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Abstract
What is the scope for international cooperation in innovation policy in economies closely integrated
via trade? We address this question by building a two-region innovation-driven growth model with
endogenous technology diffusion via FDI. We use the model to analyse R&D subsidy cooperation
in the EU, which has a common trade and monetary policy but where a coordinated innovation
policy is still in its infancy. Stark differences in innovation capabilities between the West (old
member states) and the East (new member states) shape optimal policies. Western countries have
higher R&D efficiency and serve as primary sources of knowledge spillovers, through FDI-driven
technology transfer. Cooperation is driven by two factors: correcting distortions from subsidy
competition, the strategic motive, and leveraging intertemporal knowledge spillovers that sustain
growth. A coordinated policy involves substantial subsidies for the West and taxes for the East,
reflecting the West’s superior R&D efficiency and role as a key source of knowledge spillovers. Both
regions experience welfare gains, primarily by internalising cross-border spillovers. We find strong
complementarity between innovation and FDI subsidies, showing that jointly supporting knowledge
creation and diffusion yields greater benefits than implementing each policy in isolation.
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1 Introduction

The recent financial crisis amplified calls for stronger international economic policy coordination
while simultaneously fueling movements toward greater policy independence. Some European nations
advocate for deeper integration through an “ever closer union” approach, emphasizing increased policy
coordination. In contrast, the UK, through a historic referendum, opted to withdraw from the EU
entirely. While there is broad consensus against reversing trade integration in the EU, opinions diverge
sharply on the merits of unified or coordinated approaches in other policy domains, such as banking,
fiscal, and innovation. Following the 2008 financial crisis, debates over completing Europe’s Economic
and Monetary Union gained urgency, focusing on the scope and necessity of a potential fiscal and
banking union (Berger et al. (2018)).

In 2010, the EU launched the Innovation Union, a flagship initiative of the Europe 2020 strategy.
This was an ambitious and wide plan; one aspect was the creation of a single market for innovation via
the introduction of the Unitary Patent — a procedure aimed at radically cutting the bureaucratic cost
of patenting in the EU. Another was strong financial support of innovative firms, grants/subsidies for
innovative small-medium enterprises (SME instruments) and a specific innovation procurement budget
(European Commission, 2015). Moreover, the Commission’s recent proposal of a plan for a Common,
Consolidated, Corporate Tax Base, which includes an R&D incentive, can be seen as a first step toward
a unified tax treatment of R&D (d’Andria et al., 2017). The current Framework Programme, Horizon
Europe, the main financial tool through which the European Union supports investment in research
and development, is expanding its budget and scope (European Commission, 2023b). These and other
initiatives from the Commission can be interpreted as initial steps toward a coordinated innovation
policy. The recent report by former ECB president Mario Draghi strongly emphasised the centrality of
innovation policy for European competitiveness in the global stage.

Motivated by these political and institutional developments, this paper provides a macroeconomic
framework to evaluate the effects of innovation policy and assess the costs and benefits of policy
coordination in an economic union.! One fundamental task in exploring these issues is to identify the
key structural differences between countries and understand their role in shaping the aggregate effects
of policy coordination and their distribution across regions. Another important task for the analysis of
optimal policies is to identify the key market distortions that policy must correct.

There are large differences between EU members in innovation performance. These differences are
especially pronounced when comparing the new member states (NMS), the eastern European countries
that entered with the enlargement starting in 2004, with the old member states (OMS), all western
European countries. Over 98% of all patents granted within the EU in 2008 came from the West,
with a similar fraction for later years. Moreover, country-level patent shares reveal that all Western

nations—except Greece and Portugal, whose shares of total EU patents are comparable to leading

! Although we focus on the policy debate in Europe, the ongoing technology policy war between the US and China
provides additional motivation and scope for our study (e.g Krugman, 2023; Economist, 2023).



innovators in the East but remain very low (around 0.1-0.3%)—exceed the maximum patent shares
of Eastern countries by a wide margin, underscoring the significantly greater innovativeness of the
older member states.”. Business R&D, as a share of GDP, remains significantly higher in Western
EU countries compared to their Eastern counterparts, averaging 1.31% and 0.5%, respectively, during
2008-2016. A similar disparity is evident in the employment share of scientists and engineers in
manufacturing, with 7.2% in the West versus 4.2% in the East over the same period. Despite these
gaps, there are promising signs of innovation dynamism in the NMS, suggesting the early stages of
catching up. This innovation surge is accompanied by robust inward FDI flows. Drawing on firm-level
data from the Business Environment and Enterprise Performance Survey (BEEPS), we provide fresh
evidence of FDI spillovers, linking the innovation performance in NMS and other Central and Eastern
European countries to the expanding presence of foreign firms and the accompanying rise in FDI.

These structural differences shape the development of our Schumpeterian growth model, which
encompasses two major regions: the West and the East. In both regions, firms compete in quality
for market leadership, with innovation investments driving improvements in product quality. Firms
introducing higher-quality products displace incumbents, becoming market leaders. While higher-
quality goods fuel aggregate growth, they also erode the rents of displaced incumbents, embodying the
Schumpeterian concept of “creative destruction”. The key asymmetry between the regions lies in the
West’s superior innovation capabilities, supported by a more efficient R&D technology. The regions
are interconnected through trade and knowledge flows. Innovations generate knowledge spillovers that
enhance the innovation efforts of other firms. However, these spillovers are locally biased, meaning
firms learn more from other firms in the same economy than from firms located abroad. This bias
further amplifies the innovation gap between the two regions. The innovation technology also exhibits
a “congestion externality” at the region/sector level: as more workers are employed in innovation, the
productivity of the marginal worker declines. Therefore, the optimal global allocation of innovation
incentives may not involve concentrating innovation in the region with the highest R&D efficiency.

We model FDI as an “adaptive” R&D investment that firms undertake to transfer technology and
establish production abroad. As such, FDI serves as a vehicle for cross-border knowledge spillovers,
facilitating the flow of ideas across regions through multinational activity. That is — FDI endogenises
international knowledge spillovers. When firms in the advanced Western region innovate, they can
choose to offshore production to the East to capitalise on lower wages. However, this offshoring also
transfers knowledge to the East, strengthening the innovation capabilities of Eastern firms and enabling
them to challenge Western firms’ leadership more effectively. Consequently, the decision to offshore
is influenced by two opposing forces: the wage gap, which incentivises offshoring, in addition to
creative destruction, which discourages it, as rising innovation in the East reduces the attractiveness of
offshoring. Our primary policy instrument is a generic R&D subsidy incorporating direct support with
tax incentives. Additionally, we evaluate the impact of subsidies targeted specifically at FDI.

There are two key reasons for international policy cooperation. Regions want to subsidise innova-

2See Figure A.1 in Appendix A



tion for strategic purposes: when a firm from one region innovates and takes the leadership, profits shift
across borders, leading to higher income and welfare in the innovating region. Policy cooperation aims
at reining-in the subsidy competition due to this strategic motive. Second, as typical of endogenous
growth models, innovation is the engine of growth and intertemporal knowledge spillovers make the
impact of innovation on growth more pervasive and long lasting. When a firm innovates, it produces
knowledge on which future innovation builds. Firms do not take this into account and underinvest in
innovation from a social point of view, giving scope for policy intervention.’ In our open economy,
knowledge spillovers are partially global, and the extent to which firms benefit from knowledge
produced in other regions is significantly influenced by FDI. Policy cooperation thus has a stronger
incentive to subsidise innovation to address the distortion created by knowledge spillover than in a
closed economy. The global policymaker’s approach to R&D subsidies or taxes depends on the relative
strength of competing distortions. If strategic motives dominate, leading to inefficient competition,
the policymaker may favour reducing R&D incentives through taxation. Conversely, if knowledge
spillovers are the primary driver, cooperation tends to support stronger innovation incentives to fully
internalise these spillover benefit.

The gains from policy cooperation then crucially depend on the relative strength of the strategic
motive, which derives from firm profitability, as well as knowledge spillovers. In our framework,
markups are constant but we explore different structures and intensity of spillovers. The baseline model
is a “no-scale” Schumpeterian framework with semi-endogenous growth (e.g. Jones, 1995; Kortum,
1997; Segerstrom, 1998). In this class of models, knowledge spillovers weaken as the economy grows
so that long-run growth does not depend on the size of the market and policy has only temporary
effects on growth. This is the most “conservative” version of endogenous growth models to conduct
policy analysis.*

We calibrate the model to aggregate and sectoral data to reproduce key facts of the EU economy,
which we divide in two regions: the old member states, the West in the model, and the new member
states, the East in the model. The semi-endogenous nature of our model yields a simple expression
for steady-state growth, allowing us to directly identify the parameter that determines the intensity of
knowledge spillovers — a key factor in our analysis — using long-run productivity growth statistics.
We calibrate the technology gap between the two regions — the higher innovation efficiency of Western
firms and the local bias in knowledge spillovers — to replicate key economic patterns. Specifically,
the geographical distribution of market leadership between regions (relative market shares), labour
cost differences, and disparities in R&D-to-GDP ratios. Given the lower labour costs in the East,

Western firms are incentivised to offshore production. The extent of offshoring is calibrated to match

3The Schumpeterian model is particularly suited to study optimal innovation policy because, depending on the relative
strength of the strategic motive and intertemporal spillovers, the market equilibrium can feature too much or too little
innovation from the social point of view.

4The first generation endogenous growth models have the counterfactual prediction that larger countries have faster
long-run growth. Weak knowledge spillovers solve this “scale effect” problem without preserving the endogeneity of the
long-run growth typical of first generation models. A different approach is the one taken by the so-called fully-endogenous
growth models, in which policies can affect long-run growth. See Jones (forthcoming) for a recent review of this literature.



the observed market share of Western multinationals (FDI) in the East

We compute the cooperative policy, that we call harmonised subsidies, obtained when a global
policy maker chooses two potentially different subsidies for the two regions to maximise global welfare.
This form of policy coordination can be interpreted as a simple formalisation of policies (e.g. research
grants and loans), which the EU allocates to countries with the scope of stimulating innovation and
growth in the union and promoting cross-country convergence. Policies in the Framework Program and
the Cohesion Funds broadly target these goals and result in asymmetric subsidies across countries.’
We compute the welfare gains from policy cooperation relative to the actual subsidies observed in
the data, fully accounting for transitional dynamics and examining the effects across varying policy
horizons. A detailed welfare decomposition further quantifies the contributions of key motives for
cooperation, shedding light on their role in shaping the overall gains.

We find that subsidy harmonisation requires a substantial subsidy on Western firms’ and a tax on
Eastern firms’ innovation. This cooperative planner’s decision is driven by the higher R&D efficiency
in the West and by the fact that its firms are key drivers of cross-border spillovers via their FDI activity.
Since the West is the largest region, the increase in the Western subsidy implies that the average
weighted subsidy in the union increases, thereby leading to more growth and substantial welfare gains,
a 4.5% consumption increase compared to the status quo, with a significantly larger share of these
gains accruing to the West. Offshoring activity surges as higher innovation in the West drives up
labor demand and wages, while innovation taxes in the East dampen innovation and exert downward
pressure on wages. This intensified offshoring significantly enhances the profitability and market
shares of Western firms, allowing them to capitalize on the lower labor costs of overseas production.
These dynamics lead to greater overall welfare gains for the West, driven by smaller losses through the
strategic channel.

The main driver of these gains is the internalization of the distortionary effects of knowledge
spillovers. In our economy, knowledge flows across regional borders, amplifying the growth effects
of innovation subsidies. Western R&D not only boosts domestic innovation but also increases the
potential for innovation abroad. These cross-border knowledge spillovers lead to a more significant
market failure in an open economy, resulting in greater underinvestment in innovation, which the EU
policymaker seeks to address. Therefore, the benefits of temporarily enhancing growth outweigh the
advantages of correcting distortions caused by the strategic motives behind subsidies. This insight is
further supported by showing that the gains from cooperation are decreasing in the cost of FDI.

Building on this, it is natural to consider the impact of FDI subsidies and how they interact with
innovation subsidies. Cross-border knowledge spillovers from FDI are not accounted for by firms, when

making their offshoring decisions. This gives potential for underinvestment in knowledge transfers

>The current framework program, Horizon Europe (2021-27), has a budget of 95.5 billion euros (European Commission,
2023b). The European Regional Development Fund (ERDF) aims to strengthen economic, social and territorial cohesion in
the European Union by correcting imbalances between its regions. ERDF priorities are research and innovation, information
and communication technologies, support for SME, and low-carbon economy. The 2021-27 cycle budget is 200.3 billion
euros, a substantial part of which will be targeting research and innovation incentives (European Commission, 2023a).



via FDI, thereby motivating policy intervention. Our result suggests the presence of a notable policy
complementarity where simultaneously subsidising knowledge creation (innovation) and knowledge
diffusion (FDI) yields greater gains from cooperation than the sum of the individual policies applied
separately.

Finally, we extend the model by introducing a third region, the Rest of the World (ROW), to
capture the effects of non-EU trade and potential “trade diversion” resulting from regional innovation
policy cooperation (West-East only). We model RoW as another advanced region, similar to the
West, enabling us to broaden our analysis to include policy cooperation between regions with similar
innovation potential. Our baseline results are confirmed in this extended setting, where the optimal
West-East cooperative policy is to subsidise Western firms and tax Eastern. However, in this new
scenario the gains are more equally shared between EU countries. This is due to trade diversion:
cooperation boosts innovation in the West and technology diffusion to the East and, as a consequence,
both W and E firms expand their market shares at the expense of RoW, which is policy passive in this
exercise. When considering a global policy maker coordinating subsidies across all three regions, the
optimal policy remains to subsidise the West, tax the East, and also tax the ROW. Notably, cooperation
with the more advanced ROW leads to significantly larger gains for Western Europe compared to

cooperation with the less advanced Eastern European region.

Literature review. The main related literature is the recent body of work in “quantitative growth
theory” analysing the effects of innovation policy both in closed economy (e.g Acemoglu and Akcigit,
2012; Acemoglu et al., 2018; Akcigit et al., 2016) and in open economy (e.g Impullitti, 2010; Akcigit
et al., 2018b). Surprisingly, there is very little macroeconomic work on international cooperation in
innovation policy. Grossman and Lai (2004) and Kondo (2013) propose theoretical analyses of the gain
from intellectual property rights policy (IPR) cooperation in endogenous growth models. Hemous et al.
(2023) incorporate the key insights from Grossman and Lai (2004) into a large-scale quantitative model
to assess the benefit from cooperation in IPR. Santancreu (forthcoming) presents a quantitative growth
model of bilateral trade agreements with IPR provisions to analyze the dynamic policy trade-offs. To
the best of our knowledge, ours is the first and only paper studying the gains from cooperation in R&D
subsidies. We also contribute to the literature by examining how knowledge spillovers influence the
benefits of policy cooperation. Our analysis highlights that endogenising international knowledge
spillovers through FDI positions economic growth as a central driver of welfare gains. Specifically,
we demonstrate that knowledge spillovers — and the associated underinvestment in innovation — are
pivotal to realising the benefits of global policy cooperation.

Several papers have introduced FDI in endogenous growth models (e.g. Branstetter and Saggi,
2011; He and Maskus, 2012; Acemoglu et al., 2015; Segerstrom and Jakobsson, 2017). Dinopoulos
and Segerstrom (2010) introduce FDI in a North-South Schumpeterian growth model to study the
effects of an increase in IPR protection on innovation and the wage gap between countries. In their

model, Northern firms innovate while Southern firms can only imitate. Our model is more general in



that firms in the lagging region are also allowed to innovate. We contribute to this literature studying
the role of FDI in shaping the gains from innovation policy cooperation.

The strategic motive for subsidies has been widely studied in the strategic industrial policy literature.
Contributions focusing on R&D subsidies are the pioneering Spencer and Brander (1983), and the
following work by Leahy and Neary (1997), Leahy and Neary (2009) and Haaland and Kind (2008)
among others. Papers analysing the strategic role of trade policy include Eaton and Grossman (1986),
Maggi (1996), and more recent contributions by Felbermayr et al. (2013) and Campolmi et al. (2018)
among others. In a sequence of recent papers Ossa (2011), (2014), (2015) revisits the key questions in
the literature with a modern quantitative approach. Our paper is also related to the recent literature on
“deep” trade agreements, whereas cooperation goes beyond the reduction or elimination of traditional
barriers to trade, such as tariffs and quotas and include provisions for a broader range of policy areas
such as investment, intellectual property, regulatory alignment, labour and environmental standards
(e.g. Grossman et al., 2021; Maggi and Ossa, 2023). Our contribution to these lines of work is to cast
the analysis in a dynamic framework and show that internalising intertemporal knowledge spillovers,
that is internalising the growth effect of policies, is crucial and quantitively relevant for the gains from

cooperation.® We also contribute analysing the role of FDI as a vechicle of knowledge diffusion.

2 FDI and innovation in Eastern Europe

FDI in the NMS of Eastern Europe doubled in the post- EU accession period. The bulk of the FDI
received by these countries, more than 80%, comes from old EU members’. There is extensive
literature documenting the positive effects of FDI spillovers on the productivity of local firms (e.g.
Javorcik, 2004; Keller, 2004; Lu et al., 2017; Setzler and Tintelnot, 2021). The typical spillover
channels highlighted in existing works include technology transfers, supply chain interactions, and
labor mobility. Less attention has been devoted on the impact of FDI on the innovation activity of
firms in the receiving country.

Here we present a brief empirical analysis of the relationship between FDI and domestic firms’
innovation at the regional level using the Business Environment and Enterprise Performance Survey
(BEEPS) data for Eastern and Central European countries for the years 2011-2014—a period during
which the exact location of firms can be observed at the regional level. This firm-level survey, based
on face-to-face interviews with managers, includes 15,694 firms located in 30 Eastern and Central
European countries, as well as some Commonwealth of Independent States, including Russia and
Turkey. For those years, the data provide information at the firm-level, including foreign ownership,

two-digit sector classification, and exact regional location—usually defined at the NUTS-2 level.®

®This results echoes the recent finding in the trade and growth literature showing that the dynamic gains from trade
magnify the gains obtainable in static trade models (e.g. Sampson, 2016; Impullitti and Licandro, 2018), Perla et al. (2015).

7See figure A.3 in the Appendix.

8Exceptions include Estonia, Latvia, Lithuania, and Russia, where regions are more disaggregated at the NUTS-3 level,



A key feature of the BEEPS survey is that it includes several questions on product and process
innovation. The data provide self-reported information from top managers on various types of
innovation activity, including developing new products or services, adopting new production or supply
methods, implementing new organizational or management practices and structures, and introducing
new marketing methods.

Using a firm-level linear probability model, we focus on domestic firms and define our dependent
variable as a dummy variable that takes the value of one if the firm reports product or process
innovations and zero otherwise. We construct our main explanatory variable in two ways: first, as
a dummy variable indicating the presence or absence of a foreign firm within the same region and
2-digit sector as the firm, and second, as the share of foreign firms among all firms within the same
sector and location.” Table 1 reports our main results, with all estimations including year, sector, and
region fixed effects, thereby controlling for any sectoral or regional size or specific effects. Using
two-way clustering, we report robust standard errors clustered at both the regional and sector levels.
Regressions (2) and (4) also include additional firm-level controls: the log of firms’ sales and a set of

dummy variables for state-owned enterprises, as well as for exporting and importing status.

