
Davis, Colin R.; Hashimoto, Ken'ichi

Working Paper

R&D subsidies, innovation location, and productivity
growth

ISER Discussion Paper, No. 1226

Provided in Cooperation with:
The Institute of Social and Economic Research (ISER), Osaka University

Suggested Citation: Davis, Colin R.; Hashimoto, Ken'ichi (2023) : R&D subsidies, innovation location,
and productivity growth, ISER Discussion Paper, No. 1226, Osaka University, Institute of Social and
Economic Research (ISER), Osaka

This Version is available at:
https://hdl.handle.net/10419/296869

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/296869
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


ISSN (Print) 0473-453X 
Discussion Paper No. 1226                             ISSN (Online) 2435-0982 

The Institute of Social and Economic Research 
Osaka University 

6-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan 
 

 
 
 
 
 

 

 
 
 
 
 
 

December 2023

 
R&D SUBSIDIES, INNOVATION LOCATION,  

AND PRODUCTIVITY GROWTH 
 
 
 
 
 
 

Colin Davis 
Ken-ichi Hashimoto 

 



R&D Subsidies, Innovation Location, and Productivity Growth

Colin Davis

Doshisha University*

Ken-ichi Hashimoto

Kobe University†

December 2023

Abstract

This paper studies how national research subsidies affect productivity growth and na-

tional welfare through adjustments in the geographic location of research and development

(R&D) across countries. Our two-country framework features a tension in the firm-level

innovation location decision between accessing technical knowledge and sourcing low-cost

high-skilled labor. With trade costs and imperfect international knowledge diffusion, the

larger country has a greater share of industry and tends to host a larger share of innovation.

In this setting, we find that an R&D subsidy expands the implementing country’s share of in-

novation and raises the rate of productivity growth. Although the non-implementing country

experiences a welfare improvement, the rising cost of the policy generates a concave rela-

tionship between the R&D subsidy and the welfare of the implementing country, yielding an

optimal R&D subsidy rate.
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1 Introduction

Recent trends in research and development (R&D) policy at the national level have been driven

by a recognition of the key role that innovation plays as an engine of economic growth. Indeed,

expenditure on R&D reached a record 2.71% of world GDP in 2021 (World Bank, 2023). And,

while R&D races in strategic industries across a small number of large countries have captured

headlines (The Economist, 2022), casual observation finds that national R&D spending has in-

creased broadly across the world. Among OECD member countries, for example, average R&D

spending expanded from 1.51% to 2.16% of GDP between 2000 and 2019, with the number of

countries spending more than 3% of GDP rising from 2 to 9 (OECD, 2022). Governments now

recognize the need to support investment in R&D in an increasingly integrated global economy.

As such, R&D subsidies have become a prominent policy tool.

This paper investigates how R&D subsidies affect innovation location patterns, long-run

productivity growth, and national welfare. In particular, we construct a two-country endoge-

nous growth and endogenous market structure framework (Smulders and van de Klundert, 1995;

Peretto, 1996, 2018), in which governments offer firms R&D subsidies with the aim of attracting

R&D investment and maximizing welfare. Following Davis and Hashimoto (2023), our analy-

sis has two key features: monopolistically competitive firms that invest in process innovation to

lower future production costs, and skill differentiated workers that choose between low-skilled

employment in production and high-skilled employment in innovation.

In our framework, international trade costs and localized spillovers of technical knowledge

from production to innovation present an important role for geography. Following Martin and

Ottaviano (1999, 2001), iceberg trade costs generate a home market effect (Krugman, 1980) that

causes industry to concentrate geographically in the country with the larger market. The concen-

tration of industry strengthens knowledge spillovers, raising labor productivity in innovation in

the larger country. And, as a result, the larger country hosts a greater share of innovation (Davis,

2013; Davis and Hashimoto, 2023). Importantly, firms balance the benefits of accessing the tech-

nical knowledge available in the larger country and sourcing high-skilled labor at lower cost in
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the smaller country, when selecting optimal locations for R&D investment. This trade-off in the

firm-level innovation location decision has been emphasized in the business literature (Chung

and Yeaple, 2008; Demirbag and Glaister, 2010; Lewin et al., 2009; Manning et al., 2008).

The long-run rate of productivity growth is closely linked with industry and innovation loca-

tion patterns. As we have seen, an increase in the larger country’s share of industry strengthens

knowledge spillovers, improving labor productivity in innovation, but also raising high-skilled

wages as the demand for high-skilled labor expands. In our framework, the wage effect dom-

inates the productivity effect, and greater industry concentration raises the cost of process in-

novation, slowing productivity growth. In general, the empirical literature presents mixed re-

sults for the impact of industry concentration on economic growth. For example, Desmet and

Rossi-Hansberg (2009, 2014) present evidence of a positive relationship between industry con-

centration and economic growth. Gardiner et al. (2011), however, report a negative relationship

between economic growth and a number of measures for industry concentration.

We use the framework to study the effects of market integration on innovation location pat-

terns and long-run productivity growth. First, a decrease in trade costs magnifies the home market

effect, expanding the larger country’s shares of industry and innovation. Knowledge spillovers

improve and high-skilled wages rise in the larger country, while knowledge spillovers deteriorate

and high-skilled wages fall in the smaller country. These opposing effects generate a convex re-

lationship between the cost of innovation and trade costs, with greater trade integration initially

increasing but then decreasing the long-run rate of productivity growth. Second, an improve-

ment in the strength of international knowledge diffusion directly lowers the cost of innovation,

increasing the rate of productivity growth. The results match with the theoretical results of Davis

and Hashimoto (2023).

Turning to national R&D policy, we find that an R&D subsidy expands the implementing

country’s share of innovation and raises the rate of productivity growth. These results are con-

sistent with empirical studies which find that R&D subsidies tend to increase national R&D em-

ployment (David et al., 2000; Hall and van Reenen, 2000; Garcia-Quevedo, 2004). In addition,
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there is growing evidence that fiscal incentives are generally effective for attracting the R&D

activity of foreign multinational enterprises (Rodrı́guez-Pose and Wilkie, 2016). In our frame-

work, the rising cost of supporting R&D policy generates a concave relationship between the

R&D subsidy and the welfare of the implementing country, yielding an optimal R&D subsidy

rate. In contrast, national R&D employment contracts in the non-implementing country. But,

the faster rate of productivity growth ensures that the non-implementing country experiences a

welfare improvement.

Our paper contributes to the endogenous growth literature that studies R&D subsidies in two-

country endogenous growth frameworks. The analysis of Grossman and Helpman (1991) puts

forward a positive role for R&D subsidies in the promotion of investment in innovation. These

results are confirmed in the North-South product cycle literature which generally concludes that

R&D subsidies in the North lead to faster economic growth (Currie et al., 1999; Glass and

Saggi, 2001; Iwaisako et al., 2011). A closely related literature investigates how R&D subsidies

influence the geography of innovation and considers the implications for R&D subsidy policy and

economic growth. Impullitti (2010) introduces a quality-ladders growth model in which domestic

and foreign firms compete for market leadership, and shows that fiercer competition from foreign

firms raises the optimal R&D subsidy rate. And, Kondo (2013) develops an economic geography

model of endogenous growth where industry and innovation agglomerate in a single country, and

illustrates that greater trade integration reduces the intensity of R&D subsidy competition.

