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1 Focus and aim 

1.1 Introduction 
 “[--] The greatest opportunities for growth lie in communities’ recognizing their own 
advantages, then fostering forms of specialized innovation that rely on those 
advantages.” 
Dan Breznitz (2021), Innovation in Real Places: Strategies for Prosperity in an Unforgiving 
World 
 
 
Opportunities for growth and development are something that countries, regions and 
cities are constantly looking for. Poor countries do it to be able to fulfil the basic needs 
of its citizens, catching-up countries do it to reach their full potential and the rich 
countries do it to not lose their position because they know there is a long line behind 
them. 

Initially, this was pursued by countries through the development and implementation 
of industrial policy strategies (Rodrik 2007). Later, the emphasis shifted towards a 
systemic view of innovation and supportive policy mixes (Lundvall 1985). Research, 
development and innovation (RDI) policy strategies are by now widely adopted by 
different levels of government. In the European Union (EU) context, the European 
Commission (EC) supports regional and national governments in their RDI activities by 
providing financial support and policy assistance through the structural and cohesion 
funds with the aim to achieve economic convergence across the EU. This is done in a 
place-based manner by using the experimental governance structures of the EU (Barca 
2009; Beer et al. 2020; Karo and Kattel 2018; Sabel and Zeitlin 2010). However, this is 
easier said than done. Prior research has shown how challenging it can be for the EU 
Member States to follow not just the formalities, but the actual spirit of the EU’s regional 
and RDI policies which promote experimentation, coordination and collaboration 
between the main stakeholders, and constant policy learning (see for example Karo et al. 
2017; Karo and Kattel 2018; Kroll 2017). 

Estonia is a very good example of an EU Member State that experiences many of these 
policy challenges that have also been studied at length. Yet, the country also offers 
interesting insight into the question that has gained less attention than it deserves: how 
place-based RDI activities emerge in the context of largely state-led and place-blind 
national RDI policy? This thesis focuses on this question and attempts to fill the existing 
research gap. The thesis is based on case studies that open this question from two 
perspectives: strategic policy actions and context and local innovation dynamics. 

From the strategic perspective, the thesis looks at how RDI policies in Estonia have 
been developed and implemented, what role the local municipalities as the lowest level 
administrative entities and actual physical spaces see for themselves in the context of 
RDI policy, and what is the role of intermediary organizations. The local perspective is 
used to analyze what are the opportunities and challenges related to experimental RDI 
activities at the local level. 

The thesis shows that while the EU’s smart specialization initiative (S3) has failed to 
spark necessary changes in the strategic governance of innovation policy that would 
result with place-based innovation policy, a more practical approach focusing on 
improving sectors of foundational economy (FE) can provide a way for the place-based 
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RDI activities to emerge in the largely place-blind innovation policy context. In addition, 
the thesis shows how cross-regional collaboration often orchestrated by intermediaries 
or universities from more advanced regions can spark place-based RDI activities in less 
developed regions and support policy learning. The thesis also points out that in the 
context of smart specialization for sustainability (S4+), the RDI policies must be adjusted, 
and greater emphasis should be put on the adoption of new solutions, which in the S3 
context have received less attention. 

1.2 Theoretical background 
Achieving economic convergence in the EU is a rather ambitious and complex task. From 
the economic perspective, the EU countries and regions can have significant differences 
based on their productivity and distance from the technological frontier (Farole et al. 
2011). From the governance perspective, the EU has a quasi-federal nature where in 
many areas, including innovation policy, the power and checks and balances are divided 
between the European, national and regional institutions (Karo and Kattel 2018). This 
has pushed the EU to embrace deliberative and dynamic experimentalist governance 
principles to agree on and achieve common goals by the EU as a whole (Karo and Kattel 
2018; Sabel and Zeitlin 2010). According to these principles, the Member States together 
with the EC agree on the framework goals giving the national and regional authorities 
autonomy to reach them together with the obligation to provide performance reports 
and be the subjects of peer-review which create opportunities for experimentation and 
policy learning between the Member States and the EC and can also result in the revision 
of framework goals (Sabel and Zeitlin 2010, 3). While the experimental governance 
approach gives Member States much autonomy, it also puts a significant responsibility 
on them to achieve the framework goals. It has been a conscious choice by the EU 
because on some topics the Member States have been reluctant to delegate power to 
the EC or are doubtful whether the EC could develop the best or most optimal policies 
(Monar 2010; Svetiev 2010). 

S3 is an example of an experimental governance approach in innovation-based 
regional policy where the framework goals (regional cohesion, smart growth, 3% R&D 
expenditure), autonomy to develop policies by lower levels of government 
(experimentation, entrepreneurial discovery process), peer review (S3 Platform), and 
revision of framework goals and metrics (movement from S3 to S4+) can be identified. 
The concept promotes experimental governance arrangements also at the lower levels 
as the public policy should focus on supporting the discovery and development of 
research and innovation domains in which a region can excel in a collaborative manner 
(Foray et al. 2009). Such an approach is in essence place-based as the aim is to promote 
development at a specific place through exogenous policy action triggering endogenous 
change while considering the local contextual factors which include social, cultural and 
institutional characteristics (Barca 2009; Barca et al. 2012) and is linked to a wider effort 
of regionalization in the EU (Loewen 2018). 

1.2.1 Defining place-based innovation policy 
As the term ‘place’ can have subjective meanings (Beer et al. 2020), it is important to 
emphasize that in the context of the current thesis it is defined as a sub-national 
territorial area. This is in line with how place-based policies have also been defined in the 
literature and is probably best reflected in the definition by Beer et al. (2020). 
Accordingly, place-based policies focus on the development of cities, localities, or regions 
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but such an approach is more than a concentration of resources in a specific location – 
place-based policies also “embody an ethos about, and an approach to, the development 
of economies and society that acknowledges that the context of each and every city, 
region and rural district offers opportunities for advancing well-being (Ibid. 12).” 

The opposite to the place-based policy approach is the so-called “spatially blind” 
approach which roots from neoclassical economics (Beer et al. 2020). It advocates 
development policies without explicit consideration to space as the focus is rather on 
people (mobility, equal access to opportunities), agglomeration (economic, population), 
and institutional reform (deregulation) (World Bank 2009; Barca et al. 2012). Spatially 
blind policies are often national policies which, opposite to their name, have strong 
effects on specific places, such as the movement of labor and capital away from rural 
areas and periphery to thriving agglomerations (Barca 2009). 

In the context of innovation policy, the increasing importance of regions has been the 
result of the convergence of regional and technology policy since the beginning of the 
1980s (Hassink 2020). This was related to the emergence of the innovation systems 
(national and regional) approach that puts innovation at the center of economic growth 
and emphasizes interactive learning processes between key organizations such as 
companies, universities, government organizations, and civil society (Asheim et al. 2020). 
The result has been an increased understanding about the division of roles and tasks 
between different levels of government in the context of innovation policy as it has been 
realized that subnational levels of territorial units are also important with their own 
organizational and institutional arrangements and dynamics (Marceau 2008; Barca et al. 
2012). While it is true that certain key policies (higher education, labor market, industrial 
policy, science and technology) fall mostly under the responsibility of the national 
government, it is important to coordinate them with the regional level to incorporate the 
local knowledge into the design of these policies (Barca 2009; Hassink 2020). 

In the EU, it was the Barca report (2009) that truly constructed the place-based 
narrative of cohesion policy with a strong focus on innovation (Mendez 2013).  
Place-based innovation policy was then manifested in the concept and frame of “smart 
specialization” which “promotes integrated, place-based transformation strategies in 
order to focus policy support and resources on national/regional development priorities, 
challenges and needs, fully involving public and private stakeholders and encouraging 
governance innovation and experimentation” (Solly 2016, 193). 

1.2.2 Smart specialization as the EU’s regional policy 
The emergence and integration of smart specialization into the regional cohesion policy 
was a policy response to the broader critique of the European regional innovation policy. 
For example, Foray and Van Ark (2007) argued that too many regions in Europe try to 
copy the most successful regions of the world, which has often resulted in 
overemphasizing high-tech research that is not in line with the local economic needs. 
This is an issue that has recently also been highlighted by Breznitz (2021), although the 
initial suggestion by Foray and Van Ark (2007) was rather opposite to the place-based 
approach as they supported the agglomeration of research and development (R&D) 
resources in Europe so that true centers of excellence would emerge. Similarly, Tödtling 
and Trippl (2005) pointed out that regions (metropoles, peripheral, and old industrial 
regions) differ based on innovation activities, firms and regional clusters, knowledge 
generation and diffusion, knowledge transfer, education/training, and networks and 
therefore a “tailor-made” innovation policy approach addressing specific challenges of a 
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region is needed. As a solution, Foray et al. (2009) suggested the smart specialization 
concept based on the entrepreneurial discovery process (EDP) where the public policy 
should focus on supporting the discovery of research and innovation domains in which a 
region can excel. 

From the evolutionary perspective on regional resilience, we can witness how smart 
specialization has moved from promoting adaptation to promoting adaptability 
(Boschma 2015; Pike et al. 2010). Initially it was a rather sectoral approach (adaptation) 
arguing that focus should be put on existing economic sectors which would most likely 
benefit from adopting new technologies. In addition, taking into account that 
entrepreneurs will search for opportunities within their domain, it was argued that the 
size of the domain should be large enough (range of relevant sectors and activities), and 
connectedness with other domains should be high enough (Foray and Van Ark 2007; 
McCann and Ortega-Argilés 2015). Later, the question of granularity gained more 
attention. The conclusion has been that smart specialization policies should support 
diversification through specialization (adaptability) where policy activities target 
concrete companies and activities that have the potential to transform existing sectors 
through related variety or establish new ones (Foray 2018; McCann and Ortega-Argilés 
2013a; McCann and Ortega-Argilés 2013b).  

Such an approach also requires flexibility and willingness to experiment as not every 
targeted company and activity will be a success and therefore choices need to be 
regularly reviewed (Foray 2018). Although the entrepreneurs have a central role in the 
EDP, the search processes of companies and activities should ideally happen in the form 
of network, association or partnership, including also local research institutions and 
public sector organizations as the EDP is based on the knowledge about science, 
technology, engineering, market growth potential, possible competitors, and inputs and 
services required for launching new activities (Foray 2014; Foray et al. 2011). 

Over the last decade and more, these conceptual ideas of smart specialization were 
integrated into the EU’s cohesion policy. As McCann and Ortega-Argilés (2015) argue, smart 
specialization is a concept which helps to think about local knowledge-enhancement and 
learning-enhancement systems and therefore it was well-suited to be adopted as a local 
and regional place-based development policy approach. As already mentioned, smart 
specialization is an example of an experimental governance approach in innovation-based 
regional policy with framework goals and directions. In fact, the development of regional 
smart specialization strategies (S3) through which regions set their growth areas 
(preferably based on their existing strengths) to achieve these goals became a 
precondition for accessing RDI-related European Regional Development Funds (ERDF) 
under the cohesion policy while the development of exact policy measures remained to 
be the responsibility of national and regional governments. 

The conceptual idea itself and how it has been integrated into the EU’s regional policy 
framework have also received significant criticism. Pugh (2018) argues that the systemic 
approach (see for example Edquist and Chaminade 2006) which is the foundation of 
smart specialization makes it conceptually ambiguous and therefore less normative and 
prescriptive. Reaching sustainability goals (see below) adds additional ambiguity.  
The idea of specialization has also caused confusion and misinterpretation as policies 
developed as part of smart specialization are often not aiming at diversification through 
specialization but target existing sectors as a whole or are focused on “trendy” sectors 
or technologies that have little presence in the region (Pugh 2018; Hassink and Gong 
2019). It has also been pointed out that it is not clear whether focus on the regional 
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territorial level is the most proper one nor is it clear what should be the basis for defining 
a region (Pugh 2018). Marques and Morgan (2018) discuss that smart specialization is 
based on assumptions and ideas that often do not hold in practice, or have actually been 
disproven, such as policymaking based on the linear innovation model; the existence of 
necessary governance capacities in the region or country (see also Karo and Kattel 2015); 
the existence of local elites who are committed to innovation; the existence of already 
functional triple-helix coalitions; and good coordination across different levels of 
government. 