Table 1: Domestic firms reporting innovation and foreign presence

Dependent variable:
Firm-level dummy variable for domestic firms reporting innovation

Explanatory variable: Dummy Dummy Share Share
(1) (2) 3) 4)
Foreign presence 0.038%* (0.039%**  (.237*** (.205%**
(0.014)  (0.013) (0.068) (0.065)
Control variables No Yes No Yes
Observations 13,843 10,593 13,843 10,593
R-squared 0.164 0.208 0.164 0.208

Notes. All regressions include region, sector and year fixed effects. Regressions (2) and (4) include the following firm-level

control variables: firms’ log of sales, and a set of dummy variables for state-owned enterprises, exporting firms, importing
firms. Robust standard error clustered both at the region and at the sector level into brackets. *, **, *** significantly
different from 0 at 10%, 5% and 1% level, respectively.

The coefficient associated with “foreign presence” is significant at least at the 5% level in all
estimations. In Column (1), a foreign presence in a region-sector is associated with an increase of 3.8
percentage points in the predicted probability for a domestic firm to report innovation. In column (3),
increasing the share of foreign affiliates among all firms from the 25th percentile to the 75th percentile
(respectively 0 and 0.04) is associated with a 1 percentage point increase in the predicted probability
of a domestic firm innovating. In the appendix, we split the sample in various ways, and as reported

in Table A.1, excluding all region-sector pairs with fewer than or more than 30 active firms yields

and Hungary, Poland, Turkey, and Ukraine, where regions are more aggregated at the NUTS-1 level.
9We define a foreign affiliate as a firm with at least 50 percent of its capital owned by a foreign entrepreneur or company.



qualitatively similar results, with effects of comparable magnitude. Beyond controlling for sector- and
region-specific effects, we also include the number of observations and the logarithm of the number of
observations per country-region as control variables. We find more pronounced effects for private firms
compared to state-owned enterprises. The effects also persist for both small and large firms (below or
above the median size) and appear independent of the firm’s export or import status.

Our findings do not establish causation; however, they underscore the geographic clustering
of domestic innovative firms in sectors with active foreign affiliates. These results align with and
complement the work of Gorodnichenko et al. (2010) and Gorodnichenko et al. (2020), who use similar
data for the same set of countries but during a different time period.'” While they use firm-level sales
to multinational affiliates to identify vertical linkages between domestic firms and foreign affiliates, we

adopt a broader definition that captures the presence of foreign affiliates within the same region-sector.

3 The Model

We analyze an economy comprising two regions: the West (W), representing the old EU member
states (OMS) in our quantitative analysis, and the East (E), representing the new EU member states
(NMS). Labor in each region is allocated across three activities: manufacturing goods, innovative
R&D, which enhances product quality, and adaptive R&D, which facilitates the transfer of production
abroad. Firms in both regions compete on quality to achieve market leadership, with product quality
advancing through investments in innovation. The two regions are separated by a technology gap,
reflecting the higher innovation efficiency of Western firms compared to their Eastern counterparts. '’

Our model incorporates the stylized facts on FDI and innovation presented in Section 2. Specifi-
cally, we assume that Western firms, upon achieving a successful innovation, can choose to offshore
production to the East if it is profitable. The technology gap, stemming from differences in innovation
efficiency, creates disparities in market leadership and labor costs, incentivizing Western firms to
offshore. Offshoring requires firms to allocate resources to adapt and transfer their technology abroad,
an activity we term adaptive R&D or FDI to distinguish it from the research aimed at improving
product quality. The newly established offshore operations are referred to as Western multinationals.

A defining feature of FDI is its role as a conduit for cross-border knowledge spillovers, enabling
ideas to flow across regions. When Western firms relocate production to the East, the knowledge
capital stock in the East increases, enhancing the R&D productivity of innovating firms there. This
creates a positive link between FDI and innovation in the East, consistent with the empirical evidence
in Table 1.

Upon a successful quality innovation in either region, the innovating firm secures global market

10The information on the exact regional location of firms is only available for the years 2011-2014. Unfortunately, the
data on firm-level sales of multinational firms as used by Gorodnichenko et al. (2010) and Gorodnichenko et al. (2020) is
not available for those years.

"Nelson (1993) documents how well-designed institutions and infrastructure can create systemic innovation efficiencies
that benefit all firms within a country.



leadership in its sector, protected by a patent until displaced by a domestic or foreign competitor. Trade
between the two regions incurs costs, and sectoral leadership evolves dynamically through a product
cycle involving FDI and leapfrogging across regions. Specifically, this cycle includes the transfer of
production from the West to the East, Eastern firms leapfrogging over multinationals, and eventual

product quality advancements by the West to reclaim sectoral leadership.

3.1 Households

Our two-region economy, East and West, is populated by households which have the same intertemporal
additively separable preferences over an infinite set of varieties/sectors indexed by @ € [0, 1]. Each
household is endowed with a unit of labour time whose supply generates no disutility. Households

choose their optimal consumption bundle for each date by solving the following optimization problem:
max UK :/ Loe~ P~ 1oguX (r)dr (1)
0

subject to

o—1
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where K = W, E indicates the region, uX is the instantaneous utility, cX is per-capita nominal expendi-
ture across variety, and the final equation is the lifetime budget constraint. Lg is the initial population
and n is its constant growth rate, p is the common rate of time preference — with p > n —- and rX(¢)
is the market interest rate on a risk-free bond. dX (j, w,t) is the per-capita flow of goods in sector @,
each good of quality level j € {0,1,2,...}, purchased by a household at time ¢t > 0. pX(j, ®,¢) is the
price of a good of quality level j in sector @ at time ¢, and WX(0) is the present value of wealth from
labour and financial returns. A new vintage of a good ® yields a quality equal to A times the quality of
the previous vintage, with A > 1. j™¥*(w,t) denotes the maximum quality in which the good in sector
 1s available at time 7. As is common in quality ladder models we will assume price competition at
all dates, which implies that in equilibrium only the top quality product is produced and consumed
in positive amounts in each sector ®. Finally, TX(¢) is the per-capita lump-sum tax used to finance
government subsidies to the R&D activities in the economy. We assume governments run balanced
budgets every period.

The instantaneous utility function is a quality-augmented CES consumption index, with ¢ > 1.



Households maximise static utility by spreading their expenditures c(¢) across the product lines and
purchasing in each line only the product with the lowest price per unit of quality, that is the product of

quality level j = j™*(w, 7). Hence, the household’s demand of each product is:

0 (0,1) = g, (@,r) =S ®
3 ) ’ PK(t)lfG’

. 1
where g(®,1) = A/(@)(=1) i5 a measure of the good’s quality and PX (1) = [fol g(0,1)p%(w,1)'"°dw] °
is the quality-price index. As we will show next, goods prices are different in the two regions due to

the presence of trade costs. The intertemporal consumption choice leads to

;K(r> —K(r)—p, 3)

the standard Euler equation.

3.2 Product market

In each region, firms can hire workers to produce any consumption good @ € [0, 1] using a linear
technology with unit labour requirement a*, where Kk = W, E, M is the producer indicator for the
Western (W) and the Eastern (E) innovators, and the multinational firms (M), respectively. The wage
rate in K = W, E is denoted by wX. Patent rights are protected globally by a perfectly enforceable
EU-wide patent law. As is usual in Schumpeterian models (e.g. Grossman and Helpman (1991b)
and Aghion and Howitt (1992)), firms conduct R&D activity to improve their good’s quality and
obtain market leadership. The innovation size is fixed at A > 1, so that when an innovation arrives, A
measures the quality gap between the leader and the follower. The patent system grants the quality
leader a temporary monopoly which is destroyed when the firm is leapfrogged by the next innovator.'”

We assume that there is an iceberg trade cost T8 > 1, such that for one unit of any good to
arrive from a producer in location K to the export market, & units of good need to be shipped. We
restrict our attention to equilibria where 1) wE > aVwW % /(af 1) and wE > a"wW % /(a™ 1), and
) wW > afwETE /(aW L) and A > aF /aM. These conditions guarantee the existence of a complete
product cycle. The first set of conditions state that the innovation quality improvement is large enough
for a western quality leader to have a lower quality-adjusted production cost than an eastern firm or
a multinational one step below on the quality ladder. If wages are lower in the East this condition
ensures the western quality leader can still drive the lower cost competitor out of the market. Similarly,
the second set of conditions state that the quality jump is large enough to allow the eastern innovator to
leapfrog the western innovator or the multinational and become the global leader.

We follow the common practice and assume that to participate in pricing competition, in each

2For simplicity, we assume that the patent length is infinite. Generalising the model to patents of finite length is
straightforward but complicates the analysis without yielding any relevant new insight.
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product line, firms must pay a small fee (e.g. Howitt, 1999; Dinopoulos and Segerstrom, 2010; Akcigit
et al., 2018b). Under this assumption, the profit maximising choice of the quality leader is always to

charge the domestic monopoly price for domestic sales: '

pM(w,1) = aKwK(t), 4)

c—1

and the export monopoly price, denoted by (x), for sales in the other region:

pMo,1) = p— laKwK(t)TK. (5)

Notice k represents the sector type, Kk = W, E, M, while K = W E is the region indicator. The possible
combinations of these two indicators are (k,K) = (W,W),(E,E),(M,E), that is, Western leaders
producing in the West, Easter leaders, and Western leaders offshoring to the East. Western leaders
producing in the East charging the domestic price to the Eastern consumers, p" (@,1) = z% a"w* (1),
while they export to the West and charge the export monopoly price p™™(w,t) = -2 aMwk (1)7F.
Substituting (4), (5) and the multinational prices in the demand (2), and using it to express the total
(domestic and export) monopoly profits accruing to global quality leaders we obtain the profits of

Western leaders,

7Z'W(CO,I) — l( o )1_6(GWWW(I))IGq(a),t> (CW(I)LW(I) i CE(I)LE(Z‘) (,L.W)IG>’ (6)

o—1 PW(t)l—O' PE(t)l—c

the profits for Eastern leaders

nE(w,t)zl( o )I_G(aEWE(t»l—Gq(w,t)(CE(I)LE<t)_|_CW(t)LW(t)(TE)1—G), (7)

o—1 PE(r)l=c = PW(r)l-c
and those for multinationals
PN AR TR S VSR MLV, e FOLE()
o0 -2(55) @) aon (Gl 5 G D) @

eV (t), cE(t) are per capita expenditures and L" (¢) and L (¢) are the population and labor sizes of the

two regions, respectively. We choose the Western wage to be the numeraire of our economy, w" = 1.

B3Typically in these models the quality leader charges the monopoly price when the innovation is “drastic”, which implies
alarge A, and the limit price with non “non-drastic” innovation, low A. Under our assumption of costly participation, with
non-drastic innovation, if the followers enter the game the leader will first charge limit price, then, after the follower has
left, will revert to monopoly price. The follower has no incentives to play this game and, as a consequence, the leader can
always charge the monopoly price.
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3.3 Global R&D races

In each sector, incumbent leaders are challenged by entering firms that employ workers in research to
discover the next best-quality version of their products. The arrival rate of innovation in sector ® at
time ¢ is I(@,7), which is the aggregate summation of the Poisson arrival rates of innovation produced
by all firms targeting @. Each firm i can obtain an arrival rate of innovation using the following
technology:

IF(w.1) = A%(0,1) I (0,0 Li(0,1) "%, ©)

for k = W,M,E. AV is the R&D efficiency of Western firms, A is the productivity of FDI, the
investment in adaptive R&D that firms must do to produce abroad, while A% is the R&D efficiency
of Eastern firms. [f(w,?) is the R&D labour employed by firm i, of type k, in sector @, while
L{(w,t) =Yl (®w,1) is the total R&D labor by firms of type k, in sector . This technology implies
that each firm’s instantaneous probability of success is a decreasing function of the total national R&D
investment in the sector, 0 < o < 1. The region-specific nature of decreasing returns in R&D can
be motivated by the presence of fixed costs, such as lab equipment, by institutional and/or cultural
differences, and finally by a given supply of workers with heterogeneous research abilities.'

The productivity term A¥(w,?), determines the efficiency of R&D and the structure of knowledge

spillovers:

OV (1)
~1
AM(e,1) = W(gwazg(b) (10)

orr (353

R&D efficiency is lower in sectors with higher quality, indicating that innovation and technology

9

transfer becomes increasingly challenging as g(@,?) rises and the target of R&D becomes more
complex. Moreover, R&D efficiency increases with the aggregate quality, due to knowledge spillovers.
These spillovers exhibit a nuanced structure, blending local and global influences. Local spillovers
stem from the aggregate quality of goods produced by firms within the same region, whereas global
spillovers arise from the aggregate quality of goods produced across all regions. Assumption 1

formalises these features:
Assumption 1. (Technology gap) R&D efficiency has the following structure:

(a) Western innovation is more productive: YV > y~.

14See Eaton and Kortum (1999) and Impullitti (2010) for further insight.
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(b) Western innovation and FDI receive spillovers,

w

0" (1) =" (0" o)),
where QW (t) = |, oW 4(0,1)dw is the average quality of sectors with Western leader producing in
the West, @V is the share of these sectors. Q(t) = fol q(w,t)dw is the aggregate global quality.

(c) Eastern firms receive spillovers,
0" (1) = Q" ™M) ()P,

where Q¥ ™ (1) = [k onq(@,1)dw, is the average quality of sectors with production in the

East from both Eastern leaders, with mass @®, and multinational firms, with mass oM.
(d) There is a local bias in knowledge spillovers: 1/2 < % = BE < 1.
(e) Technology diffuses via FDI allowing Eastern firm to start innovating.
(f) Aggregate spillovers become weaker as the economy grows: ¢ < 1.

This assumption establishes the key technological differences between the two regions. The main
idea of this modelling strategy is that firms gain more insights from local production activities and
the diverse range of sectors present locally, then from production taking place abroad.'> Knowledge
diffuses via FDI in two significant ways. First, the presence of multinational corporations in the
East allows local firms to gain informal access to foreign knowledge. This diffusion process enables
Eastern firms to start innovating in the sectors where new successful multinational has entered. Second,
FDI strengthens the intensity of the local spillovers affecting Eastern firms, thereby improving their
innovation efficiency. The local bias of spillovers, along with ¥ > £, gives the West a comparative
advantage in R&D.'°

In order to address the “scale effect” problem affecting the first generation endogenous growth
models, we impose “weak” across-sector (aggregate) spillovers as in Jones (1995).!” Spillovers become
less powerful as the aggregate quality grows, which allows us to obtain a stationary growth rate that is
independent of population size. As we will see later, this solution to the scale effect problem implies

that policies have only a temporary effect on growth, as the long-run growth rate is exogenous and

I5This is consistent with the empirical evidence on the local nature of technological spillovers that we show in our
empirical motivation. For a review of the empirical evidence on FDI and knowledge spillovers see Keller (2004) and Keller
(2021).

6Higher R&D productivity ¥ translates implies that Western firms lead, in equilibrium, in a larger share of sectors,
®" > of. As a consequence the aggregate quality of goods produced by western firms locally is higher, Q% > QF,
which, due to the local bias of spillovers, means stronger spillovers. Thus, the local bias, reinforces the advantage in R&D
efficiency produced by the higher 7y.

7First generation Schumpeterian models have the counterfactual implications that the long run growth rate is proportional
to population size.
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proportional to population growth. For this reason this version of the Schumpeterian model is known

as the “semi-endogenous” growth model.'®

As in the standard Schumpeterian model, the “Arrow
effect” (Aghion and Howitt, 1992; Grossman and Helpman, 1991b) operates and innovation is only
done by entrants, whereas incumbents have no incentives to innovate. Hence the free entry condition
fully characterises the equilibrium innovation effort in the economy.'”

Governments subsidise R&D expenditures at the rate sX, which is region-specific. Each entrant
firm chooses the amount of labour devoted to R&D, equating the expected returns to the costs. The
R&D returns are v¥(w, )X (w,t)dt, where v(®, ) denotes the value of a patent as discounted stream
of profits while I (w,)dt is the instantaneous probability of a successful innovation. The innovation
cost is (1 —sKYWK(2)IK.(t)dt = (1 — sE)WWE () IX(w,1)A%(0,1)* ' LE(w,1)*dt, where we have used
(9) to substitute for R&D labour /f5;. Free entry into R&D races equates the above benefits and costs of
innovation, leading to,

V¥ (@,0)A% (0,015 (0,1)aT = (1 —sK)wk(1), (11)

for the three possible combinations (x,K) = (W,W), (E,E),(M,E).*’

To derive the value of a firm, or a patent, v¥(®,7), note that a shareholder of the quality leader
of type K in sector @, receives a dividend 7*(®,#)dt over the time interval dt. At the same time,
the value of the patent changes by v (w,?)dt, while the shareholder suffers a loss of v¥(®,?) if an
potential entrant succeeds in innovating, an event happening with probability f,(®,?), which is the
total innovation by potential entrants targeting the sector. This is Schumpeterian creative destruction:
successful innovation by entrants comes at the expense of incumbent firms. Assumption 1 implies
that creative destruction is different for the three types of incumbent firms, as we will see shortly. The
presence of efficient financial markets implies that the expected rate of return from holding a stock of
a quality leader is equal to the riskless rate of return X (¢), which can be obtained through complete
diversification. Taking limits as dt approaches zero, one arrives to the following no-arbitrage condition
for the stock market; Zot24) + (o)

Vi) vH(o))
of capital gains/losses equals the riskless interest rate plus a premium for the risk of being driven out

= rK(t) 4+ I (®,1). In equilibrium, the dividend rate plus the rate

of business by further innovation. It follows that the expected value of a firm (patent) is:

Ve (@,1) = (@) . (12)

K1)+ fi(o,1) - Jerod

Using the free entry condition (11) we obtain equilibrium values of the different types of incumbent

firms (patents):

18See Jones (1995), Kortum (1997), Segerstrom (1998) for different versions of this class of models.

19 An incumbent considering investing in R&D needs to subtract its present monopoly profits from the payoff of
successful innovation. It follows that the value of innovation for entrants is higher than for incumbents. With free entry, the
entry cost is equal to the highest return to innovation, which implies that leaders do not find it profitable to innovate. This is
the well-known Arrow replacement effect popularised by Aghion and Howitt (1992).

20We have substituted for the total R&D labour in sector @ activity x by the total innovation arrival rate in the same
sector/activity, I*(w,1) = Y;I*(®,t), obtained from (9) aggregated to the sectoral level.
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(1—sV) a"(w,1) W

=v" (®,1) for € 0",

MIY(@,0) ¥ (1) + 1V (@,1) — (24

1— E\N. E E
( ;)w (1) _ m* (1) — =vE(w,1) for w € @",
M(I*(w,1)) rE(z)+1W(w,z)+IE(w,t)—&Ez’,g

M\ E M w
(1 i/l)W () _ (1) T (1) Tor =M (w,t)for o € @™,
M (@.0)  \ rE )+ 1Y (0,0) +15(0,0) — Tfgg ™ (0)+1Y(0,0) — e

(13)

where M(I*(®)) =A% (w,1) (I’((a),t))%, Kk = W,E M, is the marginal productivity of research of
Western firms, Eastern firms and multinationals in sector @. The first two lines report the values of
a Western and Eastern leader respectively. The third row reports the value of a multinational firm,
M(w,t) =vM(w,t) =W (w,t), which is given by the difference in the value of a quality leader when
producing in the East and in the West. The government in the West subsidises innovative R&D at the
rate s, while Eastern government subsidise both R&D and the adaptive research (FDI) at the rates s*
and sM, respectively.