In a similar study, Davis and Hashimoto (2015) construct a two-country model of endoge-

nous productivity growth with firms that invest in process innovation. With imperfect knowledge

diffusion, the geographic concentration of relatively productive firms improves knowledge flows

between firms, ensuring that the rate of economic growth is higher when industry is more con-

centrated in a single country. Thus, an R&D subsidy implemented in the larger (smaller) country

tends to increase (decrease) the rate of economic growth. In contrast, in our framework the foot-

loose structure of the firm, with production and innovation located independently in their lowest

cost countries, combines with the positive link between national shares of innovation and high-
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skilled wages to generate a negative relationship between industry concentration and economic

growth. In this setting, we show that while R&D subsidies always raise the rate of economic

growth, rising costs in the implementing country lead to an optimal subsidy rate that maximizes

national welfare.

The paper is organized as follows. Section 2 introduces our theoretical framework. In Sec-

tion 3, we characterize long-run national labor allocations, the level of market entry, and the

rate of productivity growth. Section 4 completes a policy analysis of trade costs, the degree of

knowledge diffusion and national R&D subsidies. Section 5 concludes.

2 The Model

Consider an economy with two countries, home and foreign, and three types of economic activ-

ity, traditional production (Y ), manufacturing (X), and process innovation (R). In each country,

the labor force is composed of skill-differentiated workers that sort into low-skilled employ-

ment in production and high-skilled employment in innovation. The home country has a larger

population, and with no international labor migration, the occupational choice of workers en-

dogenously determines national supplies of low-skilled and high-skilled labor. Faced with trade

costs and imperfect international knowledge diffusion, manufacturing firms locate production

and process innovation independently in their respective lowest cost countries. In the following

sections, we focus on the home country as we introduce the basic model setup. An asterisk is

used to denote variables associated with the foreign country.

2.1 Household Preferences

Preferences are symmetric across countries, with dynastic households selecting expenditure-

saving paths to maximize utility over an infinite time horizon. The intertemporal preferences
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of a household residing in the home country are

U =

∫

∞

0

e−ρt (α lnCX(t) + CY (t)) dt, (1)

where CX(t) and CY (t) are the consumptions of a manufacturing composite and a traditional

good at time t, ρ > 0 is the subjective discount rate, and α > 0. Intertemporal utility is maxi-

mized subject to the following flow budget constraint:

Ȧ(t) = r(t)A(t) + I(t)− E(t)− T (t), (2)

where A(t) is household asset wealth, r(t) is the interest rate, I(t) is labor income, E(t) is

expenditure, T (t) is a lump-sum tax on income, and a dot over a variable denotes time differenti-

ation. The household’s optimal expenditure-saving path is characterized by constant expenditure

(Ė(t) = 0), and accordingly r(t) = ρ at all moments in time.

Given the per-period expenditure-saving decision, each household allocates constant shares

of expenditure to the manufacturing composite and the traditional good: PX(t)CX(t) = αPY (t)

and PY (t)CY (t) = E(t)−αPY (t), with PX(t) denoting the price index associated with manufac-

turing goods and PY (t) denoting the price of the traditional good. The manufacturing composite

and the corresponding price index have a constant elasticity of substitution (CES) formulation:

CX(t) =

(

∫ N(t)

0

q(i, t)
σ−1

σ di

)
σ

σ−1

, PX(t) =

(

∫ N(t)

0

p(i, t)1−σdi

)
1

1−σ

, (3)

where N(t) is the total mass of product varieties produced in the manufacturing sectors of home

and foreign at a given moment in time, and σ > 1 is the constant elasticity of substitution

across product varieties. The price index and manufacturing composite can be used to derive the

household demand for product variety i in the home country as

q(i, t) = αp(i, t)−σPX(t)
σ−1PY (t). (4)
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We derive similar demand conditions for households residing in the foreign country.

2.2 National Labor Supplies

In each country, skill is continuously distributed across workers according to a uniform distribu-

tion F (z) with support [0, 1]. Home and foreign skill have identical distributions, but different

population sizes (Z and Z∗). And, at each moment in time, workers choose between employment

in either production or innovation, with no costs incurred in changing occupations. A worker em-

ployed in production supplies one unit of low-skilled labor, regardless of skill level, and earns

the low-skilled wage rate equal to unity. Alternatively, a worker employed in innovation supplies

z units of high-skilled labor, and earns income zw(t), where w(t) is the high-skilled wage rate.

With positive employment in both production and innovation, there exists a threshold worker

whose low-skilled and high-skilled incomes are equal (w(t)z = 1), and who is therefore indiffer-

ent between employment in production and innovation. Workers with skill levels z ∈ [0, 1/w(t)]

then find employment in production and workers with skill levels z ∈ (1/w(t), 1] choose em-

ployment in innovation. Hence, aggregating across the population of households, the effective

supplies of low-skilled and high-skilled labor in the home country become

L(w) =

∫ 1/w(t)

0

dF (z)Z =
Z

w(t)
, H(w) =

∫ 1

1/w(t)

zdF (z)Z =
(w(t)2 − 1)Z

2w(t)2
. (5)

Given these effective labor supplies, the total labor income in the home country is I(t)Z =

L(t) + w(t)H(t). Foreign has analogous effective low-skilled and high-skilled labor supplies

(L∗(w∗, t) and H∗(w∗, t)), and total labor income equal to I∗(t)Z∗ = L∗(t) + w∗(t)H∗(t).

2.3 Production

The traditional sector features free trade between home and foreign ensuring a common interna-

tional price when both countries produce traditional goods. Firms are perfectly competitive and

produce one unit of output for each unit of low-skilled labor employed. Setting the traditional
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good as the model numeraire thus generates a unitary price and low-skilled wage rate in both

countries: PY (t) = P ∗

Y (t) = 1. Summing the home and foreign demands for traditional goods

yields the world demand for low-skilled labor in traditional production as

LY (t) + L∗

Y (t) = (E(t)− α)Z + (E∗(t)− α)Z∗, (6)

where we assume that the world demand for traditional goods is sufficiently large to ensure a pos-

itive level of low-skilled employment in traditional production in both countries at all moments

in time; that is, LY (t) > 0 and L∗

Y (t) > 0.

The manufacturing sector is monopolistically competitive (Dixit and Stiglitz, 1977), with

each firm employing low-skilled labor in the production of a unique differentiated product variety

for supply to home and foreign households. The technology of firm i with production located in

the home country is

x(i, t) = θ(t)γ(lX(i, t)− ψ), (7)

where x(i, t) and lX(i, t) are firm-level output and low-skilled employment in production, θ(t)

is a productivity coefficient that describes the current state of the firm’s technology, γ > 0 is the

productivity elasticity of output, and ψ > 0 is a fixed operating cost that is measured in units

of low-skilled labor and is the same for all firms operating in home and foreign. While each

firm employs a unique production process corresponding to its differentiated product variety, we

assume that the productivity levels associated with production technologies are symmetric across

firms, regardless of the location of production; that is, θ(t) = θ∗(t).1

With CES preferences over manufacturing goods, firms maximize operating profit on sales

by setting price equal to a constant markup over unit costs. More specifically, the optimal prices

1The model equilibrium features equal rates of productivity growth for all firms, regardless of their locations for

production and innovation. Accordingly, assuming that initial productivity levels are equal across firms ensures a

symmetric equilibrium; that is, θ(0) = θ∗(0).
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set for a manufacturing good produced in home and sold in the home and foreign markets are

p(t) =
σ

(σ − 1)θ(t)γ
, p∗(t) =

στ

(σ − 1)θ(t)γ
, (8)

where τ > 1 is an iceberg trade cost, under which τ units must be shipped for every unit sold in

the export market. Because all firms charge the same price, given our assumption of symmetric

productivity levels, we now suppress the firm index i to simplify notation.