1.2.3 Smart specialization and the European Green Deal 
The place-based innovation policy approach in the form of smart specialization also plays 
a vital role in the context of the European Green Deal and the transition towards a 
sustainable society. McCann and Soete (2020) argue that the European Green Deal is 
both the EU’s Moonshot mission and a place-based innovation policy for sustainability. 
The latter also means movement towards newly-focused smart specialization for 
sustainability or S4+ (Ibid.). As described by the European Commission, the movement 
from S3 to S4+ refers to „ [--] Smart Specialisation Strategies which ex-ante aim at 
improving sustainability and inclusiveness through an innovation-driven policy.”1 It can 
also be argued that S4+ is an attempt to direct the EU regions towards improving their 
resilience in two ways. First, to direct their industrial, technological and institutional 
structures towards a sustainable growth path (see also Boschma 2015). The second aim 
of S4+ is to improve the environmental resilience of regions and achieve climate 
neutrality. 

The importance of places in the context of the European Green Deal is well described 
by McCann and Soete (2020, 12) who provide an overview of the experimental 
governance logic of the European Green Deal. According to them, the EU-level is the 
most appropriate for setting the green direction for development (mobilizing and 
attracting large-scale funding, EU regulations, global level activities), which is reinforced 
by national level activities that position their industries on emerging markets of 
sustainable products and services and aim at connecting local and regional innovation 
dynamics to national and EU-wide networks. However, it is the regional and local level 
where the actual implementation of the European Green Deal happens as the different 
policy initiatives should address the local challenges in the form of S4+ (Ibid. 12).  
As regions differ based on their innovation activities and innovation policy (Tödtling and 
Trippl 2005), so do they also differ based on environmental impacts they experience 
(type and severity), available resources to address these impacts, relevant groups of 
actors, networks and institutions that can drive or oppose transition, visions, priorities, 
etc (Kelemen 2020). From the innovation perspective, it is the concrete places (regions) 
where the new technological but also social solutions emerge that enable sustainability 
transition (Kelemen 2020; Article II). 

It is understandable why movement towards greater sustainability is desirable. 
However, attaching an additional dimension can make the concept of smart 
specialization less understandable. Hassink and Gong (2019) argue that using smart 
specialization strategies to achieve sustainability transition will lead to situations where 
the question of economic competitiveness contradicts other aspects of social well-being 

                                                                 
1 Homepage of the European Commission’s S3 platform. Available at: 
https://s3platform.jrc.ec.europa.eu/s4 

https://s3platform.jrc.ec.europa.eu/s4
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such as environmental cleanness and ecological integrity. To some extent the smart 
specialization policies have already drifted away from the concept (Radosevic 2017) or in 
other words: the policy has run ahead of the theory (Foray et al. 2011; Foray 2014).  
An additional dimension can also increase coordination challenges due to a wider circle 
of interest groups. This can interrupt the existing social and political balance of power 
and is further amplified by differences of understanding what sustainability itself means 
(Pike et al. 2010). As the aim is to improve sustainability through innovation, greater 
focus must also be directed towards the adoption of new technologies, which itself can 
be challenging (Article V). 

1.2.4 Challenges related to place-based RDI policies in the Central and 
Eastern European context 

As already briefly indicated above, innovation and regional policy literature streams have 
listed a number of challenges related to the development and implementation of  
place-based RDI policies in the EU Member States. Crucially for the focus of this thesis,  
it has been pointed out that in most Central and Eastern European (CEE) countries a 
functional regional government level is often missing (Loewen 2018). While previously 
the EU pushed for further regionalization in the new CEE Member States, the growing 
need to consolidate the nation-state and the EC treating the national governments as 
their main counterparts further strengthened the centralization processes in CEE 
(Campbell and Coulson 2006; Loewen 2018).  

These centralization processes in CEE have further led to nationally coordinated and 
place-blind RDI policy, which is also linked to the increased use of EU funds to finance 
innovation activities (Article I; Karo et al. 2017; Karo and Kattel 2018). These 
developments together with a strong emphasis on procedural accountability, speed of 
distributing EU funds, and performance management based on ex-ante output indicators 
(Karo and Kattel 2018) contradict the experimental governance principles and the  
place-based logic of smart specialization (although framework goals and indicators are 
also important in the experimental governance context). Organizational thinness is 
another challenge that refers to the limited availability of critical organizations such as 
research institutions or intermediaries (Article II; Grillitsch and Trippl 2016; Trippl et al. 
2020). Policy capture by incumbent stakeholders can similarly hamper the efforts of 
developing and implementing place-based and experimentalist policies (Foray 2018).  
For example, the strong influence of academia in a place-blind innovation policy context 
can lead towards overemphasizing high-tech themes that have little connection to the 
local economy – something that smart specialization was meant to avoid – and prevent 
the development of more locally suitable policies (Karo et al. 2017). Coordination issues 
refer to difficulties with developing, implementing and, if needed, renewing RDI policies 
in collaboration and partnership between the public sector, entrepreneurs, academia, 
and other relevant stakeholders due to centralized top-down governance, skepticism 
towards bottom-up processes or lack of policy capacity and understanding of each 
stakeholder’s role (Estensoro and Larrea 2022; Capello and Kroll 2016; Karo and Kattel 
2015; Kroll 2015). For some regions, implementing place-based policies aimed at 
improving their position in global value chains can be challenging due to their reliance on 
the presence of local subsidiaries of multinational enterprises, over which the local policy 
makers have little control (Capello and Kroll 2016; Karo and Kattel 2018).  

Theoretical discussions do exist that focus on necessary policy changes so that  
place-based RDI policy would emerge. Karo and Kattel (2018) suggest taking steps towards 



15 

the Schumpeterian entrepreneurial state through incentivizing the finance sector to 
invest into productive sectors, pursuing EU-wide and domestic innovations in the public 
sector, and encouraging long-term investments into green and future technologies. 
Similarly, Morgan (2019) and Coenen and Morgan (2019) suggest that the lagging regions 
should direct their policies towards prioritizing innovation in the normally unfashionable 
FE sectors that keep us ‘safe, sound and civilized’ and would include a broader list of 
sectors and therefore larger number of jobs compared to a small band of sectors covered 
by the Science and Technology (S&T) approach. These FE sectors cover goods and 
services that constitute the foundation of our everyday life, are often funded or provided 
by the state, such as healthcare, transportation, telecoms and education, and are ignored 
by industrial or RDI strategies due to their mundane nature (Bentham et al. 2013; Morgan 
2019; Thompson et al. 2020, 1177). The proposal of supporting innovation in the FE 
sectors is a step further from the idea of Thompson et al. (2020) who argue that  
city-regions should not only refocus their strategies “on more controllable and locally 
embedded ‘accelerators’ of growth balanced by ‘stabilizers’ of provision of essential 
services,” but this growth should be based on local small and medium-sized enterprises, 
social enterprises and entrepreneurs who innovate. While Thompson et al. (2020) 
separate accelerators of growth from the FE sectors that act as stabilizers, Coenen  
and Morgan (2019) argue that all FE sectors are extensively technology-using and 
knowledge-intensive sectors. 

1.3 The aim and contributions of the thesis 
Estonia is a very good example of an EU Member State that experiences many of the 
policy challenges listed above. Yet, Estonia is also a paradoxical case as the country also 
offers interesting insight into the question that has gained less attention than it deserves: 
how place-based RDI activities emerge in the context of a largely state-led and  
place-blind national RDI policy? This thesis focuses on this question and attempts to fill 
the existing research gap. The thesis is based on case studies that open this question 
from two perspectives: strategic policy actions and context and local innovation 
dynamics. 

Estonia is a country with a state-led and place-blind national RDI policy that has largely 
been under the responsibility of the Ministry of Education and Research (Karo et al. 2017; 
Karo et al. 2014; Karo and Kattel 2015). With the exception of a couple of policy 
measures, the state-led approach has largely neglected the regional/local needs and 
differences inside the country (Article I). Such an approach has been defended with 
explanations referring to efficiency and the smallness of the country (Karo et al. 2017) 
and is also linked to the two-tier centralized governance system (Loewen 2018; Sootla 
and Kattai 2020). In Estonia – which is one of the least corporatist countries among the 
developed economies (Jahn 2016) – the development of RDI policies as part of the  
EU-wide effort to adopt the smart specialization principles has shown significant 
coordination challenges. The involvement of the private sector has rather taken the form 
of formal consultation, although there is also evidence that only a few companies and 
sectors were interested in the S3 discussions while the majority of companies were 
rather concerned about the social tax level and labor supply (Article II; Karo et al. 2017). 
As a result of the limited involvement of the private sector, the Estonian RDI policy has 
long been tilted towards the interests of the academia, which do not necessarily match 
with those of the private sector due to the heavy focus on the S&T fields (Karo et al. 
2017). 
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At the same time, a growing number of place-based RDI activities are emerging at the 
local government level, often independent from the national RDI policy, with the aim to 
develop practical technological solutions to improve public services and solve local urban 
challenges related to transportation, planning or air quality, which are sectors covered 
by FE thinking. These initiatives are also tilted towards the S&T, as among them we can 
find the development of (autonomous) mobility solutions, sensor solutions, mobile 
applications, different geo-solutions (digital twin of the city, 3D mapping of underground 
communications), etc. Such developments are place-based in nature and create new 
promising local businesses that have developed their own innovative products and have 
the potential for further growth and development. 

The aim of this thesis is to look at the preconditions for the emergence of  
place-based RDI activities in the context of state-led and place-blind national RDI 
policy.  The thesis mostly focuses on the local municipality level, which in Estonia has 
long been an unused institutional and physical space in the context of RDI policy.  
The discussions are mostly about Tallinn as the location of most of such place-based RDI 
activities to date. More specifically, the thesis looks at how such activities are rationalized 
and how the cooperation networks behind these RDI activities have emerged and how 
they function. The latter is done by looking at the role of organizations that function as 
local level intermediaries. These organizations can play a crucial role as they support local 
cooperation through building and maintaining networks between the key stakeholders 
in the region. They can also initiate practical collaboration between the stakeholders 
through different initiatives or projects. Intermediaries can be considered to be 
organizations that operate between the users and producers of knowledge with the aim 
to transfer knowledge (Smedlund 2006; Shohet and Prevezer 1996). Smedlund (2006) 
adds that intermediaries “[--] orchestrate collaboration between the key actors in the 
region.” Such collaboration can be focused on a specific topic or technology (Janssen and 
Frenken, 2019), or it can be focused on representing the interests of a certain group 
(David et al. 2009). Clark (2014) distinguishes between labor market, supply-chain, and 
innovation intermediaries and also includes research and education institutions as 
intermediaries, the latter point showing that other institutions can also take the role of 
an intermediary organization, which is also addressed in Article II. The thesis argues that 
such organizations can be crucial for innovation activities at the local level (see more in 
Article II). 

Such innovation activities supported or even orchestrated by local intermediaries do 
not only help local companies to develop new technologies and business models,  
but they also help local municipalities to take part in the sustainability transition. More 
specifically, by getting involved in different projects, municipalities themselves can learn 
more about the potentials and shortcomings of new technologies (Article V), including 
how citizens perceive these technologies (Article III) or how the technology copes with 
specific local conditions, such as weather conditions (Article IV). This can further help the 
local decisionmakers to address their place-specific issues (e.g. pollution, transportation) 
and develop public services and place-based innovation initiatives. 

We can also witness cross-border policy learning that such organizations can facilitate 
through joint projects. This is one of the main aims of experimental governance in 
Europe. However, an important difference seems to emerge. While in the EU policies and 
models, it is assumed that such learning takes place through peer review and mandatory 
reporting, it has been pointed out that CEE countries have seen S3 just as a formal ex-ante 
conditionality without focusing on the exact rationales and governance implications of 
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the concept (Sabel and Zeitlin 2010; Karo and Kattel 2018). The thesis shows that 
practical collaboration at the local level between usual triple/quadruple-helix 
participants in RDI activities from more advanced and less advanced regions has a better 
chance of spurring place-based innovation and policy learning than the formal 
experimental governance structures of the EU. This argument is based on the 
observations that look at the collaboration between such organizations from Tallinn and 
the Helsinki-Uusimaa region. 

