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Winners and Losers from Trade?

Product and Process Innovation in
a 3x3 Model

by Franziska Tinnefeld and Florian Wagener

2.1 Introduction

The increasing specialisation of countries into business functions rather than industries
(e.g. De Backer and Miroudot, 2013; Timmer, Miroudot, et al., 2019; Grieveson et al.,
2021; Coveri and Zanfei, 2023) makes the distinction between product and process
innovations more important. This is because with increasing global participation in
value chains and with the fragmentation of production processes across countries also

these two types of innovation become spatially separated.

In Chapter 1 we combined world input-output data with patent data to show that, while
most patenting occurs upstream, the share of process patents is higher in the down-
stream stages of production. Explicitly, process shares are higher in East European
countries, which generally have low levels of patenting and take relatively downstream
positions within the GVC. This also holds for some Asian countries such as Indone-
sia. Western economies take a medium position both in terms of upstreamness and
in terms of process shares. Mexico and Brazil place themselves mainly between East
European and Western countries on both dimensions. Considering that past models
have shown that under integration through intermediate trade, which makes up most
trade today (e.g. Johnson, 2014), the advanced country specialises in upstream research
producing product innovation and the less advanced country specialises in downstream
manufacturing, our empirical evidence from Chapter 1 could be rationalised. The exist-

ing models pay however less attention to the distinction between product and process
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innovation and regional comparison.

In this research, we incorporate the distinction between product and process innovation
in endogenous growth theory to better understand how differences in the process share
of patents across economies can develop. We ask how the patterns of innovation are
affected and shaped by specialisation into business functions that result from the in-
creased participation in global trade. Explicitly, we try to understand how innovation
incentives change when trade blocs are formed between economies with different en-
dowments, productivities, and level of economic development. We then determine the
winners and losers of integration by looking at welfare and link our findings to those

on innovation outcomes.

Our setting is the beginning of the 21st-century during which strong deepening of trade
relationships took place, both within Europe and between Europe and many Asian
countries, especially China, through the accession to the WTO. We focus on the effect
of regional integration not only from the perspective of a technological leader, as is the
case in many studies, but also investigate whether there are differentiated implications
for technological laggards. Explicitly, we focus on the formation of trade blocs among
three different regions, where a Western economy (North) integrates with an economy

from Eastern Europe (East) and/or with an economy from Asia (South)!.

Our model shows that integration has positive effects both on upstream and down-
stream innovation, where the former impact on product innovation is stronger at the
aggregate. We find heterogeneous effects of integration for the East and South. Both
regions specialise in downstream manufacturing, when forming a trade bloc with the
North. This shifts innovation efforts towards downstream processes and away from up-
stream research. But the East, relatively stronger in the latter compared to the South,
experiences welfare losses from integration, while the South has net gains. The North,
on the other hand, specialises in upstream research and intermediate goods production
when forming a trade bloc with a technological laggard region. We also find a clear
preference for integration with the East over the South, which is driven by the larger
market size per capita, resulting in higher demand in the upstream sector. Our results
therefore show that, without additional policies, integration can lead to a deepening
of market concentration between technological leaders and laggards when they form a
trade bloc.

Trying to understand countries’ incentives to invest in product vs. process innovations,
due to trade liberalisation, is not a new question of concern. Existing empirical evi-
dence (Bertschek, 1995; Becker and Egger, 2013), mainly analyses the effect of import

competition on product vs. process innovation, with a focus on outcomes in advanced

1Western economies in our model are represented by the region termed "North". We decided to remain with the
original terminology of North-South models and introduce an "intermediate" region - the East. We hope that due to a
mismatch in representing Western economies as the region "North" in the model we do not introduce confusion.
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economies such as the United States and Germany. Theoretical models, on the other
hand, try to understand this link by looking at trade liberalisation and its effect on
upstream versus downstream human capital, but the focus is on the long-term effects
on growth. In contrast, we ask ourselves whether our model can shed light on the in-
novation outcomes of integration in the short- to medium-term, explicitly the 10-year

time span of the great wave of integration starting in 2000.

Therefore, we develop a dynamic multiregional and multisectoral partial equilibrium
model, based on the endogenous growth model of Romer (1990). The model has an up-
stream research sector that produces blueprints of product innovations. These are sold
to intermediate good firms that use them to produce capital goods. The downstream
final good sector combines these intermediate capital goods and labour to produce con-
sumption goods. In our model, different from the standard Romer model, investment
into process innovation is possible. This investment increases the productivity of final
good production. We additionally introduce multiple regions, which allows for trade
among regions by making intermediate goods available to final good sectors of regions
that are part of the same trade bloc. We choose a Romer-type model, as sectors here
can be seen as different business functions along value chains in which countries can

specialise rather than as different industries.

We calibrate the model for our three regions that represent the global North, South
and East using patent and world input-output data for Germany, China and Poland,
respectively, for the years 2000-2010. An interesting constellation of countries, because
Poland and China may have played for Germany in the past similar roles, but are yet so
different. It may come as a surprise that in 2024 Germany exported more goods value
to Poland than to China (Wagner and Martinez, 2024) for the first time since 2009 -
the year in which China overtook Poland as a sales market for German goods (OEC,
2025). This is despite the enormous population difference of around 1.38 billion, placing
Poland now as the fourth largest export market and China as the fifth. A reversal which

comes at a time of great discussions on near-shoring and fear of dependence on China.

We adjust the model parameters such that all regions are of the same population size,
which makes their comparison easier. Our calibration allows us to analyse whether and
in what ways trade liberalisation affects East and South differently in terms of upstream
vs. downstream innovation, employment of human capital, output levels and welfare.
It also allows us to investigate integration of the North between East versus South and
to pinpoint the winners and losers of different integration types not only on regional but

also on sectoral level, and hence can give hints into interregional effects on inequalities.

Our analysis follows a strand of literature that developed from the Romer model but
extends it to a two-country setup to study the effects of different types of integration

on long-term growth (e.g. Rivera-Batiz and Romer, 1991a; Rivera-Batiz and Romer,
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1991b; Rivera-Batiz and Xie, 1993; Walz, 1997a). Relevant for our research from this
series of analyses is Rivera-Batiz and Xie (1993). With a classic setup of the Romer
model, the authors investigate the effect of integration among unequal partners, where
asymmetry is implemented only in the initial level of upstream human capital. To
us, the scenario in which integration entails only trade in goods without knowledge
diffusion is the most important. In this case, integration has opposing effects. On the
one hand, larger market size results in an increase of upstream patent value, shifting
human capital towards research. But, on the other hand, access to foreign durables
increases the productivity of human capital in downstream manufacturing, which diverts
human capital away from research. The authors show that the equalisation of interest
rates, that takes place after integration implies that employment of human capital in

research across the two regions must be the same.

Devereux and Lapham (1994) show, that this result only holds, if pre-integration knowl-
edge stocks are exactly the same across the countries. If there are pre-integration dif-
ferences in the stock of knowledge, as the case in our research, the outcome changes.
In the steady state, the country with a lower knowledge stock will only conduct down-
stream manufacturing, while all innovation takes place in the country with initially
larger knowledge stock, which besides R&D also continues downstream manufacturing.
While for Rivera-Batiz and Xie (1993), where knowledge stocks are equal, integration
has no effect on long-run growth and both countries keep on conducting R&D, Devereux
and Lapham (1994) show, that when countries start with initially different knowledge
stocks and integrate by trade in goods, long-run global growth-rates increase even in

the absence of knowledge flows.

In contrast to the above literature we are not interested in balanced growth paths and
the long-run effect of integration on growth of two largely similar countries. Instead,
we are interested in the short- to medium-term incentives to conduct product versus
process innovation, such that we take wages (assumed to be sticky in the short run)
as given and fixed throughout our analysis. We investigate the manufacturing sector,
and allow the number of hours worked to vary over time, as employment might shift
into manufacturing from other sectors, such as agriculture. We focus on the effects
of different forms of integration on sectoral specialisation of three distinct regions and
its implications for the evolution of upstream and downstream knowledge stocks that
represent product and process innovations, respectively. Therefore, in addition to the
standard knowledge stock (usually denoted as A in the literature), which represents
the level of technological knowledge developed by the research sector and the range
of intermediate inputs available, we introduce a second knowledge stock. This latter
knowledge stock is explicitly developed by downstream human capital to aid in the

manufacturing process and enters the production function of final output directly.
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In addition, our goal is to understand the welfare implications of different forms of
integration among global regions that differ in their initial factor endowments, levels of
technology, and fixed marginal productivities. To do so, we form different trade blocs
among the three regions and compare the outcomes to a case in which all regions are
in autarky. First, we represent full integration by forming a single trade bloc in which
all regions are able to trade their intermediate inputs among each other. This case
resembles the first wave of outsourcing production to Asia and Eastern Europe at the
beginning of the 21st century. A period in which the West utilised the large and cheap
pool of especially production workers in China after its accession to the WTO together
with relatively easier access to cheaper workers from eastern Europe due to the EU
Eastern enlargement episodes. Second, we analyse a case of offshoring, which attempts
to model integration of western Europe with Asia only, by forming a trade bloc which
only includes the North and the South. Third, we form a trade bloc only between
North and East to represent reshoring and contribute to the ongoing debate on global
supply chain volatility, the political shift towards strengthening domestic markets and

decreasing reliance on foreign markets.

We find higher output levels under any form of integration when compared to the
full autarky case. Our model reproduces the rapid decline in labour shares in Asia,
which we observe for the beginning of the 21st century. The model also shows for a
fully integrated case the relatively larger employment of human capital in downstream
rather than upstream research for the East, that would explain the high process shares

we observe in real life for eastern European countries.

When integration takes place, we generate the expected specialisation of the North up-
stream and South and East downstream, which is not present under autarky. As shown
by Devereux and Lapham (1994), this result is common for models with endogenous
growth and integration through trade of goods without global knowledge spillovers, in
which countries start with different levels of knowledge stocks, as in our case. Our model
therefore produces upstream market concentration in the North, which is enhanced by

greater forms of integration with respect to autarky.

Interestingly, due to larger market size and initially larger knowledge stocks in the East,
reshoring produces relative to offshoring, higher levels of output, and total value of all
sectors, as well as a higher level of total surplus. However, while across all regions
integration is welfare enhancing, when measured as the total of consumer and producer
surplus, on regional level this is only true for the North and South. In our model, total
welfare for the East is lower when it is part of a trade bloc as compared to being an
autarky. This is despite the fact that it brings for the aggregate large benefits in total
output and welfare. The negative consequence on own welfare from integration is due to

large losses in producer surplus due to lower blueprint prices that lower profits upstream,
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which cannot be offset by a higher consumer surplus in final good consumption. The
latter effect is driven by a drop in prices due to lower prices of blueprints and increased

productivities, which in turn are driven by access to a larger set of intermediate inputs.

Lastly, in a short experiment, we try to understand whether for the North, offshoring
to East and South can be seen as a substitute to investment into process innovation
domestically to reach equal levels of welfare. Explicitly, we model an increase in initial
downstream knowledge stock for the North to represent investment in downstream
knowledge production and find that only rather small investment is necessary to reach
in a 10-year horizon the same level of total surplus as integration with East and South
would yield. What is, however, different from integration is that most of the surplus due
to domestic investment to build downstream knowledge is on the consumer surplus side,
while upstream producers continue to favour integration unless much larger investment

is undertaken.

2.2 Literature

Koerner (2022) has documented the mechanism of offshoring in Germany during 1995
2007. While labour-intensive jobs have moved from Germany to low-wage central and
eastern European countries, human capital-intensive outsourcing has been relatively
less common. The latter took mostly place towards Western European countries, re-
sulting in specialisation into complex business functions of this country group including
Germany. The specialisation in complex activities resulted in downward pressure on
wages for complex (human capital intensive) jobs, while simultaneously rising wages
for labour-intensive jobs within Germany. For a large sample of 40 mainly developed
economies Reshef and Santoni (2021) documented the decline in labour shares over the
years 2001-2007 for advanced countries and find a causal relationship that runs from
forward GVC participation (increase in exports of intermediate inputs) to a decline in
unskilled labour shares mostly in fabrication tasks. However, the share of high-skilled

labour increased.

Theoretically, these empirical findings support the trade forces from the Heckscher-
Ohlin theory, which followed from the Ricardian model on comparative advantage and
are in line with suggestions by Sposi et al. (2021) on the flow of capital-intensive (labour-
intensive) activities to capital-abundant (labour-abundant) locations as trade barriers
decline. Sposi et al. (2021) develop a dynamic two-country model with sequential pro-
duction. In their analysis, they find effects between comparative advantage and capital
accumulation running both ways. While exploring different cases of initial asymmetry
across countries such as population growth and K/L ratios, the authors find that large
asymmetries in the latter result in Heckscher-Ohlin forces and specialisation in differ-

ent GVC-stages. This specialisation leads to productivity gains and induces capital
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accumulation.

The most prominent stream of theoretical contributions in the domain of offshoring are
the North-South models following the seminal work by Antras and Helpman (2004).
They expanded the Grossman-Hart model (Grossman and Hart, 1986) to a two-way
sourcing decision problem by adding to the outsourcing vs. integration decision the
location decision between domestic vs. foreign sourcing. In their original model of 2004
they find that only the productive firms source from foreign locations in the South, and

outsourcing is more prevalent in low-tech sectors than in high-tech sectors.

Similarly, framed in the context of product-lifecycle dynamics Antras (2005) shows
using a two-sector model of high-tech inputs related to product development and low-
tech inputs associated with assembly and manufacturing, that in the early stages of
new product development assembly and manufacturing takes place mainly in the North
within firm boundaries. As product development vanishes and goods become more
standardised, outsourcing to the South may appear and eventually is coupled with
subcontracting and arm-length outsourcing, driven by the decreasing contract incom-

pleteness and wages in the South.

Acemoglu et al. (2007) highlight again the important role of contracts in investment
decisions and technological choices. Here, countries only differ in terms of their con-
tracting institutions, and these differences create comparative advantages of countries
into products that differ in their technological complementarity. They show not only
that greater contract incompleteness leads to inferior adoption of technology but also
that the effect is stronger among intermediate inputs with greater technology comple-
mentarity. Similarly, Antras and Helpman (2008) model contractual frictions between
final-good producers and input suppliers where the degree of contractibility is allowed
to vary across countries (North and South) and inputs, namely headquarter services
and intermediate goods. Intermediate goods can be sourced from input suppliers as in
standard North-South models. They show that improvements in contractibility in the
South increase offshoring of intermediates by the North, but also that the improvement
in contractibility has different effects in the cases where the final good producer controls

the inputs versus the input supplier controls the inputs.