Equating the combined demands from home and foreign households (4) with firm-level sup-

ply (x(t) = q(t)Z + τq∗(t)Z∗), the optimal operating profit on sales (π(t) = p(t)x(t) − lX(t))

associated with a firm locating production in the home country becomes

π(t) =
αp(t)1−σ

σ

(

Z

PX(t)1−σ
+

ϕZ∗

PX(t)∗
1−σ

)

− ψ, (9)

where we have used p∗(t) = τp(t), and ϕ ≡ τ 1−σ measures the freeness of international trade;

that is, dϕ/dτ < 0, with no trade for ϕ = 0 and free trade for ϕ = 1.

2.4 Process Innovation

Manufacturing firms invest in process innovation to lower future production costs (Smulders and

van de Klundert, 1995; Peretto, 1996, 2018). Specifically, the evolution of firm-level productivity

for a firm with innovation located in the home country follows

θ̇(t) = βK(t)hR(t), (10)

where β > 0 is a parameter, hR(t) is firm-level employment of high-skilled labor, and βK(t)

is labor productivity in process innovation, with K(t) capturing a knowledge spillover from

production to innovation.

Adapting the specification of Baldwin and Forslid (2000), we model the knowledge spillover

from production to innovation as a weighted average of the productivities of the technologies
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observable by the firm. For instance, knowledge spillovers are modeled as K(t) = sX(t)θ(t) +

δs∗X(t)θ
∗(t) for a firm with R&D located in home, with the strength of technical spillovers be-

tween countries regulated by the degree of knowledge diffusion δ ∈ (0, 1). Knowledge spillovers

are completely local in nature for δ = 0, but flow perfectly across countries for δ = 1. Given the

symmetry of firm productivity across the firms located in each country (i.e., θ(t) = θ∗(t)), the

knowledge spillover can be simplified into two components: K(t) ≡ k(t)θ(t), where the pro-

ductivity coefficient θ(t) captures the stock of technical knowledge embodied in a given firm’s

production technology. And, the regional strength of knowledge spillovers is determined by

k(t) = sX(t) + δs∗X(t). (11)

Labor productivity in innovation is thus determined as the weighted-average productivity of ob-

servable firm-level knowledge stocks, with a stronger weighting for production technologies that

are employed in proximity to the R&D department of the firm. This formulation for knowl-

edge spillovers is consistent with broad empirical evidence concluding that knowledge spillovers

diminish with distance (Bottazzi and Peri, 2003; Mancusi, 2008; Thompson, 2006).

Accounting for operating profit on sales and the cost of employing high-skilled labor in in-

novation, the total per-period profit of a firm with production and process innovation located in

the home country is

Π(t) = π(t)− (1−∆)w(t)hR(t), (12)

where w is the high-skilled wage rate, and ∆ ∈ (0, 1) is the R&D subsidy rate provided to

firms that locate process innovation in home. At each moment, firms set the level of high-skilled

employment in innovation to maximize firm value, which equals the discounted profit stream

associated with (12); that is, V (t) =
∫

∞

t
e−

∫
t
′

t
r(i)diΠ(t′)dt′. The solution to this optimization
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problem is described by the following static and dynamic efficiency conditions:

pR(t) =
(1−∆)w(t)

βk(t)θ(t)
, pR(t)r(t)− ṗR(t) =

∂π(t)

∂θ(t)
=
αγ(σ − 1)(Z + Z∗)

σθ(t)N(t)
, (13)

with pR(t) capturing the internal price for a mass of new process innovations developed by a firm

in home at a given moment in time. Analogous conditions are derived for process innovation

undertaken in the foreign country.

2.5 Production Location Patterns

Firms are free to shift production between countries, at no cost, with the aim of maximizing

profit on sales (Martin and Rogers, 1995; Martin and Ottaviano, 1999). As such, when there

is positive employment in the manufacturing sectors of each country, operating profit on sales

is the same for all firms, regardless of where they locate production; that is, π(t) = π∗(t). We

use operating profit on sales (9) and the price indices for home and foreign (3) to solve for the

equilibrium share of firms locating production in home as

sX(t) ≡
n(t)

N(t)
=

Z − ϕZ∗

(1− ϕ)(Z + Z∗)
, (14)

with n(t) and n∗(t) measuring the masses of firms with manufacturing located in home and for-

eign. As national shares of production are fully determined by model parameters, sX is constant;

that is, ṡX(t) = 0. In addition, following the results of Krugman (1980), the manufacturing sec-

tor is subject to a home market effect, with the larger home country (Z > Z∗) hosting a greater

share of production (sX(t) > 1/2). A decrease in the trade cost magnifies the home market

effect, generating a positive relationship between sX(t) and ϕ (Baldwin et al., 2004).

Substituting national manufacturing shares (14) back into operating profit on sales (9) with

the price indices (3), and reorganizing the result, equilibrium firm-level employment in produc-
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tion, regardless of the country of location, is obtained as

lX(t) = l∗X(t) =
α(σ − 1)(Z + Z∗)

σN(t)
+ ψ, (15)

where we have used the production function (7).

2.6 Innovation Location Patterns

The footloose nature of innovation activity ensures that the internal price of new process inno-

vations equalizes across countries when there is innovation located in both countries; that is,

pR(t) = p∗R(t). This price condition is used with (11) and (13) to obtain the home share of

production that equates innovation costs across countries:

sX(t) =
(1−∆)w(t)− δ(1−∆∗)w∗(t)

(1− δ)((1−∆)w(t) + (1−∆∗)w∗(t))
, (16)

where ∆∗ ∈ (0, 1) is the R&D subsidy rate provided to firms locating process innovation in

foreign. From this expression, it is clear that if Z ≥ Z∗, we have sX ≥ 1/2, and thus w(t)(1 −

∆) ≥ w∗(t)(1−∆∗), when both countries host process innovation and have positive high-skilled

employment levels.

Substituting (16) and (11) back into (13) gives the equilibrium price associated with a mass

of process innovations developed in either home or foreign: pR(t) = p∗R(t) = c(t)/θ(t), where

c(t) =
(1−∆)w(t)

βk
=

(1−∆∗)w∗(t)

βk∗
=

(1−∆)w(t) + (1−∆∗)w∗(t)

β(1 + δ)
, (17)

represents the national cost component of process innovation, and is equalized across countries.