The research papers of this thesis address the following research questions related to 
(some of the) preconditions for place-based innovation activities to emerge in the 
context of state-led and place-blind innovation policy, the role of place-based 
intermediaries, and the opportunities and challenges of place-based innovation: 

− In the context of a place-blind national innovation policy, what role do the larger 
local governments see they could play in the development and implementation 
of innovation policy and why (Articles I, II)? 

− How can intermediary organizations spark place-based innovation activities and 
orchestrate entrepreneurial discovery processes at the local level (Article II)? 

− The discussions on the benefits and challenges related to local innovation 
experiments are addressed through the following two research questions: 

− How experimental innovation pilots help technology providers and 
potential service providers to learn about the specifics of a technology 
(Article III on how potential users perceive the new technology and 
Article IV on how specific local conditions, such as the weather, impact 
the functioning of the technology)? 

− How the set-up and design of the pilots and the institutional context 
support or hinder the process of learning about a new technology and 
its eventual adoption (Article V)? 

Article I, co-authored with Dr. Kaija Veskioja (previously Valdmaa) and Dr. Rhiannon 
Pugh, looks at the implementation of smart specialization in Wales and Estonia.  
The article shows how in both countries the development and implementation of smart 
specialization has not taken place in a bottom-up manner. Instead, the regional priorities 
have been chosen at the national level in a top-down manner with limited directionality. 
In the context of Estonia, the article looks at the reasons why the place-based perspective 
was abandoned, and why the local governments were largely left out from the 
implementation of S3 and what role they could play in innovation policy. 

Article II is a single-authored article that analyzes what role intermediary organizations 
can play in the development and implementation of the smart specialization strategy. 
The empirical part of the paper analyses the cases of Estonia and Helsinki-Uusimaa in 
Finland, which are both Nomenclature of Territorial Units for Statistics level 2 (NUTS-2) 
regions at the EU level. The article shows how different intermediary organizations are 
actively participating in the RDI policy in Helsinki-Uusimaa bringing together a variety of 
stakeholders (through formal and informal means), which helps to co-shape a common 
understanding about the direction of development. In addition, these organizations 
launch different initiatives such as experimental innovation projects and innovation 
procurements in a living lab setting (city-as-a-platform). Although we can find different 
intermediary organizations in Estonia, the article shows that their focus is not on building 
networks and establishing a common understanding of the direction of economic 
development. The article concludes that while the literature of smart specialization has 
long emphasized the importance of multi-stakeholder cooperation and coordination in 
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the context of EDP, it has provided little insight about how such coordination is organized 
or how should it look like. Looking at intermediaries could provide valuable lessons for 
weaker regions in this matter. 

Article III is co-authored with Dr. Ralf-Martin Soe, and it looks at a specific technology 
pilot as part of smart city innovation policies and more specifically analyzes the mobility 
acceptance factors of an automated shuttle bus last-mile service. The article is based on 
a survey that was conducted when the automated shuttle bus pilot was running in Tallinn 
as part of the Sohjoa Baltic project. The specific pilot is a perfect example of how local 
municipalities can participate in the RDI policy. The pilot did not only help to build local 
know-how about the technology (mostly in TalTech and Modern Mobility), but it also 
provided an opportunity for the local government to find out how its citizens perceive 
such technology, which can be a useful information for later adoption. 

Article IV is a book chapter co-authored with Dr. Mauro Bellone, Azat Kuitunen 
(previously Ismailogullari), Oscar Nissin, Dr. Raivo Sell, and Dr. Ralf-Martin Soe. The chapter 
describes weather-related challenges that affect autonomous driving. The empirical part 
is based on autonomous bus pilots that were organized as part of the Sohjoa Baltic 
project. 

Article V is co-authored with Dr. Erkki Karo, and it studies how the explorative lessons 
from technology pilots become exploited and routinized by local actors. The article 
develops a holistic framework combining knowledge exploration and exploitation 
practices, which takes into account the different types of learning activities that testing 
and adoption of the technology may require. The aim of the article is to discuss how the 
set-up and design of the pilots supports or hinders the process of learning about the new 
technology and its eventual adoption (exploitation). We later use the framework to 
analyze autonomous bus pilots in three cities: Helsinki, Tallinn and Kongsberg. We show 
that the design and contextual fit of real-life pilots, especially the cooperation structure 
and the division of roles between pilot partners, together with knowledge dissemination 
practices, influence the ability of local public sector authorities to learn from such pilots 
and develop capabilities necessary for integrating new technologies into public services. 
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2 Methodology 
This work is a cumulative thesis that is the result of working on different EU-funded 
research and innovation projects (Sohjoa Baltic, Smart-up BSR, Sohjoa Last Mile) that 
have enabled to analyze place-based innovation dynamics from two different 
perspectives: strategic policy actions and context and local innovation dynamics. Hence, 
the papers have followed different methodological approaches. The thesis is extensively 
based on case studies, which is a well-suited method for investigating “how” and/or 
“why” a social phenomenon works and for describing that phenomenon (Yin 2018). 

First, the strategic perspective tries to look at how innovation policy has been 
developed and implemented in Estonia, but also in neighboring Helsinki-Uusimaa which 
is a valuable case for comparison that has also played an important role in the emergence 
of place-based RDI activities in Estonia. This perspective is covered through two case 
study articles (Article I and Article II) that help to get an overview of how innovation 
policy in general and S3 specifically have been developed and implemented in Estonia 
and analyze what role do the local governments see they could play in the development 
and implementation of innovation policy in the context of smart specialization. 

Second, the local perspective looks at placed-based innovation dynamics from the 
angle of innovation pilots that have emerged largely separate from the national 
innovation policy. This is covered with Article III, Article IV and Article V. The aim of this 
is to analyze more deeply how private companies, public institutions and research 
institutions can benefit from the opportunities that local innovation activities and pilots 
can provide. This is done by studying innovation pilots focusing on autonomous vehicles. 
The articles rely on survey-based analysis of a single technology pilot and extensive 
comparative case study analysis of different technology pilots.  

In Article I, a cross-case policy comparison approach was used. Information was 
collected through desktop research, policy observations and semi-structured interviews 
(34 in total) to build up a picture of innovation policy practices in Wales and Estonia. 
Desktop research included the analysis of strategic and other official documents related 
to RDI policy, different reports, studies by other scholars, etc. The interviews were 
conducted in 2011-2013 (Welsh case) and in 2019 (Estonian case) with policy makers and 
key actors in the innovation system to collect information about how S3 was developed 
and what the interviewees see as the main obstacles in implementation. The article is a 
discussion that looks at the key insights related to the elements of smart specialization. 

While the aim of Article I was to give a macro-level overview about the development 
and implementation of S3 in Wales and Estonia, Article II goes more down to the micro 
level as it focuses on the role of intermediary organizations in developing and 
implementing RDI policy.  Article II follows the holistic comparative case study approach 
as it compares how smart specialization is implemented in Helsinki-Uusimaa and Estonia, 
specifically looking at the role of intermediary organizations. The study is based on 
secondary sources such as strategic documents, action plans, public information on the 
websites, and prior research. In addition, 13 semi-structured interviews were carried out 
between February and September of 2019. 

Article III looks at a specific technology pilot as part of smart city innovation policies 
and more specifically analyses the user-feedback from one of the autonomous bus pilots 
in Tallinn. The pilot took place as part of the Sohjoa Baltic project, funded by Interreg 
Baltic Sea. The aim of the project was to research, promote and pilot automated 
driverless electric minibuses as part of the public transport chain, especially for the 
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first/last mile connectivity.2 Data used in Article III was gathered through various 
methods. Users of the autonomous bus had the opportunity to fill in an online 
questionnaire. A total of 3877 passengers were served between August and December 
2019, of which 152 answered to the questionnaire. The results were compared with the 
control group of 55 people who had not used an autonomous bus before. Regression 
analysis was applied to analyze the answers of the questionnaire. In addition, a group 
interview was conducted with the operators of the autonomous bus and the daily 
conversation log with the operators was analyzed to get more information related to the 
daily operations of the autonomous bus. Article III is a concrete example of an analysis 
that provides valuable information to technology developers (private companies, 
universities) and potential operators (cities, public transport providers) about technical 
and design-related shortcomings of such vehicles and about user perception. 

Similar to Article III, Article IV provides information about weather-related challenges 
that affect autonomous driving. The chapter provides an overview of most recent 
technologies for sensors and intelligent driving, and data sets used for the development 
of autonomous driving with references to weather-related issues. In addition, the 
chapter describes the weather-related challenges experienced during the three 
autonomous bus pilots (Tallinn, Helsinki, Kongsberg) organized as part of the Sohjoa 
Baltic project. 

Article V is the third article that looks place-based innovation policy from the local 
perspective and focuses on how learning from innovation pilots takes place and how it 
influences the adoption of technology. The article uses a comparative case study 
approach and looks at how the specific design of pilots and local contextual factors have 
impacted the ability of Tallinn (Estonia), Helsinki (Finland), and Kongsberg (Norway) to 
explore and exploit autonomous driving technology. A total of 13 autonomous bus pilots 
conducted in the aforementioned three cities were analyzed. The analysis was based on 
desktop research and 12 semi-structured interviews with 13 experts involved in 
organizing the pilots.  

                                                                 
2 Homepage of the Sohjoa Baltic project. Available at: https://www.sohjoabaltic.eu/ 
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3 Main findings 
This section highlights the main findings of the thesis. The findings are presented in the 
order of the research questions presented in the Focus and aim section of the thesis and 
are based on the articles. This helps to present the main findings in a coherent manner. 
 
In the context of a place-blind national innovation policy, what role do the larger local 
governments see they could play in the development and implementation of innovation 
policy and why? 
 

Estonia is a good example of a country with a place-blind and nationally coordinated 
RDI policy. This topic is opened in Article I and it complements previous literature on the 
matter. In this literature, several reasons have been pointed out why the Estonian RDI 
policy has largely been place-blind. These include the smallness of the country, emphasis 
on policy efficiency which itself is linked to smallness, and lack of private sector demand 
for research and innovation (Karo et al. 2017; Karo and Kattel 2015). 

Article I adds that the lack of regional perspective can also be due to the high number 
(over 200) of mostly small local municipalities that existed prior to the local municipality 
reform in 2017. Arguably, it was questionable whether most of the local municipalities 
would have understood the smart specialization concept as local municipalities in Estonia 
are largely not responsible for economic policy. In addition, the fact that Estonia has only 
two medium-sized universities (University of Tartu and Tallinn University of Technology) 
with regional centers has been also highlighted as one of the reasons for abandoning 
regional focus. 

At the same time, we see evidence of place-based innovation initiatives taking place 
where significant role is played by large local municipalities (mostly Tallinn, to a lesser 
extent also Tartu and slowly also other larger cities) and the universities (including their 
regional centers). Especially Tallinn and Tartu and their respective universities have been 
involved in several activities described in the literature such as building and maintaining 
collaboration networks, providing consultancy services to new businesses, building 
science and industrial parks, conducting public procurements for innovation and 
participating in different innovation pilots (Article II; Bakici et al. 2013; Lember et al. 
2011; Zelenbabic 2015). The Estonian case provides particularly interesting insight as the 
local governments have largely been excluded from economic and RDI policy as they 
have mostly been considered service providers but are slowly taking a more proactive 
role (Article I). 

The cities of Tallinn and Tartu have established their own administrative units 
responsible for economic development and have developed their own S3 strategies. 
Tartu, together with surrounding municipalities, has even tried to copy the Brainport 
Eindhoven model, although, with limited success (Article I; related to Brainport see also 
Morisson and Doussineau 2019). Compared to other areas in Estonia, these two 
municipalities also enjoy the status of being local agglomerations as they are the two 
largest municipalities (Tallinn serving as the capital) and serve as locations of the main 
campuses of all the Estonian universities and most of the Estonian businesses. As brought 
out in Article II, these municipalities seek for a bigger role in the national RDI policy 
context, both in the development and implementation phases. The argument here is that 
the local governments are much closer to other key stakeholders such as private 
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companies and universities and can more easily find and organize different bottom-up 
collaboration projects. For example, cities can act as test platforms for innovation projects. 

