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Introduction

The world is, has been, and will at least in the near future be facing two trends of
concern. On the one hand, we have increased geopolitical concerns, where not only the
global level of conflicts is at alarming heights, but we also observe a shift of countries
towards greater protectionism (Figure 1a). On the other hand, there are increasing
numbers of severe climate events across the globe, with temperature anomalies reaching
a record high (Figure 1b).

Figure 1: Global trends of increased protectionism and increasing consequences of climate change

(a) Number of implemented trade policies
Number of credible government statements on changes
to treatments of foreign vs. domestic commercial inter-
est; Data from the Global Trade Alert database with
documentation found in Simon J Evenett (2019) and
Simon J. Evenett and Fritz (2020)

(b) Temperature anomalies

with respect to pre-industrial period; Average surface
temperature (sea & land); Data published by Ritchie
et al. (2023) and collected by Met Office Hadley Cen-
tre (available under: https://www.metoffice.gov.
uk/hadobs/hadcrut5/)
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In this thesis, I apply different research approaches and methodologies that link these
two very broad global issues of international trade and climate change to innovation by
using patent data. I hope my following research projects can give the reader a taste
of the vast amount of information entailed in patent data, its possibility to analyse,
surely with important limitations, but also with great detail, questions at various scales,

whether country, industry, firm, or even individual level.

Chapter 1 contains a simple empirical analysis that uses global patent data, which is
concorded with input-output data onto industry-country level. Chapter 2 is theoretical
work, in which a three-region model is calibrated with patent and input-output data
from Chapter 1. Finally, Chapter 3 is again empirical work, which employs methods

from causal inference at the firm level to analyse an environmental policy. In the
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latter, European patent data and firm-level data are used together with data from the

European Transaction Log.

This being established, I would like at this point to give a short overview of these three
chapters and place them in a more informal way into context. While greater protection-
ism these days is often advertised as making a country strong again by reducing reliance
and moving production "back home", trade did for long not have this negative connota-
tion stuck to it. Instead, trade was seen as something beneficial, as it can increase the
variety of goods a country can consume - spices or tea were and still are not growing
in every country. Then, with the industrial revolution, also manufactured goods were
traded because one country had the comparative advantage of producing good A, while
another country was better in producing good B, so that trade enabled cheaper and
greater output. Now we not only trade primary resources, food, and final products, but
also intermediate inputs, services, and, at times, even patents. The increasing trend of
trade in intermediates and the specialisation of countries into different activities along

a production process of a product is at the core of the first and second chapters.

The first chapter of my thesis is a rather descriptive and exploratory empirical anal-
ysis that links the topic of global value chains to innovation. The second chapter
theoretically applies the findings of the former chapter to understand implications of
globalisation on innovation outcomes. As I am in both cases interested in the implica-
tions of tighter trade links and the effect of globalisation, and not in the reverse pattern
which we observe across many economies these days, I focus on the period of the first

great wave of globalisation, namely the first decade of the 21st century.

The trend of countries to increasingly specialise in business functions rather than indus-
tries, giving rise to intermediate goods trade and the formation of global value chains,
might also have had consequences on what type of innovation activity was carried out
where. In my first chapter, I therefore want to understand whether the link between
the type of innovation and global value chain activity can be captured by combining
patent and input-output data. Explicitly, I investigate whether information entailed in
patent claims can indicate whether a patent is more related to a product innovation,
which I hypothesise is closer related to upstream stages of production where research
activities take place, or to process innovation, which is often thought to be conducted
to reduce costs in the production of a good and might therefore happen relatively more

downstream in manufacturing and assembly stages of production.

On country-industry level I concord patent data with global value chain measures for
38 countries and 20 manufacturing industries and find that while patenting generally
occurs relatively more upstream, innovations more closely related to processes take
place further downstream, indicating that indeed, process innovations take place fur-

ther downstream than product innovations. Furthermore, the specialisation in very



upstream stages favours patent applications more related to product innovations, while
the specialisation in downstream stages patent applications with a higher process share.
Lastly, I want to highlight that the research indicates that many typical offshoring des-
tinations seem to be placed in more downstream stages of production, and hence not
only have high labour shares but also patents that are more closely related to process

innovations.