Given the high-skilled wages of each country, an improvement in the degree of knowledge dif-

fusion or an increase in the national R&D subsidy of either country results in lower innovation

costs. Using (13) and (17), we find that the firm-level cost of high-skilled employment in inno-
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vation is common across countries:

(1−∆)w(t)hR(t) = (1−∆∗)w∗(t)h∗R(t) =
αγ(σ − 1)(Z + Z∗)

σN(t)
−

(

ρ−
ẇ(t)

w(t)

)

c(t), (18)

with ẇ(t)/w(t) = ẇ∗(t)/w∗(t), given the constant location pattern for production (ṡX(t) = 0).

National shares of aggregate innovation output (N(t)θ̇(t)) are determined proportionately

with high-skilled labor supplies. Denoting the masses of firms locating process innovation in

home and foreign by m(t) and m∗(t), at each moment in time the national innovation outputs of

home and foreign are m(t)θ̇(t) and m∗(t)θ̇(t). Then, combining (10) and (17) yields the share

of innovation output produced by the home country as

sR(t) ≡
m(t)θ̇(t)

m(t)θ̇(t) +m∗(t)θ̇(t)
=

(1−∆)w(t)H(t)

(1−∆)w(t)H(t) + (1−∆∗)w∗(t)H∗(t)
. (19)

This expression shows that national shares of innovation output depend on R&D subsidies and

high-skilled employment levels.

It emerges from a study of national labor market dynamics that innovation location patterns

jump immediately to equilibrium through adjustments in high-skilled wages, for a given level of

market entry (N), when regional innovation costs equalize across countries (c(t) = c∗(t)). This

intermediate result is outlined in the following lemma.

Lemma 1 With the free movement of process innovation between countries, the high-skilled

wage rates (w(t) and w∗(t)) jump immediately to their steady-state values for a given level of

market entry (N), generating an equilibrium location pattern for process innovation (sR(t)).

Proof: See Appendix A.

Our analysis proceeds using the equilibrium values for the high-skilled wage rates with ẇ(t) =

ẇ∗(t) = 0 and the home country share of process innovation ṡR(t) = 0.
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2.7 Government

The government of each country maintains a balanced fiscal budget as it covers the cost of sub-

sidizing domestic investment in process innovation through a lump-sum tax (T (t)) on household

income. Aggregating across the households residing in home and foreign, we have

∆w(t)H(t) = T (t)Z, ∆∗w∗(t)H∗(t) = T ∗(t)Z∗, (20)

wherew(t)H(t) andw∗(t)H∗(t) represent the total values of investment in R&D in each country.

Lump-sum taxes are set to balance fiscal budgets at all moments in time, where for simplicity we

assume that governments cannot issue bonds.

2.8 Market Entry and Exit

The model is closed by deriving a free market entry and exit condition for the manufacturing

sector. Guided by the analysis of Novshek and Sonnenchein (1987), we consider a stable market

entry and exit process in which firm value responds correctly to changes in the level of market

entry (N) through adjustments in per-period profits. Specifically, in Appendix A we show that

1 > γ(σ − 1) is a sufficient condition for dΠ(t)/dN(t) < 0. As there are no costs incurred in

product development, firms enter the market when firm value is positive (V (t) > 0), inducing a

fall in profit. Similarly, firms exit when firm value is negative (V (t) < 0), causing a rise in profit.

This process of market entry and exit drives firm value immediately and permanently to zero

(V̇ (t) = V (t) = 0), yielding the following zero profit conditions for the manufacturing sectors

of home and foreign (Π(t) = 0):

lX(t) = (σ − 1)(1−∆)w(t)hR(t) + σψ = (σ − 1)(1−∆∗)w∗(t)h∗R(t) + σψ. (21)

Therefore, with free market entry and exit, asset wealth is reduced to zero (A(t)Z + A∗(t)Z∗ =

V (t)N(t) = 0), and household expenditure equals total wage income at all moments in time:
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(E(t) + T (t))Z = I(t)Z and (E∗(t) + T ∗(t))Z∗ = I∗(t)Z∗.

3 Long-run Equilibrium

This section characterizes long-run innovation location patterns and productivity growth. Specif-

ically, we study steady-state equilibria with constant intersectoral labor allocations; that is, equi-

libria for which the high-skilled wage rates are constant: ẇ = ẇ∗ = 0. Hereafter, we suppress

the time script (t) to simplify notation.

3.1 National Labor Allocations

Following the frameworks of Davis (2013) and Davis and Hashimoto (2023), national labor

allocations are obtained through two implicit conditions for the high-skilled wage rates: a share

locus and an investment locus.

First, the share locus is obtained by matching the home country share of production (sX)

required to equate operating profits (14) and process innovation costs (16) across countries:

w∗

w
=

(

1−∆

1−∆∗

)(

(δ − ϕ)Z + (1− δϕ)Z∗

(1− δϕ)Z + (δ − ϕ)Z∗

)

. (22)

National production shares are fully determined by exogenous population sizes (Z and Z∗) and

trade costs (ϕ) through a standard home market effect (Krugman 1980). As such, observing the

strength of knowledge spillovers (k and k∗) and the R&D subsidy rates (∆ and ∆∗) associated

with each country, firms shift process innovation between locations until the national component

of innovation costs is equalized across countries (c = c∗). The relative high-skilled employment

levels that are consistent with equalized innovation costs are described by the high-skilled wage

ratio (w∗/w) that arises along the share locus. As depicted by the bb∗ line in Figure 1, the share

locus has a strictly positive slope.

Second, the investment locus is derived by matching the world supply of low-skilled labor

with the total demands from traditional production and manufacturing: L+L∗ = LY +L
∗

Y +NlX .
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Figure 1: Equilibrium Labor Allocations
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Substituting (E + T )Z = L + wH and (E∗ + T ∗)Z∗ = L∗ + w∗H∗ with (6), (15), (13), (20),

and (21) into the low-skilled labor market clearing condition yields

(1−∆)wH + (1−∆∗)w∗H∗ =
α(γ(σ − 1)ψ − ρc)(Z + Z∗)

σ(ψ − ρc)
. (23)

This expression equates the industry-level cost of investment in innovation on the lefthand side

with industry-level operating profit (Nπ) on the righthand side, and is thus an aggregate free

market entry condition for the manufacturing sector. As illustrated by the aa∗ curve in Figure 1,

the investment locus has a strictly negative slope, indicating that home and foreign are substitutes

in the firm-level location decision for process innovation (see Appendix B).

A long-run equilibrium with positive levels of high-skilled employment in both home and

foreign is shown by the intersection of the investment locus and the share locus at point e in

Figure 1. The dashed lines delineate the range of high-skilled wages over which innovation costs

equalize across countries, and both home and foreign have positive shares of production and

innovation. In the shaded areas, the balance of knowledge spillovers and national R&D subsidies

ensures that a single country hosts all production and innovation due to strictly lower innovation

costs: production and innovation concentrate fully in home in the bottom-right shaded area, and

concentrate fully in foreign in the top-left shaded area. Hence, from (16), an interior solution,
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with positive levels of high-skilled employment in both countries (sR ∈ (0, 1)), requires that the

share locus lie within the following range: δ(1−∆)/(1−∆∗) ≤ w∗/w ≤ (1−∆)/(δ(1−∆∗)).

