share variable on the Y-axis is
the share of adoption or research in total intangible investment.

Micro Evidence. The model has distinct implications for regional growth patterns within advanced
economies based on the logic that specialization in innovation vis-a-vis production is extremely un-

even across space: if high-income regions have a persistent advantage in innovation, then market
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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. Figure 14 plots
average wage growth, defined as the total wage bill of full-time employees over total full-time em-
ployment, 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. Since high income regions are more specialized in innovation, and
the changing growth patterns are naturally explained by the rising returns to innovation in the after-
math of global market integration.

Figure 14. 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.

I next document the higher specialization of high income regions in innovative activity in figure
15. Moreover, there appears to be further divergence unfolding in the 2000s in terms of innovative
activity across high and low income regions, precisely when the mode predicts that the returns to
innovation take off due to adoption in emerging markets. The right panel in figure 15 then highlights
that increase in the share of college workers in innovative high-income regions outpaced the rest of
the economy. The theory suggests that this expansion of skilled labor in innovative regions comes at
the cost of technology adoption. Consistent with this interpretation is that growth in the production-

61Clearly, 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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focused hinterlands disappears entirely.®> 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 should be uncontroversial. The general equilib-
rium 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 15. Share of College Workers across 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.

A final piece of empirical evidence that lines up with the spirit of the model is Andrews, Criscuolo,
and Gal (2015) and Andrews, Criscuolo, and Gal (2016), which documents that the growth slowdown
appears to be driven by weak growth of laggard companies. If one relabels firms in the research sector
as “leaders” and firms in the production sector as laggards, then the predictions of the model line up
exactly with their findings. Innovative leaders can market their innovations globally, which drains
domestically-focused followers from skilled labor, leading to overall weak productivity growth and
stagnant wages.

Alternative Hypotheses. Skill-biased technological change is perhaps the most influential explana-
tion for the rise in the skill premium (Katz and Murphy, 1992; Bound and Johnson, 1992). There is
little doubt that recent technological change has been skill-biased. However, skill bias alone does not
explain sluggish aggregate growth or the stagnation of unskilled wages (Acemoglu and Autor, 2011;
Autor, 2019). The same applies to models of automation. While these frameworks can generate ad-
verse distributional effects for particular worker groups (Autor, Levy, and Murnane, 2003; Acemoglu
and Restrepo, 2018), they tend to raise productivity growth (see also Jones and Tonetti (2026)). In

627 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.
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contrast, a model with endogenous, skill-intensive technology adoption links a rising skill premium
directly to weak productivity growth.

Turning to the growth slowdown, semi-endogenous growth models imply a positive link between

population growth and productivity growth. A decline in population growth therefore provides a nat-
ural explanation for weaker aggregate performance. Yet, through the lens of models in which ideas
become harder to find (Jones, 1995), slower population growth should be accompanied by a declin-
ing share of labor devoted to innovation. Empirically, however, innovative effort has continued to
rise. The fact that ever more resources are devoted to an activity that appears to be getting harder is
puzzling. Taking globalization seriously helps resolve this tension: technology adoption in emerging
markets sustains innovation incentives in advanced economies, even as domestic growth remains
subdued.
Conclusion. In my calibration, weak domestic technology adoption can entirely offset the gains from
additional innovation following market integration between advanced economies and emerging mar-
kets. The mechanism generates sizable real wage losses for unskilled workers in rich countries and
reconciles weak aggregate growth with rising innovative effort. All of which is an intuitive conse-
quence of an asymmetric globalization shock - a defining feature of globalization after the fall of the
Iron Curtain.

I show theoretically that innovation and adoption are complementary since innovators rely on
successful technology adoption in the production sector to be profitable. Asymmetric globaliza-
tion and foreign technology adoption can break this complementarity in the domestic economy in
the sense that the research sector expands while domestic technology adoption and unskilled wage
growth falls. Growth is uneven and sluggish, not because the technological frontier stops advancing,
but because the link between frontier growth and domestic adoption is weakened.

At the same time, the framework preserves the central role of globalization in sustaining long-
run growth through the non-rivalry of ideas, and the ensuing scale effects. First, even in the case of
asymmetric integration, the technological frontier expands and there are massive gains in emerging
markets. Second, when integration become more symmetric, i.e., when emerging markets converge
fully and contribute to the technological frontier, then the the pro-growth effects of market integra-
tion -even in advanced economies- are resurrected.

Concerns about the adverse effects of the ability of emerging markets to compete in the market for
ideas may thus be misplaced. Innovation in emerging markets not only pushes out the global tech-
nological frontier, but also induces a reallocation of skilled labor toward adoption activities within
advanced economies. This reallocation strengthens technology adoption, reduces inequality, and
lifts up aggregate growth.
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A Theory Appendix

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

Without loss of generality, one can think of the capital goods z;; as contained in the interval [0, A;]
where fOAt dj = A;. Given total expenditure on capital goods fOAt Paptiidj = Dz 1% Where [x;dj =
%4, and I used the fact that prices across capital goods are identical. This is consistent with the model
of horizontal innovation introduced later. I focus on the problem of an individual firm ¢ € [0, M;] but
omit firm subscript i since firms are homogeneous. The firm solves

max.— oAt (%24)" dj

: (42)
s.t. fpj,txj7tdj < 1.

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

1
Tit Px.t e
- —_— P —_— )
Tyt PX,t

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

quantity of each individual capital good variety must read p, ;z;; = & "A‘f’t 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 Wi ily 4 Pt T
t Ae (7 1 * di s l-a >1
st (o (5a) d) (i >

The problem further simplifies to

min 'U)L,tlt —|—px7t5:t
11—«
T\ [ Ay
st (%) (ﬁ) =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

pmtit _ o

wr, ¢l 11—

~ 6% ]‘_a . . . .
Together with the binding constraint, (£t) (Atlt ) = 1, the cost-minimizing bundle of labor and
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capital leads to a marginal (and average) unit cost of

o [ wr 11—«
mey = (Payt) (At’) :

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, Y;p~7[p—mcy
which leads to the well-known constant markup over marginal cost,

g

= mec.
Y43 o1

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

Vi(re +0x) = maxIly (A;4) — wgitiy + A 104V + Vi
s.t. (43)
Ay = vAp P AL B, — 1A,

where dx is an exogenous firm death shock and 94V := ?TX denotes the partial derivative. For clarity,
I keep the firm index i to show over which productivity the firm has control over. I now drop this
subscript. I also focus on the case with idea death, J; > 0. The reader can set this parameter to zero
to obtain all the results of the simple model in the first part of the paper.

To solve the production firm’s adoption problem, it is useful to rewrite the problem using a nor-
malized value function v; = u;VTt, , as well as normalizing the state variable A; by Ar., 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 on the BGP, this leads to the following recursive formulation of the firm

adoption problem,

ve (p+0x) = max, I;IJT(Z} — Sl + 240, + Uy
s.t. (44)
2 = l/sztB — (gr,t + 01) 2.

59



A solution to the program (44) needs to satisfy the following first order condition

1
{mzfazvt}“ﬂ = .- (45)

St

Equation (45) captures the trade-off of the effect on firm value of a marginal increase in . relative to
its cost s;. In anticipation of the solution, I derive the derivative of . with respect to z and ¢,

022 [% _ 0:h
ot = (=P
o —a = (AT

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

(9:01) (11 = G + %) = O 42 (Dueve) + (02070 — (gna + 80)) (Bav1) + 0uvi
(0:00) (re = Gue + 0x+ (1= 0) (gra+0) = %I 4 2 (0uvr) + (Do00) £ (500 — 21 (gra +60)) + (Do00) { (1 = B) &
(8zvt) (Tt — Gwr . + 5X + (1 - 9) (gF,t + 61)) = o1 + (az’l)t) Dzzty + 9 2.575 + (8zvt) (1 — ﬁ) it + 31
WL, t 0 v¢ Zt Lt St

%L+(lfﬂ)ﬁ+‘iﬁ

wr,t 00t Lt st

Tt = Guwy., T 0x + (1 —0) (gr,¢ + 1)

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

b= i {00 (ona ok ) - g [ 0= )
[ v28,8- o— —« S¢
£ (= gup O (1= 0) (g + 6) — 2200 | I =zl |

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

2= TN (grg + ).

2t

In the steady state, we have two loci given by

1-8  _  1B(=D0-a)(ge+o) [ 1, | vz/~"
t s ptox+(1-0)(gr+o1) LUL,J (grto1) (46)
Zlfﬂ — v (47)

gr+or”

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

LS

Ble—=1)(A—a)(gr+d1) [ 11, }
p+0x+(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
Blo—1)(1—a)(gr+6) < p+dx+(1—0)(gr+0d1).

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.

Note that the size of the fixed cost of entering the production sector impacts technology adoption
since ¢ is proportional to firm profits. However, h,, i.e., aggregate normalized demand for skilled la-
bor in the production sector is unrelated to fz. One could break the link between z and f; by assuming
that the parameter v is proportional to the fixed cost v = v - fg A,

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 reads

H=m — s+ q [szbf — (gr,t + 01) Zt}
with optimality conditions

H,=0=

0, B—1
St = vzt

Hz = _qt + (Tt — Gwr . + 5)() qt =
0.7 + q {Vﬁzf_lbf — (grt + 51)} =—@+ (re — Gu,, +0x) @t =

z .
0. + qu szt - ((Tt — Gup, T+ 5X) +(1—0) (g + 51))] = —qi-
t
Letting ¢ = 0,v;, it is immediate that this approach coincides with the envelope conditions used
before.

Next, define the integrating factor ¢, = flog z; — [rt — Guwy., TO0x+ (1 —0) (gr,¢ + 51)] t where the
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time derivative equals {; = 02 — ((r; — gu, , + 0x) + (1 — 0) (grc + 61)) . Using this integrating factor,

= 7

I get

et + e q;Cy = %19,

8tqtec‘ =S 9,m =

o) [e'S)
8tqteCt dt = / GQ 8Z7rtdt =

to tO
oo
qtoeCtO — oo™ = et 0, mydt
\T to
where the value g..eS> converges to zero since lim;_,,, (; = —o0o. Consequently, the proposition in

the main body of the paper follows

o0
qt:/ €S 9, mods
t

oo 0
:/ o[ u  +oxH(1=0) (gr, 000 (5—1) <Z) 0. ds.
t

Zt

The next proposition summarizes the result and discusses how it relates to standard models with
adjustment costs (g-theory of investment).