Also static in nature, recent work by Goto et al. (2025) makes use of a two-sector
two-country model to analyse distributional income effects when trade in final goods is
taking place and compares this outcome to the effects of offshoring, which is defined as
trade in tasks. The analysis is in line with recent literature that takes into account the
global shift away from pure inter-industry trade of final goods towards intra-industry
trade, which was caused by a shift away from industry specialisation towards special-
isation of countries in business functions and tasks. In their model, individuals sort

themselves into sectors and tasks based on their skill level. Entrepreneurs in one sector
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hire workers of any skill level to perform routine tasks. Output here depends only on
the skills of the entrepreneurs. In the other sector, complementary skills are required
and workers are matched with a team partner to produce the output. The model results
show the specialisation of the skill-abundant country in entrepreneurial skill-intensive
sectors. When wages of individuals with the same skill level differ between countries,
the opportunity for offshoring is created. These wage differentials can arise under trade
of final goods. Furthermore, when countries differ in skill abundance, the one with
higher skill abundance offshores routine tasks. Allowing for offshoring therefore raises
the welfare of entrepreneurs, but lowers the welfare for workers in the skill-abundant
country. Trade in final goods, on the other hand, increases welfare for all workers in

the skill-abundant country.

The aforementioned models of international trade are static in nature and do not explic-
itly incorporate product and process innovation. Those theoretical papers that make
a distinction between product and process innovations are usually of multi-sectoral
nature, but do not include multiple regions. For example, Dawid et al. (2021) build
a two-period industry model, in which firms engage in both time periods in Cournot
competition and can reduce their marginal production costs through process innova-
tions, while also allowing the same firm to invest in product innovation, which expands
a firm’s product range vertically and horizontally. They test their model by using Span-
ish survey data and find that while investment in product innovations is mainly justified
to capture larger market shares by extending or diversifying firms’ product portfolios
and hence is demand-driven, process innovations are shown to be more related to cost-

reduction in the production process.

Boone (2000) analyses theoretically the effect of competitive pressure on the incentive
of firms to conduct product or process innovation. Product innovations in the model
are incentivised by the profit level attributed to a potential innovation, whereas process
innovations are incentivised by cost reduction. He argues that the effect competitive
pressure has on innovation incentives of firms depends on their efficiency level relative
to their respective industry (i.e. competitors). Competitive pressure (1) can increase
firm’s investment in process innovation to improve efficiency, (2) can reduce profits,
and hence discourages product innovations but (3) it can also result in firms trying to
reposition themselves to escape competition through horizontal product innovation, and
(4) can pressure managers to invest in product innovations to circumvent the shrinking
profits by creating new once. In conclusion, competitive pressure can result, in this

model, in increases in both product and process innovations.

If we look at empirical evidence on the relationship between product and process inno-
vation in a context of trade, this is mainly related to effects of foreign competition or

trade on innovation in a developed country. For example Bertschek (1995) shows using
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German data, that import competition and inward FDI have both positive effect on
product and process innovation for German manufacturing during 1984-1988. Becker
and Egger (2013) on the other hand show for firms again from Germany, that while
product innovations increase the likelihood, that a firm is exporting, this is true for
process innovation only when it occurs together with product innovations. While pro-
cess innovations alone do not determine the probability, that a firm is exporting or not

(i.e. entry into exporting), they do have a positive effect on the intensity of exports.

Concerning the impact of offshoring and its effect on product vs. process innovation, to
our knowledge, the only contributions in this domain are Branstetter et al. (2021) and
Bena and Simintzi (2022). Both studies make use of patent data to identify process
innovation and utilise policy shocks that allowed large-scale offshoring of production ac-
tivities to China. In the former study, this concerns offshoring of Taiwanese production
in the electronic industry and in the latter case offshoring of US multinational firms.
Branstetter et al. (2021) finds an overall decrease in innovation and a shift away from
product towards process innovation, while Bena and Simintzi (2022) find that process
shares of patents have been declining due to the substitution of machines for low-wage
labour in China. The findings show no clear consensus. We take a step back and try
to understand from a theoretical point the impact of increased GVC participation on
the incentives to conduct product versus process production and factor input use in all

participating regions.

2.2.1 Literature extending Romer and our contributions

The type of model we are looking for should be able to incorporate the heterogeneous
incentives to conduct product versus process innovation in a type of setting that can
be thought of as a value chain. This would allow placing product innovation upstream
and process innovation downstream. Additionally, it should allow for a multi-country
setting, in which trade is possible. The family of models that fit our purpose best, stems
from the endogenous technological growth literature that grew out of the three sector
economy by Romer (1990) but extends it to allow for the analysis of integration among
different countries. A nice feature of these models is that, indeed, product innovation is
taking place in upstream research and is motivated by potential profits. Furthermore, it
allows us to explicitly introduce in the downstream manufacturing sector an innovation
sector that conducts process innovations to reduce costs, such that the definitions by

Boone (2000) of product and process innovation are also applicable in our case.

The earliest work in the field of integrated Romer models is explained and collected by
Walz (1997a), who highlights the roles of reallocation, redundancy, and scale effects in
integration. The former effect occurs because integration causes a shift of resources be-

tween different sectors in a country (e.g., upstream human capital moves downstream).
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Redundancy effect refers to the fact that in autarky each country might "invent" the
same type of innovations. As these are not traded among the countries, an inventor
can extract all the monopolistic profits from an "innovation', even if it already exists
abroad. Under integration, this is no longer possible, as price competition would drive
monopoly profits down such that innovators are incentivised to produce innovations
that are new not only locally but also within the trade bloc. Lastly, scale effects take
place if knowledge production is happening under increasing returns to scale such that
integrating two countries results in more knowledge than the sum of the two under
autarky. In the following, we highlight the research in this field that is most important

for our analysis.

Rivera-Batiz and Romer (1991a) analyse the scale effect of economic integration on long-
run growth. The authors focus on trade between two countries with equal endowments
to rule out the presence of allocation effects across countries. The authors distinguish
between two types of R&D processes in the upstream R&D sector. First, the knowledge-
driven type, in which new technology is created using human capital and a knowledge
stock - this is also the type of R&D process we consider. Second, the lab-equipment
type, in which new technology is produced using the same inputs as the production
of goods (labour, human and physical capital) without an influence of past knowledge
(knowledge stocks are unimportant). For both types of R&D sectors, the authors
show that under integration there are positive effects on long-term growth. Under the
knowledge-driven type this is, however, only true if there is trade in goods as well as in
ideas. With trade in only goods, the former R&D sector type would show a level effect

in output, such that in the long-run growth returns to previous levels.

The way in which the authors allow for trade in goods is analogous to our model: trade
in goods takes place by allowing a foreign country to buy domestic intermediate goods.
We therefore could imagine the research and intermediate goods sector to be also an
integrated unit, innovating and producing intermediate goods. Our model is similar to
the scenario of Rivera-Batiz and Romer (1991a) in which trade of goods is allowed, but
flow of ideas is prohibited, so that the domestic research sector only makes use of the
domestic knowledge stock to produce patents, without building on foreign knowledge

stocks.

In addition to this exercise, Rivera-Batiz and Romer (1991b) conduct an exercise that
focusses this time on the allocation effect across sectors within a country in response
to trade restrictions. Again, to rule out allocation effects between countries due to
different endowments, the two countries are symmetric. This time, there are increas-
ing returns to scale in manufacturing, and integration results in three effects. One,
manufacturing output increases under integration due to increasing returns to scale.

Two, under perfect, as well as imperfect patent protection, the level of knowledge in-
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creases as firms are either not allowed to copy existing foreign knowledge, and or are
incentivised to produce new knowledge to receive monopolistic profits. And three, even
under imperfect patent protection, where countries produce twice the same knowledge,
the research sector expands under integration if it operates under increasing returns to

scale.

The question of allocation effect due to trade restrictions, meaning human capital em-
ployment in either research or manufacturing, is ambiguous under a scenario in which
there is perfect patent protection such that ideas are not allowed to be copied. Ex-
plicitly, the introduction of tariffs on all goods (ideas continue to flow freely) then
leads to two opposing effects. First, the prices of new designs drop due to the reduced
demand caused by the tariff. This results in human capital to shift out of research
towards manufacturing as monopoly profits decline in research. Second, as imported
intermediate goods decline, marginal product and with it wages of manufacturing hu-
man capital decreases, shifting human capital out of manufacturing towards research.
In sum Rivera-Batiz and Romer (1991b) show that trade restrictions among symmetric
countries can cause a reduction in innovation efforts due to smaller market size, causing
technological slowdown, and can cause greater development of redundant knowledge.
The latter effect causes a diversion of resources towards wasteful research instead of

manufacturing. Both effects result in falling long-term growth rates.

Rivera-Batiz and Xie (1993), again, with a classic setup of the Romer mode, investigate
the effect of integration among unequal partners. The manufacturing sector with con-
stant returns to scale employs unskilled labour, human capital, and producer durables,
which under integration can also be purchased from abroad. The research sector’s
production function for patents is linear in human capital. Important in this research
is, that wage differentials of human capital in research and manufacturing are driving
reallocation of human capital between the two sectors until wages are equalised in equi-
librium. Alternatively, a classic North-South scenario is presented in which the South
does not engage in research as it is not profitable for human capital to do so relative to

wages in manufacturing.

With respect to our model set-up, the scenario in which integration entails only trade in
goods without knowledge diffusion is the most important one for our analysis. Integra-
tion in this case has (similar to Rivera-Batiz and Romer (1991b)) opposing effects, but
in this case the net effects for each country are not ambiguous: one, larger market size
results in an increase of patent value, shifting human capital toward research, and two,
access to foreign durables increases the productivity of manufacturing human capital,
diverting human capital away from research. The authors show that the equalisation
of interest rates that takes place after integration implies that employment of human

capital in research across the two regions must be the same. A country grows faster if it
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has initially more human capital employed in research than the other country. There-
fore, integration among two countries growing at different paces causes in equilibrium
the growth rate of the fast-growing country to decrease while that of the slower-growing
country to increase, resulting in only a level effect on output rather than a growth effect

in the long run.

Shortly after the publication of Rivera-Batiz and Xie (1993), Devereux and Lapham
(1994) however, show that these effects only hold when the two countries have exactly
identical initial knowledge stocks. When this is not the case and integration takes
place in the form of trade of goods without knowledge flows, then the country with
initially higher knowledge stock will in steady state produce all new innovations while
conducting at the same time also manufacturing activities. The country with initially
lower knowledge stock invests less human capital into research. This is because the
access of the manufacturing sector to foreign inputs, which integration allows, increases
the productivity of the manufacturing sector. This in turn raises the marginal product
of human capital employed in manufacturing relative to the wage of human capital
in research, which results in flow of human capital from research into manufacturing
until in steady state all human capital is employed in manufacturing. Therefore the
country with a lower knowledge stock will then only conduct downstream activities,
while all innovation takes place in the country with initially larger knowledge stock,

which besides R&D also continues downstream manufacturing.

While for Rivera-Batiz and Xie (1993), where knowledge stocks are equal, integration
has no effect on long-run growth and both countries keep on conducting R&D, Devereux
and Lapham (1994) show, that when countries start with initially different knowledge
stocks and integrate by trade in goods, long-run global growth-rates increase even in the
absence of knowledge flows. But if there is an additional downstream research sector,

what happens?

Similarly to the latter research, our regions of the model start with pre-integration het-
erogeneous levels of knowledge stock. Once integrated, trade in goods occurs, without
knowledge spillovers. Jaffe et al. (1993) show, in response to different assumptions on
knowledge spillovers in growth models, that especially in the short-term, knowledge
spillovers are highly localised. While controlling for pre-existing geographic concen-
tration of technological related activity, the authors use patent citations and find that
citing patents are more likely to be from the same region as the original patent. This
holds true at different spatial scales. We therefore think it is reasonable to assume
knowledge spillovers to be localised at the regional level (which in our context are large

groups of countries) at least in the short run.

As we look at the short- to medium-term, we keep wages fixed, and wages for both

types of human capital are the same. On the other hand, we do not keep the number
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of workers fixed. As we calibrate the model only for the manufacturing sector, we can
think of this as workers being able to move into (out of) manufacturing from (into) other
sectors. Furthermore, instead of focussing on two countries, where integration leads to
specialisation of only one of them in research, we calibrating our model to three dis-
tinct regions but formulate the model such that it can be extended easily to incorporate
N-regions. Our main aim is then to understand how integration affects regions’ inno-
vation patterns and incentives differently given their heterogeneous endowments, and
to contribute to a literature that compares the effect of integration for more than two

regions.

Walz (1997b) recognised the lack of three-country models in this early literature strand.
In his extension to Romer, he not only introduces a third country, which can be seen
as the rest of the world but also incorporates two consumption goods, a traditional and
an industrial good. The former good is produced using only labour, the latter requires
additionally an array of intermediate inputs as the standard Romer final good. The way
integration is added to the model is through changes of transport costs, which stand for
trade barriers of the non-tariff type such as quality, health or technical standards and
regulations or procurement policies. In the analysis Walz (1997b) poses, for example,
the questions on the effects of imposing external trade barriers around a trade bloc of
two countries against the rest of the world. He finds declining growth rate and welfare
as imports from the rest of the world become more expensive and wages within the
trade bloc rise, causing innovation incentives, and hence growth, to decline. Another
experiment shows that lowering trade barriers within the trade bloc for final goods
has negative welfare implications, while for intermediate goods the welfare effects are
positive. The focus of this research is therefore not the enlargement of integration among
three different countries, but rather the deepening of integration and how changes in
external and internal barriers to trade affect growth and welfare of a trading bloc and
that of the rest of the world.

In Walz (1998) skilled labour is added to the above model for both traditional and in-
dustrial final good production and the focus is, more similar to our analysis on the effect
of integration among three countries by enlarging an existing trade bloc. However, inte-
gration here takes place between an existing trade bloc, consisting of two countries and
equal in terms of productivity parameters, with a third, technologically lagging country
(compared to Mexico, Poland, or Hungary), which has lower productivity parameters.
This time production factors are both skilled and unskilled labour with differentiated
wages. Intermediate goods are produced using skilled labour only. A new intermediate
good is an innovation of skilled labour and the global stock of knowledge, assuming
free flow of knowledge across borders. One of the countries in the existing trade bloc
historically has more intermediates than the other. As a consequence, it specialises

completely in the industrial sector. The other country produces both types of final
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goods. The third country is assumed to be so technologically disadvantaged that it
only produces traditional final goods and trades them for industrial ones. While all
trade among countries faces transport costs, integration with the third country takes
place by lowering trade barriers that are additional to transport cost but also of ice-
berg type. Gradually lowering these barriers results in wage convergence between the

original members of the trade bloc and increases aggregate innovation and growth.