3.2 Market Entry and Long-run Productivity Growth

With national labor allocations determined by the investment locus and the share locus, we now

derive the long-run level of market entry and the productivity growth rate. Beginning with the

level of market entry, we use (15), (13), and (21) to obtain

N =
α(1− γ(σ − 1))(Z + Z∗)

σ(ψ − ρc)
. (24)

Because 1 > γ(σ−1) is a sufficient condition for stable market entry and exit (∂Π/∂N < 0), we

find that ψ > ρc is required for a positive measure of manufacturing firms. In addition, the level

of market entry adjusts proportionately with changes in the overall size of the manufacturing

industry, as measured by α(Z + Z∗). Importantly, an increase in the cost of process innovation

(c) has a positive effect on market entry (dN/dc = ρN/(ψ − ρc) > 0). Intuitively, a rise in

c causes firms to reduce employment in process innovation, thereby lowering per-period high-

skilled labor costs ((1 − ∆)whR), expanding per-period profit (∂Π/∂c > 0), and inducing new

firms to enter the market.

Turning to the long-run rate of productivity growth, we combine (10), (13), and (24) to derive

g ≡
θ̇

θ
=
αγ(σ − 1)(Z + Z∗)

σcN
− ρ =

γ(σ − 1)ψ − ρc

(1− γ(σ − 1))c
. (25)

Thus, we find that γ(σ − 1)ψ > ρc is required for a positive level of high-skilled employment

(23) and a positive productivity growth rate (25). The long-run rate of productivity growth is

not biased by a scale effect, as changes in the overall size of the population (Z + Z∗) are fully

absorbed by adjustments in market entry (N). Naturally, an increase in the innovation cost (c) has

a negative effect on firm-level investment in process innovation, lowering the rate of productivity

growth (dg/dc = −(g + ρ)ψ/((ψ − ρc)c) < 0).
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3.3 National Welfare

National welfare is measured using the average steady-state utility of a household. Together (1),

(2), (3), (8), (10), (5), (14), (20), and (25) yield average household utility for the residents of

home and foreign as follows:

U(0) = B +
α

ρ(σ − 1)
ln

(1 + ϕ)Z

(Z + Z∗)
N +

αγg

ρ2
+
L+ (1−∆)wH

ρZ
, (26)

U∗(0) = B +
α

ρ(σ − 1)
ln

(1 + ϕ)Z∗

(Z + Z∗)
N +

αγg

ρ2
+
L∗ + (1−∆∗)w∗H∗

ρZ∗
, (27)

where B = −α/ρ(1− ln(α(σ− 1)/σ), and we have normalized initial firm-level productivity to

one: θ(0) = θ∗(0) = 1. In our framework, welfare is linked with R&D location patterns through

three channels: the level of market entry (N), the rate of productivity growth (g), and per-period

expenditure, which equals after-tax labor income (E = L+ (1−∆)wH).

4 Policy Analysis

This section considers the effects of economic policy on high-skilled employment, market entry,

productivity growth, and national welfare levels. We focus on trade costs (ϕ), the degree of

knowledge diffusion (δ), and R&D subsidies in the home country (∆).

4.1 Benchmark Parameter Values

Our policy analysis includes numerical evaluations of how national welfare levels respond to

adjustments in policy variables. Here we introduce the benchmark parameter set adopted for

the numerical analysis. Beginning with the demand side parameters, the discount rate is set to

ρ = 0.02 following Jones et al. (1993). We assume a value of σ = 4 for the elasticity of

substitution between product varieties, generating a price-cost markup of σ/(σ − 1) = 1.33,

which is within the range of estimates reported by De Loecker et al. (2020). Fixed household

expenditure on manufacturing goods is set to α = 1.2. On the supply side, we assume that
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the productivity elasticity of output is γ = 0.15, the fixed operating cost is ψ = 0.16, and the

innovation cost parameter is β = 0.7. We fix the trade cost to τ = 1.7, following Anderson

and van Wincoop (2004) and Novy (2013), generating a value of ϕ = 0.2 for the freeness of

trade. The degree of knowledge diffusion is set to δ = 0.15 to match the mid-range estimates of

Bloom et al. (2013). The populations of home and foreign are Z = 10.5 and Z∗ = 10, and the

benchmark values for the research subsidies of home and foreign are ∆ = ∆∗ = 0.15. Under

the benchmark parameter set the home share of production is sX = 0.52, and home and foreign

high-skilled wages are w = 1.11 and w∗ = 1.06. The innovation cost, the level of market entry,

and the rate of productivity growth are c = 2.29, N = 29.61, and g = 0.21. Lastly, national

welfare levels are U = 50.56 and U∗ = 50.75.

4.2 Trade Costs

Beginning with the impacts of trade integration, we investigate how a change in the cost of trade

affects productivity growth, and obtain the following proposition.

Proposition 1 An increase in the freeness of trade (ϕ) raises the larger home country’s share

of R&D, expanding high-skilled employment in the home country and contracting high-skilled

employment in the smaller foreign country. Productivity growth (g) is concave in ϕ with a maxi-

mum occurring at ϕ = ϕ̄, where ϕ̄ generates IZ/w = I∗Z∗/w∗.

Proof: See Appendix C.

Referencing Figure 1, a fall in trade costs (τ ) magnifies the home market effect, causing

the share locus (22) to shift rightwards as a greater share of firms (14) choose to locate pro-

duction in the home country (dsX/dϕ > 0). Knowledge spillovers (11) from production into

innovation then strengthen in home and weaken in foreign, inducing firms to relocate process in-

novation in home (dsR/dϕ > 0). As such, the economy moves rightwards along the investment

locus (23), with high-skilled employment expanding in home (dw/dϕ > 0) and contracting

in foreign (dw∗/dϕ < 0). With the high-skilled wage rising in home and falling in foreign,
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Figure 2: Freeness of Trade (ϕ)
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These figures are produced using the following parameter set: α = 1.2 β = 0.7, δ = 0.15, γ = 0.15,

ϕ = 0.2, ψ = 0.16, ρ = 0.02, σ = 4, Z = 10.5, Z∗ = 10, ∆ = 0.15, and ∆∗ = 0.15. This parame-

ter set yieldsw = 1.11,w∗ = 1.06, sX = 0.52, c = 2.29,N = 29.61, g = 0.021,U = 50.56, andU∗ = 50.75.

the effect of improved trade integration and the cost of innovation depends on the tension be-

tween the rates of change in the high-skilled wage (1/w)(dw/dϕ) and the regional knowledge

spillover (1/k)(dk/dϕ). Focusing on the home country, for (1/c)(dc/dϕ) = (1/w)(dw/dϕ)−

(1/k)(dk/dϕ) < 0, knowledge spillovers increase at a faster rate than high-skilled wages and in-

novation costs fall. Alternatively, for (1/c)(dc/dϕ) = (1/w)(dw/dϕ) − (1/k)(dk/dϕ) > 0,

knowledge spillovers increase at a slower rate than high-skilled wages and innovation costs

rise. In Appendix C, we show that relative adjustments in high-skilled wages and knowledge

spillovers generate a convex relationship between trade integration and innovation costs (c) with

ϕ = ϕ̄ generating a minimum at c̄, where the respective increases and decreases in home and

foreign high-skilled wages balance (IZ/w = I∗Z∗/w∗). Because trade costs only affect market

entry (N) and productivity growth (g) through adjustments in innovation costs, improved trade

integration reduces N and increases g for ϕ < ϕ̄, but expands N and decreases g for ϕ > ϕ̄.