Proposition 5. The value of an increase in normalized productivity equals

oo 0
dv = / e~ [r=9up +oxt(1=0)g¢] (u—1) (zu> d.mdu (48)
t <t
wherer— g, +x+ (1 — 0) g is an effective discount factor that combines standard inter-temporal discount-
ing and firm death r — g,,, + dx with new terms that depend on the advantage of backwardness (1 — 6) gg.

7
Moreover, the term (%) captures that for § > 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 — ) gr. Intuitively, if the advantage of backwardness is strong, delaying investment in tech-
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, 6 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-
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ogy adoption is non-linear, even in the long run since 8 < 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.

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

(re +0x — Gu,.,) ve = max, m — 50+ & (02vp) + Ty

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 fz = v (2, t)
with respect to time ¢ implies 2 (0,v) = —o. I use this relationship to simplify the HJB equation where
it must be understood that i solves the dynamic adoption problem. Rearranging yields
.
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 decision)

plus the value when free entry is again binding.

A.2 Research Sector

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

. H,
AF,t = VA;?J < Ll;t

(gr + 01) = vAZ, 'hy T Hyy

Lt A—1 Hlt

51) = P17
(gF+ I) P)/All;’_t(ﬁ i1 Lt
oy = 0

gF + 01

A—1
) Hi; — 61Ar: =
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. Ag? . . .
where [ used the definitions ap = —p— and iy = %t, and there are no ¢ subscripts since these objects
are constant on a BGP, which is what pins down the long-run growth rate. It is easy to see now that

along a BGP with positive population growth and ¢ < 1, it must be that gp = ;% -

Note that if I had chosen the congestion force using f; = HI{; A, the link between aggregate per
capita growth and population 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 alarge incentive to specialize in innovation to the extent that this congestion externality is “local”
as opposed to global.

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

ar,¢

— =(1-9¢)gr:— 9L
af ¢

oo s ¢—1 ((Hiq A=l
and after substituting out gr; = vAg ( L;‘) Hy; — 4,

. H, A—1 H
B (1) gt ()

Ly SR )
L, L, t 11 gr

_th
=(1-9) F’t51] — 9L
Aaf ¢

. -’thé,t gL
=(1-9) _m<51+1_¢>],

which implies

apy = (1 —¢) [’Y%} — apy (51 + 1gL¢)}

as in the main text.
Decentralized equilibrium. Assume free entry holds

Vi _ fhewH
It A?,t . (49)

Totally differentiating (49) with respect to time ¢ yields

Vie=Vie (L= X) (9m, — 92) + Gwr. + g5, — Gg5.1) (50)
m)l—x
where I used the fact that fr, = ~—>—.
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Recall the expression for the net present value of an idea
Vie = [ exp (= [ (ro+0) dv) Thudu - (51)

Totally differentiating (51) with respect to time yields
. t+7¢
Vit = —exp <—/ (v + 01) dU) ppyr - [+ 7] + (e + 61) Vig, (52)
¢

which expresses the value of an innovation in terms of its properly discounted flow profits, exp (— :Jm (ro + 01) dv) Il 44

[1 4 7], taking into account changes in the waiting time 7;, as well as appreciation V; ;. Combining
(50) and (52) yields

exp (— ftt—m (ry + 61) dv) Hpyr - [1+ 7]
Tt = Guy, — 9s; + 01— (1= X) (gm0, — 91) + dgrt

Vi =

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 i’lﬁ't as normalizing factor so that vy, := %A{? ,» and by free entry
F,t ’
Sty1-x
ULt = ;hF,t
Using this normalization
A?t exp (f fttJrT (ry + 01) dv)
U = —— I r (L4 74)
WLt Tt~ Gug, — s + 00— (1= N) (9m, — 9r) + dgrs
t+
AR, P (_ o "ot 0) dv) QWL 4 Lp s .
vI,t = 2 2 2 (1 —+ Tt)
WLt Tt = Gy, — s, + 01— (1= X) (9, —91) + bgr.¢ AR trZi4r
t+
exXp (_ t T(Tv+5l_ng +¢9F> d’l)) alp s (1 . )
UL = — + 7%
e = G, — s + 01— (L= X) (9, — 9.) + 098¢ A (S 2e4r
t+
€Xp (_ t ! (Tv + 01 — Jwy, T+ (bgF) d’U) alp ¢y (1 . )
U = : + T
T = Guo, — 9s: + 01— (1= X) (gm, — 91) + Yp,t OF 1472147
1—¢
where hy; := % and ap; = AE: are normalized variables that are constant along a BGP.
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Given log utility, the real rate equals » = p + gr. Along a BGP, v; simplifies to

exp (_ ftt+r (p+ gr + 1) dv) alp

P+ gr + 61 apz

ptgr+dr
exp( s logz) olp

p+ gr+ 01 apz

v =

s
1 alpz 9 +a

p+gr+d1  ar

Using free entry and in particular %hll_A = vy I can derive normalized equilibrium demand for
skilled labor

1

R 1 alngFiél o
YT ) shtorta ar

A
Combining this with the resource constraint for ideas in the steady state, ar = g:ilal , leads to
h’I — Eﬁ;&alpz gpiél s
sp+gr+ O

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
(12). 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

Wi = —6iW; — As (g + 61).
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Using an integrating factor et

[ Zep(fn) 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,

Wi — (Ap,0 — Ao) exp (—0rt) Agexp (—ort) — Ay
Wy — (Ar,0) exp (—0rt) = —A,
(Ar,0) exp (—drt) — Agels 9a(wdu = W
(Ap.o) exp (—drt) (1 — zges 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)+odu (53)

The waiting time is thus implicitly defined by (53). Taking logs and rearranging yields

log 29 B
f(;‘ ga(uw)+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

70 =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 _ gr(t) —ga(t+7)
dt ga(t+7)+6

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 9A(+T)<_1 N
i+galt+7)
gF—ga(t+7)<—=01—ga(t+71) =
gF<—6I.

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
Ay = VALY HR
i - _ B
A = vA4 G(HMHF) )

%3The 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 trade-off of allocating skilled labor to innovation

or adoption.
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and £ =& =4,
The constrained efficient allocation of skilled labor across innovation and adoption equals

ha\ S B 1[5
(hl) =1-ax g;+(1_¢) ; (55)
where SP stands for social planner. Recall the decentralized allocation (DC)
B) - ] e
2) =B = 56
<h1 1—0a |gr 1+p(J{iX94)“§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 = max e~ 0790 log (¢) + e [(ALp)' ™ K™ = C = 6K | + i |vA AL (ij) A

H;,C

+ Mg {VAf:LhIA — 01Ar
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dc il = e~
C
. 11—«
. bk (ALe _
dk : P a( e ) Ok
Hna )"VAthI)\
th : = B
i A ()7
. - 8
dA : _Ba _ B (1 O‘) (ALp)' ™™ K+ |grA’~t AL <hA> - 51]
pa  pa \ A m
LA A o (ha ’ 1
Ay - M BA ) pa® A () + [evagLa} — 4]
Ay PA m

where the equation (dA4) implies a link between the marginal utility of an extra unit of capital (ux)

B
OvAT~tAL0 (“) - 511
m

o . «
it becomes clear that in a steady state £4 = L 4 g; since (ALLP) + {HVA"*lA%_G (ﬂ)ﬁ — 61} is

WK m

and the multiplier (1 4), and after rearranging

fta  prLp ( K )0
_Ba l—a)(—) +
HA pna ( ) ALp

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)

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
fray 1A _o [ ha
— = [(1 — 9) Z/AOAF 0 (m>

+ [mAg’*th? _ 51}

HAg HAg
pa o o (ha\’ $—17 2
p—gL+gr= (1—0)vA®A;0 (22 +[¢7AF Lk _51}
HAg m
AMYAS LR ha\”? _
5+ gr = 7171; ’F 7 l(l —0)vA?AL° (ZA> + [QS’YA? "Lt — 51]
BrAd AL (1) fu m
MYAL LA ha\? _
5+ gp = 7171; L (1= 0) A’ A (nj) + [czWA? "Lh — 51}
PrAIA™" ()" 3
5 Ay AR _
pgp=00F M gy [mAﬁﬁ LLpd — 51} .

h
57

. Al—¢ . A 1
Using ap = “%— and in the steady state ay = ﬁ, and gr = 591

A (gr + 61)

I (179)+[¢(9F+5I)*5[].
B

p+gr=

Rearranging yields the final result

ha B L1 p
b 1—0 X lgr+ o0

+(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 h; and hy.

as a production factor

The planner takes M and Lp as given, and chooses the allocation of skilled labor across sectors,
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
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The first order conditions read
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and the optimality conditions associated with the co-state variables read

1
dC : pgL =e Pt=
c

- 1-n1n l-a «a 6 A1-0 B [ A
e 100 <zp hP> (K) AL =, PA A (hA) _ |, AR

hp 11—« AL hA m hF
11—«
dk:  —fux = a L "hy kol — 5| (with k= )
' Hr = pE 1-a F AL
T—a\ (1) "/ K \° oot o (ha\”
dA : /LA,LLK< 1 > 1o <AL> AL + pa |OvA” ™" Ag <m> — 01
. o0 (M)’ ¢—1772
dAp . —fiay = pa |[(1— ) vAPAZO (D) | 4 g, [mAF Lh) — 51} .
m

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-n.n 11—«
—'Z—i:a (%_’2’) ko1 g, (57)
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HAp  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 — Z—i = p+ gr along a BGP. Next, note
that the only way for Z—ﬁ in (58) to be constant is for Z—;‘ = Z—’; + gz, to be true. This implies

11—«
1L=p K\° ha\?
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where the second lines uses the link between h, and z in the steady state. Next, note

-«
pen(t—a) (G (KN vt ()’
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which can be used in (60) to get

=i\
he 1=0n | 1+ =5

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

73



a constant fraction is spent on skilled labor in production

Hywpg = —
AT o pt ox + (1—0) (gr + 01)
Howy = Yai1 (I1—a)n
and the ratio equals
DC
()" - ot et 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)

SP
B -2t}
P 1—-0n 1+m

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 ASLRD 1—a) (12771 K\“
dh - fas YAp LY :ukn( )(P P) <) AL

Iy iy 1-a AL
fae M AN -
dAp: ——E£=2(1- E_F L APTULRY — 61
" By A e ( 1-a ) <AFL> " {m o

%4There 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
. ,
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Now using ap = AFL and vh{ = ag (gr + 61) I get the ratio of skilled labor in production vis-a-vis

hp n p }
te 1 +1-gl.
hy )\{QF+5I ¢

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

hp 77( p )
te_ 0 +1), 63
h1 o \gr+ (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 trade-off 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 ¢ < 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 trade-off 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
0x = —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
(m) A i

(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

(hl,n)l_A wH,n _ (th)l_)\ wH,k:

— (65)
T (AF)° 7 (AF)°
(hl,n)l_A WHn _ (hl,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) Xn@y = Ynhi.