This first two conditions in (13) summarise the factors shaping the incentives to innovate in our
model. The benefit of innovative R&D is pinned down by the value of the firm, or the value of a patent,
and the productivity of innovation. The former is positively driven by the profits of becoming a market
leader and negatively affected by creative destruction, the amount of innovation by potential entrants
targeting that sector. In sectors where the leader is a Western firm, which have mass o, creative
destruction comes only from other Western firms, fyy = I, as Assumption 1 implies that Eastern firms
can only innovate in sectors where there is local production. In sectors with an Eastern leader, creative
destruction affecting the value of an incumbent firm comes from both Eastern and Western potential
entrants, [z = IZ + IV, as the latter can innovate in any sector.

Innovation productivity is crucially shaped by the term A*(®), which incorporates the exogenous
efficiency parameter y and knowledge spillovers, and by the curvature of the R&D technology governed
by «. Here the curvature of the innovation technology introduces a trade-off which tames the Western
comparative advantage in R&D. Decreasing returns & imply that concentrating all research in the West
might not be globally efficient.

The third condition is free entry in FDI, where firms compare the value of producing at home with
the value of offshoring production. Given their comparative advantage in innovation, Western firms,
in equilibrium, acquire market leadership across a broader range of sectors. This results in higher
levels of research and production in the West, leading to stronger labor demand and higher wages.
Consequently, Western firms are incentivized to offshore production to capitalize on lower labor costs.
The key factors influencing the offshoring decision are the labour cost differential, the wage gap —

M w

reflected in the profit differences, 7' versus 7" — and the disparity in innovation intensity, or the
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creative destruction gap, IV + I versus I . When producing locally, Western leaders compete only
with potential Western entrants. However, offshoring exposes them to competition from both Western
and Eastern entrants, increasing the risk of being technologically leapfrogged. This dynamic reduces
the appeal of offshoring, as firms must carefully balance the cost savings achieved through foreign
production against the heightened risk of losing market leadership due to technology diffusion.

Our framework thus adds a dynamic margin to the static choice of multinational production typical
of trade models, where the decision is only driven by the gap in production cost (e.g. Arkolakis et al.,
2018). Moreover, it extends the product cycle model in Helpman (1993) and the versions with FDI
and multinationals (e.g. Dinopoulos and Segerstrom, 2010), allowing the poorer country to innovate
and not just simply copy the foreign technology infringing intellectual property rights. Finally, and
more saliently, it incorporates ideas flow brought via FDI as a key driver of international knowledge

spillovers.

3.4 Labor market clearing

Labour demand in the West comes from production located within the region, covering the share of
sectors ", and R&D activities targeting all sectors. In the East, workers are employed in production
by western multinationals for the share of sectors @™ and by Eastern firms for the share of sectors wF.
Additionally, labour demand for Eastern workers arises from western firms’ adaptive R&D, aimed at
facilitating production transfers in ®" sectors, and from Eastern firms’ innovation efforts in sectors
where FDI has already taken place (0™ and o).

Substituting (4) and (5) for p" and p*%, and (10) for A% (¢), we derive the labour market clearing
condition in the West as

W — w W(-o)_ € d *W(fc)CE(l—EW)d
_/wWa q(w,t)p W o+ b a q(o,t)p PE(1)l-o ®

+ [ ————do (14)

where &V = LW () /(LY (t) + LE(t)) = L () /L(t) is the share of total EU labour force in region W,
and PKU-9) = PK(1)1=0 (1)~ are the price indexes. Labor demand comes from production for
domestic sales and for export, the first two terms on the right hand side, plus labor devoted to R&D,
the third term.

In the East, we obtain
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E M M(—)_C 1 / M m(-o)¢ (1—£7)
+ /(QMT a q(a),t)p PW( )]_Gda)+ a q(w7t)p PE(T)]_G do
Fra . Mra s
+ o+
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where 1 — ¢V is the share of total EU labour force in region E. Labor demand in the East arises from
two main sources: production activities, which include domestic sales and exports by both Eastern
leaders and Western multinationals offshoring to the East (captured by the first four terms on the
right-hand side), and research activities, which comprise R&D efforts by Eastern firms and adaptive
R&D by multinationals to transfer technology and establish production in the East (captured by the

last two terms).

3.5 Growth and welfare

The model is closed with the law of motion for quality aggregates that determines the geography of
production and aggregate growth. We briefly describe the rest of the model here and relegate a more
detailed explanation, the definition of the equilibrium and further derivations to the Appendix B.1.

Consider the instantaneous utility given by

WK (1) = (16)

implying that each period welfare is represented by real consumption. The price index is PX () =
PX(1)0(r)"/(1=9) with PK(¢) measuring the contribution of western quality leaders, multinationals

and eastern quality leaders to the price index,

PV (1) =[q" (t)p(t)W(“") + qM(t)P(t)*M (1=0) 4 = (1) pE (1)1~ ) 5, (17)
s (18)

PE(t) = [¢" 0)p™ ()"~ + ¢ () pM ()"~ + " (1) pF (1)~

The domestic and export prices of the three types of producers are weighted by the relative qualities
g(t) = QX(t)/Q(t) which measure the geographical distribution of market leadership.”!
Aggregate quality at time 7 is determined by the total number of innovations from time zero to ¢. Its

growth rate, g(r), is driven by innovation performed in the West and in the East, and it can be shown to

2I'The aggregate quality of goods with Western, multinationals and Eastern leadership are functions of the quality and of
the mass of each type of sectors. That is Q¥ (1) = [,w g(®,1)dw, QF (t) = [ e q(®,1)dw and QY (1) = [ v g(®,1)d®.
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%Z(l‘”—l) Y (6)+ (dF () +d" () IF (1) | = g(0). (19)

where ¢ (t)+ ¢F (t) +¢™ (t)=1. Since adaptive R&D from multinational firms does not directly generate
innovation, the drivers of aggregate quality growth are the innovation by western leaders IV (¢), which
takes place in all sectors of the economy, and innovation by eastern leaders, IZ (¢), taking place in
sectors with production in the East. Adaptive R&D affects growth only indirectly via its role as a
vehicle of knowledge spillovers. Utility grows due to the impact of innovation-induced quality growth

on the price index. The growth rate of utility is then

i) 1 0()
ut)  o—10()°

(20)

The intertemporal (flow) budget constraint is given by &% (1) = wX () + rK ()X (t) — K (¢) —
na/ X (t) — TX(t), where 27X (¢) denotes the total assets per capita, and TX(¢) is the lump-sum tax per
capita that is used to finance the subsidised share of the R&D labour cost in region K. We can write

the region K per-capita nominal consumer expenditure as

K@)y =wk)+ (K () —n) X (1) — FX (1) — T (1), 1)

where taxes per capita are given by TX(¢) = sKwKL,(](t) Jox LE(0,1)dw.

The total stock of per capita assets in each region is defined as the per capita value of all businesses
whose creation is financed by the consumers in that region.”> Western households finance R&D
conducted by Western firms, including the adaptive R&D required for offshoring production. As a
result, they receive dividends comprising the profits of firms operating in the West and the profits of

multinational firms. The total assets value in the East is the value of quality leaders from the East.

VW ﬁM
gV (1) = / Lv(v—w(;)t)der/L(w—w(;)t)dw
oW oM oM
E
SE() = / "L(E—“(’t’)t)dw. (22)

Households’ lifetime utility given by equation (1) represents the present value of the infinite horizon

22We assume full “home bias” in asset ownership, following the empirical evidence surveyed in Coeurdacier and Rey
(2013).
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path of the three components, cX(¢), PX(t) and Q(¢) and can be written as

vk = /Loe ' (log X (t) —log P(1))d1

:/ ~p=miog K (s dt-i—/ P11 og P (1)dt
0

1 * !
7([)7}’1)[ A A
_|__1 — / e (/O g(t)dt) dt. (23)

In our analysis of the different policy scenarios, we decompose the welfare effects of subsidies
separating the channels operating via consumption and the geographical component of the price index,
and the more intrinsically dynamic component due to quality growth. We give more detailed discussion
of these channels in Section 3.6 next. We perform the welfare analysis including the transitional
dynamics to fully accounting for the dynamic welfare gains brought about by innovation and policy
cooperation.

Finally notice that in steady state, the growth rate is exogenous and pinned down by population

growth,
n

1—¢

This is the typical feature of the model’s semi-endogenous nature, where policies have only transitional

g= (24)

effects and do not affect the steady-state growth rate, which is governed by population growth.
Moreover, in steady state the geographical component of the price index PX and expenditure are

constants over time, so households’ lifetime utility (1) becomes,

Uk — /Loe " (log K (1) — log PX (1)) d1

logc®  logPK n
— _ + ) 25
p—n p-n (1-9¢)(c—1)(p—n)? 2

Innovation subsidies affect welfare via per-capita nominal consumption level ¢X and the impact of the
geographical leadership distribution on the price index P. That is — since growth in the long-run is
exogenous, innovation has only “level” effects on real income and consumption in the steady state.
Innovation has “growth” effects along the transition, so in order to fully capture the dynamic welfare

gains from innovation, the welfare measure must take into account the transitional dynamics.

3.6 Innovation externalities and the motives for R&D subsidies

To understand the effects of R&D subsidies on welfare and the determinants of the optimal level of
these subsidies we need to discuss the externalities produced by innovation. Schumpeterian growth
models feature several externalities originating from innovation which shape the scope for policy
intervention. Understanding these external effects provides theoretical guidance for the quantitative

analysis that follows. We first provide an analytical derivation of the key innovation externalities using
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a simplified version of our framework and then provide a heuristic discussion of the richer features that
they acquire in the full model. For clarity of exposition we start with the closed economy and derive
the standard externalities (e.g. Grossman and Helpman, 1991a; Segerstrom, 1998). We then move to
uncharted territory and show how these externalities acquire new richer features when the economy
is open to trade. The model with FDI is too complex to derive analytical insights of the key novel
externalities and the related motives for subsidies. We address these new features related to FDI in a

detailed discussion.??

A simplified framework. We take a special case of our CES preferences, where the elasticity of
substitution across varieties is one. This implies that limit pricing becomes the optimal pricing strategy,
that is p = aAw, and we assume a = 1. Taking the wage as the numeraire, w = 1, log utility implies
that the quantity consumed of each good is ¢/p = ¢/A, where c is expenditure per capita. We adopt a
simple R&D technology by setting & = 0 and A(®,?) = A constant in equation (9).>*

We follow the procedure in Grossman and Helpman (1991a) and suppose that an external agent
(a Martian) has achieved a single innovation in some product line j at time . We perturb the market
equilibrium from that period onwards, so that we preserve the original innovation path, and compute
the impact on the welfare of all agents other than the one who collects the profits from the innovation
(the Martian). We ignore the profits of the external innovator because innovating firms’ private costs
are exactly balanced by private benefits.

First, we write (1) as

U(t) = /t e~ (P01 (@)dw /t e PN [1og(R)D(s)]ds, (26)

where ®(s) is the total number of innovation successes before time . We perturb the market equilibrium
by d®(¢) for every moment in time after time 7. The effect of a marginal innovation on the welfare of

agents is found by differentiating (26) with respect to ®(s),

du(t) _ [ ~(p-n)s—r) 1 dc(s) /°° ~(p-n)(s-1)
s —/l e c(s)d¢(s)ds+ t e log(A)ds. (27)

The second term on the RHS of (27) is the growth effect, i.e. the marginal benefit at initial prices
from consuming a newly invented higher quality product. The discounted value of this term is
log(A)/(p —n). When an innovation is first introduced it benefits consumers immediately as they can
buy goods of a higher quality at the same price, but it also benefits consumers in the future as all later
innovations build upon past innovations. This externality combines what Grossman and Helpman

(1991b) call a consumer surplus effect, operating during the life cycle of the new product with what

21tis in general difficult to isolate the rich set of externalities motivating policy intervention in open economy endogenous
growth models. For this reason, most papers typically present a simple informal discussion to guide the interpretation of
the quantitative results (Akcigit et al., 2018b; Choi and Shim, 2024; Hemous et al., 2023).

24 As typical in this class of models, a linear R&D technology implies that the model jumps directly to the steady state
(see e.g Grossman and Helpman, 1991a).
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Aghion and Howitt (1992) term an intertemporal knoweldge spillover effect which affects future
consumers via later innovations. Since innovating firms do not take these effects on consumers into
account, they tend to underinvest in innovation. These effects constitute motives to subsidise R&D.
The consumer surplus effect is not specific to endogenous growth theory, it is also present in any
static model where innovation reduces the price of the good it targets with no future effects.”> The
intertemporal spillover effect is the new key feature brought about by endogenous growth theory.
The first term on the right side of (27) captures the loss in aggregate spending as the effect of the
marginal innovation. Added innovation reduces the profits of agents (other than the innovator) and
their spending falls. This is the business-stealing effect produced by the very nature of Schumpeterian
competition (Aghion and Howitt, 1992). When a quality laggard firm successfully innovates, it drives
the incumbent firm in its product line out of business. The appropriation of the incumbent firm’s
monopoly profits reduces the income of the households owning those firms, thereby reducing aggregate
consumption and lowering the profits of the other leading firms. The innovating firm does not take this
into account and is therefore bound to over-invest in R&D. This is a motive for taxing innovation.°
To derive this effect, first note that aggregate spending c(s) equals total income (wages plus
profits) minus the spending/investment in R&D, ¢(s) = 1 +TI(s) —I(s)/A.>’ Since we take the rate
of innovation to be unaffected by the external innovation, the changes in expenditures triggered by
the latter equal the change in profits. Profits are I1(s) = ¢(s)(A — 1)/A. If no other innovation takes
place before time s, the economy loses the profits c(s)(A —1)/A at time s. This profit loss in the
innovating industry has also a multiplier effect on the profits of other firms in the economy, as it induces
a drop in aggregate spending, which reduces sales in all other industries. The aggregate change in
profits is then, dI1(s)/d®(s) = —c(s)(A —1)/A + (dc(s)/dD(s))(A —1)/A. Since, dc(s)/dP(s) =
dI(s)/d®(s) from the budget constraint above, the expected reduction in spending at any time s > ¢
is de(s)/d®(s) = —(A — 1)c(s)e 1=, This expression takes into account the probability of no other
innovation success occurring between ¢ and s, with I being the equilibrium arrival rate of innovation.®
Substituting this into (27), we obtain the external effects of innovation on welfare:
du(t)  log(A) A—1

d® p—n I+p—n
—— S—

(28)

CS+1S BSE

(+) (=)

Z3This is present in static models of strategic industrial policy (e.g. Spencer and Brander, 1983; Eaton and Grossman,
1986; Haaland and Kind, 2008).

26 Another motive for taxing R&D comes from the market structure. Markups produce not only a static distortion, as
goods are under-provided but also a dynamic one, since too little inputs devoted to production implies that too much of
them are allocated to R&D (e.g. Denicolo’ and Zanchettin, 2014). To simplify the exposition we do not discuss this in
detail; we also find it to be second order quantitatively.

27 This is another way of writing (21), which allows us to simplify the algebra of computing the external effects.

28The arrival rate of innovation follows a Poisson process, so the time duration of R&D races is exponentially distributed
with parameter /, the equilibrium arrival rate. Therefore, the probability that a further innovation occurs between time ¢ and

sis1—e10-1),
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The consumer surplus and intertemporal knowledge spillovers are positive externalies and therefore
represent a motive for subsidising innovation while the business stealing effect is a negative externality
and motivates a welfare maximising planner to tax innovation. Although our scope here is to provide
theoretical insights and not necessarily a fully closed form expression for the externalities, the latter is
attainable for this simple model. As shown in the appendix, using a simple linear R&D technology we
obtain/ =A(A—1)—(p —n).

We now turn to the open economy, abstracting from FDI. To gain insight, we analyse a simple
version of our open economy which allows an easy comparison with the closed economy. We assume
that the two countries differ in their market leadership due to differences in some primitives. The
specific nature of the differences in primitive parameters is not relevant for the analysis. To facilitate
comparison with the closed economy and focus on the impact of business stealing on profits, we follow
Impullitti (2010) and abstract from labour market effects, assuming that once a firm innovates, it can
decide to locate production anywhere at no additional cost. Thus, the labour market is global, ensuring
that wages are equalised across both countries. As in the case of a closed economy, we normalise the
wage by taking it as the numeraire.

We can write the expenditures in the two countries as follows: ¢" (s) = (1 +T1(s))® — IV (s) /A
and ¢ (s) = (1 +T1(s)) (1 — @) — IZ(s) /A, where the first term on the right hand side represents the
labour income of production workers, @ is the share of industries with West leadership and profit
per sector, I1(s) = (c" (s) +cf(s))(A — 1) /A, depends on global demand. We proceed as above to
determine the welfare impact of an external innovation. We assume that an external agent successfully
innovates on a product line where the incumbent leader is an Eastern firm and focus on the impact of
this innovation on Western welfare.”” This scenario allows us to highlight the key differences between
the closed and the open economy.

The consumer surplus and intertemporal spillovers parts are identical, except that now in the open
economy, consumers from both countries benefit from the higher quality goods introduced by each
innovation, no matter where the innovator comes from. The business stealing effect instead, changes
substantially. There is no direct loss in profits for the West, as none of its leading firms is replaced by
the external innovation. Profits are shifted from the Eastern leader to the external agent and the only
profit loss for Western firms operate via the multiplier effect of the reduction in Eastern expenditures.
The Eastern country instead experiences both the direct profit shifting effect due to leadership loss and
the indirect effect via the expenditure multiplier.’” To facilitate comparisons with the closed economy
we assume that the two countries are symmetric and that the open and closed economies have the same

steady state innovation path.?! Following the same procedure as in closed economy we obtain,

29The case in which the external agent innovates on a product line with West leadership has an impact on the Western
economy similar to that in closed economy.

30We are focusing only on how the open economy affects the external impact of innovation on profits, abstracting from
the potential effects on the terms of trade, the relative wages. This could produce a further benefit for the West, in our
example, although this disappears in the symmetric countries case which we analyse below.

3IRecall also that the innovation by the external agent does not change the original innovation path of the economy.
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w o (p—n)(s—t) _ w
BSEopen /t ¢ W (s) dd(s) dt (21—|— p— n) 22 BSET. (29)

In the open economy then, the business stealing effect of innovation is weaker because the direct
impact of innovation on the profits of non-innovating firms is borne mostly by the foreign country.
This provides a key insight on the welfare impact of R&D subsidies, which will be the core of our
analysis that follows. If we replace the external innovator with a Western firm, our results suggest that
the business stealing effect of innovation is weaker for the West, as part of it, the direct profit-shifting
is offloaded to the other country. Thus there is a strategic motive which implies that policy makers are
less likely to tax innovation in open economy, if they behave uncooperatively.