Several aforementioned activities, such as innovation procurements or innovation 
pilots, can effectively be used by cities, as they are responsible for a large number of 
services that represent FE sectors and offer numerous possibilities. These include 
services such as transportation (and mobility in general), education, health, social 
services, and urban planning in general. In Tallinn, we can see evidence that supporting 
innovation in these FE sectors is rationalized with the adoption of the Smart City 
narrative. The new Tallinn 2035 Development Plan includes a Smart City Program as one 
of the five action programs under the activities related to business environment (City of 
Tallinn 2020). The Smart City Program explicitly mentions the use of innovation 
procurements, demo projects and public service design to support local innovation.  
This narrow operationalization is interesting because the smart city concept itself is much 
broader and covers topics such as smart economy, smart people, smart governance, 
smart mobility, smart environment, and smart living (Giffinger et al. 2007). Interestingly, 
many of such projects are not initiated by the City of Tallinn (this is also the case in the 
City of Tartu). Rather, the city has been asked to join these projects by other local 
(oftentimes universities) and foreign partners. In the case of Tallinn, the author of the 
thesis identified 16 innovation projects in the city’s externally funded projects database3 
where the goal is to test and/or develop new technology. Only 4 of these were initiated 
by the City of Tallinn. At the same time, 8 projects had a lead partner from Finland  
(7 of them from Helsinki-Uusimaa region) and for 3 projects the lead partner was TalTech. 
This leads us to the next research question. 

 
How can intermediary organizations spark place-based innovation activities and 
orchestrate entrepreneurial discovery processes at the local level? 
 

Regarding collaboration with foreign partners, we can identify active collaboration 
between Tallinn and the organizations from Helsinki-Uusimaa. The Finnish region is 
considered one of the lead innovators in the EU (Article II). The importance of such 
collaboration is also explicitly emphasized in the Smart City Program of the Tallinn 2035 
Development Plan (City of Tallinn 2020, 23).  Finland is well known for its experimental 
culture which is also present in the City of Helsinki and in its sub-organizations (Ornston 
2012; Breznitz and Ornston 2013; Article II). Most notable of such organizations is  
Forum Virium Helsinki. As shown in Article II, the City of Helsinki has adopted the  
city-as-a-platform approach to support different experimental activities to improve 
public services and urban infrastructure. Many of such experimental activities are 
organized as part of different, mostly EU-funded innovation projects. 

It is important to think about and analyze the conditions on the Finnish side that have 
led to such collaboration. This thesis emphasizes the role of intermediary organizations. 
As Article II shows, in Helsinki-Uusimaa, which is located in strongly corporatist Finland 
(see also Ornston 2012; Jahn 2016), we can find a large number of intermediaries which 
function at the local, regional, and the national levels. These organizations bring together 
companies (private, state-owned, municipality-owned), research organizations, and 
                                                                 
3 The database does not contain projects where the city-owned companies are partners. There has 
also been a number of innovation pilots in Tallinn where the city government has provided 
important support but without budget and being an official partner. These projects are also not in 
the aforementioned database. 
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various public organizations from all government levels. While some of these 
intermediaries mobilize stakeholders under a certain topic (e.g. Smart & Clean 
Foundation, Health Capital Helsinki), others are more generic (e.g. Forum Virium Helsinki, 
Helsinki Business Hub). 

Many of these organizations, including intermediaries, were also involved in the 
development of the Helsinki-Uusimaa region’s S3 strategy. These intermediaries help to 
maintain a common understanding among the local stakeholders regarding the direction 
of development, which in addition to the regional S3 strategy has been framed through 
several other strategies addressing topics such as climate change, energy efficiency, 
carbon neutrality, protection of nature, circular economy and sustainable urban 
development. This is done through formal membership and partnership (other 
organizations as members/partners of a particular intermediary) or through different 
projects, including RDI projects. Such collaboration is a good example of the 
entrepreneurial discovery process in a place-based context. 

The fact that the City of Tallinn is participating in a number of such experimental 
projects, often coordinated by Finnish partners, has given the former the opportunity to 
see the benefits of such initiatives. As mentioned, the City of Tallinn is now supporting 
experimentation with its most important and recent strategic document Tallinn 2035 
Development Plan with several activities already taking place, such as continuous 
participation in experimental projects, running of innovation competitions 
(Tallinnovation) or use of innovation procurements. Such projects and initiatives where 
the aim is to develop and experiment with new technologies have already given a chance 
to local companies to come out with their own products (Article V; Juuse and Karo 2021). 
Therefore, it is possible to argue that such collaboration has created a spillover in the 
form of place-based innovation and generated policy learning, both rationalized through 
the adoption of the smart city narrative. 

Although Estonia is a less corporatist country than Finland (Jahn 2016), a number of 
intermediary organizations can be identified here as well. These include national 
government agencies (providing funding), cluster organizations (bringing together 
companies and educational institutions), technology parks, technology competence 
centers (R&D support), and county-level development centers (business and project 
funding consultation). Yet, as Article II shows, compared to the Helsinki-Uusimaa region, 
these organizations are not focusing much on building networks between different 
organizations to develop and maintain a common understanding regarding the direction 
of economic development and supportive policies as part of EDP, which actually should 
be their aim according to the experimental governance logic of the RDI policy in the EU. 
As has been emphasized by previous literature, the main priority has rather been the 
distribution of Cohesion Funds without rethinking the overall governance logic of the RDI 
policy and its goals (Karo and Kattel 2018). 

At the local level, the role of intermediary organizations is partially played not only by 
Finnish organizations, but also by local universities and science parks that are actively 
looking for RDI projects that bring together various stakeholders. Such cooperation is 
mostly limited to single projects, educational cooperation, or to bringing together 
different companies that serve the interests of universities and science parks. However, 
during the last two years there have been some positive developments as well, such as 
increased activities from the Tallinn City side mentioned before and the establishment 
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of the Green Tiger cooperation platform4 that seeks to envision a balanced economic 
model for Estonia in cooperation between businesses, individuals, the public, and the 
third sector. 

 
How experimental innovation pilots help technology providers and potential service 
providers to learn about the specifics of a technology? 
 

Taking part of and providing opportunities to run different experimental projects can 
play a crucial role in the context of S3, the Green Deal and S4+. The experimental projects 
do not only help to develop new technologies, but also to learn about technologies that 
have the potential to improve public services, infrastructure and overall sustainability 
(Article V). In addition, one important characteristic of the public sector is that once 
some new policies are adopted, they are likely to remain in place (Tassey 2014). This is 
also the case with technology (type and providers) and public services resulting in  
lock-in situations (see for example Hornnes et al. 2010; Ampe et al. 2020; Marquardt and 
Nasiritousi 2022). Experimental pilots can diminish risks related to lock-in situations 
where inferior solutions are scaled up. 

These aspects are addressed in Article III and Article IV. Such pilots can help to gather 
feedback from the potential users during the time when the technology is used to 
provide the service either as how it will look like or close to it. For example, Article III is 
based on an autonomous bus pilot that provided last-mile transportation service in 
Kadriorg Park located in Tallinn. However, the service was not provided in the final form 
(fully autonomous service) as an operator was always in the bus. The feedback can 
include where and for what they would use the new solution, how they perceive it  
(e.g. safety, security, reliability) or what improvements should be made. Article IV 
describes how the local weather conditions influenced autonomous driving during the 
three pilots organized as part of the Sohjoa Baltic project. Such information can later be 
used for technology and service development purposes, but it can also make some 
service providers cautious as that information can also be considered evidence that 
shows the immaturity of the technology. This has been the case with the regional public 
transportation authority HSL in Helsinki (Article V). 

 
How the set-up and design of the pilots and the institutional context support or hinder 
the process of learning about a new technology and its eventual adoption? 
 

Learning from the pilots can be divided into cognitive, relational and normative 
learning (McFadgen and Huitema 2017), each of which provides opportunities to gain 
organizational and/or technical knowledge related to the technology. As is shown in 
Article V, the aforementioned types of learning are in turn linked to different tasks 
carried out during the preparation and running of experimental pilots (in the case of  
self-driving last-mile buses). As such experimental pilots are often conducted in 
collaboration between several organizations (e.g. quadruple and triple-helix collaboration 
or what Schot et al. (1994) call technology nexuses), the division of tasks between project 
partners responsible for preparing and running the experimental pilot will determine 
which types of learning each organization is exposed to. 

                                                                 
4 The homepage of Green Tiger: https://rohetiiger.ee/en/ 
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The division of tasks can play an important role in future experiments and the eventual 
adoption of the technology. If public organizations responsible for providing public 
services and infrastructure are only responsible for tasks which provide organizational 
and not technical knowledge, then it creates a danger that these organizations are not 
able to adopt and scale up new technologies. This can impact the region’s ability to 
achieve the sustainability goals set at the EU level. Article V provides some insight on this 
matter by analyzing autonomous bus pilots in Helsinki, Tallinn and Kongsberg. Although 
the technology of autonomous driving is not mature yet, many cities in Northern Europe 
are interested in running pilots with autonomous buses because of the novelty and 
potential of the technology. This has provided an opportunity to see how learning from 
such technology pilots takes place. 

Although Helsinki, Tallinn and Kongsberg have run a number of pilots with autonomous 
buses, only Kongsberg managed to move from the experimentation phase to limited 
adoption. A number of reasons for this can be identified. Compared to the other two 
cities, Kongsberg has taken a more holistic view on the pilots. While the pilots in Tallinn 
and Helsinki are run as technology experiments, the stakeholders in Kongsberg have from 
the start tried to think about the possible business and service development 
opportunities. This is due to the bigger involvement of public transportation authorities 
and the service provider. In addition, the stakeholders in Kongsberg have been included 
in a larger number of different activities related to the preparation and operation of the 
pilots. Most importantly, it is the local public transport authority Brakar and the current 
service provider Vy who have largely been responsible for running those pilots. The latter 
has taken a step even further and has launched a new autonomous public transportation 
line with a regular-sized bus in Stavanger which is first of its kind in Europe. 

Meanwhile, in Tallinn and Helsinki, the role of public transport authorities and service 
providers has been limited or non-existent. In Tallinn, the local public transportation 
authority has been responsible for activities that provide opportunities for mostly 
relational learning and organizational knowledge and in Helsinki the local public 
transportation authority has only provided support while not being officially involved in 
any of the pilots. In both cities, most of the technical knowledge gained through cognitive 
and relational learning has ended up in organizations that have little influence over 
service delivery. However, we can identify the important role of intermediary 
organizations such as Forum Virium Helsinki in organizing autonomous pilots in Helsinki 
and also to some extent in Tallinn. In addition, in Tallinn and Helsinki the responsibility 
for different activities has been more divided. 

At the same time, we can find local companies from all three cities that have benefited 
from participating in these pilots as it has enabled them to develop solutions linked to 
autonomous mobility (vehicles, mobility management software, sensor technology, 
smart infrastructure solutions, etc). Such achievements are in line with S3 and partially 
with S4+ concepts. But as mentioned before, S4+ is about improving sustainability 
through innovation-driven policy. In the context of adopting new technologies,  
the responsible public organizations have to take a more active role while participating 
in experimental pilots. 
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4 Discussion 
The findings provide several important discussion points related to preconditions for 
place-based innovation policy to emerge and smart specialization in Europe. S3 was 
integrated into the EU’s regional policy with the assumption that the Cohesion Funds will 
be used together with the adoption of experimental governance principles of the smart 
specialization concept. Yet, this has been rather challenging in the CEE (Karo and Kattel 
2018).  

This has especially been the case in small states such as Estonia where a tendency 
exists to consider the small state as a unified place and where national-level policy 
implementation has been perceived as a more efficient governance arrangement than 
regional or local place-based approaches. It has also helped to avoid thorough 
discussions on the shortcomings of the place-blind policy approach. This tendency has 
been further amplified by the EU polices where statistical regions of the NUTS-2 level 
that are the targets of Cohesion Funds cover several countries, including Estonia, as a 
whole, and this further strengthens the centralization of the administration and 
allocation of EU funds in these countries. 

Yet, even in a small state like Estonia, the national government is not always capable 
of identifying the needs of specific localities in the country, nor the opportunities that 
the involvement of local municipalities could provide. Local municipalities have mostly 
been considered as service providers and not policy developers. This is especially the 
case in the context of economic and RDI policy where they have long been an unused 
institutional and physical space, although the fact that municipalities are responsible for 
delivering public services provides many opportunities in the RDI policy context.  
In addition, the smallness of a country does not automatically result in improved 
collaboration between the key stakeholders. This is shown by the previously mentioned 
failure of the Estonian central government to involve local municipalities in the RDI policy 
and difficulties experienced by the central government to develop meaningful 
collaboration between the state, the private sector and the academia. 