Substituting this in (65) and rearranging yields
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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
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This establishes the result in the main part of the paper.
Derivation of the key market clearing condition in the open economy.
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Note that z = s~ -9k, same as in the closed economy, and collect terms that are constant along a

balanced growth path so
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Combine this with the market clearing condition

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

A
w P I T ( 1 >1—1<r> ( 5oPen )‘159
k _ > J— . k
closed ~— closed closed
Wy, hi'y Xk Sk
= 1—(8+6)
open open 1-¢ % open —
wig™" [ 1 <1> ° (Sk ) o
closed ~— closed closed
Wy hi'y 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_ Wby
(gF + 01) Xk

. . . . . AW.open W,open 1—¢
Now the ratio of frontier technology in the open and closed economy is given by Avg‘d,,sed = ((;A‘?‘C,,,sed ) =
F F
A 1
R \NT=2 (1 \T-¢ losed
(W) (g) where I used the fact that y{ % = 1.
open A;V,open ZZPE"

To study the real wage effects I have to account for the adoption margin since ;”C’yosed =

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

wopen
to be added, —L.; =

closed W,closed ,closed gclosed *
wr Ap z s

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

Alopen  open  jopen

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

Consequently,
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and in the steady state
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By free entry, I have
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and by the resource constraint I have
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Combining free entry and resource constraint delivers
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I next derive the demand for skilled labor as before, using
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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
across countries delivers the long-run steady state allocation
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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 Wy, z9A+°I
T X E .
AFZn

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

P _p

1 al; wyzoata
T X _——
Tin Aan

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
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 could
rebate the profits to households.
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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 BGP a simple expression for the value of an innovation of ideas that are already
adopted, denoted by V4, obtains

V= 1 alpw;
p—gr+grt+d A
Vi 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 aninnovation 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 ¢+ (0) = Va ¢4k, I have

Wit (k) = Vit (0) e~ (rrovk
= Vapppe” THOE
= VA,te_(TJ"(SI_gL)k
where the last line follows from using % = e9rk,
Next, note that if we knew the distribution of %, i.e., the waiting time of non-adopted ideas, we
could already compute the total value of intellectual property using

*

Ay Vo + (Ars— A) - / Vi (K)dF (k) + A7 - Vi o+ (Apg — A7) - / Vir (k%) dF (k)
0 0
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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 + J;. In fact, the distribution % follows a truncated exponential distribution

. (gF —+ (51) e(gF+5I)k
f (k) - 6(9F+51)T 1 7k € [077—]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
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where I substituted out 7 = —
gr+01

. Now adding the value of intellectual property across both coun-
tries yields
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value of patents abroad
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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

7 +f+mVJ\l

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

A, e f lI—a
= (@) (@)

where the reader should take account of the curvature induced by ¢ < 1.
The firm solves the static problem -abstracting away from the technology adoption margin for
now- where the price of the final good is normalized to unity, P, := 1.

max y; — wrli + /pml‘jdj (66)

Tj,bi

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

D — RX al—l

J o Py j

Pg-

1—a

where the ideal price index reads Px = ( Ik p;;%“ dj ) " . Given symmetry, all prices are identical
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so the firms optimally spreads total capital expenditure evenly across intermediates

N
Tp = V3.

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

e (() (Ai (cul—>>g>) “ekempe

which leads to the following first-order conditions

Yo = szr
in (1 — a) = liU)L.

Factor payments are constant shares of revenue, due to the Cobb-Douglas assumption, so firm oper-

ating profits equal Il = y — [,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 A;
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Take account of the partial derivative of output with respect to productivity

dlogy 1
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) % = 1%(%

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

(T+5x)V:IHaXH—wHL+V+VAA

s.t.

A=vA%AL70P — 5 A.

To make the problem stationary, I normalize the value function by the real wage of unskilled labor,
and I focus on the state variable z := AAF, which will be constant in equilibrium while 4 and Ay will

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

effect on the underlying economics, which can now be studied in the stationary system
(r—gwt+déx)v=m—st+0+v,2
(68)
s.t.
s =v2’hP — (67 + gr) 2.

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

:{ﬂ} (69)

S

which captures the trade-off 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-
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entiate (68) with respect to z, and after using the Envelope theorem, I arrive at

T Uy UgZ _
(T—gw+6X):U—+U—+T+u92‘9 YLP — (61 +gF). (70)
Now taking logs of (69) and differentiating with respect to time yields
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Now plug (70) into (71) to get
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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
i 1 $ prfrT 1 1
-=——r—gy+9 1-6)(o -=— —| ¢ 72
L l—ﬁ{r gu+0x + ) 01+ g¢) s s 1-¢= (72)

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

v =e 8
z= < ) (1)T=%  (from resource constraint 2)
o1+ gr

Using this link, one can further simplify (72) to derive A, in the steady state, which is inversely related
to the skill premium,
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5r +
= gt b+ (1 0) 61+ gr) = 2290 P
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One can verify that the following inequality is necessary for a well-defined balanced growth path with
positive adoption gap
ﬁ < T — Guw + 5X
1-¢ or + gr

+(1-0). (74)

Proof. By contradiction, suppose that 1% > % + (1 — 6). In that case, spending on learning
in the steady state, s, is weakly larger than total operating profits m, so that the net profits T — s¢
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

From here on out, the steps are virtually identical to the baseline model.

In the main part of the paper I assume strong spillovers in the form of entrants drawing from the
incumbent distribution. I next show how to make this entry spillover weaker, which gives rise to a
heterogeneous firm 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

88



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

v \ (I=a)(o—1) . . . (z;)1—)(e—1) 1
o (i) , and normalized profits for firm i are given by 7 (z;) = 5

E[Z(l—a>(d—l)] m(o—1)(1—a) "

Instead of using i subscript, I now index firms by z.
Next, consider the problem of some firm with productivity z in the steady state (so ¥ = 0 and
7= Gu, = p)
(p+x)v(z) = max 7 (z) — st + (9,v) - [I/ZQLB —(gr + 1) 2] -

L

The first order condition still reads

S

L<z)={<8zv>6vz€}1%_

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

) 020,81 — o) (o —
Z(l_ﬁ):(p+(5x+(1—9)(gF+(51))—B [W(l ) ( 1)]'

S z

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

é(l—ﬁ)=(p+5x+(1—9)(gF+5I))

oc—1)(1 - @) (Zmax 0-1pp-1,, 2 \ /i)l bmax \ 1—8
B ) ( : ( : )
7TIIIH.X
s L

max

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
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 entering firms to improve their productivity 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 exist for some zy,,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

i ( ( i >61+(1a)(gl) tmax \ 1P
(i Skl
L Zmax L
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0—1+(1—a)(s—1)
1—8

Assuming i = 0 implies ¢ = (Z z )

max

lmax- MoOreover, assume %‘;)(”—1) > 0 so the
t-locus is upward-sloping in z. In addition, note that the z-locus implies a positive link between ¢ and

1
_o\ 7
zaswell, 1 = (WTJ“‘SIzl 9) . When

0—1+(1—a)(c—1) - 1-6
1-p 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 16.

Figure 16. Phase Diagram

h=0
z2=0
z

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 8501%[;[;] = —% 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(2)h(2)dz.
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Third, the innovator problem in the steady state needs to be updated as follows

V=E.[V(2)] (76)

where V (z) = [ ., exp (= J; [ru + 0x] du) I (2, 5) 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 Generalization of Model with Skilled Labor in Entry & Production

Skilled Labor in Entry and Production. I next generalize the model with skilled labor in entry and
production. I focus on steady states and drop time subscripts. Suppose it takes

l L= LE "
(=) ()
units of unskilled and skilled labor to produce a unit flow of new entrants. Similarly, suppose produc-

tion also requires a mix of both skill types where I use the same functional form with skill share 4. I
hold the labor share fixed at 1 — « but now use the skill-aggregator E

e () ()

Focusing on entry first, note that unskilled and skilled labor devoted to entry in normalized form

(g = &, hg = &) equals

lg=(1—p)m(ox +gr) s",
he = pm (5x + gr) s~ 071,

1
he = —— 1.
1—ps
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Moreover, using free entry I can pin down normalized equilibrium profits.

m—st=(p+ dx) fes"
7 (1 = Kx) = (p + 0x) fes"
=

p+ 0x
T=—"
1—~k,

fES”.