We are not interested in the resource allocation between traditional and industrial sec-
tors such as, for example, manufacturing and agriculture, but instead only focus on the
manufacturing industry and hence make only use of the industrial sector as standard
Romer models. We believe that this captures better the purpose of our model, namely
understanding specialisation into business functions (upstream vs. downstream) within
industries (manufacturing) rather than the specialisation into different industries. Al-
though the way we analyse integration is through a binary version of allowing for trade
or not, we similar to Walz (1998) integrate regions that have different levels of produc-
tivity parameters. However, with the aim of comparing the outcomes of integration with

a technological leader between two technologically lagging regions of different types.

The endogenous growth literature above focusses on product innovations and increasing
the variety of intermediate goods available. In contrast Arnold and Kornprobst (2008)
modifies the Romer model by exchanging the innovation process that increases product
variety by adding new varieties to the old knowledge with an innovation process of
quality-upgrading. Here, the number of intermediate goods (i.e. variety) remains the
same over time, but R&D allows to improve and replace each intermediate good, such
that each intermediate firm is a temporary monopoly until creative destruction replaces
it. While it is important to correct for old knowledge to become obsolete and new
products to replace old once, we want to capture the type of innovation process that
adds new knowledge and product variety. We therefore decide to include a simple and
weaker version of creative destruction by adding depreciation of the existing knowledge

stock to our model.

Our model is calibrated to three distinct regions. Research verifying whether bringing
the Romer model to data is feasible, and calibration exercises of endogenous growth
models exist numerously. For example, Dinopoulos and Thompson (2000) use cross-
sectional data from 96 countries to estimate parameters of a closed economy Romer
model as above, such that it is more in line with stylised facts. The aim is to under-
stand whether the model can give parameters that are consistent with prior knowledge
and growth rates that match the data. Adjustments to the Romer model include the
removal of the scale effect from upstream knowledge production and the introduction
of diminishing returns in existing knowledge stocks. Population and human capital

growth is allowed. We make similar adjustments in these directions and additionally
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include the depreciation of knowledge stocks over time.

Dinopoulos and Thompson (2000) test different measures for human capital and find
that using an index built on enrolment in all levels of education, and an index using
maths and science test scores are able to produce parameter estimates in line with
expectations, while using secondary school enrolment rates performs worse. The way
we distinguish production workers from human capital workers is through the share of
workers that have attained different levels of education within an industry of a country
and is hence closer to the former measure. Lastly, while the original Romer model
considers a closed economy, allowing for openness is shown to better match with the
data.

Gong et al. (2004) criticise such empirical studies that test the Romer model by using
cross-sectional data, that lump countries with different development statuses together
and hence assume e.g. technology parameters to be static and equal across space.
They modify the Romer model to reduce scale effects, as above, and test it using
US and German time series data during 1962-1996. The authors argue along with
many others besides Dinopoulos and Thompson (2000) that the scale effect arising
from the knowledge production function is not reflected in the data. That is, increases
in human capital or knowledge stocks did not have positive effects on the long-term
growth rate. Instead, while employment of human capital and knowledge stocks in
many countries have rapidly increased, this is not reflected in rising productivity growth.
The authors adjust for this by introducing, analogously to our model, (1) diminishing
returns in upstream human capita, justified by a congestion effect in research, (2)
decreasing returns in upstream knowledge stock, along the low-hanging-fruit reasoning

of innovative discoveries, and (3) depreciation of knowledge over time.

With respect to a cross-sectional vs. time-series approach, we employ instead a mixed
strategy in our calibration, in which technology parameters differ across countries, but
factor shares are equal. Besides the fact that factor shares are rather stable in our data
(see appendix Table AT3) we focus on the short- to medium-term, and hence assume
these parameters to be static over time. Surely factor shares vary in reality between
countries and industries. For the case of countries, this has even been shown by Gong
et al. (2004). In our previous work in Chapter 1 we show that this is also the case for
countries and industries, but argue that this is due to the specialisation of countries in
specific business functions and tasks within value chains. Different business functions
produce different types of output and hence require different factor shares. In our model,
we can see the different sectors as different business functions, and in fact, we have in the
model for each sector different input requirements and factor shares. This is to say that
in our model, we want each sector to produce the same type of good in different countries

such that also across countries a sector requires the same inputs but puts these together
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with different productivities, which are country-specific. This means that each sector
(research, intermediate and final good sector) represents the same business function,
while productivity and endowment differences determine the specialisation of countries
into these different business functions. This latter specialisation on the aggregate then

results in the different factor shares we observe across countries.

Also Diao et al. (1999) bring the Romer model to the data, but with the aim of un-
derstanding the different effects on growth and welfare between (a) gaining access to
foreign R&D through trade liberalisation or by (b) incentivising resource allocation
to domestic R&D activities through subsidising either the R&D sector directly or indi-
rectly through financial aid for the intermediate good sector. A multi-sectoral extension
of the Romer model is calibrated to the Japanese economy and introduces three trad-
ing regions, the US, Europe, and the rest of the world. The model takes into account
domestic absorptive capacity and the intensity of foreign spillovers, where the latter de-
pend on actual trade relationships of Japan with the three outside regions. The authors
find that liberating trade policies, while positively affecting R&D productivity through
foreign knowledge spillovers, have small effects on allocating resources towards research
and lead only in the short run to welfare gains, but in the long run to welfare losses.
R&D policies on the other hand, have large positive effects on growth and welfare by

shifting resources towards upstream research.

2.3 Model

In order to capture incentives to invest in innovation, we build on the endogenous growth
model by Romer (1990). Technological change in this model is thought to endogenously
arise by investment into knowledge creation driven by market incentives. We construct
from this a dynamic multiregion, partial equilibrium model, and introduce heterogeneity
in the type of innovation in terms of product and process innovation. Production inputs
are labour and capital. Labour can be employed as production workers L or as human
capital upstream H, and downstream H;. There are three sectors: upstream, we have
the research sector and the intermediate good sector, and downstream the final good

sector.

The setup is constructed to allow for N regions, but we calibrate it for only three. Un-
like the common North-South models, we introduce a North-South-East model, which
allows us to study not only offshoring but also nearshoring cases, a phenomenon that
gained momentum in the current debate on global supply chain volatility. We calibrate
these regions using data from Germany, China, and Poland, respectively. The regions
are symmetric in their production functions but differ in their initial conditions and

productivity parameters.
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The research sector uses upstream human capital H, as an input factor to produce
blueprints, which are product innovations. The existing upstream knowledge stock S,
helps in the production of these product innovations, which are sold to intermediate
goods producers. Each active firm j in the intermediate goods sector uses an upstream
blueprint B, together with capital k£ to produce a type of producer durable z; sold to
the final good sector. Blueprints can only be bought from the domestic research sector,
after which the intermediate good firm becomes a monopolistic producer of the producer
durable underlying the acquired blueprint. We can therefore think of upstream research

and intermediate good production as an integrated entity.

Producer durables are sold to final good sectors under monopolistic competition, which
allows the upstream sector to accumulate profits. To which final good sectors the
producer durables can be sold depends on the type of global integration. Under autarky
intermediate good firms can sell their producer durables only domestically, while under
different forms of regional integration, intermediate good firms can also sell to regions
with whom the domestic region is integrated and is, therefore, part of the same trade
bloc.

The downstream final good sector uses production workers L and producer durables z;
as inputs to produce goods for consumption that are sold to final consumers domestically
at profit-maximising prices. It may also employ workers as downstream human capital
H,; to develop process innovations B,;. These innovations increase the downstream
knowledge stock S;, which in turn influences the productivity of final good production.

Hence, building on downstream knowledge stocks allows for a lower cost of production.

We do not explicitly model the innovation of new final goods. But we can think of the
development of a new final good as the development of an array of new intermediate
goods. This means that product development of new final goods takes part in the
upstream research sector, through the development of an array of blueprints that require
the production of multiple intermediate goods, which are then assembled by the final

good sector.

In our model, the development of upstream as well as downstream knowledge is based
only on region-specific knowledge. This means that knowledge created abroad does not
aid in the development of upstream product innovations and neither of downstream
process innovation domestically. This can be viewed as assuming that there are no
knowledge spillovers across regions. We decide that only domestic knowledge enters the
production function of new knowledge based on literature that shows how knowledge
spillovers are localised. For example Jaffe et al. (1993), as mentioned previously, find
that especially in the short run knowledge spillovers are limited. Furthermore, Bottazzi
and Peri (2003) show using patent data on European regions that small spillovers exist

across regions, but that these are limited to 300km from the region producing the
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knowledge. As our regions in the model represent regions of potentially very large size,
we believe that assuming no knowledge spillovers among them can be justified. In the
following, we first describe the equations of our different sectors and then show how the

model works by coupling the sectors.

Let there be a set of regions N, which are indexed by i = 1,...,n. All regions are
structurally symmetric and differ from each other only in terms of parameter values
and initial conditions. Each region consists of a research sector, an intermediate good

sector, and a final good sector.

2.3.1 Research sector (RS)

We allow the research sector to consist of monopolists, which maximise profits by choos-
ing their optimal amount of human capital to employ, taking into account the price

intermediate good firms are willing to pay for blueprints.

The production of blueprints B,, ; is a function of the region-specific upstream innovation
productivity b, ;, upstream human capital employed H, ;, and the existing upstream

knowledge stock S,,;:
By = by H S (2.1)

We estimate 0 < «a,, < 1, which means that we have decreasing returns on human capital
H,; in the production of new blueprints B, ;. New blueprints result in an increase in
the technological frontier, represented by an increase in the knowledge stock S, ;. Over
time, part of the knowledge stock becomes obsolete or is forgotten. This means that
knowledge stocks grow with the number of new blueprints developed and depreciate at
an annual rate  such that the upstream knowledge dynamics are:
Sui= Bui— 0Su i, Su,i(0) = Suio-
We estimate 0 < §, < 1, indicating a positive intertemporal externality of the existing

knowledge stock on its own subsequent growth. In the real world, we can think of this

as part of the reason for high geographical concentration of innovation activity.

Profits are revenues from the sale of upstream blueprints B, ; at a price pp,; minus the

costs of paying the upstream human capital a wage s;:

_ _ o QB
TRS,i = PBiBui — $ilui = ppibuiH S, — SiHu,.

)
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The maximisation of profits with respect to upstream human capital is instantaneous

8
_ Ompsi  OubuiPpaS,;

0= = . Su,i
aHuﬂ Htlbz()éu s
and results in
Bu\ Toow
aubu [ zSulz T
Hyi= <L> . (2.2)
Su,i

The evolution of the knowledge stock is therefore not actively managed by the research
sector but depends on the level of upstream human capital, which in turn depends on

the current level of the knowledge stock and the price at which blueprints can be sold.

2.3.2 Intermediate good sector (IM)

A firm in the intermediate good sector buys one blueprint from the research sector and
rents capital to produce intermediate goods based on the blueprint, e.g. machinery.

Capital k is rented at a fixed rate 2.

Firms are indexed by j with 0 < j < > S, ;, such that the total number of inter-
mediate good firms across regions is equal to the sum of upstream knowledge across

regions.

For simplicity, we assume an intermediate good is produced using one unit of capital
such that the production of intermediate good z; ; produced by firm j and sold to region

7 1S
T = kij.

The intermediate goods firms engage in monopolistic competition with each other. Let
pij = DPij;(2;;) denote the inverse demand for intermediate goods of the final good

sector. Then the profits of firm j, which belongs to a region of the trading bloc G, are

Ty = Y (Pig(@ig)eey — ki) = > (pij(ig) — r)wiy.
1€Gt 1€Gy
The intermediate good becomes obsolete when the knowledge on which the blueprint is
based becomes obsolete. The hazard rate of becoming obsolete and therefore the rate

at which firms exit is J, the rate of knowledge stock depreciation.

We make the behavioural assumption that the intermediate goods firm expects future

profits to be equal to today’s profits. Hence, the firm expects to make a lifetime profit

2We assume that financial capital is mobile across regions and hence use only one international common interest rate
(see also e.g. Rivera-Batiz and Xie, 1993; Walz, 1998).
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7w/ (r +0), and bids this quantity to buy a blueprint, which is therefore priced at

PB = M
490

When trade blocs form such that intermediate goods can be bought from other regions,
all blueprints are sold for the same price, as intermediate good firms are symmetric
by setup and do not rely on domestic inputs into production that have region-specific
prices (e.g. wages for production workers or human capital). This means that after
integration, we cannot distinguish between the intermediate goods sectors of the regions

within the trade bloc.

If we assume instead that firms in the research sector are integrated with an intermedi-
ate good firm, we rely on the assumption that the intermediate good firms themselves
develop blueprints under the same conditions as in a case in which research and in-
termediate good production take place in two different types of firms. Following this
assumption, we can distinguish the upstream sectors (RS+IM) between the three re-
gions also in the case of regional integration. The number of intermediate good firms
in each region would then be equal to the amount of upstream knowledge of the region
Syi- Firm entry in a region is represented by the number of new upstream blueprints
B, ; developed, while firm exit takes place at the rate of depreciation of a region’s

knowledge stock 05,;.

2.3.3 Final good sector (FG)

Following Romer (1990), the inputs into the production of final goods are labour, in-
termediate goods, and human capital. According to the Euler theorem, assuming free
entry, the production function has to have constant returns to scale, meaning that the
price of the final goods is determined but not the magnitude of the output. In order
to fix the size of the latter, a demand function for final goods is postulated. This

accommodates different prices for the final goods in different regions.

The use of human capital aids in production but also produces downstream knowledge

that facilitates production. The amount of new production technology is
b g% QBa
Bd,z - bd,sz,Z’ Sd,iv

which can be thought of as process innovations, such as methods to improve the speed of
assembly activities or the use of different inputs that result in material savings. Similarly
to upstream research, we estimate oy to satisfy 0 < ay < 1 and hence have decreasing
returns to human capital also downstream. The calibration results in parameter values
that satisfy ay < an, which reflects that process innovations compared to product
innovations are less driven by human capital (in line with empirical evidence from

Rammer, 2016) and 54 > (5, for all regions, indicating that upstream knowledge is
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more difficult to develop and depends less on previously accumulated knowledge than
downstream process innovations, which are often thought to be more incremental (see

the Appendix for a full description of our parameter calibration).