However, this thesis argues that while S3 has failed to spark necessary changes in the 
overall strategic governance of innovation policy that would ideally result in place-based 
innovation policy, a more practical approach focusing on improving FE sectors could 
potentially provide a way for place-based RDI activities to emerge in place-blind 
innovation policy context if several preconditions are met. First, the Estonian case shows 
that the local municipalities have to have an understanding of their potential (Article II). 
Based on Coenen and Morgan (2019), this is not always the case. Otherwise, FE sectors 
would not be ignored to such extent. In addition to this understanding, there must also 
be the will to act. However, the will is often constrained by the availability of financial 
resources and the public sector’s general tendency to avoid risks, while the experimental 
RDI activities are characterized by uncertainty. Although S3 has failed in bringing the 
necessary changes to innovation policy governance in the CEE, the case of Estonia shows 
that the availability of different EU funds such as Horizon and Interreg has helped to 
support place-based innovation as they encourage and enable public organizations to 
take more risks (Article II; Article V). 

The findings of this thesis also point out that cross-regional collaboration can be crucial 
for sparking place-based experimental RDI activities. They also show that it is more likely 
for such collaboration to be coordinated by intermediaries or universities from more 
developed regions due to their long experience in participating in the development and 
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implementation of RDI policy and/or greater organizational thickness compared to the 
less advanced regions (see also Article II; Kroll 2017; Tödtling and Trippl 2005). Most 
importantly, such cross-regional collaborations between the cities and key organizations 
have the potential to spark policy learning, which is one of the main aims of the 
experimental governance model where peer-review and mandatory reporting should 
fulfill this role. We can witness how such policy learning has taken place in the City of 
Tallinn as it now tries to follow in the steps of Helsinki City. Similar to Helsinki, Tallinn has 
increased its focus to support local innovation both in writing (Tallinn 2035 Development 
Strategy) and in practical terms (experimental RDI activities). Such policy learning shares 
similarities with the twinning approach that was used to help CEE candidate states build 
capacities in specific areas not covered by acquis with the support by the EU Member 
States (Sabel and Zeitlin 2010; Tulmets 2010). 

The aforementioned place-based experimental RDI activities have created 
opportunities for companies to develop new technologies but also for all the relevant 
stakeholders to gain technical and organizational knowledge related to that new 
technology that can support its future adoption. This is especially the case with all the 
entities responsible for FE sectors, including local municipalities. However, the question 
of adoption has attracted less attention in smart specialization discourse than it should. 
Some change in this matter can be identified as the European Green Deal and S4+ 
emphasize addressing local sustainability challenges through the development and 
adoption of new technologies. 

It also means that the tasks of EDP have to change as well. Until now, EDP has focused 
on identifying domains where RDI activities could complement the region’s productive 
assets (Foray 2014). A more specific aim has been to identify technologies and groups of 
companies that have the potential to bring forth a wider transformation in the local 
economy and develop policy measures to support them (Foray 2018). The updated task 
of EDP in the S4+ context is to synchronize RDI activities, the region’s productive assets 
and the local sustainability challenges. Finding the right balance between the three will 
be a challenge itself due to contradictions between issues related to economic 
development and environmental sustainability and increasing coordination challenges 
(see also Hassink and Gong 2019). 

More specifically, addressing the sustainability challenges also means that the 
question of adopting new technologies and solutions should already be addressed during 
the EDP process. One should not look at the question of adoption linearly as something 
that takes place after the technology becomes market-ready. As this thesis shows (see 
Article V), the adoption of a new technology is a matter that needs to be addressed 
already during the development and piloting phases. In practical terms, it means that the 
design of policy interventions that support the development of new technologies such as 
experimental RDI activities should provide opportunities for future users to gain 
technical and organizational knowledge about the specific technology which would ease 
later adoption. Ignoring this could lead towards experimental lock-in situations where 
experimental RDI activities are carried out without adoption in mind. The cases of Tallinn 
and Helsinki in Article V can be described as such instances. Companies still benefit from 
such initiatives as they are able to develop their products, but the development is not 
directed towards solving local challenges. 

The case studies of this thesis again show how important governance in RDI policy is. 
More specifically, the thesis provides if not a complete, then at least a partial blueprint 
on how to set up a policy system that supports place-based innovation and how the 
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development of cooperation networks and the design of pilots plays a vital role in 
achieving S4+ goals through place-based innovation. 

Based on the main findings and the discussion, several policy recommendations can be 
suggested which can improve the implementation of place-based RDI policy. First, as 
Article II shows, larger municipalities want to have a more active role in the Estonian RDI 
policy. In addition, there are good examples of place-based RDI activities which have 
resulted in locally developed technologies. During the 2014-2020 funding period,  
a limited number of measures existed that had a place-based focus and could benefit 
local governments, such as the innovation procurement measure, county-level 
development centers and regional competence centers (Article I). As sustainability 
challenges are very often local in nature (Kelemen 2020), it is important to have 
increased involvement of local municipalities in the development and implementation of 
RDI policy to support the development of solutions suitable for the local context. Local 
municipalities can prevent designing policy measures that are not suitable for them or 
include extended amount of red tape. One of such questions is related to the mandatory 
co-funding and its rate. A high co-funding rate can prevent not only small but also larger 
municipalities from using such measures (Article II). In addition, a separate measure to 
cover co-funding could encourage smaller municipalities to participate in international 
innovation projects. Increased attention to supporting innovation in FE sectors at the 
municipality level could be a viable option based on the success stories of the previous 
years. 

Second, in addition to supporting the local development of new technologies and 
solutions, the adoption of such solutions needs separate attention. The former was the 
focus of S3 which aimed at identifying the opportunities for growth and development 
that a region has while taking into account the local socio-economic challenges.5 S4+ 
requires place-based innovation policy activities to address the local environmental and 
sustainability-related challenges. Therefore, a bigger emphasis has to be put on 
mastering and scaling up the new solutions. This is also the case with the public entities 
such as local governments and national and regional agencies responsible for developing 
and providing different services and infrastructure. As oftentimes such solutions are first 
tested as part of different innovation pilots, the design of such pilots must improve.  
This includes involving the most relevant organizations in pilots, especially service 
providers, and dividing the tasks in a way that enables service providers to gain 
organizational and technical knowledge related to a particular solution. As Article V 
shows, this is not always the case. 

Third, as the Finnish example shows (Article II), intermediary organizations can play an 
important role in building collaboration networks necessary for EDP. Establishing and 
supporting novel organizations such as Green Tiger should be further encouraged in 
Estonia. Larger municipalities or groups of municipalities could consider establishing 
Forum Virium-type organizations that aim at running projects with local and external 
actors who have the potential to provide opportunities for local companies and improve 
public services and infrastructure. Similarly, county-level development centers or 
municipality associations could be used in this role as these organizations have a good 
understanding about the profile and needs of local municipalities, companies, and 
entrepreneurs located in a specific county. 

                                                                 
5 European Commission’s Smart Specialisation Platform, available at: 
https://s3platform.jrc.ec.europa.eu/what-we-do 
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These policy recommendations would help to adjust the Estonian RDI policy more to 
the local needs currently not grasped enough by the central government and bring it 
closer to a place-based approach (Beer et al., 2020). It would also mean a departure from 
the state-led entrepreneurial discovery process dominated by the academia to a more 
balanced representation of interests (Foray 2014; Karo et al. 2017). 

It is also clear that the experimentalist governance toolbox has not helped CEE 
countries to learn from their more developed peers, as for them peer-review and 
mandatory reporting are just formal procedures that need to be complied with to get 
funding (see Karo and Kattel 2018). While these tools serve a purpose for more advanced 
economies, a more suitable tool for the CEE context should be promoted. This thesis 
shows that practical cross-regional collaboration between more advanced and less 
advanced regions resembling twinning could be this tool. The implementation could be 
a challenge due to innovation policy being a “shared” policy domain, meaning that such 
collaboration cannot be made mandatory. On a positive note, the EC funding bodies are 
already recommending such collaboration by preferring projects carried out by partners 
representing both more advanced and less developed regions (e.g. Interreg). However, 
further research is needed to analyze what has been the impact of such project funding 
preferences. 
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5 Avenues for future research 
The aim of this thesis is to look at the preconditions for the emergence of place-based 
RDI activities in the context of state-led and place-blind national RDI policy. In the light 
of this thesis, several topics emerge that need further research.  

First, further observations on cross-border collaboration between the key institutions 
from regions and countries at different levels of development and different RDI policy 
would be valuable. The thesis shows that experimental innovation pilot projects linked 
to FE sectors organized in collaboration between an advanced region with a place-based 
RDI policy setting and a less advanced region with a spatially blind RDI policy setting can 
create a spillover where place-based innovation activities emerge in the latter region. 
Identifying and investigating other examples of such collaboration would provide 
valuable information that could be used as a blueprint in actual policymaking. Is such 
collaboration viable only between bordering regions or is it more important to have a 
shared interest in developing certain FE sectors are some of the questions that would 
require further investigation. 

Second, there is plenty of literature focusing on smart specialization that emphasizes 
the importance of multi-stakeholder collaboration in the context of EDP (Foray 2014; 
McCann and Ortega-Argilés 2016). Although right in their conclusions, they often fail at 
providing practical guidance, which is also one of the critiques by Pugh (2018). Article II 
was written in the spirit of providing some concrete examples how such collaboration 
can work in real life. Further cases such as Helsinki-Uusimaa in Finland should be 
identified and described for both academic and policy purposes. 

Third, collaboration and coordination questions will become even more challenging in 
the S4+ context. However, environmental and sustainability questions touch every 
aspect of our society. As Trippl et al. (2020) have argued in the context of S3, not only 
organizational thinness, but also organizational thickness can be a challenge as regions 
have to decide whom to include in policy processes. Sustainability as an additional 
dimension will increase the number of organizations that are interested participating in 
the RDI policy process and interrupt the existing social and political balance of power 
(Pike et al. 2010). Further research is needed to see how the EU regions and countries 
attempt to balance the oftentimes contradictive interests of economic development and 
sustainability and the relevant actors who represent these interests. In addition, as the 
European Green Deal and S4+ open up access to RDI policy processes, we can also expect 
competition between the new participants regarding whose niche ideas (Schot and Geels 
2008) will get more support. 
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Abstract 

Place-Based Innovation in Place-Blind Innovation Policy 
Context 
Opportunities for growth and development are something that countries, regions and 
cities are constantly looking for. Initially, this was pursued by countries through the 
development and implementation of industrial policy strategies (Rodrik 2007) with 
emphasis later shifting towards a systemic view of innovation and supportive policy 
mixes (Lundvall 1985). Research, development and innovation (RDI) policy strategies are 
by now widely adopted by different levels of government. In the European Union (EU) 
context, the European Commission is using its experimental governance structures to 
support regional and national governments in their RDI activities by providing financial 
support and policy assistance through the structural and cohesion funds with the aim to 
achieve economic convergence across the EU in a place-based manner (Barca 2009; Beer 
et al. 2020; Karo and Kattel 2018; Sabel and Zeitlin 2010). Prior research has shown how 
challenging it can be for the EU Member States to follow not just the formalities, but the 
actual spirit of the EU’s regional and RDI policies which promote experimentation, 
coordination and collaboration between the main stakeholders, and constant policy 
learning (see for example Karo et al. 2017; Karo and Kattel 2018; Kroll 2017). 

Estonia is a very good example of an EU Member State that experiences many of these 
policy challenges that have also been studied at length, but it also offers interesting 
insight into the question that has gained less attention than it deserves: how place-based 
RDI activities emerge in the context of largely state-led and place-blind national RDI 
policy? This thesis focuses on this question and attempts to fill the existing research gap 
from two perspectives: strategic policy actions and context and local innovation 
dynamics. 