Note that equilibrium demand for skilled labor on the firm level thus equals

1
L= —K,T
S
K,
L= 57(17“)17 (p+ 6x) fe- (77)
K,
Now one can use this result to compute
dlog z I}
2% = (1 —p)———,
Odlog s (1=p) 1-46

which generalizes the main result in the paper.
Moreover, the free entry condition also pins down unskilled labor devoted to entry

m— st = (p+ dx) fes"

lp 1—kr . oh
mio D) T
1—Ig 1— kg _ sH
m e D —a ) P fe
Ll (1 ) (1= ) Gy go) ) y
R Py vy gury Y R RN
=

lp(1=kx)(0x+9r) =le(0—1) (1 —a)(p+0x) fe
This implies unskilled labor devoted to entry and production equals

(0x +g1) (1 — Kr)
(0-1)A—a)(p+dx)fe+ Ox+gr)(1— k)
(c-1) (1A -a)(p+dx)fe
(c—1)(1—a)(p+0x) fe+ (0x+9) (1 —kx)

g =

Ip =
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High skilled labor used for entry depends on the skill premium and reads

hE:LEZEa
1—us
po 1 (6x+g1) (1 —kr)

l—ps(o—-1)(1—a)(p+dx) fe =

Next, using the free entry condition, 7 — st = (p + dx) fes*, I can solve for the equilibrium measure
of firms, which now becomes a function of the skill premium as well

m—st= (p+ ox) fes"

led 1
LPwLﬁ (1—a)(1—p) (1 - F':L)
MwL
I» (1-k,)
mo D —a) (1=

= (p + ox) fes"

= (p+ ox) fes".

This implies that the normalized measure of firms is falling in the skill premium,

:Sil’l’ lp lfliﬂ-

(p+0x) fe(c—1)(1—a) (1 —p)

Next, I turn attention to skilled labor in production. Cost minimization implies that the price
of this labor bundle equals wz = w; "w!;. Total spending on unskilled workers in production now
equals Lpwy, = (1 — p) (1 — ) 2=1Y;. Skilled labor in production can be written as a function of un-

skilled labor and the skill premium, Hp = ‘_‘# Lpl. This also highlights the labor devoted to inno-

vation is largely unchanged, H; = %ﬁng %L;zﬁ Lastly, consider aggregate skilled labor devoted to

adoption

15(1-a)(o— 1) gr
A v ey e
18l —-a)(c-1)gr ¥ M
_gp+5x+(1—9)gp Muwy;, o
(
(

_1B(1-a) (o0~ 1)g Ly

spt+ox+(1—=0)gr (1—p)(c—1)(1-a)
Surprisingly, aggregate adoption effort is not changing as the rising individual adoption effort is ex-
actly offset by the decline in the measure of firms.

Adding up yields the market clearing condition
1 u (0x +9g1) (1 — k) 1 Ko 1 1 g 5 alp
- lp+— lp+— + —= z(s)9a
T G (e e ) P e (R [ D R VR

hg hp ha hi
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and it is easy to see how I nest the expression in the main text for x = 0.

Consider a special case with no innovation in the laggard country (v — 0) in an open economy
equilibrium. This special case is to show that aggregate skill endowments continue to be the key
determinant of adoption gaps across countries that do not innovate. Thus, dropping labor devoted to
innovation from the market clearing condition yields

1 p (0x +g2) (1 — kr) A e

81—/~L(0—1)(1—Oé)(p+5x)fElP+sl—/VLlPJr s (0—1)(1—a)lp_h' (79)
hg hp ha

1 H (6x +g1) (1 — Kr) n B

SZP<1—N(0—1)(1—a)(p+5x)fE 1—u+””(o—1)(1—a)>_h (80)

Equation (79) highlights that the skill premium is directly proportional to normalized labor endow-
ment. This is the case because lp is independent of the skill premium, see equation (78), and all other
parameters are identical across countries and simply scale the market clearing condition. Conse-
quently, in equilibrium, we have '

— o h.
s

Using this, together with (77), it follows immediately that the adoption gap is proportional to

8 8
zox s~ =M= o pI-m17

In this generalized version, the link between skill premium and adoption gap changes to

—-w (81)

_8logz
dlog s

This adjustment is entirely due to the role of skilled labor in entry and unrelated to skilled labor
in production. The intuition for this result is that the benefit of technology adoption is tied to firm
profits, which are tied to the entry cost. In the limiting case where entry only requires skilled labor,
an increase in the price of skill, which raises the cost of adoption, is exactly offset by an increase in
firm profits. Any intermediate case in which entry is less skill-intensive than adoption preserves the
link between the skill premium and technology adoption. Importantly, there is a degree of freedom

in the parameter 3/(1 — 6): for any 1 < 1, one can rescale 3/(1 — 0) to match the same reduced-form

dlog z
dlog s

in entry or production does not materially alter the model’s predictions, nor does it break the central

passthrough from skill premium to technology adoption, —

. In this sense, allowing skilled labor

link between skill premia and technology adoption emphasized in the paper.

So why not incorporating skilled labor in entry? When entry costs increase with the skill pre-
mium, so does equilibrium firm size. More formally, normalized profits are proportional to the skill
premium, 7 « s*, and the opposite is true for the equilibrium measure of firms, m « s *. Hence,
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poor countries with high skill premia would be predicted to have relative large and relatively few firms
compared to advanced economies, inconsistent with a large body of evidence.®® The baseline model
avoids this implication, which implicitly assumes that entrepreneurs are available in both poor and
rich economies.

Endogenous Skilled Labor Supply. A more elastic supply of skills attenuates the innovation-adoption
trade-off in general equilibrium by dampening movements in the skill premium. In fact, in the limit
of perfectly elastic skilled labor supply, adoption gaps are constant. I largely abstract from endoge-
nous skill supply, consistent with the empirical observation that the expansion of skilled labor has
slowed substantially while inequality has continued to rise.

To develop this argument formally, suppose that an exogenously growing population of workers
split between unskilled and skilled labor N = L + H where ¢ (s) is the share of workers that are
skilled, which is now an upward sloping function of the skill premium. I drop labor skilled labor in
entry and production for ease of exposition, and derive the updated market clearing condition for

skilled labor
1 gr

5 Ko 1 Y (s)
— g Z —_
Sﬁ+9Fz(8) o

sE-DA-a)® " 1-u ()
The key difference is that the right hand side is upward-sloping in the skill premium, capturing the

idea that as skill becomes scarce, households supply more skilled labor. I impose the following func-

tional form 11_1’&5()3) = g (s — k)" where the baseline case refers to n — 0. As n — 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. I 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. If the reader wants to pursue this
specification, it helps to chose a different normalization based on Ny,since L, is now endogenous,

ie., ap = AJF\,:) etc., but the basic structure of the theory is otherwise unchanged.

This extension with endogenous labor supply also approximates another natural extension, which
is to allow for unskilled labor to be used in the research sector as well. For concreteness, suppose
that the entry cost combines each labor type according to a Cobb-Douglas production function with

=M 1n that case, an expansion of the

skilled labor share yg, so the entry cost becomes fi (wg )" (wr,)
research sector will simultaneously raise demand for unskilled labor.®” It will still be true, though,
that the impact on unskilled worker wages can be characterized by the evolution of frontier technol-

ogy Ar and the relative technology level z alone. Instead of making additional assumptions on the

65See, for instance, Poschke (2018) for a systematic study of firm size along the development spectrum which finds that firm
size is increasing in development.

661 do not model the actual investment cost, see for instance Acemoglu (2009) for a model with explicit schooling choice.

7See Helpman (2016) for a summary of the large literature on factor-biased trade and inequality.
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factor intensity in each sector, one can capture these considerations by allowing the supply of skilled
labor to be upward sloping in the skill premium.

A.8 Adoption and Innovation in Models with Intermediate Goods Trade and Arm-
ington Differentiation

clarify the result that technology adoption, conditional on the skill premium, does not respond to
market integration, and investigate whether this finding survives in richer models of international
trade. In particular, I ask whether allowing for intermediate goods trade a la Krugman (1980), or
Armington-style differentiation of final goods, overturns this invariance result.

It does not. Firm-level adoption effort remains unrelated to globalization even when the frame-
work allows for intermediate goods trade with iceberg trade costs for shipping goods from origin & to
destination n: 7, > 1; 7xx = 1. This holds both in the standard Krugman model With love-of-variety
effects and in a version where these effects are neutralized via the normalization M, °~'. Inthe latter
case, the model collapses to an Armington structure in which the measure of firms is irrelevant, but
countries still produce differentiated goods.

This can be seen formally from the free-entry condition. In the open economy, firm profits are

wr ke 1
open open __ ok, E
E Hkn,t E DPrn,t < > Ykn = Apkoo —1 TknYkn
’ n

o Wrket o Ker
where k := PeAk,e  1—o Ag,eLp+?

skilled labor.
Let I, denote labor devoted to destination n. Then profits can be written as

1 1 1 TknYkn
and producing yy,; units of output requires 24t units of un-

Hopen:kat Zl

Free entry implies

wL,k-,th W k.t Zl
= kns

11—k, o-1

which implies

losed
>l = 1105
n

Thus, opening to trade changes the composition of production across markets but not total firm em-
ployment. Since adoption incentives depend on firm size rather than destination-specific sales, glob-
alization has no direct effect on technology adoption.

Of course, wages now depend on foreign demand for domestic goods, and are generally higher
in an open economy. However, wages cancel out of the free-entry condition, so entry and adoption
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incentives are unchanged. In particular,

open closed

Hkvt (1 _ open) _ Hk7t ( _ closed)
open Ky — ,,closed oy
Lkt L.kt

For this to be true, I need to show that k7" = x¢l°%¢, For this to hold, it is sufficient that firms devote
a constant fraction of normalized profits to technology adoption. This continues to be true because
profits are log-linear in productivity and additive across destinations:

pipen —y o za)y (@ DAZa) gy

z z
n

Interestingly, a very similar result holds for innovation, where, conditional on wages, the value of

an innovator remains unchanged in the open economy. Recall

1 l nt o5
Q WL, n,t 204 , (82)

ULk = =
p+gr aF S~ WLkt

which is the appropriate expression for the value of innovation, and is fully pinned down by wages.
Again, these will be different in a richer model of trade, but the impact on innovation will still be fully

summarized by (82). Taking the role of trade costs more seriously and allowing for costly repatriation
of profits yields

P
WL, n,t ,9A
Zn

1 alp WL k,t
Vg = = — —_ (83)
' P+ gr ar zn: Tnk

In either case, normalized innovation incentives depend only on relative wages, not on market size
per se. An equal increase in unskilled wages across countries therefore leaves domestic innovation
unchanged, which is necessary for balanced growth. If foreign unskilled wages rise faster than do-
mestic wages -as appears plausible for the 2000s- the incentive to innovate in the West becomes even
stronger. From this perspective, the specialization effect of globalization on innovation is likely un-
derstated, while the case for large real-income losses among unskilled workers in advanced economies
becomes weaker.