The methodology used to derive the innovation externalities based on the experiment of an external
innovator does not allow for the profit shifting effect, typical of the strategic trade and industrial policy
literature (e.g. Spencer and Brander, 1983; Eaton and Grossman, 1986; Leahy and Neary, 1997). That
literature utilises partial equilibrium models with only one firm per country competing oligopolistically.
The business stealing effects consists of shifting the additional profits brought about by innovation from
the foreign to the home firm. This profit-shifting increases home welfare, which creates a potentially
larger externality for a coordinated policy maker to correct. Our method based on the external agent
shows that this is not an innovation externality that the government should act to correct, but a pure
strategic motive to subsidise innovation by national firms. In our quantitative analysis of the welfare
impact of subsidies, both types of strategic motives will play a role, the direct profit-shifting and the
general equilibrium business stealing derived in (29). They both combine to give a scenario where
uncoordinated subsidy rates in the open economy may in fact be too high relative to what a coordinated
planner would choose.

Although the simple model does a good job capturing most aspects of the innovation externalities
embedded in our full model, it misses one key feature, the role of international knowledge spillovers.
R&D technology (10) implies that, if intertemporal knowledge spillovers are to some degree global,
innovation by one country improves the R&D efficiency in the other country. This gives rise to an

externality for which a cooperative policy maker must account.

International cooperation. Policy cooperation corrects the distortions produced by the strategic
motive and by the two positive innovation externalities.>” The global policymaker’s role is to maximise
global welfare. They are more likely to tax R&D optimally in order to correct for the distortions
produced by the strategic motive. However, the fact that innovation by a firm in one country affects
growth and innovation technology in the other through international spillovers, makes the global

policymaker more likely to subsidse R&D. It follows that cooperative R&D subsidies can be,

i. lower than uncooperative subsidies if the strategic motive dominanates;

32The domestic business stealing effect does not play a role in cooperative policy.
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ii. higher than uncooperative subsidies if consumer surplus and knowledge spillovers dominate.

FDI, knowledge spillovers and the motive for subsidies. How does FDI impact the motives to
set R&D subsidies cooperatively? Technology (10), carries two new distortions that the global policy
maker wants to correct. First, Western firms’ underinvestment in innovation due to international
knowledge spillovers becomes larger. Due to FDI, Eastern firms enjoy stronger spillovers, as they have
access to larger chunk of the advanced region’s stock of knowledge. Through this margin, the presence
of FDI produces an additional reason for the global policy maker to subsidise Western innovation.
In addition to this, FDI’s role of carrying knowledge spillovers across borders implies that there is
underinvestment in adaptive R&D from a global perspective. This second margin suggests that the
cooperative policy should also include a new instrument, a subsidy to FDI.

The external effects discussed above have been derived in a framework where countries are
symmetric. In our full model economy, countries are structurally different in their R&D efficiency,
which produces a crucial difference in the growth externality, the knowledge spillovers. Since Y > ¥,
innovation is more productive in the West which, as we will see later, implies that Western firms will
be the quality leaders in a larger set of industries. Hence, knowledge spillovers OX in (10) will be
larger for the West, thereby leading to a larger underinvestment in innovation for firms in this region.
Consequently, cooperative policy has the incentive to subsidise West R&D more. On the other hand,
the innovation technology (9) features a local externality, which makes the productivity of a firm’s
R&D in a region/sector declining in the total amount of R&D labour devoted by firms in the same
region/sector. The smaller is o, which regulates the strength of this externality, the more the global
planner wants to diversify R&D and subsidise innovation in the East more than in the West. This
diversification channel implies that the global policy maker might want to subsidise firms in the two
regions at different rates and that the subsidy rate in the West might not necessarily be higher than in
the East.

In the quantitative analysis we use these theoretical insights to interpret our numerical results. We
follow the decomposition of welfare suggested in (23) and separate the impact of different policy
scenarios into the component operating via changes in expenditures, which embeds the distortions due
to the strategic motive and the components operating via the effects of innovation on the price level
where the growth rate and therefore knowledge spillovers operate.’” The externalities governing the
diversification channel can operate both via expenditure or prices, so they are more difficult to measure
but their role can be easily uncovered by the differences in the cooperation subsidies between the two

countries.

33For completeness we also report the geographical component of the price index, which embeds the consumer surplus
effect, as it carries the impact of innovation on prices abstracting from the knowledge spillovers. Its role in shaping the
welfare impact of subsidies is similar to that of knowledge spillover.
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4 Quantitative analysis

Next, we calibrate the model to EU data and perform a set of quantitative exercises. We compute the
optimal cooperative R&D subsidies, where a planner chooses subsidy rates for each country, sV and s%,
to maximise joint EU welfare. In this exercise, we consider varying horizons of policymakers.** We
then turn to explore the quantitative effect of FDI as a vehicle for endogenous knowledge spillovers. We
do this firstly by studying how the optimal R&D subsidies and welfare gains vary with the efficiency
of the FDI technology Y™, then secondly through an exercise where the EU planner can optimally
choose the FDI subsidy s, in addition to s and s%.

4.1 Calibration

We calibrate the parameters of the model to match empirical regularities of the EU economy in the
2005-2016 period. The European Union, EU28, consists of the two groups: EU15 (old members,
the West) which includes Belgium, France, Germany, Italy, Luxembourg, the Netherlands, Denmark,
Ireland, the U.K., Greece, Portugal, Spain, Austria, Finland and Sweden, and the EU13 (new members,
the East) which includes Cyprus, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta,
Poland, Slovakia, Slovenia, Bulgaria and Romania.

We focus on moments generated by the model’s steady state. There are 17 parameters. Three of
them, p, n, ¢ and the two innovation R&D subsidies, s and s£, are assigned their values directly
using data from Eurostat and the OECD. For lack of data targets we assume s = 0 in the baseline
parametrisation. We set p (equal to the interest rate r in the steady state) to 0.0404 to match the
average Maastricht Treaty EMU convergence criterion series related to the interest rates for long-term
government bonds in the EU. Next, we select the value for n to match the average population growth
rate in the EU of 0.44%. We calculate the West relative labour force size (/) of 0.801 from the
population data. Finally, we use the values for the subsidies of the two regions of 12.2% and 9.7% for
the West and the East, respectively, which are the average values of the OECD B-index (large firms)
measuring the business tax subsidy rates on R&D expenditures in the 2005-2016 period, obtained
from the OECD Main Science and Technology Indicators Database. In the benchmark calibration,
the iceberg trade costs for both West and East are taken to be unity.”> We normalise the production
efficiency ¢ to one. We set the elasticity of substitution ¢ to 3.2, matching the most conservative

empirical estimates of the substitution elasticity across industries in Feenstra et al. (2018).%°

3*This amounts to solving for the transition path from a policy change and then considering subsets of the real
consumption transition, capped at the policy horizon of interest. Longer subsets of this path pertain to more forward-
looking policymakers. We allow the EU policymaker to re-optimise their choice of subsidy for each horizon under
consideration.

33We take free trade as the benchmark and explore the role of trade cost later with robustness exercises.

36Using insights from the new generation of quantitative trade models (e.g. Dekle et al., 2008), Feenstra et al. (2018)
find that the median micro-elasticity of substitution across industries lays between 3.2 and 4, depending on the econometric
specification used.
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The remaining 9 parameters are calibrated internally in a way that best matches the model’s steady
state to empirical facts of the EU economy — the long-run averages for the old and the new EU member
states. Since we calibrate a general equilibrium model, most model-implied moments are a function of
all parameters jointly, meaning that there is typically no one-to-one mapping between parameters and
moments. An exception is the parameter governing the strength of knowledge spillovers in the R&D
technology, ¢. Our model counterpart of the growth rate in the data is n/((c — 1)(1 — ¢)), which
we discipline to match the MFP growth rate of 0.66%. Given that we set 6 = 3.2 and n = 0.0044
externally as discussed above, this moment uniquely identifies our baseline value of ¢ = 0.69.

Before turning to detail the particulars of the data target sources, we now give some discussion of
identification of the remaining 8 internally-calibrated parameters. Despite the fact that these parameters
do not map one-to-one with moments, some data targets contain more information about particular
parameters than others. We leverage data on sectoral leadership shares across the three types of
firms (", wf, ®") to inform the values of the R&D efficiency parameters y" and y*. As y" rises
relative to y¥, firms from the West become more likely to successfully innovate. This skews the steady
state sales distribution towards the West, lowering that in the East, with the residual market share
being held by Western multinationals. We then utilise the wage rate in the East relative to the West
to inform the FDI adaptive R&D efficiency parameter Y. Given the distribution of market shares,
and the ‘creative destruction gap’, a higher value of ¥ tends to increase the overall level of labour
demand in the East, putting upward-pressure on wages. Two measures of East innovation intensity
shed light on the parameters a* and a™. Firstly, the Eastern share of labour dedicated to R&D efforts
contains information on the efficiency of the manufacturing productivity of East firms and Western
multinationals jointly. Secondly, the East ratio of R&D spending/GDP can be used to disentangle the
two, given that spending efforts are financed by firms’ country of origin. The R&D spending/GDP ratio
in the West relates to the marginal benefit of innovative efforts; it can be used to inform the value of
a, which governs the effect of geographical R&D concentration on the probability of success. Lastly,
leveraging the asymmetry of the two regions in the model, two moments are informative about the
degree of local bias in spillovers % = B¥ = B and the quality step size A. Specifically, we compute
the numerical steady state elasticity of local innovative efforts to local R&D subsidisation in each
region.’’ Given that we consider local R&D responsiveness from local subsidies, a larger value of 8
can give a larger elasticity. Similarly, bigger values of A will tend to give a stronger responsiveness to
innovation incentives.

Table 2 reports the parameter values and model’s fit. Although the model is quite stylised, it
matches several of the key moments well. Finally, we briefly discuss the sources of the data used
in generating the target moments. We measure the Eastern relative wage as the relative average net
earnings in PPP as reported by Eurostat for the 2005-2016 period, giving a value of 0.61. Our 0.66%

multi-factor productivity growth rate is an average reported by the OECD for the set of countries we

3Practically, we compute a one-sided numerical derivative of 7 with respect to s* for k € {W,E} as an input into the
elasticity calculation.
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Table 2: Calibration summary

External parameters Value Source
Interest rate (r = p) 0.04  Eurostat, 2001-2013
Population growth rate (n) 0.44%  Eurostat, 1961-2013
R&D subsidy, West (s") 12.2% OECD, 2011
R&D subsidy, East (s%) 9.70% OECD, 2011
Relative labour size, West (I") 0.80 Eurostat, 2015
Utility f-n parameter (o) 3.21 Feenstra et al. (2018)
Calibrated parameters Value
Innovative R&D productivity parameter, West (") 0.52
Innovative R&D productivity parameter, East (y%) 0.41
Innovative R&D productivity parameter, MNE (y™) 0.27
Manufacturing productivity, East (a*) 1.20
Manufacturing productivity, East (™) 1.56
Spillover parameter (f3) 0.51
Quality jump size (1) 2.03
Decreasing returns (o) 0.55
Spillover (@) 0.69
Moments Data (Model) Source
East relative wage (wE) 0.60 (0.56) Eurostat, 2015

MFP growth rate

Share of sectors, Western leadership (")
Share of sectors, Eastern leadership (o)
Share of sectors, MNE leadership (&™)
West R&D expenditure/GDP

East R&D expenditure/GDP

West share of labour in R&D

East share of labour in R&D

West innovation elasticity to subsidy s"
East innovation elasticity to subsidy s©

0.66% (0.66%)
91% (90%)

7% (6%)

2% (4%)
3.87% (2.35%)
2.12% (1.58%)
3.13% (3.11%)
2.22% (3.48%)
[0.7, 3.5] (1.00)
[0.7, 3.5] (1.03)

OECD, 2005-2016
OECD, 2005-2016
OECD, 2005-2016
OECD, 2005-2016
Eurostat, 2015
Eurostat, 2015
Eurostat, 2015
Eurostat, 2015
Akcigit et al. (2018a)
Akcigit et al. (2018a)
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consider over our sample period. To construct our sectoral leadership shares for West and East, we
consider the regions’ output shares in total EU output. To construct these, we leverage the OECD
Analytical Activity of Multinational Enterprises (AMNE) database, which provides insights on the
role of multinational enterprises in the global economy, as that it includes information on output of
countries according to ownership of the firms. After excluding the output of third-countries-owned
enterprises, as well as the output of Eastern-owned enterprises in the West — which is negligible — , we
calculate the share of sectors with Western leadership (©") as the share of output of western-owned
firms in the West in the total EU28 output. Our calculations suggest that Western European firms
account for 91% of EU output. We calculate the total share of industries with Eastern leadership (@)
as the share of output of Eastern-owned firms in the East in the total EU28 output which amounts to 7%
of the EU economy. The residual (1 — ®" — @®) represents the share of industries with multinational
subsidiary firms production in the East (2%).

Our measures of R&D investment (expenditure) as a share of GDP are found to be 3.87% for the
West and 2.12% for the East in the sample period. These values are obtained from Eurostat as the
2005-2016 averages of the GDP shares of expenditures on intellectual property products (part of gross
capital formation), including software, R&D, and entertainment, literary, and artistic originals. The
average share of scientists and engineers in total employment — the R&D labour share — take values
of 3.13% and 2.22% for the old and the new member states, respectively (Eurostat, 2005-2016). We
take values from the empirical literature for the innovation elasticity to subsidies. As discussed by
Becker (2015), most literature studies the quantitative effects of tax credits on innovation and not the
effect of direct subsidies. Subsidies’ effects are mostly investigated in terms of the crowding-out effect
of private investment. Akcigit et al. (2018a) investigate the R&D elasticity with respect to personal and
corporate income taxes. Both at the micro (firm and individual) and macro (state) levels, taxes affect
the amount, quality and the location of investment activity. Focusing on the response in the number of
patents to the change in corporate and personal taxes, micro and macro estimates range from —0.7 to

—3.5, which we use as our target.

4.2 Optimal policy cooperation

We analyse a cooperation scenario that we call harmonised subsidies, where a global policy maker
chooses separate rates for the West and the East in order to maximise the joint welfare of the two regions.
In our analysis we rule out ex-post side payments and compare welfare outcomes with those under the
subsidies observed in the data. We first conduct the analysis assuming no FDI subsidies, introducing
this extra instrument in later analysis. For all experiments, the welfare analysis is conducted taking
into account the transition path produced by the changes in subsidies across scenarios. In computing

optimal cooperative subsidies, the EU policy maker solves

(Se0:Sc0) = argmax {U™ (szy.56) }
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where UEV = UW + U¥ is the union welfare and co subscripts stand for the cooperative scenario.
Welfare gains from cooperation are reported in terms of compensating variation. If cooperation is
implemented at time 0 and is a permanent policy change, the compensating variation J is the change

in real consumption such that,

T K T K
—(p—n)t Cco(t) _ —(p—n)t Co (t)
/o e log (ng(r)> dt = /0 e log ((1 +%>P§(t) dr, (30)

where T is the horizon of the policy evaluation and o subscripts stand for without coordination

(observed data subsidy rates). Equation (30) states that households in the noncooperation scenario
would need to receive y additional consumption for each period between 0 and 7T in order to be as
well off as in the cooperation scenarios. The analysis of the transitional dynamics allows us to consider
both short, medium and very long policy horizons. We first present the results with infinite policy

horizon then we explore shorter horizons.

Solution method. The solution for the transition subsequent to a policy change utilises a shooting-
type algorithm in a similar spirit to Spencer (2022). We solve for the pre and post-reform steady states,
which provide start and end points for the simulation respectively. The transition is then mapped using
finite differences. We conjecture the time paths needed for forming the firms’ value functions, which
are inputs in iterating backwards from the final steady state. We then iterate forwards on the laws
of motion for the relative qualities of the two countries, solve the households’ problems, check the
distances from the equilibrium conditions being satisfied and update accordingly until convergence.

More details are given in the Appendix C.

Cooperative policy. In Table 3, we report the harmonised R&D subsidies and the gains from this
cooperation scenario with respect to the observed subsidies, when the policy horizon is very long,
T = . Figure 1 shows how these outcomes are affected by the policy horizon, as we as the transitional

dynamics of some key variables. There are four important outcomes that emerge.

i. The global policy maker incentivises Western firms’ innovation with a 31% subsidy, and heavily

taxes Eastern firms’ innovation.

ii. Lifetime consumption increases by 4.5% for the union as a whole, with the full transition as
the policy horizon. The West captures a significantly larger share of these welfare gains. With

shorter policy horizons the East gains more than the West.

iii. The welfare gains are primarily driven by the growth engine of the economy—intertemporal

knowledge spillovers.

iv. The welfare gains are decreasing in the cost of FDI.
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The global policy maker wants Western firms to innovate more and Eastern firms less. Since the
West is the largest region, the increase in the Western subsidy implies that the average weighted subsidy
in the union increases, thereby leading to more innovation and a faster growth rate. Given that the
long-run growth rate is exogenous, the growth effect of subsidies is realised only along the transition to
the new steady state, as shown in Figure 1a. The higher subsidy for Western firms boosts growth in the
aggregate quality of the goods produced by these firms in the West, 0%, as well as in the quality of the
goods produced by their multinational affiliates in the East, Q™. Taxing innovation in the East reduces
the quality growth of goods produced by these firms, QF. Aggregate growth under the cooperative
subsidies is above its baseline path for approximately twenty years along the transition to the new
steady state. The result is driven by the increase in growth of Western-led industries, induced by the
R&D subsidy, offsetting the deceleration of the growth in Eastern-led industries. The changes in the
West dominate since it holds the majority of the market share in our calibrated economy.

Table 3: Gains from policy cooperation

Baseline (yM) 2M 3M
SW SE SM SW SE SM SW SE SM
Observed (SZV,SE) 0.12 0.10 0.00 0.12 0.10 0.00 0.12 0.10 0.00
Harmonised (%, s£) 031 099 000| 041 -097 000| 043 -081  0.00
w E EU w E EU w E EU
Welfare gains 0.040 0.005 0.045] 0.046 0.021 0.066 | 0.046 0.031 0.078
Strategic motive -0.009 -0.044 -0.052 | -0.017 -0.043 -0.060 | -0.020 -0.035 -0.054
Consumer surplus -0.002 -0.002 -0.003 | -0.003 -0.003 -0.006 | -0.003 -0.003 -0.007
Intertemporal spillovers  0.050 0.050 0.101 | 0.066 0.066 0.132 | 0.070 0.070 0.139

Notes. All calculations take the transitional dynamics into account and the welfare effects are in compensating variation as
(30) with T = . The FDI subsidy is kept constant at zero in all scenarios. Numbers are prior to multiplication by 100.

Why does the planner want more growth? Recall that Assumption 1 implies that the West is the
most R&D efficient country and the major source of idea flow across countries via its FDI activity.
As a consequence, not only are Western firms more productive themselves in innovation, but their
offshoring activities make Eastern firms’ innovation more efficient as well. These features make
Western innovation much more valuable for the union as a whole. The large cooperation subsidy for the
West and the large tax for the East reflect this structural asymmetry. As such, the cost of concentrating
R&D in one region, coming from local decreasing returns in innovation, ¢ in the R&D technology (9),
is more than than compensated by the gains from subsidising the most innovation efficient region and
the key source of international knowledge spillovers.