Downstream knowledge is created through a learning-by-doing process, in which better
solutions and new innovations are not explicitly searched for, like in the formal upstream
R&D sector, but rather come about as a by-product of working with technology. This
is why human capital enters the production function of final output as well as the
production function of downstream knowledge. We therefore also do not introduce
downstream process innovation to be taking place in a separate R&D sector but rather
as a side activity of production. Downstream knowledge becomes obsolete over time at

our depreciation rate 6. The knowledge dynamics are therefore
Sd,i = B, — 054, S4,i(0) = Sgi0-

We allow different regions to become integrated, into trade blocs. Within a trade bloc
each region’s final good sector can access not only domestic intermediate goods but also
those from regions within its trade bloc. Let the trade bloc G; contain those regions
that are integrated with each other such that G; C N and t=1,...,T, where T is the
total amount of trade blocs. When the trade bloc is a unit set, such that G; = {i},

region ¢ is in autarky. Let

Su,Gt = Z Su,z'

i€Gt

be the total amount of available upstream knowledge within trade bloc G;. If region i is
in autarky, then S, ¢, = S,,;- The final good sector makes use of the full set of available
intermediate inputs. The number of different types of intermediate inputs available to
the final good sector in region ¢ where ¢ € G, are S, ¢,. Total output of the final good

in region ¢ is therefore
ag of SuGt l—-a—a .
YFG,@' = ded"ZSdzL?\/o 'T’L',j d dj (23)
Profit of the final good firms evaluates as

Su,Gt
TFG,i = pFG,z‘YFG’,i - Sin,i —w;L; — / Pi % dj.
0

Maximising profits with respect to the inputs production workers L;, downstream hu-
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man capital H;; and each variety of intermediates z; ; gives us

o
L= EpFG,iYFG,ia

)

Qg
Hd,i = —Prgq, ’LYFG s
Si
l—a—ay
L o l-a—a) oo i.j
i — Di PFGiYFG SuGy 1 a—ory di
i Joct e j

and maximised profits are zero.

Using the symmetry assumption across intermediate good firms we can generalise z; ; =
x; and p; ; = p; for an intermediate good firm j. The demand for intermediate goods

then simplifies to

PFraG,i
u thz

= (1—a—aqay) Yrc.

and output from Equation (2.3) reads as

— Ba T o Qd 1 a— ad
Yrc,i = baiSyiLi Hy§Sucx

7

Substituting in the latter the demands for labour, downstream human capital, and

intermediate goods yields

a\* (o™ ((1—a—ag))\ ™
Yra,i = bsz w,G ( ) (—d) (M) PFGiYFG,
W S; Su,thi

which results in the final good prices

1 (wz>a si) ™ pi e (2.4)
brei= bdZS’BdSaJrad Qg l—a—oay ' '

u,Gt

Intuitively, the final good price increases with the costs of production inputs (wj;, s;,
and p;). It is a decreasing function in downstream knowledge stocks and research
productivity, as both contribute positively to new process innovations B,, which allow
for cost reduction. Furthermore, it decreases in total upstream knowledge stock, which

we can think of as a positive externality of input variety on efficiency in final production.

To determine the final output quantity we postulate a demand function and market
clearing for final goods. We assume that demand in region i is of the form

A;
D;(prc,) = e with A4, >0, {#1, (2.5)

Pra.i

where A; indicates the market size of final output and £ is the absolute price elasticity

of final good demand.
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Market clearing D;(pra;) = Yre yields the output
af agé (1—a—aq)g
ata 1- -
Yra, = A Spe S <ﬁ) (%> (—a ad) :
T ’ wW; S i

This yields the demands of labour, downstream human capital, and intermediate capital
goods

a(E—1)+1 aqg(E—1 l—a—a —1
Li = A StV s <O‘) o <O‘d) " )(1—“—%>( ey
v )i u, Gt ,

w; 54 Di
alé—1 a —1)+1 l—-a—a —1
Hy; = A,bfflSﬁd_(f*l)s(aJrad)(i*l) (a) =y <ad) ey (H_Otd>( ey
5 d,i d,i u, G w; S i 5
et ghate-n glaran(e-n-1 (@Y (aa\ " (1 —a - ag) T
Tij = Aibg; Sq5 ' Sua, w, m i :

Concerning these three demand functions, we can think of the output of the final good
sector as typical manufactured consumption goods such that a larger market size A;
results in greater demand for all production inputs. As £ > 0 it follows that the three
exponents a(§ — 1)+ 1, ag(6 — 1)+ 1 and (1 — a — ag)(§ — 1) 4+ 1 of the above demand
equations, respectively, are positive, resulting in the standard negative relationship
between demand for production inputs (L;, Hy; and z; ;) and their own prices (w;, s;
and p; ; respectively). There is, however, an ambiguous relation of demand for the three
production inputs with downstream research productivity, with knowledge stocks, and

with costs for other production inputs, which depends on the value of &.

Explicitly, if & > 1, demand is elastic and larger knowledge stocks and research pro-
ductivity result in greater demand for production inputs®, while higher costs for other
production inputs result in lower demand. For inelastic demand, where £ < 1, the re-
verse is true. The reason is that with elastic demand, £ > 1, a decrease in final output
price prg (Equation (2.4)) due to changes in its variables (e.g. increase in upstream
knowledge stocks) or shifts of its parameters (e.g. productivity increases by or decrease
in wages) results in a relative higher percentage change in demand, which leads to addi-
tional employment of production inputs to meet the disproportional increase of demand
due to the price drop. In the case of inelastic demand, on the other hand, £ < 1, an in-
crease in e.g., downstream research productivity by that expands production and lowers
its costs, the consequence is a disproportionally smaller percentage change in demand,

and hence a contraction of production factor employment. Solving for inverse demand

3An exception here is the upstream knowledge stock in demand for intermediate goods, where instead a rather high
elasticity of £ 2 3.76 would be required for increases in upstream knowledge to positively influence intermediate good
demand. We however assume that this elasticity is not far from unity, such that upstream knowledge of the trade bloc
instead decreases demand for each individual variety of an intermediate good. This can be thought of as intermediate
goods being partial substitutes.
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of intermediate goods yields

1
a(é-1) ag(6-1)\ n 4
pi=(1-a—ay) (Az-b&%;”Séii“‘”Si,“&“d“f‘”‘l (3) @) ) zi)

wy Si

with n=(1—-a—ag)((—-1)+1,

where p; is the price that firm j is charging to region i. As £ > 0, this implies that
n > 0 for all possible values of ¢, so that a standard negative relationship exists between
price and demand for intermediate goods. Furthermore, if £ > 1, then also n > 1 and
vice versa. This means that the price elasticity of demand for final goods determines,

through 7, the price elasticity of demand for intermediate goods.

2.3.4 Coupling the sectors

Coupling the final goods sector to the intermediate goods sector

The inverse demand of region ¢ for intermediate goods from firm 7, following Equation

(2.6), has the general shape

Pz‘(Ii,j) = Cﬂi,j .

The profits of the intermediate goods firm j are

1—1L
._E Ay N o — .._E P
TIM,j = pilTij)Tij — 125 = lei,j Ty

1€Gy 1€Gy

Profit maximisation yields for all ¢

1—1\"
l’z‘,j—( T”) i,

and prices are

r
pi(ziy) = 1_ 1
n

such that outputs are
) oot [« a(é-1) o aq(é-1)
Tig = Ay SIS G (—) (—) o, (2.7)
’ ’ ' w; Si
1-H1—a—ay
where ¢ = ( 77)( ) .
r
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Intermediate good firms’ profits evaluate to

r

n 1€Gy

a(-1) aq(§—1)
7”(25 Ot+ad)(5 1)- ZAbS 1Sﬁd€ (@ Qd ’
=1 w; si '

1€Gy

Employment in the final good sector is set at

u,
S;
7

a(é-1)+1 aq(€-1)
L; = A bgllsﬁd(ﬁ 1) S(Og;ad)(g_l) (ﬁ) (%) ‘ qb(l_a_ad)(&_l), (2.8)
Wi

a(é-1) aq(§-1)+1
H — A bgllsﬁd(ﬁ 1) S(Og-tad)(ﬁ—l) (%) (%) gb(l*a*ad)(é.*l). (2_9)

u,
S;
7

The latter aids in the production of new downstream knowledge such that

a(é-1 ag(6—1)+1Y\ ¢
Agleteate (O Y (ag\ e
o)

1+(—-1)
)

QS l—a—agq)(E—1)ag .

We obtain for output of the final good sector

ag ag
o= At () (20) g
w.

i Si

which is sold at the region specific price

1 wine (s ) (1) T
pFG,i—w( ) (a—d) (a) . (2.10)

The final good prices decrease in both, the domestic downstream knowledge stock and
the total upstream knowledge stock, but increase in the wage rates for production
workers and human capital, as well as with the cost of capital r.

Coupling the intermediate goods sector to the R&D sector

The price pp; for blueprints equals the total expected lifetime profit of the interme-

diate good firms. Assuming that firms estimate this profit using the assumption that
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quantities remain constant over time, this reads as

T
PBi =105
a(é-1) aq(§-1
(r+6)(n—1) Suci w; 5;

1€Gy

The research sectors take prices pp,; of the blueprints as given and employ the amount

of upstream human capital that maximises their profits, which is

1

1 511 l—ay
o= (et T [ QubuiSui atane-n)-
u, (77 _ 1)(T + 5) Si uGt

(Z A (& )a“” (@)a““)) o
. dyi w; S;
i€Gy

Upstream human capital H,; is a decreasing function of its own wages s; and an in-
creasing function of upstream research productivity b, ; as standard. It is also increasing
in its domestic upstream knowledge stock, but decreasing in total upstream knowledge
available within the trade bloc unless ¢ is large (see footnote 3). It is increasing in the
market size of all trading partners. If £ > 1 upstream human capital increases in all
downstream knowledge stocks and downstream productivities of the integrated regions,

but decreases in all wages within the trade bloc. For £ < 1 vice versa is true.

The number of new blueprints created by the research sector in region i becomes
B = (his) ™ <_r¢" )
= Betu) A\ D)

a(e-1) aq(6-1)\ Tou
S(a-i-ad)({ 1)— Abé 1 5d5 (@ d

and hence is, like upstream human capital, a function of domestic S, ;, as well as Sy, ¢,

of the trade bloc and a function of all trade bloc regions’ S ;.

2.3.5 Dynamics

We end up with a system of two coupled differential equations, one determines the

evolution of the downstream knowledge stock, given by

>(£_1)ad+1 ¢(1_a_ad)(€_1)ad (2.11)

Sai = (bd,isgj
a(e—1) ag(E—1)+1\
<A5a+o¢d (&-1) (g) (%) ) _5Sd,i7 z’:l,...,n
W; S;
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and another one determines the evolution of the upstream knowledge stock

Xy

. . PO O araneot)ot\ To
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The downstream evolution of knowledge stocks in Equation (2.11) depends, apart from
total upstream knowledge across the trade bloc S, ¢,, only on domestic parameters.
Greater access to upstream knowledge S, ¢, implies that a larger variety of interme-
diates can be sourced, which helps in the production of final goods. This expansion
of production also allows for greater employment in downstream human capital that
can produce downstream knowledge, resulting in the positive effect of S, ¢, on Sd.
This means, for all regions, ceteris paribus, integration should have positive effects on

downstream knowledge production.

On the other hand, the upstream evolution depends on parameter values of all regions
within the trade bloc, such as their wages, downstream productivities, and knowledge
stocks, as well as market size. We see that two counteracting forces are at play in the
upstream dynamics of Equation (2.12) when a trade bloc is formed or expanded.
First, the aggregate upstream knowledge stock of the trade bloc S, ¢, has a negative
effect on its future growth as (a + ag)(é — 1) — 1 < 0 *. The reason for the negative
effect of S, ¢, on its growth rate is due to access to more upstream knowledge, which
implies access to a greater variety of intermediate inputs, such that competition creates
less demand for each input variety.

At the same time, this effect can in some cases be offset by the second effect integration
creates in the upstream research sector. This positive effect is due to the greater down-
stream demand driven by the larger market size resulting from access to foreign final
good sectors (represented by the summation in Equation (2.12)). Which factor prevails
depends on the relative sizes of upstream knowledge stocks versus size of downstream

final good sector of a domestic region’s trading partners®.

2.3.6 Parameters

We developed the model based on the manufacturing sector, for a medium-term analysis,
which in our case is around ten years. To calibrate our model parameters and initialise
some variables, we use for some parameters existing empirical evidence and calibrate
others with data. Explicitly, we use patent data as well as input-output data (WIOD

Release 2016) to match parameters and initialise the model to specific countries. Other

4As a+ ag < 1 and because we can confidently assume that price elasticity of demand for manufacturing final goods
is not far from unity, such that £ — 1 < 1, this inequality indeed holds. See also footnote 3.

5Indeed, we see in our simulations that upstream knowledge stock growth rates are higher under integration for the
North, but for East and South they are higher under autarky.

101



Chapter 2 | Winners and Losers from Trade? Product and Process Innovation in a 3z3 Model

Table 1: General parameters
Parameters are calibrated using patent or input-output data unless a reference is made, then parameters are
taken from the cited literature

Name Description Value
r return on capital (Jagannathan et al., 2016) 0.08
é annual knowledge stock depreciation (Griliches, 1990) 0.1

labour share in Yrg 0.19
Qy upstream human capital share in B,, 0.11
g downstream human capital share in By 0.03
Bu upstream knowledge share in B, 0.87
B4 downstream knowledge share in By 0.95
£ absolute value PED for final goods 1.1459

parameters are calibrated to match macroeconomic data. Some parameters are taken
from the literature. For example, for the return on capital, we chose a value (8%) close
to the lower bound of the discount rates used by firms in manufacturing (Jagannathan
et al., 2016), which is close to the 6.9% of the cost of capital used in the model by Diao
et al. (1999).

We calibrate the model with data from three countries: Germany, Poland, and China
representing the regions North, East, and South respectively. All parameter and ini-
tialisation values are adjusted for a population in which a total of 1 million hours are
worked. This means that the regions can be seen as being of same size and can be more

easily compared.

A summary of the parameters and initial values used in the model is given in Table
1, for parameters that are universal across regions, and Table 2 for parameters and
initialisation values that are region-specific. In-depth procedures for calibration can be
found in Appendix 2.6.1. Market size in Table 2 highlights that our model is calibrated
to reflect regions of same population size but different economic development: the South
represented by China has a smaller market size than the East represented by Poland,
as market size can be seen to reflect purchasing power, or GDP per capita.

Table 2: Region-specific parameters

All parameters and initial values are adjusted for country size (per 1 million hours worked) and calibrated
using patent or input-output data

Name  Description North East  South Unit
(i=1) (=2) (i=3)
s human capital wages 35.17 10.86 0.95 USD/hrs
w; labour wages 20.34 5.36 0.61 USD /hrs
by, i productivity in B, 0.0683  0.0679 0.0521 patents' P« /hrs™
ba.; productivity in By 0.3573  0.1985 0.3953 patents' % /hrs*
Sy.,:(0)  init. upstream knowledge 12.226 0.078 0.020 patents
Sq.:(0)  init. downstream knowledge 3.230 0.065 0.007 patents
A; market size (in millions) 92.85  58.95 8.62  patents*hrs*USD
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2.4 Results

2.4.1 Baseline results: autarkies

In our baseline scenario, we do not allow for trade between regions. This means that
intermediate goods are only supplied to the domestic final goods sector such that for

each region its set of integrated regions G is the unit set G = {i} V i.