Finally, this invariance result can be broken by introducing Melitz-style selection. When trade
affects which firms operate and export, average firm size and the firm size distribution change, and
adoption incentives respond. I develop such a heterogeneous-firm extension in the appendix. One re-
sult that survives is that, all else equal, a higher skill premium still reduces technology adoption. The
aggregate growth effects of this extension depend critically on the nature of spillovers across firms.
A useful comparison is Atkeson and Burstein (2010), where endogenous innovation matters little for
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the impact of globalization on growth because the model is efficient; see the insightful discussion in
Perla, Tonetti, and Waugh (2021).

A9 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

A(ga+or)dt
Ar—A

A(ga + 61) dt is the flow of new ideas that are adopted at each instant. The probability density is
then simply the product of the two, given statistical independence. On a balanced growth path with

uniformly sampled at Poisson rate = 1= (9a + d1) where AF%A is the uniform density and

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 +0) Vi=04A(2) (V;‘d"m"d _ vl) (84)

where gy = % is pinned down by the free entry condition, A (z) = % (ga + d1), and yjadopted

e Ji rot 0oy (4) du. The zero in (84) 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%_QA(Gl_d’)eAfg — 014;.
gromageg -

A normalized version simplifies to Z; = vz (01 + gr) z; where the firm takes 2 as given.

Without complementary government investment zg will be zero and the returns to adoption are zero

)0

as well. If the government invests in A(Gl_ 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
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government employees are likely to be instrumental in building up complementary public infrastruc-
ture. The role of skilled labor remains pivotal.

Immigration. In the baseline model, unskilled immigration into the advanced economy depresses
unskilled wages through two channels. First, there is a direct effect: an increase in the supply of
unskilled labor lowers its relative price. Second, a larger unskilled workforce raises the demand for
skilled labor devoted to technology adoption, which crowds out innovation effort and slows frontier
growth.

In contrast, inflows of skilled labor are unambiguously beneficial for unskilled workers. By ex-
panding the supply of skills, skilled immigration raises both technology adoption and innovation,
thereby increasing productivity and unskilled wages. The effect on skilled workers themselves is am-
biguous but likely positive: although the relative skilled wage declines, higher adoption rates and
faster frontier growth can raise skilled wages in absolute terms.

Figure 17 evaluates the quantitative relevance of immigration for wage stagnation in Germany. The
foreign employment share has declined since the mid-1990s, reaching an all-time low in the 2000s.
This pattern suggests that immigration is unlikely to be a primary driver of weak wage growth in
Germany at the turn of the century. More broadly, the dominant shift during this period appears
to have occurred in trade integration rather than labor mobility. This does not imply that immigra-
tion is unimportant. It is difficult to account for technological frontier growth—particularly in the
United States—without the contribution of foreign researchers and entrepreneurs. The framework
developed here could, in principle, be extended to study brain drain, innovation gains, and global
equilibrium effects under free migration with realistic scale effects. I leave such an extension to fu-
ture work.
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Figure 17. Immigration
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The figure plots the share of foreign workers in West Germany, using the BHP of the IAB.

A.10 Relation to the Literature

The framework emphasizes a novel trade-off between innovation and adoption that distinguishes it
from the existing literature. In contrast to to Perla and Tonetti (2014), Sampson (2016), Konig, Lorenz,
and Zilibotti (2016), Perla, Tonetti, and Waugh (2021), Benhabib, Perla, and Tonetti (2021), and Samp-
son (2023), my model features an explicit tension between resources devoted to innovation and to
adoption. In much of the earlier work, adopters primarily learn from innovators, so this trade-off
is muted and the dominant friction is the inability of innovative firms to internalize the positive
spillovers they generate for laggards. In such environments, market integration and Melitz (2003)-
style selection -by reallocating market share toward larger, more productive firms- tend to generate
strong pro-growth effects. These predictions contrast with the experience of advanced economies,
where an unprecedented increase in market integration has been accompanied by a growth slow-
down.®® Another crucial difference is to embed adoption spillovers into a model with a realistic de-
grees of scale effects where ideas are harder to find, consistent with a growing body of evidence.®’

681t seems there are two views. First, globalization may be relatively unimportant for long-run growth. In that case, the vast
literature on the pro-growth effects of globalization may be correct, but quantitatively unimportant. Second, globalization
may play an important role in shaping growth and inequality, especially in the recent wave of globalization. If so, we must be
missing an important aspect. I aim to provide an answer to this second view.

%See Jones (1995), Kortum (1997), Jones (2009), Gordon (2016), and Bloom et al. (2020).
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The comparison between planner and decentralized solution anticipates that spillovers in adoption
and the extent to which ideas are harder to find, ¢, will be a key parameters shaping the impact of
market integration on growth.

Second, the model relates to Comin and Gertler (2006), who study endogenous innovation and
adoption in a business-cycle framework. While both models feature an adoption margin, the under-
lying mechanisms differ in fundamental ways. The present framework nests the benchmark Romer-
Jones model exactly, which allows key equilibrium objects—most notably the technology adoption
gap—to be characterized in closed form. This allows for a transparent analysis of the efficiency prop-
erties of the model, which can be directly compared to the benchmark model, and differ fundamen-
tally from Comin and Gertler (2006).”° Conceptualizing these spillover in a tractable framework is
an important contribution of the model, as these spillovers shape the qualitative and quantitative
implications of market integration on growth.”* Moreover, the model introduces a factor-market ri-
valry between innovation and adoption by making adoption relatively skill intensive. This generates a
novel innovation-adoption trade-off that responds sharply to globalization. Such a trade-off is absent
in Comin and Gertler (2006), where both innovation and adoption are financed in final goods rather
than competing for skilled labor. This is more generally true for lab-equipment models (Romer, 1987)
where innovation and adoption only require final output. In fact, my current model can be turned
into a lab-equipment model by assuming firm entry, technology adoption, and innovation only re-
quire final output.”? In that case, the BGP adoption gap is unrelated to the allocation of resources be-
tween innovation and adoption. Anzoategui et al. (2019), which builds on Comin and Gertler (2006),
assumes skill-intensive innovation and adoption. Yet, the trade-off between innovation and adoption
still plays no role for three reasons. First, the model’s focus is on short-run fluctuations in the closed
economy so the complementarity between the two activities dominates. Second, they impose a very
strong spillover from innovation to adoption, which make underinvestment in adoption extremely
unlikely. Third, and related, the model is fully endogenous, so pushing more labor into innovation
implies forever faster growth, taking the bite out of the innovation-adoption trade-off.

Comin and Hobijn (2007) is the less known but perhaps most relevant precursor to the comple-
mentarity between innovation and adoption I derived. They focus on complementarities in initial
implementation of technology in a model where innovators race for patents, see Reinganum (1989).
The models differ both in how adoption and innovation are set-up, and what spillovers drive the re-
sults. However, they point out that more successful implementation can fuel innovation, and in that
sense, I view them as closely related. Having said that, my theory nests benchmark frameworks,
generalizes effortlessly to an open economy setting, and then shows how globalization can break the

7ONote that I nest a version of the canonical Parente and Prescott (1994)-model of technology adoption. This not only al-
lows me to take the framework effortlessly to the cross-country setting, but also provides a micro-foundation for the adoption
spillover building on the recent idea flow literature that depends on firm entry and exit, which has a direct counterpart in the
micro data.

71See Atkeson and Burstein (2019) on how inefficiencies shape counterfactuals in endogenous growth models.

72With positive population growth, I need ¢ < 0.
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complementarity between innovation and adoption. So the two papers end up being quite different.
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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 Computations
B.1.1 Technology Adoption (with Distribution) - Steady State

The normalized firm problem reads
(re + 0% — Guy ) vi (2) = maxm (2) — 4t + Ozvp - uszf — (01 + gre) z} + U

subject to the law of motion for z and the evolution of aggregate state variables captured in the time
index t¢.
The first-order condition reads

= l¢.

{ (0,vy) Brz? }11“

St

I use the following boundary conditions for the finite difference scheme where vf and v® denote for-
ward and backward difference, respectively,

(0.F) = = {(5I+9F,t)21_9}1337

Brz? v
15
by _ S (Gr+gre)2" % 7
((‘Lv ) - Buzt { v ’

The boundsz and z represent the highest and lowest value of z on the grid space z_grid = [z, 22, 23, ..., Z].
Rewrite the problem as follows

(re 4 0x — Guy ) ve (2) = Bz gy 400, - {szbf — (01 + gr,t) Z} + v, (85)

whereB; captures, among other things, the equilibrium measure of firms as well as the properly
weighted average productivity level 7 = {E [z(0~D(1-2)] }Wl“*) . The heterogeneity arises only
for the case of imperfect spillover at entry, Ag < 1, which is nested by the algorithm but can be shut
down by setting A\g = 1.
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Note that fOMt Btzgafl)(lfa)di = ByM;z(°~D(=2) = Xi This can be rearranged to

lp

B, = .
(0 —1)(1—a)mz =D
Moreover, in the steady state m = ﬁ. So for a value of B;, and a solution to (85), I can infer all

endogenous variables.
Steady State. To find B in the steady state, I solve (85) for a guess of B and check if the free entry
condition holds

fE = ’U(ZE).

A slightly similar free entry condition that delivers an identical steady state but computationally
smoother is

lgs = ZEeﬁE(’U(z}z,t)—fE)7

where g is labor devoted to entry in the steady state .
The density of incumbents g, and entrants g, follows from the KFE equation

gz = AT (gz) gz

where I make clear that the infinitesimal generator A” (g, ) is itself a function of the stationary density
since entrants’ productivity is assumed to be a function of the average

A flow of g7, + 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 A”. If 2 falls between two grid
points, I turn the entry draw into a probabilistic one using a linear interpolation.