Both regions gain from cooperation but the West gains substantially more than the East. Although
both regions share the gains produced by the higher growth rate of aggregate quality, under cooperative
subsidies the West innovates more and so its firms capture a greater share of the global market. This

can be seen in Table 3, where the losses from the strategic motive are smaller for the West but also in
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Figure 1a which shows that differential growth rate of quality of the goods produced in the two regions
along the transition. QW, QE, and QM in fact embed the leadership shares o, oF and ©M, that are
differentially affected by the decision of the policy marker to heavily subsidise Western and tax Eastern
firms. The most remarkable change is the decision of Western firms to move more production to the
East which leads to a reduction of @" to 0.79 from its calibrated value of 0.91 and an increase of @
from 0.04 to around 0.13. The share of sectors with Eastern leadership remains largely unchanged.
The intensified offshoring activity significantly boosts profits for Western firms, as they benefit from
lower labour costs associated with overseas production. This, in turn, contributes to greater overall
welfare gains for the region.

The time horizon considered by policymakers in determining the optimal cooperative policy plays
a significant role. As shown in Figure 1c, for short and medium policy horizons (less than 30 years),
welfare gains are greater for the East compared to the West; over longer horizons, this trend reverses.
This dynamic can be attributed to the structure of R&D subsidies, which are financed independently by
each country. While Western households incur substantial costs to subsidise national firms, Eastern
households benefit from the transfers generated through innovation taxation, resulting in higher Eastern
consumption under cooperation over the short and medium term. However over time, the West’s
stronger innovation performance and increased global market share — driven by more intensive
offshoring — shift the distribution of welfare gains in their favour in the long term.

For both regions, Table 3 highlights that the primary driver for coordination is the internalisation
of intertemporal spillovers. In our open economy setting, knowledge flows across regional borders,
amplifying the benefits of subsidising innovation. R&D conducted in one region increases the
likelihood of future innovation within its borders but also globally. These cross-border spillovers
exacerbate market failures of innovation in an open economy, resulting in a greater underinvestment
in innovation. The EU policymaker steps in to address this imbalance. Ultimately, the benefits of
temporarily accelerating growth outweigh the potential drawbacks of distortions caused by the strategic
use of subsidies.

There are losses via the consumer surplus channel, albeit negligible. Recall that this channel
operates via the geographical distribution of the price index, P" and PF defined in (17) and (18), which
are weighted averages of the prices in the three types of sectors. The weights are the relative qualities
of the different types, which are an expression of the leadership shares. Cooperation decreases the
share of sectors with production in the West and increases the share of sectors offshored by Western
multinationals. Although wages are lower in the East, multinational firms are less productive from
a manufacturing perspective than Eastern and Western firms in our calibration (a¥ > af > d"). As
such, the reallocations in market shares result in a slight increase in the price indices. Note however
that the incentives for increased FDI remain, given that lower Eastern innovation rates results in less
creative destruction and a higher value of discounted profits from offshoring.

Figures 1c and 1d indicate that the benefits arising from the spillover channel grow with the policy

horizon. This result stems from the inability of current innovators to internalise how their success
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Figure 1: Transitional dynamics dynamics and policy maker horizon

Notes. This figure shows the deviation from the calibrated steady state of moving from the observed to the coordinated
subsidies. Panel a) shows the transitional dynamics of growth rate of Q, 0%, O™ and QF under cooperative subsidies
as deviation from the baseline. Panel b) reports the cooperative subsidies for different policy maker horizons. Panels c)
and d) show the gains from cooperation and their decomposition for different policy horizons. Numbers are all prior to

multiplication by 100.
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benefits future innovation. A far-sighted policymaker recognises that this market failure becomes more
significant when future innovation and growth are considered, prompting a stronger inclination to
subsidise innovation over the long term.

Finally, we provide some discussion of the quantitative role of FDI, through changes in the Y
parameter. Multinational activity facilitates the exchange of ideas across regions, heightening the
EU policymaker’s need to address the market failure stemming from the geographical dimension of
knowledge spillovers. Consistent with this, our findings show that the easier it is to transfer technology
abroad (higher ), the greater the gains from cooperation. Table 3 highlights the effects of doubling
and tripling the efficiency of FDI. Enhanced efficiency in adaptive R&D results in higher cooperative
subsidies for the West and lower taxes for the East. The reasoning is straightforward: the global
policymaker seeks to encourage more innovation in the West, the primary source of cross-country
knowledge flows, while simultaneously reducing taxes in the East, where stronger spillovers make
innovation more effective. When FDI becomes cheaper, knowledge flows more rapidly from West to
East. These accelerated and more robust spillovers significantly increase the gains from cooperation,

demonstrating the critical role of FDI in maximising global welfare.®

Optimal innovation and FDI subsidies. The finding that higher adaptive R&D efficiency signif-
icantly amplifies the gains from coordination highlights the importance of exploring FDI subsidy
policies as a complementary tool to innovation-focused strategies. Thus far, our analysis has centered
on addressing the externalities produced by innovation, assuming no government support for adaptive
R&D. However, firms do not account for cross-border knowledge spillovers from FDI when making
offshoring decisions, potentially leading to underinvestment in knowledge transfers through FDI. This
market failure provides a strong rationale for policy intervention. In addition to the innovation policy
— the R&D subsidy analysed so for — we introduce an FDI subsidy, s™, to address this inefficiency.
A subsidy to FDI can be viewed as a more conventional tool of trade policy, as it affects the cost of
multinational activity without direct implications for innovation.>” With a few exceptions (e.g. Akcigit
et al., 2018b) innovation and trade policies are typically analysed separately, in different models. Our
framework facilitates a joint analysis and permits a decomposition of the their specific contribution to
the welfare gains from international policy cooperation.

Table 4 presents the gains from different cooperative subsidy strategies. The first column reports
the gains from cooperation in R&D subsidies alone, reflecting our baseline results from Table 3. The
second column shows the gains from cooperating solely on the FDI subsidy, with R&D subsidies held
at their observed levels. The third column shows the outcomes when both R&D and FDI subsidies are
jointly chosen cooperatively. Two key insights emerge from these results. First, cooperation on both

R&D and FDI subsidies leads to significantly larger gains quantitatively for both regions compared

3In an earlier version of the model (Borota et al., 2022), we demonstrated that eliminating FDI can significantly alter
the sources of gains from cooperation. In a comparable setup with “semi-endogenous” but no FDI, the primary driver of
these gains is the internalization of the strategic motive.

Recall that the adaptive R&D needed to move production abroad does not have any impact on growth.
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Table 4: Gains from cooperation: R&D vs. FDI subsidies

Subsidy Instrument Scenario

ey 2 3)

R&D only FDI only Jointly
sV 0.31 0.12 0.26
sk -0.99 0.10 -0.78
sM 0.00 0.59 0.89
W welfare gains 0.040 0.007 0.050
Strategic motive -0.009 0.000 -0.005
Consumer surplus -0.002 -0.001 -0.008
Intertemporal spillovers 0.050 0.008 0.063
E welfare gains 0.005 0.017 0.046
Strategic motive -0.044 0.010 -0.009
Consumer surplus -0.002 -0.001 -0.008
Intertemporal spillovers 0.050 0.008 0.063
EU welfare gains 0.045 0.023 0.096
Strategic motive -0.052 0.010 -0.015
Consumer surplus -0.003 -0.002 -0.016
Intertemporal spillovers 0.101 0.016 0.126

Notes. Column (1) reports the gains from cooperation in the model with FDI, where the FDI subsidy is zero. Column
(2) reports the gains when only the FDI subsidy is set cooperatively and the R&D subsidies in each region are kept at
their observed level. Column (3) reports the gains when both R&D and FDI subsidies are chosen cooperatively. All gains
are computed with respect to observed subsidies and accounting for the transitional dynamics with 7' = oo and prior to
multiplication by 100.

to cooperation on either policy in isolation. Hence, there is a notable policy complementarity where
simultaneously subsidising knowledge creation (innovation) and knowledge diffusion (FDI) yields
greater gains than the sum of the individual policies applied separately. Second, cooperative FDI
subsidies disproportionately benefit the East.

FDI generates externalities distinct from those associated with innovation, thus a specific policy
instrument to correct them can only give larger welfare gains. The model reveals the substantial
quantitative impact of combining the two policy instruments—more than doubling the welfare gains
compared to using the R&D subsidy alone. The R&D subsidy in the West is smaller and the FDI
subsidy higher when the policy maker chooses both subsidies cooperatively than when it choses each
of them in isolation. This suggests the presence of a powerful policy complementarity: promoting
technology diffusion reduces the underinvestment in innovation by increasing the efficiency of the
R&D technology in the East and therefore the need for policy support to directly stimulate innovation.
The presence of policy complementarity also implies that the gains from jointly subsidising innovation
and FDI, about 10% of long-run consumption, is substantially higher that the combined gain from

subsidising these two activities separately, 6.8%.
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The gains from FDI stem from two channels: internalising the strategic motive and benefiting from
knowledge spillovers. While the latter is intuitive — since FDI facilitates knowledge flows — the
former is less obvious. This result suggests that subsidising FDI, thus encouraging the relocation of
production to the East, raises income in the East without significantly lowering income in the West. In
effect, FDI subsidies create an “efficient” form of business stealing, where moving production abroad
lowers production costs without excessively harming the West through creative destruction.*’ The
West still benefits through knowledge spillovers, while the East reaps the rewards from both business

stealing and spillovers, explaining its disproportionate gain.

Taking stock. The growth engine of the economy, knowledge spillovers, is the key driver of the
gains from innovation policy cooperation, which benefits both regions. Reduced FDI costs amplify
these gains, as FDI enhances the potential for knowledge diffusion, providing an additional rationale
for cooperation. Furthermore, the complementarity between R&D and FDI subsidies highlights that
jointly optimising incentives for innovation and diffusion yields significantly larger benefits compared
to addressing them in isolation.

These findings suggest a critical policy implication: economic unions, such as the EU, could
achieve substantial benefits by pooling resources from member states and allocating them centrally
and asymmetrically across countries. This coordinated approach would maximise collective welfare,

leveraging the unique strengths and needs of each region to foster innovation and growth.*!

5 Robustness and extensions

Having presented our baseline findings, we now turn to perform robustness along two key dimensions.
The first is with respect to the parameter space. The second is with regard to the model environment —

we generalise our analysis to account for a third region.

5.1 Sensitivity and further insights

To better understand the main mechanisms in the model, we analyse the impact on our main results of
small changes in key parameters. When possible, we perform the robustness increasing the benchmark
value of each parameter by 10%. Table 5 shows the results.

The most relevant parameter for our results, unsurprisingly, is the one governing the strength of
knowledge spillovers. Stronger spillovers, represented by an increase in ¢, significantly amplify the
gains from cooperation. To illustrate this, we compute the gains for a 10% and a 20% increase in ¢

above the baseline. These increases raise the baseline gains of 4.5% to 5.2% and 8.4%, respectively.

40Recall that when Western firms choose to relocate production abroad, they face a trade-off between lower production
costs and a higher likelihood of being out-innovated due to knowledge diffusion.

4IThis aligns broadly with the objectives of the EU Framework Program, particularly the Structural and Investment
Funds (see, e.g., European Commission, 2024)
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The spillover parameter ¢ is calibrated to generate the observed average growth rate in multi-
factor productivity of 0.66% for the set of countries included in our quantitative analysis. The
steady-state growth rate analogue in our model is n/((6 —1)(1 — ¢)). Using ¢ = 3.2 consistent with
conservative empirical micro-estimates (e.g. Feenstra et al. (2018)) and the observed population growth
of n =0.0044, we obtain a baseline value of ¢ = 0.69. The 10 and 20 percent increase in ¢, considered
in this robustness exercise, generate steady state growth rates of 0.82% and 1.1%, respectively — figures
that remain conservative and align with the historical performance of the EU economy. Higher values
of ¢ not only generate larger welfare gains but also intensify the incentive to subsidize the West.
Notably, a 20% increase in ¢ above the baseline also leads to a significant reduction in the optimal
R&D tax applied to the East.

Table 5 also suggests that when knowledge spillovers become less global, which happens for higher
values of 3, the gains from cooperation are smaller. More localised spillovers means weaker knowledge
flows across borders. Raising 3 by 10% lowers the EU-wide benefit operating via intertemporal
spillovers from 10.1% to 8.8%, while only lowering the strategic motive losses from 5.2% to 4.7%,
culminating in total coordination gains of 3.7%, down from 4.5%. Moreover the optimal subsidy for
the West drops from 31% to 29%.

Table 5: Robustness analysis

Baseline 1.10¢ 1.20¢ 1.108
SW SE SM SW SE SM SW SE SM SW SE SM
Observed (s, sE) 0.12 0.0 000 0.2 0.10 000 0.2 010 000] 0.2 0.0 0.0

W sE) 031 -099 0.00f 045 -099 0.00{ 059 -0.79 0.00/ 029 -0.99 0.00
W E EU W E EU W E EU W E EU

Harmonised (s

Welfare gains 0.040 0.005 0.045| 0.046 0.006 0.052| 0.061 0.023 0.084| 0.035 0.002 0.037
Strategic motive -0.009 -0.044 -0.052|-0.025 -0.066 -0.091|-0.059 -0.096 -0.155|-0.007 -0.040 -0.047
Consumer surplus -0.002 -0.002 -0.003|-0.001 -0.001 -0.002| 0.000 0.000 0.000|-0.002 -0.002 -0.004

Intertemporal spillovers 0.050 0.050 0.101| 0.073 0.073 0.145| 0.120 0.120 0.240| 0.044 0.044 0.088

1.017 1.100 0.900¢ 1.10A
SW SE SM SW SE SM SW SE SM SW SE SM
Observed (s} ,s5) 0.12 0.10 0.00] 012 0.0 0.0 0.2 0.0 000 0.12 0.10 0.00

Harmonised (s?, 5% ) 033 -097 0.00f 033 -099 0.00f 023 -0.97 0.00] 033 -099 0.00
w E EU w E EU w E EU w E EU

Welfare gains 0.042 0.010 0.051| 0.043 -0.004 0.039| 0.044 0.005 0.049| 0.045 -0.008 0.036
Strategic motive -0.009 -0.041 -0.049-0.007 -0.055 -0.062[-0.003 -0.043 -0.046|-0.008 -0.061 -0.069
Consumer surplus -0.002 -0.002 -0.004|-0.002 -0.002 -0.003|-0.002 -0.002 -0.004|-0.001 -0.001 -0.003

Intertemporal spillovers 0.052 0.052 0.104| 0.052 0.052 0.104| 0.050 0.050 0.099| 0.054 0.054 0.108

Notes. All calculations include transitional dynamics; welfare effects are in compensating variation (30) with T = co. The
FDI subsidy is zero in all scenarios. Numbers are prior to multiplication by 100.

We find that increasing the iceberg trade cost T from the free-trade baseline amplifies the benefits
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of cooperation. Higher trade barriers result in slightly increased Western cooperative subsidies and
slightly reduced Eastern taxes, indicating that closed economies exacerbate market underinvestment
in innovation. Trade openness, by enhancing competitive pressure and export market access, fosters
innovation and growth, reducing the need for policymakers to address market failures caused by
knowledge spillovers.*

We consider a value of the elasticity of substitution across varieties ¢, which is 10% above its
baseline value. Recall that the markup set by a given industry leader is given by /(o — 1); a higher
value of ¢ lowers this object. Profits shape the strength of the business stealing, or strategic motive,
for cooperation. Lowering profits implies that there are less gains, or in our case, bigger losses, from
the strategic motive for cooperation. As shown in the table.

To better understand the role of geography, we consider robustness on o — the degree of local
decreasing returns in R&D. When taking a 10% lower value of ¢, meaning stronger decreasing returns,
the cooperative policy shifts to place less emphasis on the West, with a lower optimal subsidy, in
addition to more emphasis on the East, with a less extreme tax. Similar gains from intertempral
spillovers to the baseline then come with this additional benefit from correcting the geographical
distribution of R&D spending, yielding slightly higher EU gains.

Finally we conduct robustness on the innovation step size parameter A, with a value 10% above its
baseline. As one would expect, a higher value of this parameter strengthens the intertemporal spillovers
channel, giving EU-wide effects of 10.8%, as opposed to 10.1% in the baseline. However, intensified
competition for market share across the two countries leads to a significantly larger detraction from
the EU gains through the strategic motive, with E losing 6%. This then culminates with the counter-
intuitive result that the gains to cooperation can actually be lower when A increases, highlighting the

importance of considering policy exercises in an open economy setting.

5.2 A 3-region model

Our model abstracts from many complexities of real-world economies to emphasise the key forces
driving incentives for policy cooperation. One notable simplification is the assumption that EU
countries do not trade with the rest of the world, raising the question of how interactions with a third
region might influence the main results. Additionally, our model focuses on cooperation between one
advanced and one developing region, even though real-world technological competition for Western
Europe is more likely to stem from the US or China rather than Eastern Europe.

To address these issues, we introduce a third region into the model. This extension serves two
purposes. First, it examines how allowing for trade with a third region impacts the benefits of innovation
policy cooperation within Europe. Second, it explores how cooperation with a more similar region

affects Western Europe’s incentives to cooperate. To isolate the key dynamics, we assume that this

“1n a two-region Schumpeterian growth model where only one region sets its R&D subsidies optimally, Akcigit et al.
(2018b) find that the optimal subsidy is declining in trade openness. Our result shows that a similar finding can be obtained
when subsidies in both regions are set cooperatively.
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third region, referred to as the Rest of the World (RoW), shares identical characteristics with the West,
except that its firms do not engage in offshore production. This assumption allows us to focus on the
strategic aspects of policy cooperation among similarly developed regions.*’

The derivation of the extended model follows the same procedure as the baseline model and we
relegate the details to Appendix B.3. In our quantitative exploration of the property of this extension,
we consider a RoW region consisting of four economies, the USA, Canada, Japan and China, jointly
accounting for 66% of the total world R&D expenditure in 2015.** The calibration details can be
found in Appendix B.4. Armed with the calibrated model, we perform two quantitative exercises. First,
we repeat the East-West cooperative R&D subsidy exercise as in the baseline model, to gain insight
into the robustness of our baseline results. Secondly, we explore the gains from cooperation when a
global planner sets the innovation subsidies in the three regions cooperatively. The results are reported

in Table 6.

Table 6: Gains from cooperation: three-region model

W-E cooperation W-E-RoW cooperation
SW SE SM sRoW sW SE sM sRoW
Observed (s, sE, sRoW) 012 010 000 0.13] 0.12 0.10 0.00 0.13
Harmonised (s? s s®W) 058 091 000 0.13| 036 -0.68 000 -0.78
W E  EU RoW w E EU RoW
Welfare gains 0.073 0.110 0.184 0.007 | 0262 0.234 0.496 0.081
Strategic motive -0.064 -0.027 -0.091 -0.131| 0.002 -0.027 -0.025 -0.179
Consumer surplus 0.074 0.074 0.148 0.074 | 0.264 0.264 0.527 0.264
Intertemporal spillovers 0.064 0.064 0.127 0.064 | -0.003 -0.003 -0.006 -0.003

Notes. All calculations take the transitional dynamics into account and the welfare effects are in compensating variation as
(30) with T = co. Numbers are prior to multiplication by 100.