We have three regions (N = 3) and set the parameters and initial values of our model
according to Tables 1 and 2. The resulting time-series for sectoral output and em-
ployment are illustrated in Figure 1. It shows for all three regions the expansion of
all sectors over time. Due to high productivity in knowledge production upstream and
downstream, the North has by far the largest output in all sectors followed by the East.
The South has the lowest output levels due to low initial knowledge stocks and research
productivities upstream, but shows a catching up with the East in downstream output

due to higher downstream research productivity.

A look at employment in the bottom row of Figure 1 reveals that employment remains
quite stable over time, especially for the West and East. This is in line with Bontadini
et al. (2024), who show for different EU regions that the shares of managers and manual
workers during 2000-2014 have been stable. However, the share of each type of worker
differs between regions, where higher shares of manual workers are found in eastern

and southern Europe and higher share of managers in northern, central and western

Europe.
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Figure 1: Baseline case: Sectoral outputs and employment (time series 10-year horizon)

Aggregate (black; sum of all regions), North (blue), East (green) and South (red); Row I: total and regional output for
research sector, intermediate good sector and final good sector (from left to right, y-axis are log-transformed); Row 2:
employment in production workers, upstream human capital and downstream human capital (from left to right).

In our model, low wages and productivities in the South create higher employment

across all worker types. That the South sees in our model more pronounced growth in
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employment of all worker types over time can be thought of as labour migration from
agriculture into manufacturing. We also find in the data for China higher employment

growth of both types of workers (see upper panels of Figure AF1 in the Appendix).

Despite increased employment in manufacturing, the actual share of production workers
in manufacturing is declining. In Figure 2 we compare the evolution of labour shares
of production workers from our model with time-series data for Germany, Poland and
China. It shows that we can reproduce well the decline in labour shares of production
workers as well as the ordering of the shares across the three regions. Labour shares
are here remarkably high in the South, while Eastern and especially Northern levels
are low. The drop of labour shares over our 10-year period shows in our model rapid
convergence of the South with levels in the East and North as we actually observed
between China, Germany, and Poland around 2000-2010 (right panel).

Model: production workers per final output 0 2Data: low-/medium skilled hours per gross output

250 North
East

Germany
Poland
China

South

0.15

0.1r

0.05

Hrs (low-medium skilled)/GO (in $US)

0 ! n T .
2 4 6 8 10 2000 2002 2004 2006 2008 2010

Figure 2: Evolution of labour shares for production workers model vs data

Left panel: Model output under autarky for number of hours worked by production workers (L) per unit of final output
(Y); Right panel: Actual evolution of low- and medium-skilled hours worked per $US of gross output during 2000-2009
(averages across manufacturing industries using data from the SEA 2013 version)

While upstream human capital is only slightly increasing over time in the East and
South, the new blueprints created are sufficient to offset the depreciation of knowledge,
so that upstream knowledge stocks continue to grow for all regions, as we can observe
in Figure 3. As we set initial knowledge stocks according to our calibration such that
in year zero around 80% and 73% of total knowledge is upstream for the North and
South, respectively, this percentage is only around 54% for the East. This implies that
the East starts with a more even ratio between upstream and downstream knowledge

stocks.

However, the discrepancy between the upstream and downstream research productivi-
ties (i.e., between b, and by in Table 2) is much larger for the East than for the North
and South. Combined with the relatively low downstream productivity, the share of
knowledge stock upstream increases over time in the East under autarky to around
60% in 2009. North and South on the other hand, have with respect to the East higher
downstream research productivities and gain relatively more downstream knowledge
over time. This causes the share of knowledge stock upstream in autarky to fall over
time to 35% and 25%, respectively, for North and South. This is because the differences
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in research productivities b, and b, are not sufficient to offset the fact that the returns

of upstream knowledge are lower than the returns of downstream knowledge (5, < Ba)-

Upstream knowledge stock Downstream knowledge stock
(y-axis log-transformed) (y-axis log-transformed)
100 100
o 1 w 1
0.01 0.01
2 4 6 8 10 2 4 6 8 10
year year
Total North East South

Figure 3: Baseline case: Knowledge stocks (time series 10-year horizon)
Aggregate (black; sum of all regions), North (blue), East (green) and South (red); Left: upstream knowledge stock;
Right: downstream knowledge stock.

In our model, this creates a catch-up of the South in terms of downstream knowledge
stocks with the East and explains the convergence in final output we have observed
in Figure 1. In our real time-series data on our proxy for process innovation this
convergence in downstream activity between China and Poland can also be observed.
Although not as pronounced as in our model, we see in Figure AF2 from the appendix a
faster growth rate in downstream patents per year for China than for Poland, resulting
in faster growth of downstream knowledge stocks and catching up with Poland (Figure
AF3)8. Besides the Southern convergence our model also mimics the clear technological
divide of East and South with the North both in upstream and downstream knowledge

production, pointing to a successful calibration.

2.4.2 Allowing for trade: global integration and formation of trade blocks

We have shown in the previous section the baseline results of our model, when we do
not allow for trade among regions. We have made important parallels between regional
outcomes of our model and real developments in the representing countries over the
years of interest. In the following, we allow for different forms of integration and open

the regions up for trade in intermediate goods.

In the first case, a single trade block is formed (7" = 1), which includes all regions
G, ={1,...,N} ¥V i. Every region can sell its intermediate goods domestically and to
any other region ¢ € (¢;. This means that every final good sector makes use of all
intermediate goods globally available, such that the total upstream knowledge stock
available to 7 is S, ¢, = ZZEGI Su,i ¥V i. We call this full integration and attempt to
replicate the first wave of outsourcing production to Asia at the beginning of the 21st

century that utilised the large and cheap pool of production workers in China after

6Note that in the Appendix Figures AF2 and AF3, the y-axis are logarithmically transformed, resulting in a visually
weaker convergence than without transformation.
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its WTO accession and the simultaneously occurring Eastern EU enlargements that

followed the collapses of the Soviet Union.

In the second case of integration, termed offshoring, we model the large wave of out-
sourcing to Asia without trade liberalisation of eastern Europe. We integrate for this
case the North with the South but leave the East in autarky. This means G; =
{North, South} with total available upstream knowledge being S.a, = Sunorth +
Su,South, such that intermediate goods can be bought either from the North or from
the South. The East is in autarky and hence belongs to the unit set Go = {Fast}, with

access only to domestic upstream knowledge S, ¢, = Su East-

Lastly, contributing to the ongoing debate on global supply chain volatility, the political
shift toward strengthening domestic markets, and decreasing dependence on foreign
markets, we model a case representing near- or friend-shoring of production. This
case, similarly to the offshoring case, forms a trade block between two regions, but
leaves the third in autarky. This time, the trade block forms between North and East
(Gy = {North, Fast}), while the South remains not integrated (Gy = {South}). We

call this form of integration reshoring.

For this exercise we present the effects on sectoral outputs in Figure 4 for all our different
forms of integration. The results are represented as relative to our baseline autarky case.
We first highlight that any form of integration results in aggregate higher output for
all three sectors (top row) during our 10-year period. Full integration yields the best
improvement followed by reshoring and lastly offshoring. There are clear advantages
of the North to integrate with the East over the South (second row), which is driven
by the larger market size (A;) per capita in the former with respect to the latter. This
creates more demand for each variety of intermediate goods supplied by the North such
that total intermediate good output is more than 30% higher under full integration than
with respect to autarky. This in turn increases profits of the intermediate good sector,
resulting in an analogous increase in the price of blueprints. The latter effect causes
the research sector to attract upstream human capital and allows for more blueprint
production (up to 5% more than autarky). Downstream manufacturing in the North is

on the other hand largely unaffected, with a minor expansion of around 1%.

While it might be surprising at first that integration with the South is rather under-
performing with respect to integration with the Fast, one needs to remember, that we
assume that regions are of same size. This means, market size in our model is not
driven by population size. With this in mind, we can interpret this finding as follows:
the initial large wave of offshoring we have observed beginning of the 21st century to
mainly China was largely motivated by gaining access to an economy with large popu-
lation. This created access to a large pool of low-wage labour as well as a larger market

size due to pure population size. The East on the other hand has in our model a larger
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Figure 4: Relative sectoral outputs under types of integration with respect to autarky (time series

10-year horizon; Relative change with respect to baseline)
Aggregate (black; sum of all regions), North (blue), East (green) and South (red); Rows 1-4: total output for research
sector, intermediate good sector and final good sector (from left to right)

market size with respect to the South, as manufacturing output per capita in Poland
has been much larger than in China. Realising that the population of China is 40 larger
than the Polish population and seven times larger than the population of all eastern
European countries together (excl. Russia), the gap between reshoring and offshoring

in our model can be rationalised.

Under integration, our model shows clear patterns of specialisation, which are common
in endogenous growth models with intermediate good trade but without knowledge
spillovers. In contrast to the large upstream expansion in the North, integration causes
in the East and South a collapse of intermediate input production, and the development
of new product innovations drops to 50%-60% of autarky level. Although the aggregate
increase in final good production can be attributed to all three regions, with respect to
the 1% expansion in the North, East and South experience with respect to their own

autarky level between two to four times higher outputs, respectively.

The mechanism through which specialisation takes place is through the employment
choices of regions. For the differences in employment under full integration relative
to our baseline autarky case the results are summarised in Figure 5. Downstream ex-
pansion of the final good sector in the East and South under integration is driven by

an increase in production workers and downstream human capital. Employment for
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Figure 5: Change in employment under full integration with respect to the baseline autarky case
From left to right: production workers, upstream human capital, and downstream human capital

both type of workers is with respect to autarky around 15-25% higher, a difference that
remains stable over time, indicating the level effect integration has on employment.
While in the North this expansion is also positive it is not even close to 1%. The
specialisation patterns, are in line with Bontadini et al. (2024), who show that for tech-
nologically asymmetric countries, functional specialisation can cause changes in worker
allocation that deepen the initial asymmetries. This highlights the role initial endow-
ments play in the development path under integration, in fostering the specialisation in

either headquarter (upstream) or fabrication (downstream) functions.

While in autarky the division of human capital downstream vs upstream has been in
the North rather balanced, East and South invest the majority of human capital into
upstream research as blueprint prices are high and possibilities to earn large profits
are high. Introducing trade, this drastically changes. As we show in Figure 6, moving
towards full integration the ratio between downstream and upstream human capital for
the East (South) changes drastically. Downstream human capital is now more than
10 times (more than 5 times) larger than upstream human capital, and the ratio is
even more pronounced under reshoring (offshoring). Although the North also moves
towards relatively greater downstream employment, the ratio between downstream and
upstream human capital is, however, only 25% higher (35% higher for offshoring and
28% higher for reshoring) than under autarky. But because employment in downstream
human capital plays only a minor role in the production of process innovation (since our
returns to downstream human capital are only g = 0.03), we need to also look at the
actual development of downstream innovation and knowledge stocks to get a complete

picture on the innovation side.

The specialisation of the North in research is caused by an increase in human capital
employment upstream with respect to autarky by around 40% under full integration,
which is mirrored by an extremely strong decrease in the East and South. This decrease
cannot be offset by the North’s increase in upstream human capital employment, as
we find aggregate upstream human capital decreasing under integration. However, as
its research productivity is high, aggregate blueprint production and, hence upstream

knowledge stock expand within the trade block (see Figures 4 and 8 respectively, top-
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Figure 6: Division of human capital employment downstream versus upstream
From left to right: autarky, full integration, offshoring, reshoring

left).

In downstream manufacturing, on the other hand, integration results in productivity
gains in the production of final goods. These gains take place due to two effects: one,
access to a larger variety of intermediate goods in all regions, and two, due to greater
investment into process innovation through rising employment of downstream human
capital in the East and South. The result of these productivity gains are lower shares
of production workers per unit of final output as we observe in Figure 7. Productivity
gains in the North on the other side are only minor in downstream manufacturing as
the gains from trade with East and South in terms of access to a larger variety of

intermediate inputs is rather insignificant for this region.
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Figure 7: Relative change of measures under full integration with respect to baseline autarky case
(time series 10-year horizon)

Left: share of production workers per unit of final good output; Middle: downstream blueprints; Right: downstream
blueprints versus upstream blueprints

Integration causes global levels of both upstream and downstream knowledge to rise
(Figure 8, top-left and -middle) and an overall global shift towards upstream knowledge
is observed (top-right), which is driven by North’s specialisation in research. While also
downstream knowledge expands in this region, upstream knowledge production domi-
nates, causing the North to shift on the aggregate slightly towards product innovations

under integration”.

In the South and East, due to the collapse of the research sector under integration,

downstream knowledge becomes now the dominant type. These findings reflect our

"This fits the empirical findings on product versus process innovation in Germany concerning its relationships with
import competition/inward FDI (Bertschek, 1995) and concerning its relationship with the likelihood to export (Becker
and Egger, 2013) (See Section 2.2).
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evidence from Chapter 1, were we show that specialisation of an upstream country-
industry pair is slightly negatively associated with the process-share of patents (i.e.,
reflects a move towards product innovation), while downstream country-industry pairs,
when becoming specialised, are associated with higher process shares of patents. In
our model this is most prominent for the South, where during our 10-year period the
percentage of knowledge attributed to the downstream sector increases from 30% to
85% (a final 10% more than under autarky). The fact that the jump in the share of
downstream knowledge is largely driven by the collapse of upstream research becomes
evident in Figure 8 (bottom row). Upstream knowledge stocks drop for East and South
by 50% with respect to autarky, while downstream knowledge stocks expand only by
1-2%.
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Figure 8: Relative change in knowledge stocks under full integration with respect to the baseline
autarky case

Rows 1: Aggregate (sum of all regions) knowledge stocks upstream and downstream, and their ratio (up-
stream/downstream) (from left to right) comparing all forms of integration to autarky; Row 2: Regional knowledge
stocks and their ratio for North (blue), East (green) and South (red) comparing full integration to autarky

What is interesting to note is that while not only for the North but also at the aggregate,
reshoring is a clear winner over offshoring in terms of upstream knowledge (Figure 8,
top-left) this is not the case for downstream knowledge. The former outcome, upstream,
is mainly driven by the larger market size in the East, creating with respect to the South
relatively more demand for intermediate goods and hence upstream innovations from
the North. A much smaller driver, yet existing is also the larger production of upstream
blueprints by the East with respect to the South. Even when looking at the case of
reshoring, in which the research sector in the East collapses but not the one in the South.
Despite the collapse, upstream blueprint production remains higher in the Fast at least

over our 10-year horizon than in the South (see Appendix Figure AF5, top-right).