I can now iterate on guesses for B, which implies a stationary distribution g, values for lp and m
follow

Bg(lfoz)(o'fl)

lp =

1-1p
(9r + 9x) fx

which in turn imply aggregate demand for skilled labor from the production sector

hA:m-/L(z)gZ(z)dz.
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B.1.2 Transitions

To solve for technology adoption choices along a transition path, I can again use a finite difference
scheme that now explicitly takes account of a changing time derivative, ¢;. From the point of view of
an infinitesimal production sector firms, the demand shifter B, skill premia, unskilled wage growth,
interest rates, and evolution of the technological frontier are exogenous, and captured in the se-
quences { By, s¢, Guw,, ., Tt; 9F,¢ }rejo,r) Where t = 0 represents the initial period, and 7" is sufficiently
large that the system arrived at the new steady state.

There are two control variables

1. 4 (tech. adoption),
2. lg; (firm entry).

There is on idiosyncratic endogenous state variable
1 24

And there are two aggregate endogenous state variables that, in turn, determine B; and demand for
skilled labor from the production sector, ha:

1. % (avg. normalized productivity), the entire distribution g, ; (2), implied by individual choices,
pins down this aggregate state,

2. m; (normalized firm measure), which in turn depends on the entire sequence of firm entry Ig ;.
I next describe production and innovation sector in turn along a transition path, and then integrate
them in general equilibrium using the market clearing condition for skilled labor.
B.1.3 Production Sector

A partial equilibrium in the production sector thus consists of finding an optimal sequence of adop-
tion and entry choices consistent with the aggregation constraints implied by the aggregate state vari-
ables. Here is an algorithm for this subproblem.

1. Given a sequence {ar , s}, guess variable { By, g, ,, "¢, Ve, }-

2. Solve incumbent firm HJB holding { B¢, 9w, ,,7¢, vg,: } fixed.
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(a) The first order condition pins down adoption effort

St

{ (Ozve4a) Brtsa }1& _,
— U,

where each ¢ is a step in time.
The value function v; follows recursively

Vt4+A — Ut

(Tt — Gu,t + 0x) V¢ = T — t45¢ + Agvy + A

=

1 -t 1
vy = {(A + 71— Gu,t + 5)() I— At] (7& — LSt + AUH_A)

where it should be clear that profits and adoption effort are a function of z and I is the
identity matrix.

This pins down the vector of adoption effort as a function of z, i.e., {¢; (2)}.
(b) Now iterate forward on the KFE, which pins down new values for {B;, gu, ,,7t, VEt }-
i. ggl—o)(l—a) — Eyle—D(1-a)

ii. lE n = lsseﬁE(Un—Us,g)

iii. The evolution of m is implied by g, = fiE;,: —(9L.n +9x) -

iv. The evolution of Z is implied by i) initial z;, and the KFE using an implicit scheme
-1
Gnt1(2) = (I — At - AZ) gn (2),

where A7 is the transpose of the solution of the incumbent firm HJB and firm entry

implied by lg ,,.
v. Go back to i) until you have reached T’
vi. The law of motion of physical normalized capital k; = Afzfp - follows

k - —(1=a) 1 e
7= s (1 —a) "R (gt iy + g8+ 95 + O8)

where Y is the constant fraction of output invested in physical capital. In discretized
form, I have

kion = ke - eAlsa™(1=e) "0k~ (gL +gip+gr+g:+0k )|

Note that initial &y jumps whenever I o jumps. After that jump, /g evolves smoothly.
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The initial jump equals kg = koa_ss * Ip,oid_ss/lpo. Note that we have everything to
compute the evolution of {k;}.
This then pins down a new interest rate sequence {r}

a \'"o—1 o1
Ty = . akt - 5k~

l—«a

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

-1 —(1—
ry = (U a) a *(1-a) (1-a) k™t — 5
o

where the normalized capital stock in steady state reads

1

Xs T e -1

kg =4 ——F——— a T-a (l—a .
* {9L+9F+5k:} ( )

The saving rate, which is kept constant along the transition path, equals x, = (1)

gL+ge+os

a p+gr+ok

. This savings rate induces a steady state normalized capital stock, kss =

{ (=ta) - m} " o~ 7% (1 — )", which coincides with the normalized capital
stock in the steady state when the saving rate is endogenous and based on log prefer-
ences.

With this sequence of {k,,, Z,,}, we can compute wages and wage growth

1-a\%o—1
’U}L’t_< ) Atk?
[e% g

where Ay = 1 without any loss of generality,”® and g4 = gr + g. and g.,, = ga + agi.

lp,n
mp(c—1)(1—a) z(1-)0=a)*

Lastly, compute an new vector {B,, } using B,, =

(c) Update {B;, gw, 7, Ve, } gently using a relaxation scheme Z = relax - Zoq + (1 — relazx) -
Znew for relaz sufficiently close to one.

3. Iterate on a), b), ¢) until convergence in {Zz,,, my,, lp », By, }. Note this also implies convergence
in wage growth and interest rates. If you make entry more responsive (Sg 1), you will want to
pick a more gentle relaxation parameter to avoid ossiciliations.

73Since everything is growing, the initial productivity level is arbitrary.
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B.1.4 Innovation

Using the normalized value of innovation,

- Vit
= — 4
wL«,tAF,(tﬁ
leads to the following recursion
ot al ) .
VIt ('rt — Gus ., + 6+ (ngF,t) —e Ji t(rt 9wL,t+6I+¢QF,t)dv¢ ) [1 + Tt] +dp

Zt+47QF t+47

I focus on the homogeneous firm case so that Z = z,but one can generalize the model to the hetero-
geneous firm case.”
In discretized form the normalized H]B reads

o a (rt_ng1t+51+¢gF,t)dU adp i L4 7]

U1t (Tt—i-A — Gwp iy + o+ ¢9th+A) =€
Zt+70AF t+71

Ut + A — ULt

A

The free entry condition maps the value of innovation into entry according to

1
Yore \
(T2)" =
t

Note that this free entry condition always binds for the case of A < 1.
To compute the value of innovation, innovators have to correctly forecast the waiting time, 7. Note
that 79 jump at time zero, and the size of the jump is implicitly defined by

log 2o

Jo° ga(@)+orde °
To

T0 — —

For a given evolution of {g4:} = {¢..: + gr.}, One can use a simple root finding method to get 7.
Once the initial wait time is determined, one can use the law of motion of the waiting time

. gFt — A t+7
Tt = 9
01+ gA t4r

7*In that case, flow profits would be computed against the entire distribution Vi, = [ [7 e~ JErodvTny | (2) dsfy (2) dz,
and where changes in 7 would be captured in the distributional dynamics.

108



which in discretized form can be rewritten to

it~ GAttr

Tian =Tt + A -
o ! O+ ga,i+r

5 Tt+A 2 0
This recursive representation can be used to compute equilibrium in the research sector off the bal-
anced growth path.

The following algorithm can be used to compute equilibrium in the research sector as a function
of the skill premium and production sector {s;, z;, lp :}.

1. Take {s¢, z¢,lp ¢, 7} as given
2. Guess a sequence {gr;}.

3. The guess implies {7;}. This allows me to solve the innovator problem backwards (there is not
much to solve here other than computing the value of an idea recursively). Given {s;, 7, gr.1, 7},
get a sequence {v}.

4. Given a sequence of {s;} and {v;,}, derive skilled labor devoted to entry h;; = {m } =

St

(a) Use {h;} to derive new sequence {a}°"} using the resource constraint related to the cre-
ation of new ideas

Vi,
grt = Lt 517
QF ¢
gr
Yaz,, = (1= ¢) <9F,t - 1_¢> ’

which gives rise to the discretized law of motion

Aga
afp t+A = QF € Gkt

i. Update ap,, = relaz * {ap s n—1} + (1 — relax) * {a%"}w
ii. Go back to 3. until convergence occurs, ar,, ~ agSy 1, Tn = Tnt1-
5. The outcome is twofold: you get a new solution for {gr ; } and you get a new sequence for skilled
labor devoted to innovation {hy;}.
B.1.5 General equilibrium
Step 1. Iterate on {ap} up until innovation and production sector have converged.

Step 2. After both sectors agree on {ar}, compute implied demand for skilled labor in each sector,
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{ha, h1}. Update the skill premium gently upward whenever hy + h; > h, and downward otherwise,

Stn+1 = min{max{s; , ><(1*’“8l“z)(h‘*=""+h1vtv"*h), 0.95% s¢.n}, 1.05 % 840}

For sufficiently gently updating, this algorithm computes the transition dynamics of the model in the
closed economy.

B.1.6 Autarky Skilled Labor Supply Shock

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 .10 to .15 as in figure 18. The transitions are then
computed using the previous algorithm under perfect foresight. Figure 19 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 18. Skilled Labor Expansion in Autarky
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In this exercise I increase the relative skilled labor supply from .10 to .15.
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Figure 19. Skilled Labor Expansion in Autarky - Results
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In this exercise I increase the relative skilled labor supply from .10 to .15.

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

Vi (T + 51) = Z e f:JrTC (T’U+6I)dv7rl,c,t+'r : [1 + 7.—c,t] + Vi

_ Z e — [FTe (ry+81)dv aLlp iy, WL e tir.

A¥Vt+ Zet+4, [1 N i-c’t] L

— E efjtJrTC ry+01)dv HPWL ¢ i+ Ye alpwy, (t+ch4

L1+ 7eq] + WA,
AF LT POt T,

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

tre 5 W\ ¢
5 _ e (A7)
ULkt (Th = Gug i + 01 + Ggr) = Z W
p WLkt AF,t+TCZ6,t+TC

t+7'c ('f‘k+51) AW [ I l
Ft t+7. CUPWL ¢ t+1. . )
_Z < W ) ( )1 P be [ +7-c,t]+'UI

WLkt AF,t+TC A¥Vt+TC Zet+Te

OéLP,c7tJr‘rC’wL,(:7tJr7'C . [1 + 7.-cq,t] + 'DI

L+ Tec l 3
_ Ze_ i (rk—ng+61+¢gF)dv ( - alp ’UJL,c7t+7'c> b - [1 + 7.-c,t] +

- a’F,t+TC Zejt+7. WL Kk t4T.