From the strategic perspective, the thesis looks at how RDI policies in Estonia have 
been developed and implemented, what role the local municipalities as the lowest level 
administrative entities and actual physical spaces see for themselves in the context of 
RDI policy, and what is the role of intermediary organizations. The local perspective is 
used to analyze what are the opportunities and challenges related to experimental RDI 
activities at the local level. 

The thesis shows that while the EU’s smart specialization initiative (S3) has failed to 
spark necessary changes in the strategic governance of innovation policy that would 
result in a place-based approach, a more practical approach focusing on improving 
sectors of foundational economy can provide a way for the place-based RDI activities to 
emerge in the largely place-blind innovation policy context. In addition, the thesis shows 
how cross-regional collaboration often orchestrated by intermediaries or universities 
from more advanced regions can spark place-based RDI activities in less developed 
regions and support policy learning. The thesis also points out that in the context of smart 
specialization for sustainability (S4+), the RDI policies must be adjusted, and greater 
emphasis should be put on the adoption of new solutions, which in the S3 context has 
received less attention. 
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Lühikokkuvõte 

Kohapõhine innovatsioon kohapimeda innovatsioonipoliitika 
kontekstis  
Riigid, regioonid ja linnad on pidevalt otsimas võimalusi kasvuks ja arenguks. Riigid 
pühendusid sellele esialgu läbi tööstuspoliitika strateegiate arendamise ja rakendamise 
(Rodrik 2007). Hiljem on fookus nihkunud süsteemsemale arusaamale innovatsioonist ja 
sellele, milliste poliitikakombinatsioonidega seda toetada (Lundvall 1985). Teadus-, 
arendus- ja innovatsioonipoliitikale (TAI) keskenduvad strateegiad on nüüd laialt levinud 
erinevatel valitsemistasanditel. Euroopa Liidu kontekstis kasutab Euroopa Komisjon oma 
eksperimentaalseid valitsemise struktuure, et toetada regionaalseid ja kesktasandi 
valitsusi nende TAI tegevustes, pakkudes neile nii finantsilist toetust kui ka poliitikanõu 
läbi ühtekuuluvus- ja struktuurfondide, seda eesmärgiga saavutada liiduüleselt 
majanduslik konvergents kohapõhisel viisil (Barca 2009; Beer et al. 2020; Karo ja Kattel 
2018; Sabel ja Zeitlin 2010). Varasemad uuringud on näidanud kui suureks väljakutseks 
on Euroopa Liidu liikmesriikidele järgida mitte ainult formaalseid reegleid, vaid ka 
tegelikke Euroopa Liidu regionaal- ja TAI poliitika põhimõtteid, mis soosivad 
eksperimenteerimist, koordineerimist ja koostööd peamiste osapoolte vahel ning 
pidevat poliitikatest õppimist (vaata ka Karo et al. 2017; Karo ja Kattel 2018; Kroll 2017). 

Eesti on väga hea näide Euroopa Liidu liikmesriigist, kes seisab samuti silmitsi eelpool 
mainitud väljakutsetega, mida on ka põhjalikult uuritud. Samas pakub Eesti vastuseid ka 
küsimusele, mis on oluliselt vähem tähelepanu saanud kui peaks: kuidas kohapõhised 
innovatsiooni toetavad tegevused tekivad suuresti keskvalitsuse poolt juhitud 
kohapimeda TAI poliitika kontekstis? Käesolev doktoritöö keskendubki sellele küsimusele 
läbi kahe perspektiivi: strateegiline kontekst koos vastavate poliitikategevustega ja 
kohalik innovatsioonidünaamika. 

Strateegilisest perspektiivist uurib doktoritöö seda, kuidas TAI poliitikaid on Eestis välja 
töötatud ja rakendatud, millist rolli kohalikud omavalitsused kui madalaima astme 
administratiivüksused ja ruumilised asukohad näevad omal TAI poliitika kontekstis ning 
millist rolli mängivad vahendaja rolli täitvad organisatsioonid. Kohaliku perspektiivi roll 
on analüüsida millised võimalused ja väljakutsed kaasnevad eksperimentaalsete TAI 
tegevustega kohalikul tasandil. 

Antud doktoritöö toob välja, et Euroopa Liidu nutika spetsialiseerumise initsiatiiv (S3) 
ei ole endaga kaasa toonud strateegilisi muutusi innovatsioonipoliitikas koos kohapõhise 
lähenemisega. Samas võib täheldada, et praktilisem lähenemine, mille fookuses on 
arendada alusmajandusega seotud sektoreid, võib luua tee kohapõhiste 
innovatsioonialgatuste esilekerkimiseks suuresti kohapimeda innovatsioonipoliitika 
kontekstis. Samuti toob antud doktoritöö välja kuidas regioonideülene koostöö, mis 
tihtipeale on orkestreeritud enam arenenud regioonis asuvate vahendaja rolli täitvate 
organisatsioonide või ülikoolide poolt, võib aidata kaasa kohapõhiste 
innovatsioonialgatuste esilekerkimisele ja poliitikate õppimisele. Lisaks juhib doktoritöö 
tähelepanu sellele, et jätkusuutlikkusele suunatud nutika spetsialiseerumise (S4+) 
kontekstis vajavad TAI poliitikad kohandamist ja enam tähelepanu tuleks suunata uute 
väljatöötatud lahenduste ülevõtmisele, mis on S3 kontekstis vähem tähelepanu saanud. 
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�	����������
�����
��	����
���
���
��
����
�����	"����
�	�
�
�
��	
�
������
��
��������������
��
���
�#�
���	�
�	�
�Q_����"
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`§̈©ª«¬̀­®̀�kpqs̀kl̀qws̀�oyyvxx̀opqkroqst̀�wpqqys̀~vykq�̀` `°̄±²³́µ¶A�������#�.�**+���������� )#���*�%+*��/



����������	��
����
��
���� �������������� ��!" !�"#$ %� �&�'( �)*+,#�-.*+$ /0���(�"1��2)*+3�,#.*+3�$ 4��0�& !+�)+!',#��$ 56+7����" �1"#�$ 4� �&'6+7����6"��"#8�..9:;:<=>?=@��A���>B=
C6�!'( ��4�&&!''1!&� 
1�""�'(�����27��*D�"(� ����20!��'�'�'�+�6"�'&!'�"6�0�� �� D�"��E2�0�&�1�2D! �!' ��F��G��H�& !�)DDD-"��G��7�& !�-�6,1��G�� �'26"�2�&"�!'� ���1!&� "! �")!' ��I6��1��'�! !�"����'("7��(
J�&"!'*!�'2K2�'"*,-4���!+D�" �1��0!2��L6!�*�'2��"� �M&&"6�0��!'��2�� �!'����"� ����"1�'"��� �-4�!"!"D���'&��'6+7����L6�" !�'"D����"*�2D! �&!+! �22�1 �-4��"6�0�����+D�"2�"!('�2!' D�1�� "# ��+� !�L6�" !�'"��(��2!'( ��(�'���&����1 �'���� ���6 �+� �276"�"�'22�+�(��1�!�2� ��7�6  ��1�""�'(��"-4��"6�0��D�"�6'!' D�&�'(6�(�")I" �'!�'�'2I'(&!"�,-4�!""6�0��D�"�0�!&�7&�!'K��(&�N��+"�'22!" �!76 �2 �1�� !�!1�' "0!�76"!'�""���2E"!O�1�1��P���")N!(6��Q,D! ��'�'&!'�&!'*) �& ���-��3��7� 76",�'2�&"��RSE��2� �� 2!��� �2 ��1�""�'(��" � ��"6�0��!' D�&�'(6�(�"-4��"6�0��!'0! � !�'"D! �(�'���&RSE��2�"D���2!" �!76 �2�T�&6"!0�&� �1�""�'(��"�� �� �*!'( ���!2�-4���'!��&&�
D���''� �6&��6  ���!"* �� "�+�1�� !�!1�' "M&&�2!' ��"6�0�� D!����2!" �!76 �2 �!"!'0! � !�' �'�'E1�� !�!1�' "-J�D�0��
D��'��+1��!'(D! �� ������+"����&&�� !'( ��"�+�"6�0��2� �) ���! ���K2�'"*��&&�� �2 ��"�+�"6�0��"�'1�1���'2 ���! ���J�&"!'*!�"*�21�� !�!1�' " �M&&!' ��"6�0��26�!'( ���!2��'� �7&� ,
 ��"���"6& "���"!+!&��U �6"
 ����"��+" �7�'�"�" �+� !�2� ��' �������)"���&"�DDD-"��G��7�& !�-�6�����+1��� !0���"6& "D�!��D!&&7��22�27�&� �F6++����QVQV,-�xywux��wp�ap©v}�yx�p}qawla�tyyp~�puyatmwpuawt�x~�awspaux�p�a�pvs~xvt}}qda�pavt~~lwau�}pal�wawspauxy�awstwayl�pa�tuwxvx�t~wyamx}}p�ax~awspay�u�pqaw�xvpalua�xywux��wp�awsxyax~�xwtwxl~awla~l~��tuwxvx�t~wy�a¡l�p�puda�sp~avl��tux~�a�xwsalwspuamlu�yalmavl}}pvwx~�awspayt�pay�u�pqa�twta�wspavxwqalma¢�t~y�avl}}pvwp�awspayt�pay�u�pqyal~a�t�puat~�awspavxwqalma¡p}yx~�xaty�p�a�tuwxvx�t~wyawlamx}}ax~awspay�u�pqa��ux~�awspaux�pal~atawt�}pw�dawspypaupy�}wyatupayx�x}tuªws�ydawspupaypp�yawla�pa~layqywp�twxva�twtap~wuqapuulua�yppat}yla����yls�lt�t}wxv�p�amluavl��tutwx�paupy�}wya�sxvsa�x}}a�pat��p�a�qa}twpa����pualma¦«¦«��a

a¬­®̄°±ab²a¤pp��tv�a�t�puam}qpuya�xywux��wp�awla�tyyp~�puy�a�spa�tx~at~t}qyxya�pwsl�almawspay�u�pqa�tya�pyvux�wx�paywtwxywxvydat}wsl��satamp�avluup}twxl~awpywya�pupat}ylawla�pa�pumlu�p�ax~alu�puawlat~t}q¥pa�spwspuawspupatupat~qaywtwxywxvt}}qayx�~xmxvt~wa³́µ¶·̧�¹N��27��*1�1��P���"2!" �!76 �2 �1�""�'(��"-