The implications of trade integration for national welfare can be examined by taking the total
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derivatives of (26) and (27) with respect to the freeness of trade (ϕ):

dU

dϕ
=

α

ρ(σ − 1)(1 + ϕ)
−

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

dϕ
+

(1−∆)wH −∆L

ρZw

dw

dϕ
,

dU∗

dϕ
=

α

ρ(σ − 1)(1 + ϕ)
−

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

dϕ
+

(1−∆∗)w∗H∗ −∆∗L∗

ρZ∗w∗

dw∗

dϕ
.

As shown by the first term on the righthand side, households benefit from lower prices on im-

ported product varieties when trade costs fall. The second term describes the combined market

entry and productivity growth channels. Although these two channels are generally in opposi-

tion, we find that the productivity growth channel always dominates, with a positive sign for

the second term when innovation costs fall (dc/dϕ < 0) and the rate of productivity growth

increases (i.e., when ϕ < ϕ̄), and a negative sign when innovation costs rise (dc/dϕ > 0) and

the rate of productivity growth decreases (i.e., when ϕ > ϕ̄). The third term expresses the

adjustment in after-tax labor income, and may be positive or negative depending on the size

of the R&D subsidy. Notwithstanding that the balance of the effects outlined above is gener-

ally ambiguous, we can identify a positive impact of trade integration on national welfare when

trade costs are relatively high (ϕ < ϕ̄), and the home R&D subsidy is sufficiently small while

the foreign subsidy is sufficiently large. Naturally, as changes in trade costs have no effect on

high-skilled employment when the home and foreign populations are equal (Z = Z∗), we have

dU/dϕ = dU∗/dϕ = 1/(1 + ϕ) > 0. As such, greater trade integration is beneficial for both

countries in the symmetric case.

A numerical evaluation of the effects of trade integration on high-skilled wages, R&D loca-

tion patterns, productivity growth, and national welfare levels is presented in Figure 2. Specifi-

cally, we consider an increase in the freeness of trade over the range ϕ ∈ (0, 0.6), for which an

interior solution exists with positive high-skilled employment in both countries. The plots show

that high-skilled wages rise in home and fall in foreign with a decrease in trade costs, follow-

ing the results of Proposition 1. Accordingly, the home country’s share of R&D increases. The

threshold value ϕ̄ = 0.19 for the freeness of trade minimizes the cost of innovation (c) and the
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level of market entry (N) and maximizes the rate of productivity growth (g). The plots illustrate

that home welfare (U) and foreign welfare (U∗) are both increasing in the freeness of trade for

the benchmark parameter set.

4.3 Knowledge Diffusion

Next, we consider the effects of an improvement in the degree of knowledge diffusion. The

results are summarized in the following proposition:

Proposition 2 An increase in the degree of knowledge diffusion (δ) has an ambiguous effect

on the geographic location of innovation, as high-skilled labor may rise or fall in the larger

home country, while high-skilled employment expands in the smaller foreign country. The rate

of productivity growth increases.

Proof: See Appendix D.

An increase in the strength of international knowledge spillovers influences the location of

R&D activity through two channels. First, the direct effect of lower innovation costs (∂c/∂δ =

−c/(1 + δ) < 0) is an increase in the return to investment in process innovation that shifts

the investment locus upwards in Figure 1. This investment channel places upward pressure on

high-skilled employment in both countries. The second channel is a relative knowledge spillover

effect. Because foreign has a smaller share of industry (sX > 1/2), an increase in δ gener-

ates a larger improvement in knowledge spillovers for R&D located in foreign than in home

(∂k∗/∂δ > ∂k/∂δ). This relative knowledge spillover effect leads firms to relocate process in-

novation, putting downward pressure on high-skilled employment in home and upward pressure

on high-skilled employment in foreign. The investment and knowledge spillover channels align

for foreign, causing an expansion in high-skilled employment (dw∗/dδ > 0). In contrast, for

home the opposing directions of the two channels imply that high-skilled employment may rise

or fall in response to an improvement in knowledge diffusion. Given the ambiguous effect on

high-skilled employment, the home country’s share of R&D (sR) may rise or fall in response to
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Figure 3: Degree of Knowledge Diffusion (δ)

0 0.2 0.4 0.6 0.8 1
1.02

1.04

1.06

1.08

1.1

1.12

1.14

0 0.2 0.4 0.6 0.8 1
0.5

0.55

0.6

0.65

0.7

0.75

0.8

0 0.2 0.4 0.6 0.8 1
0.01

0.02

0.03

0.04

0.05

0.06

0 0.2 0.4 0.6 0.8 1
45

50

55

60

65

These figures are produced using the following parameter set: α = 1.2 β = 0.7, δ = 0.15, γ = 0.15,

ϕ = 0.2, ψ = 0.16, ρ = 0.02, σ = 4, Z = 10.5, Z∗ = 10, ∆ = 0.15, and ∆∗ = 0.15. This parame-

ter set yieldsw = 1.11,w∗ = 1.06, sX = 0.52, c = 2.29,N = 29.61, g = 0.021,U = 50.56, andU∗ = 50.75.

the increase in the degree of knowledge diffusion. Overall, however, we find that the cost of inno-

vation decreases (dc/dδ < 0), ensuring that the level of market entry falls ((dN/dc)(dc/dδ) < 0)

and the rate of productivity growth accelerates ((dg/dc)(dc/dδ) > 0).

We take the total derivatives of (26) and (27) with respect to δ to address the effects of changes

in an increase in the degree of knowledge diffusion on national welfare:

dU

dδ
= −

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

dδ
+

(1−∆)wH −∆L

ρZw

dw

dδ
,

dU∗

dδ
= −

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

dδ
+

(1−∆∗)w∗H∗ −∆∗L∗

ρZ∗w∗

dw∗

dδ
.

The first term is the positive balance of the market entry and productivity growth channels, show-

ing that the fall in innovation costs associated with an improvement in knowledge spillovers has

a positive affect on household welfare through an increase in the rate of productivity growth. The

second term captures the adjustment in after-tax labor income, and may be positive or negative

22



depending on the size of the R&D subsidy. In the symmetric case with equal population sizes

(Z = Z∗), there is no relative knowledge spillover effect and the upward shift in the investment

locus causes high-skilled employment to expand in both home and foreign. Then, for sufficiently

low values for the home and foreign R&D subsidies, the adjustment in after-tax income is pos-

itive and the increase in the degree of knowledge diffusion generates welfare improvements for

both countries (dU/dδ > 0 and dU∗/dδ > 0).

Figure 3 provides a numerical evaluation of the effects of an increase in the degree of knowl-

edge diffusion on high-skilled wages, R&D location patterns, productivity growth, and national

welfare levels over the range δ ∈ (0, 1). For the benchmark parameter set, a strengthening

of international knowledge spillovers raises the high-skilled wages of home and foreign, with

w and w∗ eventually converging as national levels of high-skilled employment equalize when

there is perfect knowledge diffusion across countries. The home country’s share of innovation

falls with an increase in knowledge diffusion, but does not converge to sR = 0.5, as the home

country always maintains a knowledge spillover advantage due to its larger share of production

(sX > 1/2). The decrease in innovation costs lowers the level of market entry and raises the rate

of productivity growth following the results of Proposition 2. And, the plots indicate that home

welfare (U) and foreign welfare (U∗) are increasing in the degree of knowledge diffusion for the

benchmark parameter set.