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

1

- 1-x

Ot = —hy g Skt
Tk

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

ﬁ _ Z AF,(: AF,C
AY — A} Arc

Yo (AF)” Lhp be
= Z Xe A—7 — 0
- F.c

,C

Yehi be

ggv = Z agv —(51.

(&

1—-¢
w
The normalized technological frontier aY := ( Ap ) thus evolves according to
LT-%

oy = (L—9) g8 — g1

o Zc’ychf\,cbc gL
oo )}

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 and Intellectual Property Ownership. I assume that the emerging market copies
ideas from the advanced economy, which means that their innovation productivity is artificially high
in autarky, but falls in the integrated equilibrium ~*¢°?¥ > ~*, The reason for this is that the emerg-
ing market is relatively small in my calibration, and the lack of scale would require an artificially high
research productivity. Practically, I can simply solve the model for the low research productivity v*
because the allocation of skilled labor to each sector is unrelated to research productivity v* in au-
tarky. Ithen scale the frontier technology and real wage by the appropriate factor to obtain a wage gap
w, which implicitly pins down~*“°P¥, In the open economy, there is no incentive to copy technology
since Bertrand competition would drive profits to zero.

Having clarified this, note that A} C Ay, since emerging markets copy technology. More generally,
even if technology wasn’t copied, it is natural to assume that because ideas are harder to find, the same
ideas are invented in each country. I thus have to take a stance of who owns what intellectual property
at the time of integration. This is parameterized by (, the share of initial patents held in the advanced
economy.

Consequently, at time ¢ — 0 where 0 demarcates the time when markets become integrated, the
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normalized frontier technology level in the West reads

1-¢ _
Ar.t 04 _ (CAF,OA)l ¢
Lt1i¢ Lﬁ

= ()" ?aro-a,

and similarly the normalized level of frontier technology in the East reads (1 — ¢)'~*

apo—n for A —
0. Both countries lose some of their ideas due to duplication, and I provide a micro-foundation for
the ¢ in appendix B.3, where small quality differences pin down which variety is produced where.

Since the frontier jumps from the point of view of the emerging market, note that the frontier gap,
which is defined relative to the frontier, jumps as well. Formally,

* *
ZofAAF,OfA

* p—
20+ = J

Ag{wa
where Ag‘{OJrA = Ar 0+ asthe frontier at time zero is defined by the West (recall Af; C Ary fort < 0).

The evolution of z., then follows from domestic firms’ adoption choices. The evolution of the
normalized technology level within each country now changes to

A A
AF ct ’YC,thI,qtbC

W
AF et Xe,tap ¢

- 617

and in terms of normalized frontier growth rates, [ have

g _ (1 _¢) Ye,t hf:c,tbc _ (6I+ gL )
et Xc,t a?{t 1- d)

Capital Accumulation. As in the closed economy, the problem is simplified by assuming that a share

of domestic final goods production is re-invested at a constant rate y s, which is the same across coun-
tries 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* =1« (1 — o) ¢ (1 — x,) of output in the East is consumed by the
West, and vice versa a share Y 2~La (1 — o) ¢ (1 — x,) of output in the West is consumed by the East.
The reason is that households re-invest a constant fraction of income, and if income is earned abroad,
then a fraction of that foreign income is re-invested abroad. An implication is that some domestically
used capital is now held by foreigners. However, for the equilibrium dynamics of innovation and
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technology adoption this split is irrelevant. After understanding this simplification, the following al-
gorithm 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.

(a) Compute {7, 7*} and {w, w*} taking {z, z*, k, k*} as given for each country.
(b) Solve innovator’s problem

i. Compute the value of innovation in each country recursively {vr, v’}

ii. Implies equilibrium research effort based on free entry into research in each country
{hr, b1}

iii. Compute evolution of aggregate technological frontier using {hr, hj}.

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

Update the new guess gently (agv)"‘“t = relax * (ay") 4 (1 - relaz) * (af)™ ™.

(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., ,7* — ~,h* — h. [ 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 1the Solow model, and uses the formula
hi = {hl‘amv (1 — e~ (maem)t) 4 (hg)' oo e‘(l‘%"v)t}m where aony governs the speed of con-
vergence, and an analogous expression applies to «;. I assume acony = .87, which induces conver-
gence patters as depicted in figure 20.

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
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Figure 20. Full Convergence in East
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needs to be updated slightly o, = %hll;’\tSkt 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
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 g. = 1 + €. + u.. The parameter e, > 0
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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 ratio &= — 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 ﬁi .
F

B.4 Additional Results

I next report the long-run wage effects for different values of ¢ and 3. I note that the negative impact
on globalization becomes more pronounced for more negative values of ¢. Skilled labor always gains,
no matter how negative the knowledge externality is.

Figure 21. Robustness ¢ and

(Alogwy, Alogwpyy)

(Alogwy, Alogwg) 8 =0.2 5 =0.3 8 =04

¢ =0.5 (0.109,0.487) (0.128,0.393 (0.127,0.304 )

¢ =-0.2 (-0.062,0.324) (-0.057,0.207) (-0.045,0.127)

¢ =-1.5 (-0.12,0.266 ) (-0.118,0.141)  (-0.097,0.067 )
Note. The table computes long-run wage effects holding all other deep parameters of the model fixed
other than v, which is set to deliver z = .6 consistent with the baseline calibration. Each cell reports

a long-run wage effect where the first entry is unskilled wages and the second entry is skilled wages:
(Alogwy,, Alogwgy).
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C Empirical Appendix

C.1 Micro Evidence on the Link between Adoption and Skill

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. Recent work by Bijnens, Humlum, and Vanormelingen (2025) and Bloom et al.
(2025) also lines up well with the key assumption. The first study uses detailed firm-to-firm trade data
to show that skilled labor plays a central role in technology adoption, consistent with the model’s
emphasis on overhead skilled labor services required to adopt capital goods; the second study by
Bloom et al. (2025) documents that new technologies diffuse primarily through their adoption in
lower-skilled jobs, consistent with the complementarity between adoption and low-skilled wages in
the model. Slowing diffusion then immediately rationalizes weak unskilled worker wage growth.
Voth, Caprettini, and Trew (2023).

C.2 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 ) 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 xc = ap + Alog Hy + (1 — X) log L.

I 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.
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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.

Figure 22. 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.

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

Table 4. 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.

75Sampson (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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C.3 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 23 plots
the evolution of the aggregate employment share of innovative establishments.

Figure 23. 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.

The sectoral classifications are defined in the do-file changing_innovation_activity.do. Below is a
short summary of the sectors that appear in the definition.
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An important statistic omitted in the main part of the paper is the increase in the skill premium
plotted in figure 25. 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 24. Sectoral classification