Looking at downstream knowledge, we, however, see a different picture. Total down-
stream knowledge stock (Figure 8, top-middle) starts out to be higher under reshoring.

But after year eight this changes, and offshoring overtakes reshoring. This is due to
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the higher downstream productivity of knowledge production in the South relative to
the East, which causes more downstream blueprints to be produced by the South than
by the East after year six (see Appendix Figure AF5). This is despite the relatively
higher ratio of human capital employed downstream than upstream in the East as we
have observed in Figure 6. Although we do not find in our time-series data that China
had already overtaken Poland in the hours-adjusted production of downstream patents
by 2009, we do find a lower growth rate of downstream patents for Poland than with
respect to China (see bottom row, panels 1 and 2 of Appendix Figure AF2) and hence
a convergence of Chinese levels towards Polish levels for the number of process patents

per 1 million hours worked.

What our analysis in this section has shown, is that integration among regions causes a
global expansion of output in all sectors, and specialisation of the technological leader
(North) in research and specialisation of technological laggards (East and South) in
downstream manufacturing. These results are common for this type of models. We
find additionally that reshoring with respect to offshoring results in larger sectoral out-
puts and upstream knowledge within the trade bloc but it falls short on downstream
knowledge production over time with respect to offshoring. This is due to low down-

stream productivity in knowledge production in the East.

We show that any form of regional integration shifts, in our model, the global level of
knowledge towards product innovation, an effect completely driven by the North. On
regional-level this is different. While both product and process knowledge expand for
the North, indeed the former effect prevails and upstream knowledge becomes relative
to autarky more dominant. But for the East and the South upstream research col-
lapses and together with specialisation in final good production downstream knowledge

becomes the dominant type.

The results point towards gains from trade to not be equal across regions. For the North
large gains are expected, especially in the upstream sector. The South seems to become
over time strong in its specialisation downstream when entering a trade block, forming
large knowledge stocks here. The East on the other side, despite stronger initial en-
dowments compared to the South, sees after trade integration much lower productivity
gains downstream from specialisation, while also losing out on own potential develop-
ment of upstream innovation. In the following section we formally derive welfare for
our three regions under our different forms of integration, to understand actual welfare

gains from the formation of the different trade blocs better.
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2.4.3 Welfare analysis

Integration in our model causes regions to specialise in either upstream or downstream
production. However, whether and for which regions this specialisation is also welfare-

enhancing remains a question, which we try to answer in the following.

Welfare: Output per sector

That any form of integration is beneficial for the North, which specialises upstream, is
clearly visible: For the research sector, intermediate good sector, and final good sector
output is highest in the North under full integration, followed by integration with the
East, then integration with the South. Lastly, autarky yields lowest output levels. Also,
the value of the final good output (pra NorthYNoren) is highest in this ordering for the
North.

On the other hand, upstream output in research as well as intermediate good production
is largest for the South and East when they remain in autarky and lowest when fully
integrated. However, their output in the final good sector is higher when integrated
than in the autarky case. But does this also hold when we look at not only output but
the value of the sectors, i.e., when we take prices into consideration? Because prices
differ between integration types, we show in Figure 9 the total output value of each
region across all sectors. The figure confirms the gains of the North due to integration
across all sectors also in terms of sectoral value, as well as shows again for East and

South losses upstream and gains downstream.

For the East (South) autarky and offshoring (reshoring) are two very similar scenar-
ios, resulting in the overlap of the two lines in Figure 9. The same applies for the
East (South) also between the full integration and reshoring (offshoring) cases, where
the outcomes of the two scenarios are also rather similar, such that it is difficult to

distinguish the two lines in the graphs.

Whether for the latter two regions the increase in output value of the final good sector
under integration outweighs the decrease experienced by the upstream sector is an-
swered in the left column of Figure 9. It shows that the total value across all sectors
at the aggregate is lowest under integration, due to the losses experienced by East and
South, across all sectors (that is, the decrease in the total value of the economy). Rel-
ative to the total value at the aggregate, when looking at the total value of East and
South, we find instead that offshoring for the South and reshoring for the East pro-

8. This is because upstream

duce even slightly lower total values than full integration
research collapses even more in these cases, while at the same time expansion from inte-

gration with only the North downstream is relative to the full integration case slightly

8The differences between full integration and reshoring (offshoring) for the East (South) are so small that it is difficult
to see in Figure 9.
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Figure 9: Evolution of the total value of sectors for different forms of integration

From left to right: total value as the sum of all sectors, total value of research sector, total value of intermediate
good sector, and total value of final good sector; Row 1: aggregate total value for each sector; Row 2-4: total
value of each sector per region for North, East and South respectively;

lower. Hence, using total value as a measure of welfare, we would conclude that at the

aggregate autarky yields across all sectors and regions the best outcome.

Using sectoral value as a measure of welfare can be, however, misleading, as, for ex-
ample, a drop in the price of blueprints due to integration results, on the one hand, in
a lower valuation of the research sector and might hurt producers, but, on the other
hand, results in lower prices for intermediate goods. This in turn results in lower prices
for final goods and leads to larger consumer surplus. To better understand exactly
these two latter effects and to understand which effect dominates, we turn to a more

appropriate type of welfare analysis next.

Welfare: Consumer and Producer surplus

Indeed if we instead look at consumer surplus as a measure of welfare, we reach a
different conclusion. Usually, competitive pressure and increases in market size result
under integration in lower prices and larger variety, both effects are enjoyed by con-
sumers. Indeed, when looking at our final good prices, we find enormous drops in the
East and South, when these regions become integrated with the North (see Table 3).
In our model, this stems from the larger upstream knowledge stock within the trade
block, causing a lower quantity of each intermediate good variety to be used in pro-
duction (Equation (2.10)). What this means is that for consumers in the East and

South, there are large benefits to integration, in terms of variety gains and price drops
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of consumption goods.

Table 3: Final good prices for all regions and all integration types
Colour scale: high values in red and low values in blue

Year North East South

Aut. Integ. Offs. Res. Aut. Integ. Offs. Res. Aut. Integ. Offs. Res.
1 268 87.94 268 87.97 224.6 2249
2 210 71.34 210 71.38 556 139.2 139.6 556
3 165.3 58.03 165.3 58.07 | 338.1 87.06 87.43 338.1
4 130.6  47.32 130.6 47.36 | 207.7 54.97 55.27 207.7
5 103.7 38.68 103.7 38.72 | 1289 35.02 35.26 128.9
6 82.57 31.69 82.57 31.73 | 80.77  22.5 22.68 80.77
7 66.02 26.03 66.02 26.07 | 51.09 @ 14.58 14.72 51.09
8 52.98 2143 5298 21.46 32.6 32.6
9 42.66 ~ 17.68 42.66 17.71 | 20.99 20.99
10 34.47  14.62 34.47 @ 14.65 | 13.63 13.63

The final good sector makes zero profits, while the intermediate good sector bids its
expected value of lifetime profits at the point of market entry to buy a blueprint from
the research sector. This means that upstream research is the only source of profit
accumulation that can give rise to market power. We have shown in Section 2.4.1
that even in autarky, most of the new upstream blueprints are developed in the North,
creating here even in autarky a concentration of profits in the research sector, which
are twice as large as the profits in the East and more than 20 times larger than those
in the South. This concentration is amplified by any form of integration, as profits rise
in the North and fall in the East and South.

Decreasing profits of the research sector in the East and South are driven by lower
prices of blueprints? as we can see in Table 4. Lower potential profits attract fewer
upstream human capital, so that total profits in the research sector shrink due to lower

output, as well as due to lower prices.

Table 4: Blueprint prices in millions for all regions and all integration types
Colour scale: high values in red and low values in blue

Year North East South

Aut. Integ. Offs. Res. | Aut. Integ. Offs. Res. | Aut. Integ. Offs. Res.
1 27.6 383 288 37.1 [N13031 383 [1303" 37.1 | 623 383 288 623
2 26.6 365 27.7 353 | 1046  36.5 | 1046 35.3 | 528.4 365  27.7 5284
3 25.6 34.8  26.7 33.7 | 846.9 34.8 | 846.9 33.7 | 450.9 348 = 26.7 450.9
4 24.6 331 257 321 | 691.8 331 | 691.8 32.1 | 386.9 33.1 | 257 386.9
5 23.7 316 | 248 306 | 569.7 31.6  569.7 30.6 | 333.7 31.6 | 248 333.7
6 30.2 | 239 293 | 4727 302 4727 293 | 289.2 302 = 23.9 289.2
7 289 | 23 28 | 395 289 395 28 | 251.8 289 | 23 | 251.8
8 27.6 26.8 | 3324 27.6 3324 26.8 | 2203 276 220.3
9 26.4 25.6 | 2814 264 2814 256 | 1935 264 193.5
10 25.3 245 2397 | 253  239.7 | 245 170.6  25.3 170.6

We see in Equation (2.13) that the reason for a decrease in the price of blueprints under
integration is the access to foreign intermediate goods S, ¢, , which decreases the demand

for each variety of domestic intermediates, causing lower lifetime profits available to

91t is common for this type of model, that post integration prices of blueprints lie between pre-integration levels of
the two regions. This is also the case here, where upstream blueprint prices for the North increase and for the East and
South decrease under integration.
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acquire a blueprint. For the North, integration yields higher blueprint prices, as the
drop in the price of blueprints due to increased competition in the intermediate goods

market is compensated by reaching a larger market thanks to the formation of a trade
bloc Y., A
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It seems that the gains from integration are for the East and South, mainly concentrated
on the side of consumers in the downstream sector. For the North, on the other hand,
the gains from integration are mainly in the upstream research sector. To understand
whether the positive effect of integration at the consumer side outweighs the negative
effect for upstream producers in the research sector, we formally derive the consumer

surplus in the final good sector and the producer surplus in the research sector.

Consumer surplus in the Final good sector Producer surplus in the Research Sector
S=MC
Pes Pg
Py D=MR
. |CS
Peg * S
s Y B’ Bu

Figure 10: Consumer and Producer surplus
Shaded areas are: Consumer Surplus in the Final good sector (left) and Producer Surplus in the Research
sector (right); demand curves in red and supply curves in blue

The consumer surplus from downstream final good consumption is calculated using the
perfectly elastic supply function of Equation (2.10) and the inverse demand function
derived from Equation (2.5) and Equation (2.1):
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The resulting consumer surplus as sketched in the left panel of Figure 10 is then derived
to be:
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Similarly, we obtain the producer surplus in the research sector from the inverse sup-
ply function derived by combining profit maximising employment of upstream human
capital (Equation (2.2)) with the production function for blueprints (Equation (2.1)).
The inverse demand function, on the other hand, is simply the discounted stream of

lifetime profits of an intermediate good firm, and hence perfectly elastic:

l—« a .
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The resulting producer surplus of the research sector as sketched in the right panel of
Figure 10 is then given by:

1
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Formally deriving the consumer surplus in the final good sector and the producer surplus

in the research sector confirms our previous statements. In Figure 11 we see that the
North benefits from any form of integration mainly in terms of higher producer surplus.
While reshoring is preferred over offshoring, full integration yields the highest surplus.
In our model, the producer surplus from full integration is initially around 45% higher
than the producer surplus under autarky. The consumer surplus, on the other hand,
while higher under any form of integration, differs from the autarky case by less than
1%. Taking consumer and producer surplus together, this results in a positive effect of
full integration for the North of around 4% in initial years. Slightly stronger but similar
results are found by Goto et al. (2025), who show that allowing offshoring increases in
the skill-abundant country income of entrepreneurs but lowers wages for routine task

workers (vice versa for less skill-abundant country).

For the East and South, the picture looks quite different. Both regions experience
a large increase in consumer surplus from regional integration of an initial 18% and
23% for East and South respectively. Full integration in these cases is only marginally
better than in the respective reshoring or offshoring cases. The producer surplus, on
the other hand, shows close to 100% reduction in the research sector. As it is difficult
to compete with the North on upstream knowledge creation after integration, the price
drop of blueprints, as we have shown in Table 4, causes the research sector to collapse.
For the South this collapse is offset by the consumer surplus gains, such that under

offshoring and full integration total surplus is around 4.1%-4.3% higher than under

116



Chapter 2 | Winners and Losers from Trade? Product and Process Innovation in a 3z3 Model

Consumer Surplus: FG-sector

Total «103 North East South
0.05 0.2
0.2
o o
(/)u_ U')LL 0.1
O o
0 0
2 4 6 8 10 2 4 6 8 10
year year year year
Producer Surplus: RS-sector
Total North East South
oo 0.5 0 0
Fe o ————
%] %] - . (%) %]
-0.05 -
o’ e 0 005 w05
O 01 == —:‘ o o o
L =
0— _1 _l
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
year year year year
All Surplus: CS (FG) + PS (RS)
Total North East South
(%] e e 0 0.04 \ ] 0
U)n: _____ U)rx o —— U)n: &
g 002 == 2 = 2 0005 2
+ 001 + 0.02 + +
el Q@ Q@ -0.01 Q
[0 J N [0 P T TTTY LY LLLLLL LT LI (%)) (%))
(8] 0 (@] 0 (@] O 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
year year year year
— Autarky full integration srsssseesss offshoring = = = reshoring

Figure 11: Consumer surplus of the final good sector and producer surplus of the research sector for
different cases of regional integration

Relative sectoral change respect to baseline autarky case (black solid line); From top to bottom: (1) Consumer
surplus, (2) Producer surplus and (3) Consumer plus Producer surplus; From left to right: (1) Total surplus
across regions (2) surplus in North, (3) surplus in East, (4) surplus in South

autarky respectively. However, in the case of the East, the collapse of the research
sector causes in our model a fall in the producer surplus that is greater than the gains
in consumer surplus, such that the total surplus from integration is lower than in the
autarky case. In the initial periods, full integration and reshoring, show around 1.5%

lower total surplus with respect to remaining in autarky.

Our model result, that regional integration for the East is net negative, indicates that
the East would have been better off by remaining under autarky. Building first a strong
R&D base and capacity that would be competitive with future integration partners and
only then opening up for integration, to be able to compete not only downstream with
low wages but also remain competitive upstream in the research sector, could have been
beneficial. A strategy that has worked well, for example, for South Korea (Dayton,
2020). Total surplus across all regions and sectors this time shows small but positive
effects of integration (bottom-left of Figure 11), which are in contrast to the analysis of
sectoral value in the previous sections. In our model, it seems, however, that integration
with the North results in a large setback of the research sector for the East (as well as
for the South) that results in rather lock-in effects of East (and South) in downstream

activities.