����������	��
����
��
���� ����������������� � ��!��"��!�� #$%��&� "� '$�(!�%� !�!� !�' 
��!��#)����&'�$$���!���!� ! &�$��� �!�*�(�$��$��"���$"�$!������+�&��!��$!��$��$���� !�!� !�'���� �)��,'��! �'��-"���)$�(��'"�.�$��'� ��!���%�$������"*�'/!�!���0(�$���'�1���  #$%��"�� ��!$�($� ��!!����!�$�(�(#��!���� !�� ��(���)&� ��!$�($� ��!��)!��(�  ��)�$ !��!%��#�!�$���!��/!���#!���!�" �#!!��*# $�"�2!�� '����$��!��(���!"� �)�&�!�!��)���!��.�$�$����"�(�� �$%�'���$�%�$�*�"�1���$�&�$�����'��!�%� ��$!�/��)(�$!��!��  #$%��1��� #$%��&� "� �)��"&�!���!��3��4��5��!�'($�4�'!'�� �$!�#�
��"*�6�!$�(����7��%�$ �!���8((���"3'���'� &�!�!����%��%����!��9�����$ 7��%�$ �!�����'�����)�
�������7��%�$ �!�����'�����)�:��%��%��)�#!��$ ��!�� (�(�$;
��*���!������!�' '��(���<��#��"��#$5��!�'3��=�)���'�!�� 2>��) *�$):?�$&��;
@"�� /:A����";
�������:B !����;��"C�� ��/�:<�����";1���)���&� !�"� �)�� ��(��,��-�� #$%��!��!'��*�# �"�'$�  "�.�$��!(���! �!� 1��� ��(��'�!�&� ����(�$!��!��'!�$!���'$�� �!��!�/�-#($�!� 1���'�� �$!�#�,$ !"�%���(�"�*��$"�� !��D#� !��� !��!&�$���!�$$��/�"4���!���)��� !��(�$!��'�1E#$��)!�� (�$��"
)#�"�"*�$� ��$'���"��*���!��0(�$! 
����!���� !��(�$!��!D#� !��� $������"1F�!�!��
!��$�&�$�!�$��$�#�" ��4���!&�$/ ��( &��$�!�� �D#��'�
&�$"��)��" '����)��D#� !��� &�$��� �"� '#  �"1<�$�0��(��
�!&� �)$��"!�# �!��G�/�$! '���&�!��""�#�*�$ ��$�#��$�'D#� !��� :��!�� '������H���"�HI&��$�J�$�� ��#!$��;
� !��'�� �$!�#�'�� �"�$�"!�� ���!���" �'#$�!���$� �� �!�%�2!�� �&�$���!�� '����HI
&��$�� !���%�$����0(�$���'�&� ��!�� '����H�16� !D#� !��� ����&�"$� (��"��! !�'��� ���������� &�$K����LM���&�#�"��## �!��  �$%�'�NO����&�"��$�!�������� &�$1�������!�(�' ��"D#� !��� &�$�P�$�Q'3���!�P!� !#"�(�  ��)�$ R #*4�'!�%�������)�� ���!�:�1)1
$� /���''�"��! ;���$���-����#$*����%�$�����!
��!�$!�/��)�$�"�&�!����#!���!�"*# 1F�)���$��
'��(�$�"!�!��($�%��# ST�I(���!������������'�� �"��%�$�����!
!��!���$�!�'��$� /��'���� ���� ��)��$&���!�� (���!� '��"#'!�"��!���(�� !$��!��%�$�����!:'��(�$�"!���-!$�Q'(���!;1��� #$%��D#� !��� !#"���)!�� ���/&� PLUVWXV
V�YZZ	��V��[Z�Z\�	�\�]̂ ��YZ�
V��V�\X_ 	̀Z��Za�\bV���̂�	ZVY�cdZ\
����YZe�VfcdZ\
��YZe1OA�$ ���� �'#$�!�P!� !#"�(�  ��)�$ R(�$'��%�"������)�� �'#$�!�&���!��(���!� '��"#'!�"���$���-������%�$�����!
��!�$!�/��)�$�"�&�!����#!���!�"*# 1���$�&� �� �� �'#$�!�$� /$���!�"!�!��"� �)���!��$�*�!*# � �!� %�$� �� �!�%�!��#! �"�$� / 
$�'��%�"%�� �� �$ 1B�'�(�!��!����#! �"�$� /!$�))�$ � #""��*$�/�&��'�'��'�# ���"��$�''�"��! 2!�� � !������$�� ��&�� (��"� '�((�"1��� #$%��D#� !��� !#"���)!�� ���/&� PLUVWXV
V�YZZ	��V��
V�\gZ\�V��	�Ẑ�\��
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.:1),50R1++T++S2),e(0�U+1
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��K�JT�M��
W.%%&2C&-%).X(2C)*&-(3&C.A&%)-�2C,�%()(A&�&&34.7X)�)*&C&2&-.5%.�&)6.23%&7+-()6�24�.-3D+&%)(�2%
%&&.5%�Y.45&Z9[2)*&�)*&-*.23
'*&2.%X&3)*&%.@&D+&%)(�2%�-�@)*&7�2)-�5C-�+,/��-&%,�23&2)%1(2.@�-&)*&�-&)(7.5'.6
'()*�+)4&(2C5(2X&3)�)*&.7)+.53-(A(2C&\,&-(&27&/]̂ �''�+536�+�&&5.4�+)C&2&-.5)-._7%.�&)6�24�.-3̀a.23]̂ �''�+536�+�&&5.4�+)6�+-,&-%�2.5%&7+-()6�24�.-3̀a1
)*(%C.A&%(C2(b7.2)565�'&-.A&-.C&%7�-&%/�9c.23�9d
-&%,&7)(A&5619Y*+%
'&7.27�275+3&)*.))*&C-�+,)*.))��X)*&-(3&,&-7&(A&3%.�&)6.23%&7+-()6%(C2(b7.2)563(e&-&2)567�@,.-&3)�)*&C-�+,'()*2�3-(A(2C&\,&-(&27&/%&&Y.45&�19̂ �'&A&-
)*&%&3(e&-&27&%7.22�)4&75.(@&3)�4&%).)(%)(7.556%(C2(b7.2)563(e&-&2).%)*&6-&,-&%&2)3(e&-&2),�,+5.)(�2%9f2)*&C-�+,).X(2C)*&-(3&
@�%),&�,5&'&-&&@,5�6&3
*.3+2(A&-%()6&3+7.)(�2.23'&-&@�%)��)&2(2)*&.C&C-�+,��g�h��i%&&.5%�j(C+-&g.4�A&9Y*(%%+-A&6'.%3�2&(2)'�5.2C+.C&%ik%)�2(.2/cl-&%,�2%&%1.23k2C5(%*/��-&%,�2%&%1.23'.%4�)*�+556A�5+2).-6.23.2�26@�+%9̂ �'&A&-
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%&���������'��(���)���*�#���	�+��,-./0�123/4-1/5612/786/9-1023/0-65:;�<<=16;-26�1;3-11/5-1-5:.6.
9/;-1.-:23-223/<�.2;�<<�16..=/.23-23610/7/023/>=.�4/7-26�19/7/7/5-2/02�27-?;-10/1867�1</12�79/7/2/;316;-5611-2=7/@A=/2�23-2
23/-=2�<-2/0.3=225/>=.3-0.6B16C;-125:<�7/6..=/.96230�9126</23-1/D4/;2/0
-./D45-61/0/-756/7@E67.25:
./8/7-52/;316;-56..=/.9/7//D4/76/1;/00=761B23/465�2@F3/>6BB/.22/;316;-56..=/9-.7/5-2/02�GHI;�11/;26�1
936;3
��7.�</26</
<-0/626<4�..6>5/2��4/7-2/23/>=.-=2�1�<�=.5:@F3/7/9-.-5.�-</;3-16;-56..=/96230��7.936;347/8/12/023/<2��4/1-10;5�./47�4/75:@J523�=B323//77�79-.1�27/5-2/02�./1.�7.
;-</7-.�723/GHI936;33/542�<-K/23/8/36;5/-=2�1�<�=.L-;;�7061B2�23/�4/7-2�7.
236.0/;7/-./04-../1B/7.M27=.22�9-70.23/2/;31�5�B:-.629-.-86.6>5//77�7@F3/7/9/7/-5.�47�>5/<.9623;3-7B61B23/>-22/7:-.23/<=./=<M./5/;276;4-1/5��2/1.962;3/0�N0=/2��8/75�-0@J00626�1-55:
23/-67;�10626�161B0601�29�7K47�4/75:936;3<-0/62<�7/;�<456;-2/02�9�7K615�92/<4/7-2=7/.61O�8/<>/7-10A/;/<>/7@F3/<-617/-.�1��7./8/7-52/;31�5�B:P7/5-2/0/77�7.9-.23-223/2/;316;-5.=44�729-.47�860/0�7�<-06.2-1;/Q�7�<A/1<-7K-10R�7E7-1;/S@E�7/D-<45/
23/7/9-.-16..=/96230��7.1�29�7K61B47�4/75:-10622��K�1/�4/7-2�7��=70-:.2�=10/7.2-103�92��4/1-10;5�./23/./0��7.@T1-00626�1
23/06.2-1247�>5/<P0/2/;26�10/;6.6�127//-..=</023-2<�.2;3-55/1B/.-7/7/5-2/02�6..=/.9623.��29-7/
-523�=B323/47�>5/<96230��7.9-.-;2=-55:-</;3-16;-5�1/@I/;�105:
27-?;-5.�61U=/1;/023/�4/7-26�1-5;-4-;62:@A/.462/5�9P612/1.62:27-?;
./8/7-527-?;P7/5-2/06..=/.9/7/>7�=B32=4>:>=.�4/7-2�7.@E�7/D-<45/
23/>=.0601�2=10/7.2-1023-2626.61-27-?;V-<-10.2-72/02�W>//4X-.6223�=B3223/7/9-.-1�>.2-;5/61�7�12@T1-00626�1
/8/7:0-:�4/7-26�1.9/7/61U=/1;/0>:;-7.4-7K/0�123/7�-0Q��2/11�25/B-55:S-10;-7.076861B-B-61.223/7=5/.6123/�44�.62/067/;26�1�1-�1/P9-:.27//2@J.23/>=.9-.�4/7-26�1-5-7�=10�1/4�4=5-74-7K
23/7/9/7/-5.�6..=/.96234/0/.276-1.93�/623/7;7�../023/7�-06123/97�1B45-;/�7
�14=74�./
2/.2/093/23/723/>=.9�=50.2�4�71�2
6�.=00/15:612/7-;2/09623@F3/�4/7-26�19-.;/-./0��79//K.0=/2��1/27-?;-;;60/129623-3/-8:B��0.8/36;5/936;36B1�7/023/-=2�<-2/0>=.-1036262-2-.5�9.4//0@Y-.25:
./8/7-5/1867�1</12-5�-;2�7.-N/;2/023/�4/7-26�1.@J;;�7061B2��4/7-2�7.
9/-23/73-0-.6B16C;-126<4-;2�123/�4/7-26�1@A=761B23/�4/7-26�1.�7�<23//10��J=B=.22655A/;/<>/7Z�.2
23/<-616..=/.561K/02�9/-23/7;�10626�1.9/7/7/5-2/02�7-61
5/-8/.
-102/<4/7-2=7/@J5523/./6..=/.-5.��;;=77/00=/2�./-.�1-5;3-1B/.@[-61
�-5561B-10-57/-0:�-55/15/-8/.9/7/23/<-619/-23/7P7/5-2/06..=/.61I/42/<>/7-10\;2�>/7@]365/�-5561B-10-57/-0:�-55/15/-8/.;-=./023/>=.2�3-8/-1/</7B/1;:.2�4�̂_��26</.4/7;67;5/
23/;�<>61-26�1��5/-8/.96233/-8:7-61<-0/626<4�..6>5/��723/>=.2�0768/.<��235:@A=761B.=;326</.
23/�4/7-26�19-.4-=./0-10;�1261=/093/123/7-61.2�44/0@T1A/;/<>/7
2/<4/7-2=7/.2-72/02�>/;�</-16..=/>/;-=./��29�7/-.�1.@]3/123/>=.9-.1�2�4/7-261B
629-..2�7/06123/�=2.60/2/125�;-2/0-223/4-7K61B5�2��23/̀ .2�16-1J72a=./=<-.23/7/9-.1�9-7<B-7-B/6123/86;6162:23-2;�=50>/=./0@J�2/7/-;30-:���4/7-26�1
23/>=.9-.5/�26123/2/12962362.>-22/7:;3-7B61B��723/1/D2<�7161B@J.>-22/7:;3-7B61B1//0/0-25/-.2<�7/23-1�0/B7//.b/5.6=.2/<4/7-2=7/
23/2/129-./c=644/09623-00626�1-57-06-2�7.2�K//423/2/<4/7-2=7/->�8/23-2237/.3�50@̀D27/</2/<4/7-2=7/.<-0/62-5.�1/;/..-7:2�2=71�123/3/-261B�7-67;�10626�161B936;30/;7/-./023/0-65:�4/7-261B3�=7.>/;-=./��23/61;7/-./04�9/7;�1.=<426�1@T1-00626�12�23/9/-23/7
�23/7/1867�1</12-5�-;2�7.45-:/0-7�5/@E�7/D-<45/
23/>=..2�44/00=/2�>670.23-2U/961�7�12��23/./1.�7.-.23/>=.7/;�B16d/023/<-.�>.2-;5/.@F3/>=.-5.�.2�44/00=/2��=2B7�9127//>7-1;3/.
/.4/;6-55:0=761B23/3/-8:9610@F3/>6BB/.2/1867�1</12-56..=/9-.23/./-.�1-5;3-1B/@J�2/723/5/-8/.;�<45/2/5:�/55�7�<23/27//.
23/>=.0601�27/;�B16d/23//1867�1</12-.620601�2<-2;3962323/47/P<-44/07�=2/-1023/465�23-02�>/4-=./0265523/O-8:-2/;316;6-1..�58/023/47�>5/<@