These last observations are at the heart of the theoretical model in Chapter 2. In a
dynamic partial-equilibrium model, we take our findings of a higher share of patents in
the downstream stages to the extreme by a complete separation of product and pro-
cess innovation in the production process. We extend the Romer model of endogenous
growth to an N-region setting and introduce besides the standard upstream R&D sec-
tor, explicit downstream knowledge production of process innovations that result in
productivity gains in the manufacturing of final goods. Our aim is to understand how
innovation incentives in either type of innovation can change with increased globalisa-
tion, and intermediate goods trade that causes countries to specialise in certain parts of
the value chain and therefore might cause a greater spatial separation of product and

process innovation.

Following our findings of high process shares in offshoring destinations such as Eastern
Europe, we decide to calibrate the model with data from Chapter 1 for three distinct
countries that should be seen as representatives of global regions. Namely, Germany rep-
resenting the global North as a highly innovative and technologically advanced leader.
Poland, representing those countries with close geographical proximity to the global
North, and that have been offshoring destinations for downstream manufacturing ac-
tivities at the beginning of the 21st century. We can think of these two regions as
being not only Western and Eastern Europe but also North and South America. We
term the latter type of regions the global East. With the third region, represented
by China, we introduce a second type of typical offshoring destination, yet with much
larger geographical, cultural and institutional distance to the North and lower economic
development and wages than the East. We name this region the South and hence end
up with a three-region calibrated Romer model in which we allow for trade of interme-
diate goods among the regions. In this sense, we could also introduce our model as a

common North-South model that adds an intermediate third region, namely the Fast.

We compare the effect of forming trade blocs on innovation outcomes among regions to
a baseline case in which all regions are in autarky and find that integration leads to more
innovation both for product as well as for process innovations. When a region enters a
trade bloc with the North, the latter specialises in upstream research and intermediate
good production, while the other region, meaning FEast and/or South in downstream

final good production. In our model integration results in global welfare gains, but



those are concentrated mostly in the North. The East in our model actually experiences
welfare losses due to integration because of the collapse of the research sector and lock-
in into downstream activities. This could explain the high process shares of patents
we observe for eastern European countries in our analysis of Chapter 1. While active
R&D policies in China, which is now among the top-innovating countries, might have
allowed the country to escape the downstream lock-in and expand upstream research.
So is the shift towards greater protectionism, especially by western economies, justified?
According to our model, the global North should have greatest incentives to form trade
alliances to reap the benefits on own innovation and welfare levels, at least as long as it
is the technological leader. Who should be more careful are the technological laggards,
for whom active R&D policies to spur upstream innovation could be key to not be

pushed towards the low value adding end of value chains completely.

With the help of Figure 2 I want to briefly clarify what I mean by product and pro-
cess innovation in the first two chapters and how these might differ between the two
analyses. On the left we see the different business functions entailed in the production
of manufacturing goods, that begin with upstream research and product development

and end with the actual manufacturing and assembly of products downstream.

Figure 2: Conceptual Framework of product and process innovation in GVCs

Business functions

can
induce

The way I think in my thesis of product and process innovation within these business
functions is that upstream in formal R&D processes, mainly new products are devel-
oped. This can be intermediate goods and inputs, machines, or even completely new
final goods (which we can think of as an array of intermediate goods). Sometimes,
these product innovations can induce process innovations further downstream as the
use of machines, new inputs, or intermediate goods requires adjustments to processes
downstream. This type of process innovation can be thought of as incorporated process

innovation, as it is somehow related to a new product. Indeed, sometimes a single
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patent can protect both a product part (e.g. the innovation of a device) and a process

part (e.g. a method of production in which you use the device) at the same time.

However, not always does a process innovation require a product innovation to be its
cause. In Figure 2 we find also not-incorporated process innovations that take place in
downstream manufacturing, assembly or even packaging of final products and that are
simply an innovation of a new process. This can be, for example, a method in which
a material is processed at a specific temperature, a procedure that allows scrap parts
to be reused, or the use of an alternative material, which is cheaper but more durable.
In Chapter 1 I hope to capture all three nuances with my measure of product vs. pro-
cess innovation. In Chapter 2, however, we model upstream and downstream sectors
explicitly, such that the separation of product and process innovation is binary and
either takes place in one sector or the other. In this respect, we can think of not having
incorporated process innovations in our theoretical model such that upstream product
innovation and downstream non-incorporated process innovation take place only. Alter-
natively, we can think of incorporated process innovations as being partially represented

by upstream product innovations and partially by downstream process innovation.