Concerning welfare across regions, the model leans towards a deepening of disparities

between the North and the other regions when forming a trade bloc, despite potential
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aggregate gains. As mentioned earlier, North’s specialisation upstream results in a

severe concentration of market power and a widening of the technological gap.

2.4.4 Process innovation vs integration - Are they substitutes?

In this last exercise, we ask whether, for the North, offshoring to low-wage countries
(full integration) can be seen as a substitute to process innovation. As we can think of
offshoring of downstream manufacturing process as being a consequence for firms trying
to reduce costs of production, it might be that being able to reduce these costs via an
alternative route might alter the incentive to offshore. An alternative to integration in
our model could be the development of greater knowledge for process innovations, which
ultimately should lower production costs through productivity gains in manufacturing.

This is a mechanism which has been described, for example, by Atkinson (2020).

In order to answer this question, we compare the model outcomes in the North for two
different scenarios. One is the full integration case, with standard parameters and initial
values set according to Table 2. In the second scenario, we look at a case where the
North remains in autarky, but starts with a higher downstream knowledge stock than
in the integrated scenario. Explicitly, we choose an initial downstream knowledge stock
such that the two scenarios can be seen as substitutes in terms of welfare at the end
of our simulations. This means we multiply our initial knowledge stock in the autarky
case by a factor that makes total surplus (consumer plus producer surplus) be equal to

the integrated case in year 10. The factor that produces this outcome is 1.0269.

From the view of a welfare planner this experiment can be posed as: by how much does
downstream knowledge stock need to grow today to make welfare in 10 years be equal
between the autarkic North that invested in additional downstream knowledge and a
North that instead invested in global integration? The answer to this question would

be, an additional 2.69% of today’s downstream knowledge would be necessary.

In Figure 12 we see in the right panel how in the autarky scenario total surplus starts at
lower levels with respect to the integrated scenario but grows at a faster rate such that
in year 10 the total surplus between the two scenarios is equal. The left and middle
panels, on the other hand, reveal that it is not producer surplus but rather consumer
surplus that causes total surplus in the autarky case to outpace total surplus under the
integration scenario. In fact, while producer surplus looks almost parallel between the

scenarios, it grows at a slightly faster rate in the integration scenario.

The reason why consumers in the autarky scenario benefit from greater investment
in downstream manufacturing is due to the larger downstream knowledge stock that
leads to productivity gains in final good production. As the dynamics of downstream
knowledge (Equation (2.11)) are exponential in the stock of downstream knowledge,

the small initial increase in the autarky case of 2.69% creates large future gains in the
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Figure 12: Producer and Consumer Surplus for the North under two scenarios

From left to right: Producer surplus in the research sector, Consumer surplus in the final good sector, Total surplus
(consumer plus producer surplus); Light blue line: surplus under full integration with standard downstream knowledge
stock Sq.0, North as set in Table 2; Dark blue line: surplus under autarky with higher initial downstream knowledge stock
(10269 X Sd,O,North)

downstream stock as we see in the upper left panel of Figure 13. These in turn lower
final good prices and increase manufacturing output, as the other two upper panels
show. These effects outpace the loss that the final good sector experiences due to the
forgone foreign access to intermediate inputs, which would positively affect the final

good production (see Equation (2.3): S,.q,)-

The producer surplus, on the other hand, remains significantly larger under the in-
tegration scenario. This is because the upstream sector loses in autarky all foreign
downstream market demand, which is not offset by the domestic downstream expan-
sion. The result is lower upstream profits as fewer inputs are demanded and a lower
monopoly price that can be charged for upstream blueprints (see lower panels in Figure
13). Because profits are lower, less human capital is attracted to work in upstream
research such that upstream knowledge grows at a slower rate in autarky with addi-
tional downstream knowledge than under the scenario of integration without additional

downstream knowledge (bottom left panel).

To summarise the above, if a decision needs to be made between facilitating integration
or investing in downstream manufacturing knowledge locally, a welfare planner in the
North that cares about total welfare would favour the latter. However, from the per-
spective of a profit-driven firm, integration remains the preferred option, as it allows
for larger profits due to additional downstream market demand. In order to reach a
point where the two scenarios can be seen as substitutes in terms of producer surplus
a much larger initial increase in downstream knowledge stock would be necessary to
create enough domestic downstream demand to offset the loss of foreign markets. Ex-
plicitly, to make producer surplus equal in year 10 between the two scenarios would

require an initial increase in downstream knowledge stock of around 25.5%.

We conclude from this simple experiment that for technological leaders, domestic in-

vestment in process innovations and the accumulation of downstream knowledge can be

10See Appendix Figure AF6 for model output, which compares the autarky scenario that has 25.5% higher downstream
knowledge stock with the standard scenario of full integration.
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Figure 13: Knowledge Stocks, prices and output for the North under two scenarios

From top left to bottom right: Downstream knowledge stock, final good price, output of final good sector, upstream
knowledge stock, price for upstream blueprints, output of an intermediate good firm; Light blue line: values under full
integration with standard downstream knowledge stock Sq,0, Nortn as set in Table 2; Dark blue line: values under autarky
with higher initial downstream knowledge stock (1.0269 X Sg 0, North)

seen in our model to some extent as a substitute to offshoring to low-wage destinations.
If our measure of assessment is total surplus, relatively little investment in downstream
knowledge would be required to reach the same total surplus in the short run (in 10
years). Additionally, we show that consumer surplus becomes more important for total

welfare if instead of offshoring production, investment in process innovation is chosen.

This means that even in the absence of wage increases in the South and East due to
specialisation in downstream activities, which our model excludes, accumulating down-
stream knowledge in the North can make offshoring to low-wage countries more and
more unattractive. At the same time, the larger domestic knowledge stock has oppo-
site effects on foreign regions, who now have a greater incentive to integrate with the
North to also benefit from additional downstream demand for their own intermediates

produced upstream.

The findings in this section are also interesting in view of debates on technological com-
petition between regions and in view of policies such as the EU’s agenda that call for
greater strategic autonomy in the development of key technologies. According to our
model, building stronger domestic downstream capacities leads to domestic expansion
in the downstream sector and, through this, also to upstream expansion. This makes
integration from the point of view of foreign regions more attractive, but from a domes-
tic point of view less attractive. Closing the border for intermediate good trade and
withholding new technologies therefore from other regions could according to our model
be a strategy to reach initial autonomy and obtain a head start into the development
of new technologies. However, trade relationships are usually formed on a bilateral ba-

sis, and closing the border would also mean blocking access for the domestic region to
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foreign knowledge and demand. Whether and to what extent each of these two factors
matter for a region needs to be understood to not risk, by closing borders, to lose crucial
access to certain foreign technologies or to lose foreign downstream market demand for

own domestic technologies.

2.5 Conclusion

In this analysis, we have modified the Romer model of endogenous growth to a dy-
namic, multi-region partial equilibrium model, in which we allow for trade of interme-
diate goods, but not for knowledge spillovers. Our aim was to understand better the
role of upstream product and downstream process innovation, under different forms of
integration among a technological leader and two technological laggard regions with

different research productivities and endowments.

We explicitly create downstream incentives to invest in process innovations by intro-
ducing a downstream knowledge stock, which increases the productivity of the manu-
facturing of final goods. This allows us to compare investments in upstream product
innovations with downstream process innovations and the relative evolution of the two
knowledge stocks over time and across different types of integration. We calibrated
this model using cross-sectional patent and input-output data from the manufacturing
sector as well as data explicitly for Germany, Poland, and China to represent three
distinct regions, which we call North, South and East. We can reproduce well the de-
creasing labour shares across countries and the ordering of upstream and downstream
knowledge stocks across regions, as well as the evolution of upstream and downstream
patents during 2000-2010.

Our model produces under the formation of trade blocs a global shift towards product
innovation. This shift is a result of a higher relative incentive for product innovation
than for process innovation in the North. The reverse is true for East and South, who
focus on process innovation when becoming integrated, creating a possible lock-in into
downstream activity. The shift of the latter two regions towards process innovation
is, however, overwhelmed by the shift of the North towards product innovation, due
to its higher productivities of knowledge production. At the aggregate, both upstream
and downstream knowledge is higher under integration, and also the North increases

process innovation when integrated, but less so than product innovation.

While the East invests heavily in downstream process innovation by employing large
amounts of human capital, it is over time in downstream innovation less productive than
the South, causing lower production of new downstream knowledge in the East, and
eventually downstream knowledge falls below Southern levels. As the East is, compared

to the South, rather productive in upstream blueprint creation, when integrated and
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"forced" into downstream specialisation, it loses a large potential surplus from upstream
research that would have been available under autarky. As a consequence, total welfare

under integration is lower for the East than before entering a trade bloc.

For the South, on the other hand, integration causes welfare gains, as there are large
gains in consumer surplus from integrating, which offset the losses in producer surplus
due to the collapse of the research sector. The North is a clear winner when entering
a trade bloc and experiences large gains, especially in the upstream sector, due to
increasing demand for intermediate inputs and the possibility of extracting economic
rents in its research activities. Although much lower, the gains in consumer surplus due

to lower prices and larger variety are still positive.

Our model therefore shows that even without trade barriers and in absence of knowledge
spillovers, the benefits from regional integration are firstly concentrated in the hands
of technological leaders, and secondly can even be negative for technological laggards,
depending on their initial level of endowments. We have shown that the East, which has
potential strength in upstream research innovation, becomes locked into downstream
manufacturing activities. Here, the South, however, has a greater relative advantage
because of larger downstream productivities. This causes welfare gains to be hetero-
geneous to such an extent that the East experiences welfare losses under integration,

while the South gains.

Based on our model, regional integration benefits mostly already highly innovative
regions. The collapse of the research sectors in the East and South when entering
a trade bloc with the North highlights that without explicit R&D or trade policies,
which promote and actively invest in the development of product innovations and the
diffusion of knowledge, countries that are less knowledge intensive compared to their
trading partners will have small chances of upgrading. Here we can take China as an
example for a region, which in reality, through intense and aggressive R&D policies (by

many perceived as unfair), has successfully escaped this trap.

We also highlight the importance of considering the effects of regional integration on
market concentration. Our model hints towards greater regional income divergence
between regions and severe market concentration in the North as market power in
research allows even larger extraction of economic rents. Integration in the South and
East, on the other hand, results in profits from upstream research to fall towards zero.
Our model is prone to overstate the negative effects of regional integration as we neglect
potential knowledge spillovers, which should result in positive effects for technological
laggard regions in terms of growth and welfare. At the same time, our research calls
for policies that recognise the importance of exactly these spillovers to avoid potential

negative consequences of global integration.

Finally, in a short experiment, we try to answer the question, whether for the North
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investment into process innovation can be seen as a substitute to integration with low
wage production partners. A social planner might wonder, under what investment
scenarios autarky performs equivalently well to an integration case in terms of welfare.
We therefore asked how much larger the initial downstream knowledge stock needs
to be in the North, in order to become within a 10 years horizon indifferent between
integration and remaining in autarky in terms of total surplus. Surprisingly, we find that
this requires only small investments into more downstream knowledge. However, the
small increase in downstream knowledge stock puts total surplus in autarky equivalent
to that under integration solely due to consumer surplus. Producer surplus on the other
hand remains higher under integration unless the initial downstream knowledge stock
is raised by a much larger amount, indicating that for upstream actors integration is

more strongly preferred than what the social optimum might indicate.

It is to note that we have excluded in our model transport costs, that would capture
institutional and geographic proximity and would therefore alter the incentive of the
North to integrate with either East or South towards greater preference to integrate
with the former. Additionally, we could instead of assuming no knowledge spillovers
introduce the fractional use of foreign knowledge stocks in knowledge production, as
well as introduce absorptive capacity into the use of foreign knowledge in domestic
intermediate goods production. Through this, we could capture knowledge diffusion,
but also incorporate its barriers, as well as the difficulties of subsequent technological
adoption. This would include for example the difficulties in adopting highly advanced
machines, or producing extremely complex products from technological leaders with

machines and knowledge from technological laggards.

In our research, we focus on the case of trade liberalisation in which regions are able to
use not only domestic but also foreign intermediate inputs in their final good production.
This means, in our model, we allow for trade in intermediate goods, but we do not allow
for trade in final goods. Instead, each region produces final goods to satisfy their own
market demands. In fact, most of the consumption of final goods is domestic and has
also been domestic during 2000-2010. For example, in 2010 Germany exported only
18.8% of its final goods, Poland around 16.3% and China even less with approximately
14.7% ). Nevertheless, understanding the dynamics that are introduced when allowing
for final goods to be bought from abroad would add interesting insights. However, it
would require the introduction of product quality of final goods and would also make the
introduction of trade costs more important. Both factors would add great complexity
to the model.

HThese percentages can be seen as an upper bound as they are based on final consumption expenditure by households,
non-profit organisations, governments and also include gross fixed capital formation.. With respect to our model, these
percentages of final goods exported are even lower considering that we focus on regions that are larger than single
countries. In this respect, much trade in final goods will take place within a region (e.g., among Western economies).
The statistics come from our own calculations using data from WIOD Release 2016 and include all industries.
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Escalating geopolitical and economic tensions in recent years, such as Russia’s inva-
sion of Ukraine, the Israel-Palestine conflict, but also social polarisation, Trumpism in
America and the rise of far-right support also in Europe resulted in Western economies
to amplify already ongoing discussions due to COVID-19 on global supply chain volatil-
ities and moved discussions and policies towards greater protectionism and self-reliance.
The rest of the world, nowadays often faced with high tariffs or trade sanctions, has
since been looking for new allies and partners, such that, for example, Russia’s ties with
China and many African economies have tightened over the years (Economist, 2024;
Procopio, 2024). In future research, we propose to understand this shift better with an
analysis of the last integration possibility left in our model: namely, the formation of a

trade bloc between only the East and South, while leaving the North in autarky.
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2.6 Supplementary Material

2.6.1 Calibration

To calibrate our model parameters and initialise some variables, we use for some pa-
rameters existing empirical evidence and calibrate others with data. Explicitly, we use
patent data as well as input-output data (explicitly WIOD) to match parameters and
initialise the model to specific countries. Other parameters are calibrated to match
macroeconomic data. Explicitly, labour shares, fraction of production workers, wages
of production workers and wages of human capital workers come from the SEA Data
(Socio Economic Accounts Data) belonging to the WIOD Release 2013 (Timmer, Diet-
zenbacher, et al., 2015). For this part of the calibration we do not make use of the newer
2016 release as it does not provide a disaggregation of employment by skill level. Ini-
tial values for upstream and downstream knowledge stocks are calculated using patent
data concorded with the upstream measures calculated in Chapter 1, which uses the
input-output tables from WIOD Release 2016.