As in the baseline model, the optimal policy with W-E cooperation in the 3 region model remains
to subsidise Western firms and tax those in the East. However, while the benchmark economy showed
disproportionately higher gains for the West, the inclusion of a third region results in more balanced
outcomes, shifting the gains such that the East in facts benefits more. In addition, although the RoW
also gains from EU cooperation, the gains for the East and West are significantly larger. This is
because the strategic motive penalises the RoW more heavily due to trade diversion, which in our
model operates via business stealing. Cooperation boosts innovation within the EU, by subsidising
the West, thereby boosting innovation and technology diffusion. Consequently, both W and E firms
expand their leadership shares at the expense of RoW. This dynamic is evident in the decomposition of
the sources of cooperation gains, where the costs of the strategic motive are smaller for the East and
West compared to the RoW.*

43This approach also keeps the three-region model relatively simple and aligned with the main two-region EU framework.

4The three regions in our model account for 88% of the total world R&D expenditures in 2015 and 87% of the total
world patent count.

#31t is important to point out that these results are valid under the assumption that the RoW does not react (retaliate) to

38



Similarly to the baseline model, knowledge spillovers outweigh the strategic motive in driving the
gains from cooperation. However, the consumer surplus channel now plays a more prominent role.
This follows from the re-distribution of manufacturing activity from RoW over to the East through the
activity of Western multinationals. Given that the manufacturing efficiency of Eastern firms, Western
multinationals and firms from RoW are the same in our calibration, in addition to the wage being lower
in the East than RoW (wf < wR), we observe a positive impact on the geographical component of the
price index, P/ for j = W,E,RoW. As a result, households benefit from a reduction in the geographical
component of the price index, enhancing welfare and reinforcing the consumer surplus channel’s
importance in the cooperative framework.

Finally, we give some discussion to cooperation across all three regions. The optimal policy of the
global planner remains to subsidise the West and tax the East, but now also includes taxing the RoW.
This reinforces key insight obtained in the baseline model, that it is globally beneficial to subsidise the
region with the most efficient innovation technology. That is, since Y" > X for K = E,M,RoW in the
calibration, and the West is the key source of cross-border spillovers via FDI, it is optimal to subsidise
Western innovation while taxing innovation in the other regions. Another notable result is that the
gains from global cooperation are significantly larger for the EU compared to the case of EU-only
cooperation, highlighting the enhanced benefits of a broader collaborative framework.

Cooperation with the more advanced RoW yields substantially larger gains for Western Europe,
compared to cooperation with the less advanced Eastern European region. This disparity arises because
the RoW poses a greater competitive threat to Western firms; the lack of endogenous idea diffusion via
FDI between the two regions shifts the source of cooperation benefits. Unlike W-E cooperation, where
gains are largely driven by internalising knowledge spillovers, the benefits of W-E-RoW cooperation
stem primarily from other mechanisms. Our decomposition of the gains highlights two key differences
between the two cooperation scenarios. First, in the W-E-RoW case, Western Europe experiences
smaller losses from the strategic channel, as aligning policies with RoW reduces harmful strategic
policies. Second, the gains from the consumer surplus channel are larger, as broader cooperation
reduces the quality-adjusted price index more significantly.

In summary, the inclusion of the RoW in cooperation agreements enables Western Europe to
mitigate strategic disadvantages while reaping greater consumer benefits, demonstrating the value
of engaging with similarly advanced and competitive regions. This underscores the importance of
tailoring cooperation policies to the specific characteristics and competitive dynamics of the partner

regions.

the changes in EU innovation policy.
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6 Conclusion

Motivated by the institutional developments of the EU, particularly in fostering a unified innovation
agenda, this paper provides a framework to analyse innovation policy cooperation among countries
closely integrated via trade and FDI. We apply the framework to asses the gains from innovation policy
cooperation in the European Union.

The analysis reveals that significant differences in innovation capabilities between the West (old
member states) and the East (new member states) are central to the formulation of optimal policies.
Western countries exhibit higher R&D efficiency and are a major source of knowledge spillovers via
the technology transfer induced by FDI. These asymmetries, along with the congestion externalities in
innovation and locally biased knowledge flows, underscore the complexity of designing policies in this
challenging environment.

Our results indicate that a cooperative policy should involve substantial subsidies for Western
innovation and innovation taxes for the East. This policy leverages the West’s superior innovation
efficiency and its critical role in cross-border knowledge dissemination through FDI. The results
highlight substantial welfare gains from such coordination. However, these gains are unevenly
distributed, favoring the West due to its stronger innovation base and expanded profits from intensified
offshoring.

The primary driver of these gains is the internalization of knowledge spillovers. In an open
economy, innovation subsidies in one region amplify innovation potential across borders, addressing
underinvestment caused by the failure to account for cross-border spillover effects. Our findings also
demonstrate the complementarity between innovation subsidies and FDI subsidies, emphasising that
simultaneous support for knowledge creation and diffusion yields greater benefits than applying each
policy independently.

Extending our baseline model to include a third region — the Rest of the World, encompassing the
United States, Canada, Japan, and China — reveals that both cooperation at the EU level and global
cooperation yield larger gains than when considering the EU as a closed economy. These findings
provide broader insights into the ongoing global technology competition, primarily between the US and
China but involving the EU, Japan and several other countries as well, suggesting that technological
protectionism damages global prosperity, reducing innovation and productivity growth. Low barriers
to international technology diffusion accelerate growth and function as a multiplier of the effects of
local and global innovation policy.

While our framework is rich in its conceptual scope, it is still very stylised. The development of a
large-scale, open-economy Schumpeterian growth model capable of incorporating multiple countries
and their technological heterogeneity remains an open frontier in the literature. Schumpeterian
models are particularly appropriate for policy analysis due to their nuanced treatment of the trade-offs
between creative destruction and knowledge spillovers, which can lead to either underinvestment

or overinvestment in innovation. Extending such models to encompass more detailed multinational
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production dynamics and a broader range of countries is an exciting and valuable direction for future

research.

41



References

Acemoglu, Daron and Ufuk Akcigit, “Intellectual Property Rights Policy, Competition And Innova-
tion,” Journal of the European Economic Association, 2012, 10 (1), 1-42.

_, Gino Gancia, and Fabrizio Zilibotti, “Offshoring and Directed Technical Change,” American

Economic Journal: Macroeconomics, 2015, 7 (3), 84—122.

_, Ufuk Akcigit, Harun Alp, Nicholas Bloom, and William R. Kerr, “Innovation, Reallocation
and Growth,” American Economic Review, 2018, 108 (11), 3450-3491.

Aghion, Philippe and Peter Howitt, “A Model of Growth Through Creative Destruction,” Economet-
rica, 1992, 10 (1), 1-42.

Akcigit, Ufuk, Douglas Hanley, and Stefanie Stantcheva, “Optimal Taxation and R&D Policies,”
2016. National Bureau of Economic Research Working Paper 22908.

_ , John Grigsby, Tom Nicholas, and Stefanie Stantcheva, ‘“Taxation and Innovation in the 20th
Century,” 2018. NBER Working Paper 24982.

_ , Sina T. Ates, and Giammario Impullitti, “Innovation and Trade Policy in a Globalized World,”
2018. NBER Working Papers 24543.

Arkolakis, Costas, Natalia Ramondo, Andrés Rodriguez-Clare, and Stephen Yeaple, “Innovation
and Production in the Global Economy,” American Economic Review, 2018, 108 (8), 2128-2173.

Becker, Bettina, “Public R&D Policies and Private R&D Investment: A Survey of the Empirical
Evidence,” Journal of Economic Surveys, 2015, 29 (5), 917-942.

Berger, Helge, Giovanni Dell’Ariccia, and Maurice Obstfeld, “Revisiting the Economic Case for
Fiscal Union in the Euro Area,” IMF Departmental Papers 18/03 2018.

Borota, Teodora, Fabrice Defever, Giammario Impullitti, and Adam Spencer, “Innovation Union:
Costs and Benefits of Innovation Policy Cooperation,” 2022. CEPR Discussion Paper No. 17549.

Branstetter, Lee. and Kamal Saggi, ““Intellectual Property Rights, Foreign Direct Investment and
Industrial Development,” Journal of International Economics, 2011, 55 (121), 1161-1191.

Campolmi, Alessia, Harald Fadinger, and Chiara Forlati, “Trade and Domestic Policies in Models
with Monopolistic Competition,” 2018. CEPR Discussion Papers 13219.

Choi, Jaedo and Younghun Shim, “From Adoption to Innovation: State-Dependent Technology
Policy in Developing Countries,” STEG Working Paper, 2024, (091).

42



Coeurdacier, Nicolas and Helene Rey, “Home Bias in Open Economy Financial Macroeconomics,”
Journal of Economic Literature, 2013, 51 (1), 63-115.

Dekle, Robert, Jonathan Eaton, and Samuel Kortum, “Global Rebalancing with Gravity: Measuring
the Burden of Adjustment,” IMF Staff Papers, 2008, (55), pp. 511-540.

Denicolo’, Vincenzo and Piercarlo Zanchettin, “What Causes Over-Investment in R&D in Endoge-
nous Growth Models,” Economic Journal, December 2014, 124, 1192-1212.

Dinopoulos, Elias and Paul Segerstrom, “Intellectual property rights, multinational firms and
economic growth,” Journal of Development Economics, 2010, 92 (1), 13-27.

d’Andria, Diego, Dimitris Pontikakis, and Agnieszka Skonieczna, “Towards a European R&D
Incentive? An assessment of R&D Provisions under a Common Corporate Tax Base,” 2017.

Directorate General Taxation and Customs Union, European Commission.

Eaton, Jonathan and Gene M. Grossman, “Optimal Trade and Industrial Policy under Oligopoly,”
Quarterly Journal of Economics, 1986, 101 (2), 383—406.

_ and Samuel Kortum, “ilnternational Technology Di§usion: Theory and Measurement,” Interna-
tional Economic Review, 1999, 3 (40), 537-570.

Economist, The, “The destructive new logic the threatens globalisation,” 2023, January 12.
European Commission, “State of the Union,” 2015. Directorate-General for Research and Innovation.
— , “European Regional Development Fund,” 2023. https://ec.europa.eu/regional _policy/funding/erdf_en.
_, “Horizon Europe,” 2023. https://research-and-innovation.ec.europa.eu/index_en.

_, “Horizon Europe Program Guide,” 2024, May 1. version 4.1.

Feenstra, Robert C., Philip Luck, Maurice Obstfeld, and Katheryn N. Russ, “In Search of the
Armington Elasticity,” The Review of Economics and Statistics, 2018, 100 (1), pp. 135-150.

Felbermayr, Gabriel, Benjamin Jung, and Mario Larch, “Optimal tariffs, retaliation, and the
welfare loss from tariff wars in the Melitz model,” Journal of International Economics, 2013, 89 (1),
13-25.

Gorodnichenko, Yuriy, Jan Svejnar, and Katherine Terrell, “Globalization and Innovation in

Emerging Markets,” American Economic Journal: Macroeconomics, 2010, 2 (2), 194-226.

—,—,and _, “Does Foreign Entry Spur Innovation?,” European Economic Review, 2020, 121 (121),
103343.

43



Grossman, Gene M. and Edwin L.-C. Lai, “International Protection of Intellectual Property,” Ameri-
can Economic Review, 2004, 94 (5), 1635-1653.

_ and Elhanan Helpman, Innovation and Growth In the Global Economy, MIT press, 1991.

_ and _ , “Quality Ladders in the Theory of Growth,” Review of Economic Studies, 1991, 58 (1),
43-61.

_, Phillip McCalman, and Robert W. Staiger, “The “New” Economics of Trade Agreements: From
Trade Liberalization to Regulatory Convergence?,” Econometrica, 2021, 89 (1), 215-249.

Haaland, Jan 1. and Hans Jarle Kind, “R&D Policies, Trade and Process Innovation,” Journal of
International Economics, 2008, 74 (1), 170-187.

He, Yin and Keith Maskus, “Southern Innovation and Reverse Knowledge Spillovers: A Dynamic
FDI Model,” International Economic Review, 2012, 1 (53), 281-304.

Helpman, Elhanan, “Innovation, imitation, and intellectual property rights,” Econometrica, 1993.

Hemous, David, Simon Lepot, Julian Schaerer, and Thomas Sampson, “Trade, Innovation and
Optimal Patent Protection,” CEPR Discussion Paper, 2023, (18598).

Howitt, Peter, “Steady Endogenous Growth with Population and R & D Inputs Growing,” Journal of
Political Economy, 1999, 107 (4), 715-730.

Impullitti, Giammario, “International Competition and US R&D Subsidies: A Quantitative Welfare
Analysis,” International Economic Review, 2010, 51 (4), 1127-1158.

_ and Omar Licandro, “Trade, Firm Selection, and Innovation: The Competition Channel,” Eco-
nomic Journal, 2018, 128 (608), 189-229.

Javorcik, Beata Smarzynska, “Does Foreign Direct Investment Increase the Productivity of Domestic
Firms? In Search of Spillovers Through Backward Linkages,” American Economic Review, june
2004, 94 (3), 605-627.

Jones, Charles, “R&D-Based Models of Economic Growth,” Journal of Political Economy, 1995, 103
(4), 759-784.

_, “Population and Welfare: The Greatest Good for the Greatest Number,” Annual Review of Eco-

nomics, forthcoming.

Keller, Wolfgang, “International Technology Diffusion,” Journal of Economic Literature, 2004, 42
(3), 752-782.

_, “Knowledge Spillovers, Trade, and FDI,” NBER Working Papers, 2021, (28739).

44



Kondo, Hiroki, “International R&D subsidy competition, industrial agglomeration and growth,”
Journal of International Economics, 2013, 89 (1), 233-251.

Kortum, Samuel, ‘“Research, patenting, and technological change,” Econometrica, 1997, 65 (6),
1389-1419.

Krugman, Paul, “Why America is getting tough on trade,” New York Times, 2023, December 13.

Leahy, Dermot and J. Peter Neary, “Public Policy towards R&D in Oligopolistic Industries,” Ameri-
can Economic Review, 1997, 87 (4), 642—-662.

_ and Peter Neary, “Multilateral subsidy game,” Economic Theory, 2009, 41 (1), 41-66.

Lu, Yi, Zhigang Tao, and Lianming Zhu, “Identifying FDI spillovers,” Journal of International
Economics, 2017, 107, 75-90.

Maggi, Giovanni, “Strategic Trade Policies with Endogenous Mode of Competition,” American
Economic Review, 1996, 86 (1), 237-258.

_ and Ralph Ossa, “The Political Economy of International Regulatory Cooperation,” American
Economic Review, August 2023, 113 (8), 2168-2200.

Nelson, Richard, National Innovation Systems: a Comparative Analysis, Oxford University Press,
1993.

Ossa, Ralph, “A ”New Trade” Theory of GATT/WTO Negotiations,” Journal of Political Economy,
2011, 7119 (1), 122-152.

_, “Trade Wars and Trade Talks with Data,” American Economic Review, 2014, 104 (12), 4104-4146.

_, “A Quantitative Analysis of Subsidy Competition in the US,” 2015. National Bureau of Economic
Research Working Paper 20975.

Perla, Jesse, Christopher Tonetti, and Michael E. Waugh, “Equilibrium Technology Diffusion,
Trade, and Growth,” 2015. National Bureau of Economic Research Working Paper 20881.

Sampson, Thomas, “Dynamic Selection: An Idea Flows Theory of Entry, Trade, and Growth,”
Quarterly Journal of Economics, 2016, 131 (1), 315-380.

Santancreu, Anamaria, “Dynamic Gains from Trade Agreements with Intellectual Property Provi-

sions,” Journal of Political Economy, forthcoming.

Segerstrom, Paul S., “Endogenous Growth without Scale Effects,” American Economic Review, 1998,
88, 1290-1310.

45



— and Amanda Jakobsson, “In Support of the TRIPS Agreement: Patent Protection and Multinational

Production,” 2017. Stockholm School of Economics, mimeo.

Setzler, Bradley and Felix Tintelnot, “The Effects of Foreign Multinationals on Workers and Firms
in the United States*,” The Quarterly Journal of Economics, 05 2021, 136 (3), 1943-1991.

Spencer, Adam H., “Policy effects of international taxation on firm dynamics and capital structure,’
Review of Economic Studies, 2022, 89 (4), 2149-2200.

Spencer, Barbara J. and James A. Brander, “International R&D Rivalry and Industrial Strategy,”
Review of Economic Studies, 1983, 50 (4), 707-722.

46



Online Appendix

Motivating facts
Innovation performance and policy in the EU

Figure A.1: Patent granted at the European Patent Office (% EU Total)
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Figure A.2: Public support to innovation (2012)
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Notes. Direct support includes grants, contracts, loans and subsidies, Indirect support includes tax allowances, credits, and

accelerated depreciation of R&D capital expenditures. Source: OECD R&D Tax Incentives Indicators.
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A.2 FDI and innovation

Figure A.3: West-East Foreign direct investment acceleration

FDI stock in the New Member States, by origin (% of total NMS GDP)
WEU15 = RoW
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Notes. Source: Eurostat.
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Table A.1: Domestic firms reporting innovation and foreign firms by region-sector
Robustness

Dependent variable:
Dummy variable for domestic firms reporting innovation

Explanatory variable =~ Dummy Share Dummy Share
(1) (2) 3) “4)
Region-sector with > 30 obs Region-sector with < 30 obs
Foreign presence 0.217%%* 2.754%* 0.025%* 0.173%*
(0.046) (1.099) (0.012) (0.069)
Observations 3,184 3,184 10,890 10,890
R-squared 0.116 0.116 0.181 0.181
Nb obs as a control variable Log(nb obs) as a control variable
Foreign presence 0.036%** 0.200%** 0.04 1% 0.203 %
(0.012) (0.063) (0.012) (0.063)
Observations 10,593 10,593 10,593 10,593
R-squared 0.208 0.208 0.208 0.208
Private firms State-owned firms
Foreign presence 0.040%** 0.210%** -0.115 -1.153
(0.013) (0.063) (0.146) (1.667)
Observations 10,474 10,474 83 83
R-squared 0.206 0.206 0.661 0.664
Sales above median Sales below median
Foreign presence 0.050%** 0.193%* 0.030%** 0.242%*
(0.018) (0.076) (0.013) (0.113)
Observations 5,235 5,235 5,169 5,169
R-squared 0.223 0.222 0.217 0.218
Exporters Non-exporters
Foreign presence 0.045%* 0.199 0.036* 0.200%*
(0.019) (0.133) (0.018) (0.091)
Observations 2,218 2,218 8,363 8,363
R-squared 0.245 0.244 0.205 0.205
Importers Non-importers
Foreign presence 0.043* 0.200 0.031* 0.171%**
(0.025) (0.129) (0.016) (0.073)
Observations 2,167 2,167 8,416 8,416
R-squared 0.242 0.241 0.200 0.200

Notes. All regressions include region, sector and year fixed effects. All regressions include the following firm-level control
variables: firms’ log of sales, and a set of dummy variables for state-owned enterprises, exporting firms, importing firms.
Robust standard error clustered both at the region and at the sector level into brackets. *, **, *** gjgnificantly different
from 0 at 1%, 5% and 10% level, respectively.