4.4 R&D Subsidies

We now turn to a study of how national R&D subsidies affect innovation location patterns and

productivity growth. The results are summarized in the following proposition.

Proposition 3 An increase in the R&D subsidy rate raises the R&D share of the implementing

country, expanding its high-skilled employment, while contracting high-skilled employment in

the non-implementing country. The rate of productivity growth increases.

Proof: See Appendix E.

The intuition behind the results summarized in Proposition 3 can be understood by consider-

23



ing, for example, an increase in the R&D subsidy of the home. Returning to Figure 1, the share

locus shifts rightwards, as a measure of firms relocated process innovation from foreign to home

to take advantage of lower R&D costs (dsR/d∆ > 0). Accordingly, high-skilled employment

expands in home and contracts in foreign, causing the relative high-skilled wage rate (w/w∗) to

rise until innovation costs are again equalized across countries. In addition, the increase in the

R&D subsidy rate expands aggregate investment in innovation, causing the investment locus to

shift rightwards, putting upward pressure on high-skilled employment in both countries. In the

home country, the shifts in the share locus and the investment locus lead to greater high-skilled

employment and investment in process innovation (dw/d∆ > 0). In the foreign country, how-

ever, the shift in the share locus tends to reduce high-skilled employment while the shift in the

investment locus tends to expand high-skilled employment. In Appendix E, we show that the ef-

fect of the shift in the share locus always dominates, and high-skilled employment in the foreign

country necessary falls (dw∗/d∆ < 0).

Turning to the implications of R&D subsidy policy for productivity growth, the increase in

the R&D subsidy directly lowers the cost of innovation, while the rise in the home high-skilled

wage tends to increase the innovation cost, and the fall in the foreign high-skilled wage tends to

decrease it. In Appendix E, we show that the overall effect of an increase in the R&D subsidy rate

of either country is to lower the cost of innovation for all firms, regardless of where they locate

process innovation. Accordingly, the level market entry falls (dN/d∆ = (dN/dc)(dc/d∆) < 0),

and the long-run rate of productivity growth rises (dg/d∆ = (dg/dc)(dc/d∆) > 0).

We observe the welfare effects of an increase in the home R&D subsidy by taking the deriva-

tives of (26) and (27) with respect to ∆:

dU

d∆
= −

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

d∆
+

(1−∆)wH −∆L

ρZc

dc

d∆
−

∆L

(1−∆)ρZ
,

dU∗

d∆
= −

(

1

(σ − 1)(ψ − ρc)
+
γ

ρc

)

αg

ρ

dc

d∆
+

(1−∆∗)w∗H∗ −∆∗L∗

ρZ∗c

dc

d∆
.

The first term once again describes the balance between the market entry and productivity growth
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Figure 4: Home R&D Subsidy (∆)
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ϕ = 0.2, ψ = 0.16, ρ = 0.02, σ = 4, Z = 10.5, Z∗ = 10, ∆ = 0.15, and ∆∗ = 0.15. This parame-

ter set yieldsw = 1.11,w∗ = 1.06, sX = 0.52, c = 2.29,N = 29.61, g = 0.021,U = 50.56, andU∗ = 50.75.

channels and is positive as the R&D subsidy reduces the cost of innovation (dc/d∆ < 0). The

second term shows the adjustment in after-tax income, and may be positive or negative depending

on the size of the R&D subsidy. The third term in the first expression measures the direct cost to

home households of subsidizing the R&D subsidy through a lump-sum tax.

Figure 4 presents a numerical evaluation of the effects of the home R&D subsidy on high-

skilled wages, R&D location patterns, productivity growth, and national welfare levels over the

range ∆ ∈ (0, 0.25), for which an interior equilibrium exists with positive high-skilled employ-

ment in home and foreign. The home high-skilled wage increases and the foreign high-skilled

wage decreases with the home R&D subsidy, following the results of Proposition 3. The home

country’s share of R&D thus increases across the observed policy range. With the cost of innova-

tion (c) falling, the level of market entry contracts and the rate of productivity growth rises. Over

the benchmark parameter set, the increase in the home R&D subsidy generates an improvement

in foreign welfare, but yields a concave relationship between home welfare and the home R&D

subsidy, with a maximum at the optimal subsidy rate of ∆̄ = 0.191.
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5 Concluding Remarks

R&D subsidies have become a prominent national policy tool in recent years. In this paper, we

develop a two-country framework to investigate how national R&D subsidies affect productiv-

ity growth and national welfare through adjustments in the geographic location of R&D. The

framework has two key features. Monopolistically competitive firms that invest in process inno-

vation with the aim of reducing future production costs. And, an occupational choice for workers

between employment in production and employment in innovation that determines national sup-

plies of low-skilled and high-skilled labor. Our analysis focuses on the tension in the firm-level

location decision for innovation between accessing technical knowledge and sourcing low-cost

high-skilled labor. Assuming that technical knowledge accumulates within firm-level production

technologies, locating innovation in proximity to industry increases knowledge spillovers and

raises labor productivity in innovation. The geographic concentration of innovation raises the

cost of employing high-skilled labor. however, by increasing high-skilled wages.

Firms locate production and innovation separately in the countries that offer the lowest re-

spective costs. Trade costs ensure that the country with the larger market, as measured by pop-

ulation, hosts a greater share of industry through a standard home market effect. And, limited

international knowledge diffusion implies stronger knowledge spillovers from production to in-

novation in the country with the greatest share of industry. In this setting, a reduction in trade

costs expands the larger country’s share of industry and innovation, but the impact on the rate of

productivity growth depends on whether the benefit of stronger knowledge spillovers or the cost

of greater high-skilled wages dominates. An improvement in international knowledge diffusion

tends to expand the smaller country’s share of innovation, and increases the rate of productivity

growth. Investigating the effects of R&D subsidy policy, we find that an R&D subsidy expands

the implementing country’s share of innovation and raises the productivity growth rate. While

the non-implementing country enjoys a welfare improvement, a tension between the welfare ben-

efits of faster productivity growth and higher labor income, and the rising aggregate cost of the

R&D subsidy generates a concave relationship between the R&D subsidy and the welfare of the
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implementing country, yielding an optimal R&D subsidy rate.

Appendix A

In this appendix, we first show that for a given the level of market entry (N), national labor

markets jump immediately to equilibrium if process innovation is footloose between countries.