Our initial data is on industry-country level. Due to WIOD Release 2013 utilising
Industry Classification ISIC Rev.3, while WIOD Release 2016 is build on ISIC Rev.4, we
concord the two industries and select the manufacturing industries only. The selection
of industries from both WIOD versions can be found in Table AT1.

In our main text, Table 1 lists all values for our model parameters that are universal
across regions, as well as the method/source of how the values were obtained. Table 2,
on the other hand, lists parameters and initialisation values that are specific to regions.
We calibrate some values using data from Germany, Poland and China representing
North, East, and South respectively. All parameter and initialisation values are adjusted

for a population in which a total of 1 million hours are worked.

For data on production and human capital workers, WIOD Release 2013 provides a
breakdown of the share of hours worked by persons engaged by three different skill
levels (low-, medium- and high-skilled)'?. In 2000, the share of hours worked by high-
skilled workers in manufacturing sectors was in Germany 18.9%, Poland 7.5% and in
China only around 2.3%. We make use of the share of hours worked by low- and
medium-skilled (LM-skilled) in a population of 1 million hours worked to represent the
number of hours worked by production workers (L), and the share of hours worked by
high-skilled (H-skilled) to represent human capital workers (H, + Hy), such that

L = (share of hrs worked by LM-skilled) * 1,000, 000 .

12For details on how low-, medium- and high-skilled labour are defined, see Erumban et al. (2012, p.4).
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Table AT1:

Industry codes and descriptions; we exclude the manufacturing of coke and refined

petroleum products

Code WIOD Release 2013; ISIC Rev.3

15t16 Food, beverages and tobacco

17t18 Textiles and textile

19 Leather, leather and footwear

20 Wood and of wood and cork

21t22 Pulp, paper, printing and publishing

24 Chemicals and chemical

25 Rubber and plastics

26 Other non-metallic mineral

27t28 Basic metals and fabricated metal

29 Machinery, nec

30t33 Electrical and optical equipment

34t35 Transport equipment

36t37 Manufacturing nec; recycling

F Construction

Code WIOD Release 2016; ISIC Rev.4

C10-C12 Manufacture of food products, beverages and tobacco products

C13-C15 Manufacture of textiles, wearing apparel and leather products

C16 Manufacture of wood and of products of wood and cork, except furniture; manufac-
ture of articles of straw and plaiting materials

C17 Manufacture of paper and paper products

C18 Printing and reproduction of recorded media

C19 Manufacture of coke and refined petroleum products

C20 Manufacture of chemicals and chemical products

C21 Manufacture of basic pharmaceutical products and pharmaceutical preparations

C22 Manufacture of rubber and plastic products

C23 Manufacture of other non-metallic mineral products

C24 Manufacture of basic metals

C25 Manufacture of fabricated metal products, except machinery and equipment

C26 Manufacture of computer, electronic and optical products

Cc27 Manufacture of electrical equipment

C28 Manufacture of machinery and equipment n.e.c.

C29 Manufacture of motor vehicles, trailers and semi-trailers

C30 Manufacture of other transport equipment

C31-C32 Manufacture of furniture; other manufacturing

F Construction

J62-J63 Computer programming, consultancy and related activities; information service ac-
tivities

Similarly, the number of hours worked by human capital becomes

H = (share of hrs worked by H-skilled) % 1,000, 000 .

Wages for production workers are then calculated such that

Labour compensation for LM-skilled
L

w =

and wages for high-skilled (H-skilled) human capital workers being

Labour compensation for H-skilled
7 .

S =

We make use of patent data to set initial knowledge stocks S, 0, Sq,0, research pro-

ductivities b, ;, bg; and shares of knowledge production inputs in blueprint production
Qy, Og, By, and By. The patent data stems from PATSTAT edition 2020 which has

been aggregated in Chapter 1 of this thesis on the country-industry-level using con-
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cordance between patent classification codes (CPC) and industrial classification codes
(ISIC Rev.4).

To obtain initial conditions for knowledge stocks both upstream (.S, o) and downstream
(Sa0), we use the average process share of patents in manufacturing industries (as in
the lower panel of Table AT1) in the year 2000 for each country. We assume that this
aggregate process share indicates the percentage of patents that are process patents

and (1 — process-share) is the fraction that represents product patents.

We additionally try to correct for the relatively low propensity to patent process innova-
tion compared to product innovations (e.g. Cohen et al., 2000; Banholzer et al., 2019),
by adding an additional 16.5% of patents to the downstream knowledge stock, while
subtracting 16.5% from the upstream knowledge stock. This percentage is calculated
by making use of Germany’s average process-/use share of patents across industries,
which we calculated to be approximately 10.5%, and contrasting it with the German
innovation survey (GIS) data and the German R&D survey (GRS). In these surveys,
firms report to have devoted around 27% (23% for GRS) of R&D expenditure to pro-
cess innovation and around 53% (62% for GRS) to product innovation (Rammer, 2016).
Besides this, findings from the Community Innovation Survey 2012 (covering 31 Euro-
pean countries) show that 47% of enterprises that introduced new innovations reported
to have introduced new process innovations (while 53% reported to have introduced a
product innovation) (Rammer, 2016). We therefore assume that the gap between our
calculated process share and actual share of process innovations (representing, inter

alia, relative low-propensity to patent process innovations), is constant across countries
and is around 33% (2%16.5%).

We build upstream knowledge stock and downstream knowledge stock for the year 2000
as indicated in Equations (2.14) and (2.15), by taking the respectively approximated
amount of product and process patents in 2000 as a base amount and assume constant
patent applications in the previous 20 years that add to the stocks in 2000 with knowl-
edge depreciation of 20% annually (Griliches, 1990; Zucker et al., 2007). The upstream
knowledge stock for manufacturing industries ¢ in country ¢ in year ¢t = 0 (where t=0

is year 2000) for a representative population of 1,000,000 hours worked:

1-0.8 total hrs worked
Z(Patentsi,cvt * (1 — process-share of patents; . ,))

7

1—0.8% 1,000, 000
Sewo =(1—0.165) ( ) ( o ) (2.14)
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Similarly, the downstream knowledge stock becomes:
1—0.8% 1,000, 000
Seao =(14+0.165 —— 2.15
a0 =(1+ ) ( 1-0.8 ) (total hrs Worked> (2.15)
Z(Patentsi,c,t * process-share of patents; ;)

i

We calculate the share of intermediates used (1 —a — «q) as being the value of interme-
diate inputs used over gross output minus capital compensation of all manufacturing
industries. We subtract capital from the gross output because our function for the final

output Yrq,; does not include capital as a factor of production.

Intermediate Inputs (IT)

l—a—ag= :
¢ YT Gross output (GO) - Capital compensation (K)

This gives us an intermediate input share of around 78%. The remaining 22% we
attribute to workers and distinguish between the share of production workers a and the
share of downstream human capital workers ay by disaggregating the 22% between the
two types based on the share of hours workers by low- and medium-skilled (production
workers) and the share of hours worked by high-skilled (downstream human capital
workers). In the data the share of high-skilled hours worked is around 14%, while
the share of low-and medium-skilled hours is around 86% in the year 2000 across all

countries and manufacturing industries in the SEA data.

This means, attributing 14% of the 22% labour share to human capital and 86% of the
22% labour share to production workers, results in ay = 0.03 and o = 0.19. To get the
upstream human capital share o, and upstream and downstream knowledge shares £,

and [y we estimate

log(Bu,c,i,t) = log(bu) + aulog(Hu,c,i,t) + Bulog(su,c,i,t) + Ec,i,t (216)

using a simple OLS on the panel that combines patent data on industry level and socio-
economic account data from WIOT. From this estimation, we get o, = 0.11, 3, = 0.87.

Similarly, for the downstream sector, we estimate:

log(Bay,it) = log(ba) + cglog(Hy i) + Bulog(Sac,ir) + €city (2.17)

which results in ay = 0.08, 85 = 0.9. As a4 in this estimation deviates from the one
calculated using labour shares in final good production (0.03) by 0.05 we keep the value
from the latter calibration and add the difference of 0.05 to the knowledge share, such
that 55 = 0.95.

Our calibration yields diminishing returns in human capital both upstream and down-

stream with oy < «, reflecting that process innovations are less driven by human
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capital (Rammer, 2016).

As b,; and by; are region specific, we do not make use of the estimates from Equa-
tions (2.16) and (2.17). Instead, we choose these parameters for Germany, Poland
and China by separately estimating for each country an intercept-only model making
use of the rearranged estimation Equations (2.16) and (2.17) using the selected values
for a,, ag4, B., and B, as well as panel data on knowledge stocks, new blueprints de-
veloped and human capital employment (as we cannot distinguish between upstream
and downstream human capital employment, we assume in these estimations that
H, = H,; = total employment of high-skilled) for the years 2000-2009. Estimation
produces estimates where b, < by for all three countries, reflecting with our chosen pa-
rameters that upstream knowledge is more difficult to obtain than downstream knowl-

edge.

To calibrate the market size of regions and the price elasticity of final goods, we use
Equation (2.8), which sets the number of production workers. We make use of this
equation in the autarky case (i.e. S, = S, ;)For each region, we plug into Equation (2.8)
all known parameters, initial values of knowledge stocks, and research productivities.
Furthermore, we set the number of production workers to the actual observed value
of production workers in 2000 for our manufacturing industries and solve for A;. This
gives us three equations for A; in terms of the price elasticity of the final good, which

we assume to be equal across regions.

From our input-output data, we can get values for gross output (GO) of the manufac-
turing sector in relative terms. We find that the Polish gross output per capita is about
a third of the value of the German gross output in manufacturing sectors. Instead, the
Chinese gross output per capita is around 6% that of Germany (see Table AT2). We
make use of this ordering and assume that it also applies to market size. This gives us

the three relationships

GO
(1) App(§) = ApL©) G
(II) Apr(§) = ACN(f)gggi
(1) Acn(€) = Am(©) Go2

As market size A is a function of & the system of equations is overidentified. We
therefore take the mean of the three values for £ as the price elasticity of demand for
the final good sector. The price elasticity of demand for final goods is therefore under

autarky 1.1459. In the case of integrated economies, this value would be 1.1915.
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Table AT2: Comparison of gross output (GO) per capita across Germany, Poland and China

Country Share
GOpg p.c. /| GOpEg p.c. 1

GOpy, p.c. /| GOpg p.c. 0.3277
GOc¢n p.c. /GOpE p.c. 0.0610

The slight differences are due to access to foreign upstream knowledge stocks not being
possible in the former case, while in the integrated version, countries can buy blueprints
also from foreign research sectors and sell their intermediate outputs to foreign final
good sectors. However, we want to have a single £ across integration types to better
compare the different scenarios. We therefore assume that the price elasticity of final
goods is equal across different constellations of trade blocs and make use of the lower

bound and hence the autarky case by setting £ = 1.1459.

2.6.2 Additional Figures and Tables

Figure AF1: Data from SEA-data showing evolution of some key variables
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Figure AF2: Evolution of patenting upstream and downstream

Patent data adjusted for low-propensity to patent process innovation (LPP) according to method outlined in the method-
ology; first and second columns: y-axis log-transformed; second and third columns: patent counts adjusted for population

size using total number of hours worked
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Figure AF3: Evolution of upstream and downstream knowledge stocks

Patent data adjusted for low-propensity to patent process innovation (LPP); stocks build assuming constant patenting
pre-2000 for 20 years and knowledge depreciation of 20%; from 2000 onwards number of upstream and downstream
patents are added to the stock
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Table AT3: Capital and Labour shares among manufacturing industries for all countries in the SEA
data

disaggregated by low- plus medium-skilled and high-skilled workers; calculated average across industries and countries
using the relationship that L-compensation + K-compensation = Value-Added

Year K/VA L/VA (LS+MS)/VA HS/VA

2000  0.390 0.610 0.500 0.110
2001 0.385 0.615 0.503 0.112
2002 0.388 0.612 0.498 0.114
2003  0.386 0.614 0.501 0.112
2004  0.392 0.608 0.484 0.124
2005 0.385 0.615 0.488 0.127
2006  0.391 0.609 0.483 0.126
2007 0.385 0.615 0.490 0.125
2008  0.360 0.641 0.509 0.132
2009  0.350 0.650 0.509 0.141

Table AT4: SEA-data available data

Values Description

GO Gross output by industry at current basic prices (in millions of national currency)
11 Intermediate inputs at current purchasers’ prices (in millions of national currency)
VA Gross value added at current basic prices (in millions of national currency)

EMP Number of persons engaged (thousands)

EMPE Number of employees (thousands)

H_EMPE Total hours worked by employees (millions)

COMP Compensation of employees (in millions of national currency)

LAB Labour compensation (in millions of national currency)

CAP Capital compensation (in millions of national currency)

K Nominal capital stock (in millions of national currency)

Prices

GO_PI Price levels gross output, 201=100

II_PI Price levels of intermediate inputs, 201=100

VA_PI Price levels of gross value added, 201=100

Volumes

GO_QI Gross output, volume indices, 201=100

II_QI Intermediate inputs, volume indices, 201=100

VA_ QI Gross value added, volume indices, 201=100
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Figure AF4: Integrated Cases compared to baseline case: time series 10-year horizon; Ratio with
respect to baseline
North (blue), East (green) and South (red); Rows 1-3: employment in number of hours worked for production workers,
upstream human capital and downstream human capital (from left to right)
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Figure AF5: Evolution of the number of Blueprints for different integration types (time series 10-year
horizon)

Top Row: upstream blueprints in autarky, full integration, offshoring and reshoring case (from left to right), y-axis are
log-transformed; Middle Row: downstream blueprints in autarky, full integration, offshoring and reshoring case (from
left to right), y-axis are log-transformed; Bottom Row: downstream blueprints over upstream blueprints in autarky, full
integration, offshoring and reshoring case (from left to right)
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Figure AF6: Surplus, Knowledge Stocks, prices and output for the North under two scenarios: (1)
for autarky downstream knowledge to be 25.5% larger as standard and (2) for full integrated scenario
with standard values.

From top left to bottom right: Producer surplus, Consumer surplus, Total surplus, Downstream knowledge stock, final
good price, output of final good sector, upstream knowledge stock, price for upstream blueprints, output of an intermedi-
ate good firm; Light blue line: values under full integration with standard downstream knowledge stock Sg o, Nortn as set
in Table 2; Dark blue line: values under autarky with higher initial downstream knowledge stock (1.255 X Sq,0, North);
25.5% larger downstream knowledge stock is chosen in the autarky case make producer surplus in year 10 equal among
the two scenarios
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