Approximately in the same period, in which this wave of globalisation caused value
chains to fragment, trade to skyrocket, and the number of new trade agreements signed
increased, leaders of the world came together in Kyoto concerning a different issue.
The Kyoto Protocol, signed by more than 150 countries, set for the first time in his-
tory legally binding emission targets for participating countries. It provided incentives
around the globe to implement various types of policies and regulations to meet agreed
targets. The European Union Emission Trading Scheme (EU ETS), one of the largest
carbon pricing tools in the world, has been one of these policies and started in 2005. As
firms regulated under the emission trading scheme are obliged to pay for the emissions
they cause under the activity they are regulated, the policy should incentivise firms to

emit less but does not prescribe firms on how to do so.

This meant firms had three ways to react to the policy. Firstly, they could escape the
policy by moving emission-intensive production activities abroad and benefitting from
the simultaneous lowering of trade barriers across countries during the initial years of the
policy. This clearly counterproductive behaviour has been tackled in later amendments
to the policy, in which firms at risk of carbon leakage received free allowances and
will be taken care of with the planned carbon border adjustment mechanism entering
into full forced in 2026. Secondly, firms could decide to not react and simply pass on
the extra costs to consumers, a decision more feasible for those firms that face low
competitive pressure. Lastly, in line with the actual aim of the policy, firms could of
course also try to reduce their emissions - through, for example, fuel switching, adoption

of cleaner production techniques, and inputs, or by developing themselves greener and

11



less emitting technologies. This would allow for lower emission levels, fewer allowances
necessary, and hence a decrease in costs over the long term. In the third chapter, I
focus on the latter, namely, whether the emission trading scheme has induced firms to
develop greener technologies that can reduce emissions and in turn lower their need for

emission allowances.

The EU ETS has been itself a powerful innovation that is regularly improved through
amendments with the aim to make its functioning more efficient, to adjusted the policy
to new contexts, and to expand the deployment of the policy both on industrial and
geographical level for greater impact. Interestingly, this is what the EU ETS as a policy
has in common with the very environmental technologies it aims to promote. Just like
the policy itself, environmental technologies need to be developed, improved, made
more efficient, and finally also deployed on large scale to make a difference. Many green
technologies already exist and are being deployed at large scale. Innovation here could
improve their efficiency and their employment in more diverse contexts. Examples are
batteries, wind, and solar technologies. Other technologies, such as carbon capture and
storage solutions, already exist, but are often still too expensive to deploy on a large
scale. Innovation here would be needed to make their use economically more feasible.
Lastly, also new breakthrough innovation is possible - meaning the development of
technologies which can challenge the status quo of how we used to do things and possibly
tackle the mitigation of climate change in areas in which we have not found already
implementable solutions or at least early stage technologies that are promising to bring

change.

While it has now been 20 years since the implementation of the EU emission trading
scheme, it is still debated whether it was successful in spurring technological change.
With the third chapter of this thesis, I contribute to the debate on the effectiveness
of carbon pricing to induce the development of green innovations. I again make use of
patent data to proxy innovation, this time at the firm level, and utilise the technological

classification of patents to identify different types of green innovation.

By employing a staggard difference-in-difference methodology and propensity score
matching, I show that the emission trading scheme has been able to spur green in-
novation among those manufacturing firms that were regulated and that this effect
took place without crowding out other types of innovation. I find that firms adjust
to the policy through innovating technologies related to energy generation, as well as
integrated and end-of-pipe technologies. But not all firms are able or incentivised to in-
novate. My results, for example, suggest that the positive effect is concentrated among
those firms that are active in already highly innovative sectors, while low-tech firms are

not responsive in terms of technological development.

I wish the following chapters can share with the reader some of my fascination for

12



patent data. I hope it sparks some critical thinking and would be delighted if it can at

least for some readers add new nuances to the view of the global issues at hand.
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