50



B Model derivations

B.1 Baseline model derivations
B.1.1 Equilibrium conditions

labour market clearing. labour demand in the West comes from production located in the West,
®", and R&D activities in all sectors. Workers in the East are employed in production activities by
western multinationals in @™ sectors and by eastern firms in sectors ®*. labour demand for eastern
workers comes also from western firms’ adaptive R&D, targeting ®" sectors for production transfer
and from eastern firms’ innovation in sectors where FDI has previously occurred (@™ and o).

Substituting (4) and (5) for p" and p*%, and (10) for A% (¢), we derive the labour market clearing
condition in the West as

— / w (a) t) W(G)Mvdw+/ TW w (a) t) *W(G)de+/l #da)
= wwa ql,1)p PV(r)i-o oW a qlo,r)p PE(1)I-© o AY(1)L(r)
Ll
_ o o wi-of 0 FOY) wio / 1" [y g(o,1)do
= ( 1) a <PW(t)10 + PE()T o T wWQ(CO,l‘)dCO-i- W QW(I)¢L(I)
= o ) OV -0) W VeV FA=) wio S0
1 P¥(r)!=e = PE(r)!=¢ QY (r)OL(r)

where (% = LW () /(LY (t) + LE (t)) = LY (t) /L(t) is the share of total EU labour force in region W,
PRI-0) = PR(1)1=90(t) 1, (1) = Jj q(@.1)dw. Q" (1) = fuw q(@.1)dw and ¢" = ). In the

East, with 0F ") = [ ; g(w,t)dw and ¢* = QQE(%) , we obtain

ZW

(B.1)

1-0Y = / ttdfg(w t)p*E(G)Wda)+/ ) t)pE(fc)de
oF ? PW( )176 £ ’ PE(I)lfa

WlW CE(I—EW)

E M «M(—0) M(-c)= \"—*% J
+ /er a’q(®,t)p PV ()e dw+/ a¥q(w,1)p PE(1)1-0 do

i / AL T o AL

-° W W £ W
_ (O prtegEn-o (ST piee) U 1) /
= <(y—1> w a pwi—o) * + pEi=0) qu(a),t)da)

- W W E W
T oo (ST peg) < UZTT) /
+ <G—l> W a pW(l—O')T + pE(1-0) wMCI((DJ)da)

175 Jor o g(@,0)d0 | 1E5 [ g(@.1)do
v OF(1)eL(r) ™ OV(1)°L(1)

-c W E w
_ c E(-o) [ E(1-0) E M 5 _ey, o (1=2")
= (G_1> w (a q +a” q +7PE(176)

1°ra QMRe) | 1Ma QV(r)
v QE()L(r) Y QY (1)OL(r)

IFre ™

(B.2)
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Quality aggregates. The average quality index Q(¢) equals the sum of the sectoral quality aggretates

o) = /Wq((o,t)dw+/Eq(a),t)dw+/Mq(w,t)da)
= V() +0 (1) +0Y (), (B.3)

which gives the condition 1 = g% (¢) +¢% (¢) + ¢ (¢). The quality aggregate in the West changes due to
quality upgrades of Western products, leadership takeover from the Eastern incumbent innovators and
the multinationals and due to the transfer of production to subsidiary firms in the East. The following
expression describes the evolution of OW, as a result of innovation and production transfers

o) = / (A D(@0+1) _ 3 (0= D@ W ggy 4 [ 2 (6= D@04 W g4
oV wE
+ 1(071)(j(w,t)+l)Ide _ A(Gfl)j(a),t)Ide
oM oV ’
= AT =DM () + AUV (QF (1) + QM (r)) — 1M QY (1). (B.4)

Similarly, for the aggregate quality of the eastern innovators and multinationals’ production

QE(t) _ [)L(cr—l)(j(w,t)—s-l) —A(G_l)j(w’t)]IEd(o—k Ale=D0(@)+1) 1E g60 — Ale=Di@) W g0
of oM oF
(2,0-71—I)IEQE(I)+7L,671]EQM(I)—IWQE(Z‘), (BS)
oM = Ao=Dj(@1) ;M ey Ae=Di(@) W ey Ao=Di(@n) 1E 10y
oV oM oM
= MY (t)— (1" +1%)0" (1) (B.6)

The average product quality of all the production in the East is given by QM (1) = QF (1) + QM (¢)

and it evolves according to

oM@y = OF(t)+0M(r)
= AT =DIEQM MY (1) — 1V (QF (1) + O™ (1)).

Finally, adding (B.4), (B.5), (B.6) and dividing by Q(¢) we obtain the equilibrium growth of the
quality aggregate Q(¢) and its components which determines the growth rate of the the two regions

given by equation (19).

Competitive equilibrium. The competitive equilibrium for this economy is thus characterised by
the following. The free entry and arbitrage conditions (13) for the West, the East and multinationals
incumbent firms, the firm value for both countries (12), the aggregate assets for both countries (22),
the laws of motion for quality (B.3), (B.4), (B.5), (B.6) and (19), the market clearing conditions (B.1),
(B.2), the Euler equation (3), and one of aggregate budget constrains (21), as trade balanced implies
that once one of them is satisfied the other is as well. These 17 equilibrium equations determine 17
endogenous variables, MNCE IV IE, M wWE W VE WM W o OV, 0F, OM, 0, g and 1.
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B.1.2 Balanced growth path

Balanced growth free entry conditions. As noted in the benchmark model description for the BGP,
with constant wages and innovation arrival rates, v (¢) /v*(t) = —AX (1) JAK (1) = — ¢ g, for K =W, E, M.
Substituting for profits and the marginal product of research (MRI) in (13), we determine the BGP free

entry conditions in three different types of sectors (firms) as

V(-0)5—oc < MV () + cE(l—fW)TW(1—0)>
IW

1_ w 1 (1-0) (ISW)(I—G) (pE)(l—a) o
( y‘; gy pox— 170 T o8 &1 for o € @, (B.7)
-0 _ _ CW w _ CE ,ZW
_ ENLE _0-1 (1-0) aE(l G)WE(I °) (pW)(el—a) E(l 6) + (135;‘1)(1—0))
(1—s")w" g\ gy _ (0D E_% E
(q7) "Px= IF&1 for o € o, (B.8)
v p+1"+I1F+¢g
(l—sM)WE (qW)*ﬁfl)x: o ° aM(1-0), E(1-0) ClWgW(t) E(1-0) CE_(I—KW)
YM (G_l)(l—o) erIW +1E+¢g (PW)(]—G) (PE)(I—G)

av(-o) W cE(l—KW) W 3
- (1-0) MGt M
p+[W+¢g<(pW)(l—6) (PE)<1—G) T ):|] I forweE o s (B9)

where x = Q(t)! =9 /L(¢) is stationary.

Quality aggregates on the BGP. Invariance of sectoral composition in any steady-state equilibrium
requires that the growth rates of the average quality Q and its components (quality aggregates) must be
constant and equal to each other. Equating the growth of quality aggregates in the West and in the East,
YW YEM
SW—E;; = &ng, to satisfy the invariance of sectoral composition, we obtain
o—1 K ! M

_ -1 E
7 —WJF(/I" —DI". (B.10)

Similarly, the growth rate of quality aggregates in sectors with Eastern leaders and those in sectors

VE W
with multinational leaders have to be the same in a steady-state equilibrium, 858 = gMgg’ which
yields the condition
0 e lfd"0)

g™ (1) +4"(1) Mg (1)

(B.11)

Sectoral composition. In steady state the shares of the three types of sectors in the economy must be
constant. Hence, the outflows and the inflows into each type of sectors have to be equalised. In the West,

o M = (oM + oE)I", where the right hand side is the flow out of sectors with western leadership

and the left hand side is the flow into those sectors. Rearranging we obtain 0" = IMIW The condition

for the sectors with eastern leadership is given by @*1V = @MIE, which, using ®" + o + of =1,
™M I

yields of = P EIV Finally, the share of sectors with production by multinationals is given by
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_IM+IWIE+IW'

Equations (13) for the three types of sectors, (B.10)-(B.11), (19) and (B.1)-(B.2) define a set of BGP

(0]

conditions for endogenous variables ¢ wE, g%, g™ and ¢F. To close the model, we

derive the expressions for per capita assets and expendltures below.

Assets. Assets per capita in each region given by (22) are derived as per capita value of all incumbent
firms holding the existing patents. With constant wages and innovation arrival rates, and taking into
account that g(w,?) is fixed during an R&D race, it follows from the free entry condition (11) that
the BGP growth in the firm value is found as vK (1) /WK (1) = —AK (1) JAK (1) = —¢g, for K = W, E,
with g as the growth rate of the average quality Q(¢) and each of its components, and thus also of the
composite spillover OX (1).

Denoting the time of a patent’s introduction in the market by a (with t — a being the age of the
patent at time ¢), and using the free entry condition (11) to express the value of the firms in terms of

the innovation cost, we can derive the BGP per capita assets in the West and East in (22) as

VW y VM 3 _VW )
V(1) = / Lv(vcz)t)t)dw—k/ (@ tL)W(t) G
oV +oM ol
B Wiw,a)e 98— (0,a) =W (@,a))e 980~
= | e / 20 “
oV +oM
- IW]fa q(a),a) —¢g(t—a IMI ’ q((l) a) —pg(t—a
— /(1— W)yWLW(t)QW(a)¢e 98( )daH—/(l—s E)/MLW() 0" (a )(pe ¢ dw

IWL fa)W q<w a) efq)g(tfa)dw_’_ (1 —SM) E IM% fwM q((D a) efd)g(tfa)dw

LY (1) (Q¥ (r)es(=)0 ML (1) (QW (1))
w [T oY)

oY ()L (1)
W ]W% (qw)(l_ﬁ¢)x

M M)
™ OW(t)OLY (1)
p 1M g (gV) POy

+ (1 =s"w

= (1-s") 7 i +(1=s")w i 7 (B.12)
and
E E E-%_
E _ vi(w,t) - [vi(,a)e ~9al-a) — EVE I"Ta g(0,a) 41—
g5 () = w[ 730 dww/ 730 do = /1 st yELE(t)QE(a)¢e -4 dw
) T ) w1 QFE(r)
— _ ENGE 0] ¢g(t—a) _ _ ENE E1 o
O @ e a0 e G e
. 1-Bo
_ (I_SE)WEIEWLE(CI )eE x (B.13)

where /£ =1— /W,
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Expenditures. Noting from the assets expressions above that assets per capita remain constant on
the BGP when g = 5, it follows that (21) can be written as K@) =wK(t) + (p —n) X —TK(1).
Substituting the two assets conditions above and the expressions for taxes per capita used to finance

the subsidies

1 ¢ 1 (gV) B¢
TV = /LR a)t)dw_sWIWI i L:swﬂ’ﬁ_&x’

YW OV (1)0LY (1) oW
SE
T¢ = LE—(I)/wM+ Le(©.

/ Mw,t)d

S EIEH OM*E (1) JrSMWEIA/II*"‘ oY (1)
YE QF(1)0LE(r) ™ QF(t)?LE(r)

a1 B B Mt |
= sEwF 7 g—E<qM<qE) PO 1 (4")! M)HSMWE - w4 (4 Pox

for the West and the East, respectively, into the expressions for BGP per-capita consumer expenditure,

we obtain the steady-state per capita consumption as

& = 1+(p—n)FV -1V

Vit (") (1-Bo)x Mi% (gM)(1-Bo)x
— W My, E
= 1+(p—n)|(1=s") o o +(1—=s")w T W (B.14)
Wy (=B¢)
_ Swlwﬁiw(q ) X,
VA
for the West. Similarly, for the East
= whi(p—n)at —TE
a 1 t 1_ﬁ¢x
s st L0
Y 14
Fre | ) ) Mre |
= (P ) ) M G () P
(B.15)

Balanced growth equilibrium. The balanced growth path is then characterised by the following. The
free entry and arbitrage conditions (13) for the West and the East, the quality shares (B.10) and (B.11)
plus ¢ +¢M = ¢F = 1, the growth equation g = n/(1 — &) together with (19), the market clearing
conditions (B.1), (B.2), one of the aggregate budget constraints (B.15)-(B.15), as trade balanced
implies that once one of them is satisfied the other is as well, and the Euler equation (3). These twelve

equilibrium conditions determine twelve endogenous variables, ¢ W q",q°, q
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g and x.

B.2 External effects in simplified model

Closed economy economy. We derive the equilibrium innovation rate for the simple closed economy
version. We use a simple linear R&D technology, assuming & = 0 and A(®,¢) = A constant. This is
the same specification used in Impullitti (2010). Steady state equilibrium consumption and innovation

are given by the expenditure equation and by the free entry condition:

R B
c= c ——
A A
A-1
C_
—r A=l
I+p—n

Solving the system we obtain equilibrium / and c.

Open economy. Following the same procedure as in the closed economy simple model we derive

the business stealing effect. The impact of the external innovation on Western consumption is

dcV ch+ch A1
dd \d® dod A

where

A—1dd

(l—d))—(cW+cE)qu).

o \do "ad) 2

Since the successful external innovation steals the profits of an Eastern firm but these profits are not

dcE (ch ch)/l—l

given to a Western firm we have included the impact on profits only for the latter, which embeds
the term d@/d®, the change in the leadership share produced by the external innovation. Along the
balanced growth path @ = I /(I + IF). Since the innovation by the external agent does not feature
here, in order to compute its impact on @ we take d@/d® = d®/dI"¥ = 1 — ®. Summing the above
equations and multiplying by the probability that no other innovation occurs between s and ¢ we get
‘% — (Ve AL > L2 o1 — @)e- "5,

Using this into the business stealing component of the change in utility

00 1 dc% A—1 A—1 cE
W —(p—n)(s—1) L 4C o _ ST — & o
BSEen /t e RIS dt (IW+IE+p—n) 1 Ol — o) <1+CW>
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Under the symmetric countries assumption we have IV + £ =21, ¢V = ¢F and @ = 1/2, we obtain
(29).

B.3 Three-region model

Trade between the three regions is costly. An iceberg trade cost T8/ > 1 implies that for one unit of
any good to arrive from producer in location K to the export market J, X/ units of good need to be
shipped. With the assumption of costly participation, the leader charges the monopoly price in the

domestic market

K _ 0 k. K
p (a),t)—G_la wh (1), (B.16)

and the export monopoly price, denoted by x, for sales in the other regions

K1) = 2 W (1) Tk, (B.17)

P

. . . . . . . M M E
Similarly, the domestic and export prices of a multinational are given by, p" (®,t) = sZ7a"'w"(t)
and p™M(@,1) = Z-a"wE ()T, respectively, where we assume that /£ = 1 as the multinationals
are only located in the East. This leads to the expression for the total (domestic and export) monopoly

profits of global quality leaders located in their respective regions, and of multinationals as

1-o CK K CJ J

P00 = 2(35) @) Con (G + T Hme ) 7).
1-o CJ J

(o) = é(%) (aMwE(t))lGq(w,t);%(r]w)lc. (B.18)

with K,J =W, E,RoW, K # J. We again choose the western wage to be the numeraire of our economy,
w =1.

The innovation technology in the RoW is the same as (9) with the local bias for spillovers. As in
the West, firms in RoW conduct innovation in all sectors of the economy, with the productivity AW

Formally,

-1
ARV (g 1) = RV (%) for all ® € ™V (B.19)

where OFW (1) = QRW (1)B*" 0(1)1=F*") with 1/2 < BRW < 1, and QRW = [ o q(@,1)dw is
the average quality of sectors with RoW leader producing in its region.
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B.3.1 Equilibrium conditions

Free entry in innovation. As in the benchmark model, free entry pins down equilibrium innovation
and FDI choice. In order to highlight the differences with the baseline model, here we report the free

entry conditions, droping the sector and time subscripts(®,?):

W
w" (1
15" = () —~MPR(I") for w € ®",
24 +IW _|_IROW _ :_W
E(\,E
T
(1—sEywtf = (w”) —~MPR(IF) for w € oF,
rE+IW+IE+IR0W_:j—E
RoW\ . RoW oW (whkeW) RoW RoW
(1 — sRW)yRW — e MPR(IFW) for o € @™V,
yRoW +IW +IROW _ :RUW
M, E w
T (1
(1—s"Mwk = () - (v | MPR(IM) for w € 0™,
,,E+IW+IE+1R0W_VﬂM W W 4 [RoW Ty

(B.20)

where MPRX (w) = AX(w,1) (I*(o,1)) el K e {W,E,Row}, is the marginal productivity of inno-
vative research for country K in sector ®, and MPRM (w) = AM(w,1) (IM (o,1)) @7 is the marginal
productivity of adaptive research resulting in the FDI. The government in the West subsidises both
innovative R&D at the rate s" and the adaptive research (FDI) needed to transfer technology abroad at
a potentially different rate s*, while the governements of the East and the RoW subsidise their home
innovation at the respective rates, s* and s®%°V. With the RoW now participating in the innovation
race, the rate of creative distruction discounting the profits in any sector is augmented by I%°W . At the
same time, as the RoW conducts R&D in all sectors and imposes an additional business stealing threat
to both the West and the East, the motives for subsidising EU innovation and FDI as the vehicle of
within-EU knowledge spillover are strengthened.

labour market clearing. labour demand in the West and the RoW comes from production located
in the West and the RoW, ®" and o®°V, respectively, and R&D activities in all sectors. Workers in
the East are employed in production in ¥ and @* sectors, as well as in the western firms’ adaptive
R&D and eastern firms’ innovation in sectors where FDI has previously occurred. The labour market

conditions in the West are derived as

-0 w oW E oE RoW w E
W o w(i-o) w( € ¢ L WE(1—-o) | € (1=07—1%) WRoW (1—0)
¢ (o-—l) a q (pW(l—G)+pE(1—G)T T praW(i o) ¢

Ma @)

T OV oLy’

(B.21)
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Similarly, in the East,

E— <L)GWE(IG)[aM(lG)qM< v EW(lfG)_f__CEEE +CR0W(1—EW—£E)TER0W(1G)>

= o1 PW(i-o) " PE(1—0) PRoW(1—0)
W W EJE RoW W JE
+ afl79g (pW(l—G)T ( G)+]3E(1—G) PRW(I—0) _ © (1=

IMﬁ QW(t) IEﬁ Q(M+E)(t)

+ A + - . (B.22)
™M QW ()oL(r)  ¥" OQF(1)OL(r)
and finally, in the RoW,
=Y W W E JE
_ W _JE _ o RoW (1—6)  RoW . RoW(1—c) [ € ¢ RoWW (1—0) L RoWE(1—0)
et (o—1> ‘ g (ﬁW(l—o)T GG
cROW (1 _ W _ yE JRW 15 ¢
+ '(R W (l— )) oW A ew ) (B.23)
PROV(I=0) P GRW ()9L(1)