Industry Digit variable_na sector code  label baseline  baseline plus Finance and IT Industry Di variable_n¢ sector code label baseline  baseline plus Finance and IT
5-Steller (w93.5) 65110 Zentralbanken 0 1 3Steller  (w93_3) 651 Zentralbanken u. Kreditinst, 0 1
5-Steller (w93_5) 65121 Kreditbanken einschliesslich zw 0 1 3Steller  (w93_3) 652 So. Finanzierungsinstitute 0 1
5-Steller (w93_5) 65124 Genossenschaftliche Zentralban 0 1 3Steller  (w93_3) 722 Softwarehaeuser 0 1
5-Steller (w93_5) 65126 Realkreditinstitute 0 1 3Steller  (w93_3) 723 Datenverarbeitungsdienste 0 0
5-Steller (w93_5) 65127 Kreditinstitute mit Sonderaufg 0 1 3teller  (w93_3) 724 Datenbanken 0 0
5-Steller (w93.5) 65210 Institutionen fuer Finanzierung 0 1 3Steller  (w93_3) 726 Verb Ttg. der Datenverarb. 0 0
5-Steller (w93_5) 65220 Spezialkreditinstitute 0 1 3Steller  (w93_3) 731 F&ENaturwissenschaft 1 1
5-Steller (w93_5) 65231 Kapitalanlagegesellschaften 0 1 3teller  (w93_3) 732 F&ERecht, Wirtschaft usw, 1 1
5-Steller (w93_5) 65233 Sonstige Finanzierungsinstitut 0 1 3teller  (w93_3) 741 Beratungsunternehmen 1 1
5-Steller (w93_5) 67110 Effekten-und Warenterminboerse 0 1 3teller  (w93_3) 742 Architektur-u. Ingenieurbuero 0 0
5-Steller (w93.5) 67120 Effektenverm und 0 1 3Steller  (w93_3) 743 Tech,, physik. u. chem. 0 0
5-Steller (w93_5) 67130 Sonstigemit dem Kreditgewerbe 0 0 3Steller  (w93_3) 744 Werbung 0 0
5-Steller (w93_5) 72201 Softwareberatuny 0 1
5-Steller (w93_5) 72202 Softwareentwicklung 0 1 Ssteller  (w03_5) 74131 Marktforschung 1 1
5-Steller (w93_5) 72301 Datenerfassungsdienste 0 1 SSteller  (w03_5) 74132 Meinungsforschung 0 0
5-Steller (w93.5) 72302 Datenverarbeitungs- und Tabell 0 1 s-Steller  (w03_5) 74141 Unternehmensberatung 1 1
5-Steller (w93_5) 72303 Bereitstellungsdienste fuer Tei 0 1 S-Steller  (w03_5) 74142 Public-RelationsBeratung 1 1
5-Steller (w93_5) 72304 Sonstige Datenverarbeitungsdie 0 1 SsSteller  (w03_5) 74151 Managementtaetigkeiten von Hold 1 1
5-Steller (w93_5) 72400 Datenbanken 0 1 Ssteller  (w03_5) 74152 Managementtactigkeiten von sonst 1 1
5-Steller (w93_5) 72500 Instandhaltung und Reparatur v 0 0 SSteller  (w03_5) 74153 Geschlossene Immobilienfonds mit 0 0
5-Steller (w93.5) 72601 Informationsvermittiung 0 1 S-Steller  (w03_5) 74154 Geschlossene Immobilienfonds mit 0 0
5-Steller (w93_5) 72602 Mit der Datenverarbeitung verb 0 1 S-Steller  (w03_5) 74155 Komplementaergesellschaften 0 1
5-Steller (w93_5) 73101 Forschungund Entwicklungim 1 1 Ssteller  (w03_5) 74156 Verwaltung und Fuehrung von 1 1
5-Steller (w93_5) 73102 Forschung und Entwicklungim 1 1 Ssteller  (w08_S) 62011 Entwicklung und Programmierung 0 1
5-Steller (w93_5) 73103 Forschung und Entwicklungim 1 1 SSteller  (w08_S) 62019 Sonstige Softwareentwicklung 0 1
5-Steller (w93.5) 73104 Forschung und Entwicklungim 1 1 S-Steller  (w08_S5) 62020 Erbringung von Beratungsleistunge 0 1
5-Steller (w93_5) 73105 Forschungund Entwicklungim 1 1 S-Steller  (w08_S) 62030 Betrieb von Datenverarbeitungsein 0 1
5-Steller (w93_5) 73201 Forschung und Entwicklungim 1 1 SsSteller  (w08_S) 62090 Erbringung von sonstigen Dienstle 0 1
5-Steller (w93_5) 73202 Forschung und Entwicklungim 1 1 Ssteller  (w08_S) 63110 Datenverarbeitung, Hosting und d: 0 1
5-Steller (w93_5) 74111 Rechtsanwaltskanzleien mit Not 0 0 SSteller  (w08_S) 63120 Webportale 0 0
5-Steller (w93.5) 74112 Rechtsanwaltskanzleien ohne No 0 0 S-Steller  (w08_S5) 63910 Korrespondenz- und Nachrichtenb. 0 0
5-Steller (w93_5) 74113 Notariat 0 0 5-Steller  (w08_S) 63990 Erbringungvon sonstigen Informat 0 0
5-Steller (w93_5) 74114 Patentanwaltskanzleien 1 1 SsSteller  (w08_S) 64110 Zentralbanken 0 1
5-Steller (w93_5) 74115 Sonstige Rechtsberatung 0 0 Ssteller  (w08_S) 64191 Kreditbanken einschliesslich Zwei 0 0
5-Steller (w93_5) 74121 Praxen von Wirtschaftspruefern, 0 0 SSteller  (w08_S) 64192 Kreditinstitute des Sparkassensek 0 0
5-Steller (w93.5) 74122 Praxen von vereidigten Buchprue 0 0 S-Steller  (w08_S5) 64193 Kreditinstitute des Genossenschaf 0 0
5-Steller (w93_5) 74131 Marktforschung 1 1 S-Steller  (w08_S) 64194 Realkreditinstitute 0 1
5-Steller (w93_5) 74132 Meinungsforschung 0 0 SsSteller  (w08_S) 64195 Kreditinstitute mit Sonderaufgabe 0 1
5-Steller (w93_5) 74141 Unternehmensberatung 1 1 Ssteller  (w08_S) 64196 Bausparkassen 0 0
5-Steller (w93_5) 74142 Public-Relations Beratung 1 1 SSteller  (w08_S) 64200 Beteiligungsgesellschaften 0 1
5-Steller (w93.5) 74151 Beteiligungsgesellschaften mit 0 1 S-Steller  (w08_S5) 64300 Treuhand-und sonstige Fonds 0 1
5-Steller (w93_5) 74152 Sonstige Beteiligungsgesellsch 0 1 S-Steller  (w08_S) 64910 Institutionen fuer Finanzierungs! 0 1
5-Steller (w93_5) 74153 Geschlossene Immobilienfondsm 0 0 SsSteller  (w08_5) 64921 Spezialkreditinstitute (ohne Pfan 0 1
5-Steller (w93_5) 74154 Geschlossene Immobilienfondsm 0 0 Ssteller  (w08_S) 64922 Leihhaeuser 0 0
5-Steller (w93_5) 74155 Komplementaergesellschaften 0 1 SSteller  (w08_S) 64991 Investmentaktiengesellschaften un 0 1
5-Steller (w93.5) 74156 Verwaltung und Fuehrung von 1 1 S-Steller  (w08_S5) 64999 Sonstige Finanzierungsinstitution 0 1
5-Steller  (w08_S) 66110 Effekten-und Warenboersen 0 1
5-Steller (w03_5) 65110 Zentralbanken 0 1 SsSteller  (w08_S) 66120 Effekten-und Warenhandel 0 1
5-Steller (w03_5) 65121 Kreditbanken einschliesslich Zwei 0 1 Ssteller  (w08_S) 66190 Sonstige mit Finanzdienstleistung 0 0
5-Steller (w03_5) 0 SSteller  (w08_S) 66210 Risiko-und Schadensbewertung, 0 0
5-Steller (w03_5) 65124 Genossenschaftliche Zentralbanken 0 1 S-Steller  (w08_S5) 66220 Taetigkeit von Versicherungsmakle 0 0
5-Steller (w03_5) 65126 Realkreditinstitute 0 1 5-Steller  (w08_S) 66290 Sonstige mit Versicherungsdienst! 0 0
5-Steller (w03_5) 65127 Kreditinstitute mit Sonderaufgabe 0 1 SsSteller  (w08_S) 66300 Fondsmanagement 0 1
5-Steller (w03_5) 65210 Institutionen fuer Finanzierungsl 0 1 Ssteller  (w08_S) 69101 Rechtsanwaltskanzleien mit Notari 0 0
5-Steller (w03_5) 65220 Spezialkreditinstitute 0 1 SSteller  (w08_S) 69102 Rechtsanwaltskanzleien ohne Nota 0 0
5-Steller (w03.5) 65231 Kapitalanlagegesellschaften 0 1 S-Steller  (w08_S5) 69103 Notariate 0
5-Steller (w03_5) 65233 Sonstige Finanzierungsinstitution 0 1 S-Steller  (w08_S) 69104 Patentanwaltskanzleien 1 1
5-Steller (w03_5) 67110 Effekten-und Warenboersen 0 1 SsSteller  (w08_5) 69109 Erbringung sonstiger juristischer 0 0
5-Steller (w03_5) 67120 Effektenvermittlung un 0 1 Ssteller  (w08_S) 69201 Praxen von Wirtschaftsprueferinne 0 0
5-Steller (w03_5) 0 SSteller  (w08_S) 69202 Praxen von vereidigten Buchpruefe 0 0
5-Steller (w03_5) 72210 Verlegen von Software 0 1 S-Steller  (w08_S) 69203 Praxen von Steverbevollmaechtigt 0 0
5-Steller (w03_5) 72221 Softwareberatung 0 1 S-Steller  (w08_S) 69204 Buchfuehrung (ohne Datenverarbe 0 0
5-Steller (w03_5) 72222 Entwicklung und Programmierungvo 0 1 SsSteller  (w08_S) 70101 Managementtaetigkeiten von Hold 1 1
5-Steller (w03_5) 72223 Sonstige Softwareentwicklung 0 1 Ssteller  (w08_S) 70109 Sonstige Verwaltung und Fuehrung 1 1
5-Steller (w03_5) 72301 Datenerfassungsdienste 0 1 SSteller  (w08_S) 70210 Public-Relations Beratung 1 1
5-Steller (w03.5) 72303 Bereitstellungsdienste fuer Teiln 0 1 S-Steller  (w08_S5) 70220 Unternehmensberatung 1 1
5-Steller (w03_5) 72305 Sonstige Datenverarbeitungsdienst 0 1 S-Steller  (w08_S) 72110 Forschungund Entwicklungim 1 1
5-Steller (w03_5) 72400 Datenbanken 0 1 SsSteller  (w08_S) 72190 Sonstige Forschung und Entwicklut 1 1
5-Steller (w03_5) 72601 Informationsvermittlung 0 1 Ssteller  (w08_S) 72200 Forschung und Entwicklungim 1 1
5-Steller (w03_5) 72602 Mit der Datenverarbeitung verbund 0 1 SSteller  (w08_S) 73110 Werbeagenturen 0 0
5-Steller (w03_5) 73101 Forschung und Entwicklungim 1 1 S-Steller  (w08_S5) 73120 Vermarktung und Vermittiung von 0 0
5-Steller (w03_5) 73102 Forschungund Entwicklungim 1 1 S-Steller  (w08_S) 73200 Markt- und Meinungsforschung 1 1
5-Steller (w03_5) 73103 Forschungund Entwicklungim 1 1
5-Steller (w03_5) 73104 Forschung und Entwicklungim 1 1
5-Steller (w03_5) 73105 Forschung und Entwicklungim 1 1
5-Steller (w03_5) 73201 Forschung und Entwicklung im 1 1
5-Steller (w03_5) 73202 Forschungund Entwicklungim 1 1
5-Steller (w03_5) 74111 Rechtsanwaltskanzleien mit Notari 0 0
5-Steller (w03_5) 74112 Rechtsanwaltskanzleien ohne Notar 0 0
5-Steller (w03_5) 74113 Notariate 0 0
5-Steller (w03_5) 74114 Patentanwaltskanzleien 1 1
5-Steller (w03_5) 74115 Sonstige Rechtsberatung 0 0
5-Steller (w03_5) 74121 Praxen von Wirtschaftsprueferinne 0 0
5-Steller (w03_5) 74122 Praxen von vereidigten Buchpruefe 0 0
5-Steller (w03_5) 74123 Praxen von Steuerberaterinnen und 0 0
5-Steller (w03_5) 74124 Praxen von Steverbevollmaechtigte 0 0
5-Steller (w03_5) 74125 Buchfuehrung (ohne Datenverarbeit 0 0
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Figure 25. 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 (W

WH )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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