Noting that (14) that ṡX = 0 ensures ẇ/w = ẇ∗/w∗, we reorganize (18) to obtain a differential

equation for the dynamics of the home country high-skilled wage rate:

ẇ =

(

(1−∆)wH + (1−∆∗)w∗H∗ −
αγ(σ − 1)(Z + Z∗)

σ
+ ρcN

)

w

cN
, (A1)

where we have used (1−∆)whR = (1−∆)wH/N + (1−∆∗)w∗H∗/N . Holding market entry

(N) constant, we evaluate the partial derivative of (A1) with respect to w around the steady-state

at ẇ = 0 to obtain

∂ẇ

∂w
=

(1−∆)IZ + (1−∆∗)I∗Z∗

cN
+ ρ > 0,

where dw∗/dw = w∗/w for c = c∗, since w∗ = w(1 −∆)k∗/((1 −∆)∗k). As the high-skilled

wage rate is a control variable, we thus find that w and w∗ jump immediately and permanently to

their steady-state values, for a given level of market entry, as outlined in Lemma 1.

Second, we take use (19) to derive the following differential equation for the home country

share of process innovation:

ṡR = sR(1− sR)

(

IZ

wH
−

I∗Z∗

w∗H∗

)

ẇ

w
= 0,

where we have used ẇ/w = ẇ∗/w∗ = 0. Accordingly, as high-skilled wage rates jump immedi-

ately to their steady values, the home country share also jumps to its equilibrium value (19).

Third, we demonstrate that firm-level profit (Π) is decreasing in market entry (N) for 1 >

γ(σ − 1). Setting ẇ = 0 yields the following relationship between the level of market entry and
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the equilibrium high-skilled wage rate in the national labor market:

N =
αγ(σ − 1)(Z + Z∗)

σρc
−

(1−∆)wH + (1−∆∗)w∗H∗

ρc
. (A2)

Taking the total derivative (A2) yields dw/dN = −ρcw/(ρN + (1 − ∆)IZ + (1 − ∆∗)) < 0,

where we have used dw∗/dw = w∗/w and dc/dw = c/w. Then, combining (9), (12), (15), and

(A2) with (1−∆)whR = (1−∆)wH/N + (1−∆∗)w∗H∗/N , we obtain per-period profit for a

given level of market entry as Π = α(1− γ(σ − 1))(Z + Z∗)/(σN)− ψ + ρc. Hence, we have

dΠ

dN
= −

α(1− γ(σ − 1))(Z + Z∗)

σN2
−

(ρc)2

ρN + (1−∆)IZ + (1−∆∗)I∗Z∗
,

and we conclude that 1 > γ(σ − 1) is a sufficient condition for dΠ/dN < 0.

Appendix B

Taking the total derivatives of (22) and (23), we obtain the slopes of the share locus and the

investment locus respectively as dw∗/dw = w∗/w > 0 and

dw∗

dw
= −

(1−∆) [β(1 + δ)(ψ − pc)IZ + ψNρw]w∗

(1 −∆∗) [β(1 + δ)(ψ − pc)I∗Z∗ + ψNρw∗]w
< 0.

Appendix C

Comparative statics for changes in trade costs are evaluated by taking the total derivatives of the

investment locus (23) and the share locus (22) with respect to ϕ:

dw

dϕ
= −

(

I∗Z∗

w∗
+

ψNρ

(ψ − pc)β(1 + δ)

)

(1−∆)(1− δ2)(Z − Z∗)

(1− ϕ)2(Z + Z∗)k2|J |
> 0,

dw∗

dϕ
=

(

IZ

w
+

ψNρ

(ψ − pc)β(1 + δ)

)

(1−∆)2(1− δ2)(Z − Z∗)

(1−∆∗)(1− ϕ)2(Z + Z∗)k2|J |
< 0,

where |J | = −(1 − ∆)IZ/w2 − (1 − ∆∗)I∗Z∗/w2 − ψNρc/((ψ − ρc)w2) < 0. Together,

these comparative statics ensure that an improvement in the freeness of trade increases the home
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country share of innovation; that is, taking the total derivative of (19) yields:

dsR
dϕ

= sR(1− sR)

(

IZ

wH

(

1

w

dw

dϕ

)

−
I∗Z∗

w∗H∗

(

1

w∗

dw∗

dϕ

))

> 0.

In addition, the effect of a change in the freeness of trade on the innovation cost (c) is

dc

dϕ
=

(

IZ

w
−
I∗Z∗

w∗

)

(1−∆)2(1− δ2)(Z − Z∗)

(1− ϕ)2(Z + Z∗)k2|J |
R 0.

Examining how the first term in parenthesis adjusts with changes in the freeness of trade, we

have (L∗/w∗2)(dw∗/dϕ)− (L/w2)(dw/dϕ) < 0. The innovation cost is therefore convex in ϕ

with a minimum at IZ/w = I∗Z∗/w∗.

Appendix D

We obtain comparative statics for a change in the degree of knowledge diffusion using the total

derivatives of the investment locus (23) and the share locus (22) with respect to δ:

dw

dδ
=

β(1 + ϕ)(Z − Z∗)I∗Z∗c

(1− ϕ)(Z + Z∗)ww∗k|J |
−

(1− sX)ψNρc

(ψ − ρc)wk|J |
R 0,

dw∗

dδ
= −

β(1 + ϕ)(Z − Z∗)IZcw∗

(1− ϕ)(Z + Z∗)w3k∗|J |
−

sXψNρcw
∗

(ψ − ρc)w2k∗|J |
> 0,

where |J | = −(1 − ∆)IZ/w2 − (1 − ∆∗)I∗Z∗/w2 − ψNρc/((ψ − ρc)w2) < 0. The total

derivative of the home country’s share of innovation (19) yields

dsR
dδ

= sR(1− sR)

(

IZ

wH

(

1

w

dw

dδ

)

−
I∗Z∗

w∗H∗

(

1

w∗

dw∗

dδ

))

.

Thus, the effect of an increase in δ on sR is generally ambiguous. However, we find that a rise in

the degree of knowledge diffusion leads to a fall in the cost of innovation:

dc

dδ
=

(

s∗XIZ

w
+
sXI

∗Z∗

w∗

)

βc2

w2|J |
< 0.
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Appendix E

Comparative statics for changes in R&D subsidies are obtained by taking the total derivatives of

the investment locus (23) and the share locus (22) with respect to ∆ and ∆∗:

dw

d∆
= −

(

H +
(1−∆∗)I∗Z∗

(1−∆)w
+

ψNρc

(ψ − ρc)(1−∆)w

)

1

|J |
> 0,

dw∗

d∆
=

w∗L

w2|J |
< 0,

dw

d∆∗
=

L∗

w|J |
< 0,

dw∗

d∆∗
= −

(

H∗ +
(1−∆)IZ

(1−∆∗)w∗
+

ψNρc

(ψ − ρc)(1−∆∗)w∗

)

w∗2

w2|J |
> 0,

where |J | = −(1−∆)IZ/w2− (1−∆∗)I∗Z∗/w2−ψNρc/((ψ− ρc)w2) < 0. Taking the total

derivative of (19) with respect to the home R&D subsidy, we have

dsR
d∆

= −
(1−∆∗)LΩ

((1−∆)wH + (1−∆∗)w∗H∗)2w2|J |
> 0,

where Ω ≡ ((1−∆)wH + (1−∆∗)w∗H∗)I∗Z∗ + w∗H∗ψNρc/(ψ − ρc) > 0. In addition, we

find that an increase in the R&D subsidy of either country lowers innovation costs:

dc

d∆
=

cL

w2|J |
< 0,

dc

d∆∗
=

cL∗

w2|J |
< 0.
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