Quality aggregates. As in the benchmark model, the average quality index Q(¢) equals the sum of
the sectoral quality aggretates

o) — / qlo.ndo+ / ql@.n)do+ / qlondot [ g(o.nde

wRoW

= Q"+ )+ " (1) +0"" (), (B.24)
which gives the condition 1 = g% (¢) + ¢ (t) + g™ (¢) + ¢®°" (¢). With the RoW innovating and taking

over the sectoral leadership from other regions, innovation in the RoW enters the conditions for
the change in quality aggregates in the West, the East, the RoW and of the sectors dominated by
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multinationals. We summarise the conditions below as

QW(t) _ / [A(G D(j(w,0)+1) A(G_l)j(“’”)]lwda)—i— . )L(G—l)(j(w.,t)-&-l)lwdw
OF -+ oM +oRW
_ / Ale=Ni@nMye [ 3 (e=Dj(@n) RW 400
oW
— )LG 1 _ )IWQW( ) ),G 1IW _|_ QM +QR0W )) —IMQW(I) —IROWQW(I). (B25)
QROW(I) _ / [l(c D(j(wr)+1) _ 1(671). j(o, )]IROde+ l(ofl)(j(wJ)Jrl)IRode
wRW oF +oM+oW

- lc 1)j wt)Ide

wRoW
_ OLG_I _ l)IRoWQRoW (l‘) +2,G_11R0W(QE(Z‘) +QM(t) + QW (t)) _IWQR(JW (t) (B.26)
OF (1) = / [A(Gfl)(j(w,t)Jrl)_A(Gfl)j(w,t)]IEdw_’_/ A(6=D O+ [E 40
of M

- 7L c—1)j a)t)Ide A(G 1)j (wt)IROWd(O
of R
= (AT =DIFQE ) + AT EQ (1) — 1V QF (1) — I*V QR (1), (B.27)
QM(t) — W;L(Gfl)j(a),t)Ide_ M)L(Gfl)j(w,t)lwdw_ MA(Gfl)j(w,t)IEdw_ MA(Gfl)j(w,t)IRode
o o » »
= 1MQY(0) = (1M + 15+ 17M) QM (1) (B.28)

The average product quality of all the production in the East is given by Q¥M () = QF (t) + QM (¢)

and it evolves according to

oMy = O ()+0" ()
= (AT —DIEQEM L MW (1) — (I + 17" (QE (1) + oM (1)). (B.29)

Finally, adding (B.25)-(B.28) and dividing by Q(¢) we obtain the expression for the growth of the
average quality Q(7) as

% = AT =) |1 (1) + (5 (1) +" () 1P (1) + 15V (1) | = g(0). (B.30)
Competitive equilibrium. The competitive equilibrium for this economy is thus characterised by
the following. The free entry and arbitrage conditions (B.20) for the West, the East, the Rest of
the World and multinationals incumbent firms, the firm value for all countries (12), the aggregate
assets for all countries, (22) plus one additional identical expression for the rest of the world. The
laws of motion for quality (B.24), (B.25), (B.26), (B.27), (B.28), and (B.30), the market clearing
conditions (B.21), (B.22), (B.23), the Euler equation (3), and two of the aggregate budget constrains
(21), cRW = yyRoW o (pROW ) g7 RoW G/ ROW _ TRow a5 trade balanced implies that once two of
them are satisfied the third is as well. These 23 equilibrium equations determine 23 endogenous

variables, ¢V, c&, cROW W [E M [ROW \WE \RoW W B M ROW = oqW g ofROW oW OF,

oM, RV 0, gandr.
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B.3.2 Balanced growth path

Balanced growth free entry conditions. As noted in the benchmark model description for the
BGP, with constant wages and innovation arrival rates, v (1) /WK (1) = —A* (1) /A*(t) = —¢ g, for k =
W,E,RoW M. Substituting for profits and the marginal product of research (MRI) in (B.20), we

determine the BGP free entry conditions in three different types of sectors (firms) as

~ _ CW w L‘E /E _ RoW 17£W7€E _
54V 6)((pW)fla>+(pE)fla> WE(l-0) 4 ¢ ( ) ¢ WRoW (1 0)> y
1

1—s% (BRoW(1=0) 3
( “f )A o) S —— a1 for w € 0",
Y OY (1)?L(r) p+IY +1%W + g
(B.31)
where Q(t)/ (QW(I)¢L(I)) = ¢"(=B9)x is stationary and & = %.
(1 _ SE)WE Q(t) _ 6aE(1fc)WE(lfc) < _CW£W EW(1—0)
},E QE(I)¢L(t) p+IW +JE +IR"W+¢g (PW)(lfc)
P Lk KW=V —05) prow(i— E % E
+(pE)(l—cr) T (PRoW)(1-0) t ( 6)>I = foro € 0%, (B.32)
where Q(t)/ (OF (1)°L(t)) = (¢F + ¢™)"P9)x is stationary.
(1 _SROW)WROW Q(l) _ 6aR0W(176)WR0W(176) < _CWKW ROWW(1—0)
,yR()W QROW (t)d)L(t) P 4+ JW 4 JRoW 0g (PW)(lfc)
FE powE(1- KRWA =V —LF)\ row 2. RoW
—i—mr (1-0) (PR3] )1 a1 for m € wFV, (B.33)
where Q(t)/ (ORW (t)?L(t)) = g®" (~P9)x is stationary.
(1=s")wE  0(t) - aM1=o)yE1=0) eV EW(i-0) | EeP) n RV (1 =0V —1F) ERoW(1—0)
M QW(t)q)L(t) p+IV 4+ IE LRV 4 gg (pW)(l—cr) (pE)(lfo') (pRoW)(l—c)
_ a"1-0) VeV F(1-0%) WE(1-0) RV (1 -0V —1F) 7ERW (1-0) | | (M 5%
W { [RoW AW (1—0) pE\(I—0) SRoW \(1—0)
p+IV IRV + g \ (PV) (PF) (PRW)

for o € ©B.34)

Quality aggregates on the BGP. Equating the growth of quality aggregates in the West and in the

o% (1) _ QM (1) . . . .. .
East, o) = 0FM () to satisfy the invariance of sectoral composition, we obtain

AG—‘IW— " At —niE B.35
P AR (B39

Similarly, the growth rate of quality aggregates of the eastern innovating firms in sectors with

VE oV/4
previous FDI and the multinational firms has to be the same in a steady-state equilibrium, 858 = gM g;,
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which yields the condition

— . (B.36)

w2V _ 0"

Finally, quating the growth of quality aggregates in the West and in the RoW, o) = oWy Ve

obtain

o1 IW IROW "
2 <q_w_ qR0W> — M (B.37)

Sectoral composition. In steady state, constant shares of the four types of sectors in the economy are
required. In the West, @V (IM + IRV = (oM + & + 0®°") 1" which gives the stability condition

oV = W Similarly, in the RoW, 0®Y [V = (oM + o + @V )I%°W which yields the stability

RoW .. . . . .
condition @®°W = IWCLW. The condition for the sectors with eastern leadership is given by @® (I +

Row\ _ MJE : : w M E RoW _ : E _ 1~ =V
I ; R)W— @1, which, using ©" + 0" + 0% + """ =1, yields ©° = zgwmw — @ mw —
0 . . . . . . .
MW' Finally, the share of sectors with production by multinationals is given by o =1 —
IW(I—]E) IE IR()W(I_IE)
M (JW (JRoW ~ JE W [RoW ~— " W _ JRoW *

Equations (B.31)- (B.34) for the four types of sectors, (B.3.2)-(B.37), (B.30) and (B.21)-(B.23) define

W E RoW IW IE IM IROW WE,WROW,(]W qROW

g™ and ¢*. We derive the expressions for per capita assets and expenditures below.

a set of BGP conditions for endogenous variables ¢

Assets and expenditures. As in the benchmark model, we assume that western households finance
both the innovative and adaptive R&D in the West and the East and thus receive, in the form of
dividends, the profits of firms operating in the West and the profits of multinational firms. The total

stock of per capita assets is given by

V() = / dco+/ (“”)dw
oV +oM
"ra QW(t) Ma M)
= (1-s5" - 1—sMywf < . (B.38
S e T T T e O
where =20 __ _ gV (1=B0)x /W and & = gMgW(=B9)x /W are stationary.

QY (1)*LY (1) QW (1)*L¥ (1)
The total assets value in the East comes from eastern firms’ market leadership through innovation

through the E sectors. Then, the total stock of per capita assets is derived as

e [Ven) pIFa QF (1)
o e =0 S iy
0" (1)

OEPLED) qFU=B9)x/(F is stationary.

where
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Finally, the total assets value in the RoW consists of the RoW firms’ value created through

innovation in the RoW sectors. The total stock of per capita assets is given by

VRV (@, 1) VR (@, a)e—980—4)
RoW _ _
o (t) - / LRoW ([) do = / [RoW (l)

wRoW wRoW

dw

whoW [RoW =

— _ RoW Q((l),a) —pg(t—a)
o . (1 ) YROWLROW (1) ORW ()0 ¢ do
_ (1 B RoW) WRUW[R()Wﬁ ] waaW q((o,a) eid’g(t*“)da)
YROWLRW (1) (QROW (1)e~8li-a))9
TR ANl e SR el B.39
= ( — S ) ,}/ROW QARoW(t)d)LROW(t). ( . )
where =20 _ (RoW(1-B9) . /pROW g tationary.

QRoW (1)¢LR0W ([)
Using the conditions above in the expressions for per-capita consumer expenditure (21), we obtain

Q(W+M) Wits  MLE QM M
,},WQAW(IW LV (1) +(1=s")w ,},MQW(I)¢ LV (1)

w WL o(1)
S e ) B4

M = 1t (p—n)|(1=s")

where the ratio of the growing variables is stationary, as shown above.

(04

OF IE1a
cE = Wk (1+(p—n) [(1_SE)YEQAE(8)¢ LE(t }

EE T QM) (1) MMy 0" (1) >

Fra -

YEQE (1)OLE(1) PIOW (1) LE (1)

(B.41)

for the West and the East, respectively. Expression % = (QM qE(’ﬁ‘P)qE(l’ﬁ‘P))x/ﬁE is

stationary. Similarly for the RoW, the per-capita expenditure condition is derived as

RoW RoW 125
o o B o Rowy QYY) 1T
c — W (1+(p n) {(1 s ),}/R()WQROW([)(P LROW(I)}
SR()W[ROWﬁ Q(ROW) (t) (B.42)
,},R()W QR()W (t) ¢ [ RoW (l‘) ) .

with the last term in parenthesis capturing the subsidised part of the innovation cost in the RoW,

financed by the RoW lump-sum tax.
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Balanced growth equilibrium. The balanced growth path is then characterised by the following.
The free entry and arbitrage conditions (B.31), (B.32), (B.33), (B.32) for the West, the East and the
RoW, the quality shares (B.3.2), (B.36), (B.37) plus qW + qM + qE + ORW =1, the growth equation
g =n/(1 — m) together with (B.30), the market clearing conditions (B.21), (B.22), (B.23) one of the
aggregate budget constraints (B.40)-(B.41)-(B.42), as trade balanced implies that once one of them is
satisfied the other is as well, and the Euler equation (3). These 16 equilibrium conditions determine 16

W’ CE, CROW,IW,IE,IM, IROW E . RoW ‘W E _M _RoW

endogenous variables, ¢ ,wWELw ,q9",q9%,q9",q , r, g and x.

B.4 Calibration of three-region model

We need to recalibrate the model to discipline the four new parameters. There is one new innovation
efficiency parameter Y*°". We adopt some simplifying assumptions regarding the parameterisation,
for the purpose of ensuring existence of the solution to the model. We firstly fix the manufacturing

M — aRW Secondly, we assume the

productivity to be the same across E and R, meaning that a” = a
countries to be all of the same size in terms of population, meaning /" = (£ = ¢R°W —1/3. We take
sRW from the OECD B-index data on large firms as in the baseline parametrisation. We assume that
the parameter governing the local nature of R&D spillovers is the same for all sectors and regions, that
is, B¥ = B. The new key parameter to discipline is that governing innovation efficiency in innovative
R&D, Y*°" | which contributes to the distribution of leadership. We consider an RoW region consisting
of four economies, the USA, Canada, Japan and China.

As in the benchmark model, we use the calculated share of sectors with Western leadership in
the 3-region world economy (31%) that we obtained from the OECD AMNE database for the 2005-
2016 period. Furthermore, we calculate the total share of industries with Eastern leadership (@%) as
the share of output of Eastern-owned firms in the East in the total world output which amounts to
2% of the world economy. The total share of industries with RoW leadership (@®°") is the share
of output of RoW-owned firms in the RoW in the total world output which amounts to 66%. The
residual (1 — @V — wf — @R°%) represents the share of industries with multinational subsidiary firms
production in the East (less than 1%). When calculating the sectoral shares, we exclude the FDI of
the RoW and the East in the other regions from the total world output, as well as the FDI from the
countries outside of our model.

In total, our analysis necessitates the calibration of 10 parameters (o, 3,4, @, ¢ as well as the R&D
productivities and manufacturing productivities). We target similar data moments as in the 2 region
model — relative wages, sectoral shares, R&D spending and employment shares in the West, as well
as innovation to subsidy elasticities in each region. Table B.1 reports the parameter values and the
model fit.

64



Table B.1: Calibration summary (3-region economy)

External parameters Value Source
Interest rate (r = p) 0.04 Eurostat, 2001-2013
Population growth rate (1) 0.54% OECD&Eurostat, 1961-2013
R&D subsidy, West (s") 12.2% OECD, 2011
R&D subsidy, East (s¥) 9.70% OECD, 2011
R&D subsidy, RoW (sRW) 13.0% OECD, 2011
Relative labour size, West (I") 0.33 Simplifying assumption
Relative labour size, RoW (IRW) 0.33 Simplifying assumption
Calibrated parameters Value
Utility f-n parameter (o) 2.39
Innovative R&D productivity parameter, West (") 0.83
Innovative R&D productivity parameter, East (y) 0.33
Innovative R&D productivity parameter, MNE () 0.21
Innovative R&D productivity parameter, RoW (y*%) 0.40
Manufacturing productivity, East and RoW (af = a™ = a¥) 0.83
Spillover parameter (3) 0.80
Quality jump size (1) 1.46
Decreasing returns (¢t) 0.54
Spillover (¢) 0.70
Moments Data (Model) Source
East relative wage (wE) 0.56 (0.38) OECD, 2015
RoW relative wage (wR") 0.84 (0.79) OECD, 2015

Share of sectors, Western leadership (@)
Share of sectors, Eastern leadership (o)
Share of sectors, MNE leadership (™)
Share of sectors, RoW leadership (@®V)
West R&D expenditure/GDP

West share of labour in R&D

West innovation elasticity to subsidy

East innovation elasticity to subsidy

RoW innovation elasticity to subsidy

31.36% (24.06%)
2.14% (7.41%)
0.52% (7.68%)

65.98% (60.86%)
4.57% (5.69%)
3.13% (7.09%)
[1.2,2.9](1.34)
[1.2,2.9](0.11)
[1.2,2.9] (2.63)

OECD, 2005-2016
OECD, 2005-2016
OECD, 2005-2016
OECD, 2005-2016
OECD, 2015
Eurostat, 2015
Akcigit et al. (2018a)
Akcigit et al. (2018a)
Akcigit et al. (2018a)
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C

Computational Appendix

The following gives the algorithm for finding the transition path after a policy change in the baseline 2

region model.

1.

Designate the finite differences time interval length A > 0. Increments of this object will be
indexed by 6. Conjecture the number of intervals until the new steady state is reached after a
reform T € N.

Solve for the pre- and post-reform steady states of the model. Solving for a steady state gives a

list of endogeneous objects
f‘ = (IW7IE7IM7WE7 qW7 an qu dW? %E7 CW7 cE?'x)

w_ o) *
L)

fo and fTA respectively.

where x . Denote the sets of objects found in the pre and post-reform steady states by

. Conjecture the set of objects

W= {1y 15, 13 wh Y s ER (C.1)
for 6 = A,2A,3A, ..., TA where rlg is the riskless rate in country K € {W E}.

Given conjecture (C.1), iterate forwards on the laws of motion for the quality shares (B.4), (B.5)
and (B.6). This yields the sequence § = {q‘g/, qg, q%’[}giA as well as G = {g‘év,gg,g%/[,gg}giA
where the latter objects are the growth rates in the quality of Western-led, Eastern-led, multinational-

led and all industries, respectively.

. Use the definition of x, alongside ¢ and G to obtain sequence X = {x5}§i A

Find the sequence T' = {1y, TSE }gi 4 of tax payments from the household using ¥, gand X.

Solve the household problem in each country K € {W, E} to obtain objects AP = AN
(asset demand) and € = {c¥ ,cE}T4, (nominal expenditure) as follows.
(a) Conjecture an impact level of nominal expenditure on goods cf .

(b) Find the level of asset holdings from the household budget constraint (21) with T using clg
and ﬂg{_ A- The initial condition for assets in the case of 8 =Ais &/X from fo.

(c) Find the implied value of expenditure next time increment using the Euler equation (3).
(d) Continue with steps (b) and (c) until reaching time T A.

(e) Check the distance from the terminal steady state asset level found in fTA.
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(f) Update the initial guess cf , return to step (b) and continue until convergence.
8. Find the sequences P = {PW,Pg }gi , using the definitions of the de-trended CPI, g and v,

9. Find the sequence of growth rates in profits IT = {gV 5,85 5.8M 5158 where gK o = 7K(8)/nK (5
A) for K € {W,E,M} using (7), C, P and V.

10. Find the growth in the incumbent value function V = { gVs. gk s g }EA | where g =K (8) /vK (8 —
A) by iterating backwards from time T'A using I, ¥ and expression (12).

11. Find the supply of assets using V,C, I3 and W with equation (12) and the expression

W u g
&;V(t):/wwmfw L(W—w(f,)t)cmur oM (wJL)W(t) (w,t)dw
JE
fQ/{;E(I): o Lsga();)t)da)

to obtain the sequence AS = {JZ@/ ) ﬂ/{? }giA

12. Use V, ¥, P, C, AS, AP and X to compute the distance from free entry, labour market clearing
and excess demand for assets in each market and instant in time 6 = A,2A, ..., TA. Then update
the objects in y accordingly and return to step 4. Repeat until all equilibrium conditions at every
moment in time are sufficiently small. If the model has not converged by increment 7', increase

T and return to step 3.

When computing the transition for the 3 region model, the variables defined above in this appendix

change (using the same notation all defined here in Appendix C)

f:(IW,IE,IM,IROW E ROW,C]W,C]E qM qROW ﬂW,ME,ﬂROW,CW,CE,CROW,X)
@ = {1y 15 1Y IRV wg,WROW ry kR Ia

G={ay 4545 45" Y524

G=1{gy,85.8%.85" g5}524

T ={13 75, 5" }52a
A’D — {Q{SWV%(SE’ ROW}TA

C = {c§ ,c5, 5" V524

13 _ {PW,P6 ,PROW}

M= {gzs gn8>gn57g§0gv

V= {gv,ﬁ’gv,57gv,37gv,ow}

AS = {@7'&;>&§0W}6=A
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The steps used in the algorithm are then the same as in the 2 region model. Notice at Step 7, one must

then shoot forwards on the household Euler equations for each of the three regions.
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