����������	��
����
��
���� ���������������������������  ����!��"!#����#�$�	!��%&'()*+,)��'()�-)&�))./+*012),'3�&,��'()-34�',256)7
-�,3'36)*�88)&',.�83&+').9%&'�'+4
��-)�-4):+6)+..3'3�&+4*�88)&',;�5)12)&*7���<=>9?�,'��'(),2::),'3�&,+&.*�88)&',.)+4'@3'('(),3A)��'()/2,
,8��'(&),,��'()53.)
*+-+/343'7��'()/2,'��6)5*�8)�/,'+*4),
'()@3,(��58�5)-34�',
+&.�))./+*0+/�2'/2,�-)5+'�5,9B)6)5+4-)�-4)-�3&').�2''(+''()/2,3,'��,8+449C(3,5)�)5,'�'()�+*''(+''()/2,@+,�-)5+'3�&+43&�&)��'()8+3&-+50,3&C+443&&@(3*(3,+4,�+-�-24+5'�253,'.),'3&+'3�&9%&*5�@.).+5)+,430)D+.53�5:E+50
3'@�24./)5)+,�&+/4)'�-5�63.)'()4+,'F834),)563*)@3'(+'4)+,''@�/2,),9B256)75),-�&.)&',+4,�@3,().��58�5),2*(-34�',3&+5)+,@()5)4+,'F834),)563*)@�24./)&)).).+&.��5-�-24+53A+'3�&5)+,�&,9B256)75),-�&.)&',+4,�@3,().'(+''()/2,*�24./)'')5.)')*'+&.-+,,�/,'+*4),
)6+42+')'(),255�2&.3&:)&635�&8)&'
.536)8�5),8��'(47+&.@3'(�2'/28-7/5)+0,@(3*(*+&(+--)&.2)'�2&)G-)*').�/,'+*4),
+&.5)+.'5+H*,3:&,9C(),)3,,2),+5)8�,'475)4+').'�'()')*(&�4�:3*+44383'+'3�&,9%'83:('+4,�5)�)5'�'()�+*''(+'-)�-4)(+6)(3:()G-)*'+'3�&,'�@+5.,'()')*(&�4�:7+&.)G-)*'*4�,)'�A)5�)55�5,9E)�-4)+4,�-�3&').'�@+5.,'()3,,2),@3'(*�&&)*'363'7@(3*((+--)&)..253&:'()-34�'+,'()/2,2,).IJBB+,�&)��'()'��4,��5&+63:+'3�&9B)6)5+4-�,3'36)*�88)&',@)5)4)�'+/�2''()/2,�-)5+'�5,9K),-�&.)&',@)5)(+--7'�:)'+..3'3�&+4/2,F5)4+').3&��58+'3�&�5�8'()�-)5+'�5,9L&)5),-�&.)&'-�3&').�2''(+'+&�-)5+'�5@+,6)572,)�24@(34)'()/2,(+.')*(&3*+43,,2),9%',(�@,'(+'.253&:'())+547-34�'3&:+&.+.�-'3�&��'()')*(&�4�:7
/2,�-)5+'�5,+5)38-�5'+&'9M&�'()55),-�&.)&'@3,().��5'(3,/2,'�(+6),3834+5,-)).'�8+&2+447.536)&/2,),9NOPQRSTRRQUVWVXYUVSZTRQUVRC()*255)&'-+-)53,+&+..3'3�&'�'()5),)+5*(@(3*(3&6),'3:+'),8�/343'7+**)-'+&*)'�@+5.,M[,9C()0)7*�&'53/2'3�&��'(3,-+-)53,'�-�3&'�2''(+'3'3,&�',�82*(-)5*)36).,+�)'7+&.,)*253'7*�&*)5&,/2'5+'()5')*(&�4�:3*+4*(+44)&:),��3&'):5+'3&:,2*(+4+,'F834),)563*)@3'(25/+&8�/343'79\�8-+5).'�8�,'�'()5,'2.3),'(+'+5)/+,).�&�&43&),256)7,+&.:36)&�-�,,3/343'7��55),-�&.)&','�+*'2+447)G-)53)&*)'()')*(&�4�:7
'()*255)&','2.73&6),'3:+'),2,)5+**)-'+&*)+�')5'()7(+.'+0)&+53.)@3'(+&+2'�8+').,(2''4)/2,9M'�'+4����]-)�-4)�2'��̂_̀ -̀+,,)&:)5,+&,@)5).'(),256)79E+,,)&:)5,'+03&:'()53.)@3'(+&+2'�8+').83&3/2,-5�63.).-�,3'36)�))./+*0�&,)*253'7+&.,+�)'7+&.�6)5+44)G-)53)&*)9%&'()5):5),,3�&+&+47,3,��'()�6)5+44�))./+*0+&.,�*3�F.)8�:5+-(3*�+*'�5,
@).3.&�'a&.+&7,'+'3,'3*+447,3:&3a*+&'.3b)5)&*),c'(3,*�24./).2)'�'()/3+,)..+'+'�@+5.,:��.)G-)53)&*):5+.),9C�)&,25)'5+H*+&.-+,,)&:)5,+�)'7
'()/2,.3.&�'�b)5,)563*)��5-+,,)&:)5,3�8+d�53,,2),�553,0,@)5)3.)&'3a).9C(3,5),24').3&,3:&3a*+&'.�@&'38)��'(),)563*)9C(2,
@)*+&,+7'(+''(),)563*)@+,�b)5).�&47.253&:*4�,)'�-)5�)*'*�&.3'3�&,9C()5),24',@)5)*�8-+5).@3'(+*�&'5�4:5�2-'(+'*�&,3,').����,'2.)&',@(�.3.&�''+0)+53.)@3'('(),(2''4)9E+,,)&:)5,'+03&:'()53.):+6)8�5)-�,3'36)�))./+*0'�'():)&)5+4,+�)'7+&.,)*253'7�&/�+5.12),'3�&,*�8-+5).'�'()*�&'5�4:5�2-9C(),)5),24',+5)+4,�3&43&)@3'(,)6)5+4�'()5,'2.3),'(+'(+6),(�@&'(+''()53.)@3'(+&+2'�8+').,(2''4)/2,(+.+5)+,,253&:)b)*'�&,+�)'7e]�f�5'(+''())G-)53)&*))&(+&*),'()�))43&:��,+�)'7e]̀f9g+,).�&'(),)5),24',
@)*+&+5:2)'(+''()�))./+*0�5�8-+,,)&:)5,'�+&+2'�8+')..5363&:)G-)53)&*)3,+4,�5)4+').'�'()53,08+&+:)8)&'.253&:'()-34�',+,'()/2,@+,�-)5+'3�&+4�&47@()&'()*�&.3'3�&,@)5)*4�,)'�-)5�)*'+&.+44�@).+,8��'(.536)9h)*+&,+7'(+''()8�,'*�88�&3,,2),'(+'(3&.)5).'()/2,�-)5+'3�&@)5)5)4+').'�'5+H*+&.)&635�&8)&'�5@)5)')*(&3*+43&&+'25)
'(2,8+03&:'(3,.38)&,3�&38-�5'+&'��5�2'25)8�/343'753,08+&+:)8)&'9%8-�5'+&'47
'()')*(&3*+43,,2),@)5)*�&,3.)5).+,'()/3::),'�&),9C()3,,2),@)5)5)4+').'�'()')*(&�4�:7'(+'8+0),'(),(2''4)+2'�&�8�2,/2'@)5)+4,�8�5)'5363+4,2*(+,3,,2),@3'(.��5,9M4'(�2:(3'3,2&.)5,'+&.+/4)'(+''().)6)4�-8)&'��,)&,�5,
5+.+5,+&.�'()5')*(&�4�:3),
@(3*(8+0),+6)(3*4)+2'�&�8�2,
3,'()-53�53'7��5'(),)*�8-+&3),
*2''3&:*�5&)5,�5�88)*(+&3*+45)43+/343'7*+&(+6)&):+'36)38-43*+'3�&,�5�8'()2,)5+**)-'+/343'7,3.)9



����������	��
����
��
���� ��������������� ���!�" ##$%$� �$�&�"�# �������'���($#��' �)�&��)��� &���'�����"!��' ����$*&��+��$���"!������&��"�("���&�����&�$"�(�(�# �$�& ����� %(#$&*' �&��"�("���&�$&*���( ���&*�"��� �!�#�&� "$#����,��� ���% ��������#�-��"$��.��$�) %��"�%���($#�����$*&'$�� *� #���/�"�"�� &��(�&��"!$)���"�!�"�-���+0�"����"�"��� ")�
 &$&��"���$&*)�&�"$-��$�&'��#�-���$&!$��( "�$)$( &��- ����&� %(#$&*���#�.�&#�����&��$&!$����"�%���*�&�" #(�(�# �$�&)��#�( "�$)$( ��$&�����"!��+1& ��$�$�&
���)�&�"�#*"��()��#�-� #��� %(#���"�%���� %�(��#+����",&�'#��*�
��$�,$&���" &��%$2�� (("� )�$�# ),$&*$&���#$��" ��"�+�����"!��)��#�-�&�3��"�% �$*��""��(�&��" ��
�+*+
-�� !$&* ( (�"4- ��� #��"& �$!�+5 (�"4- ���"��(�&���)��#�$&)"� �����"��(�&��" �� %�&*�#��"#�(��(#�'��
$&���)�""�&���"!��
'�"� &�&��""�("���&���*"��(+6#����*����-��' ��"$!$&*$&�(�&�" 7)
���($#��' �) ""$�����$&��� "� '�$)�� � %�)�#�'�"�" 7)$&��&�$��)�%( "����%�������"( "�������)$��+����(���' � #��#$%$�������,%8�+1�$� #��$%(�"� &���(�$&������ ���"� ����("�) ��$�&�
����(�" �$�&' �( ����$���"$&*��!�"�" $&
���-���� "�����% ,��%�"*�&)�-" ,��+������ )��"�)��#�� !�$%("�!��������#$&*��� ���� %�&*���( ���&*�"�+9&������% $&#$%$� �$�&��������"!��' ����� )��� ����"��(�&��&��'�"�&��)����&- ����& " &��%� %(#�+6##"��(�&��&��'�"�( ���&*�"�'��)������"��(�&��������"!�����%��#!��+��$�#$%$�����*�&�" #$2 �$�&�����"���#���� '$��"(�(�# �$�&+0�"�: %(#�
���% ;�"$����"��(�&��&��'�"�(��(#�'$���$*��"���) �$�&+<�) & ���%��� ������(��(#� "� #��,��&�"��' "����$&* &�����$&*&�'��)�&�#�*$��)�%( "�������"��������(�(�# �$�&+6#����*�
 ))�"�$&*������(�" ��"�
���-��%���#���"!���#��"#�(��(#�
����'�"��&��""�("���&���$&�����"!��+���"� ��&��"��$�' �("�- -#����� )��� ������"!�����,(# )��&#$&�+�����"!�� #���$�&��("�!$��%�)�$&4��(��$&��"% �$�& -���"��(�&��&��=%�-$#$��( ���"&��"��)$�4�)�&�%$)�"�� #���� ���+0�"��"���""��� ")�
��)������#�-��$"�)�����' "����)$�4�)�&�%$)*"��(��� ���� "� !�-��&�&��""�("���&���$&�$/�"�&�����$��+�����$&)#���(��(#�'$���$/�"�&��$� -$#$�$��
�#��"#�(��(#��")�$#�"�&+>�)�"��� ")�'��#�("�!$��! #� -#�$&�$*�� -������&������ ��!�"���)�*"��(� �$&��$&* ���&�%�����)�&�#�*�+0�"�: %(#�
(��(#�'$���$/�"�&��$� -$#$�$��%$*�����#%�"��&)�%��"� -#�$����"�$�&��"$!�"8�(�" ��"$&���!��$)#�
 �����%$*��&�����#($&��$&*�" &�(�"� �$�&+���"���"�
���?����$�&��"6@% &�� )��"�"�
(�-#$)�" &�(�"� ����"$�$�� &��(�" ��"�$�'�$)��-�� )#��) &-���#!�� &���'����) &-���#!��+ABCDEFGEHCFIJBCIEHKL���3"�� ����"MN+4O+>+P �� �-��&"��(�&�$-#���"���"��� ")����$*& &�(�-#$) �$�&��" ��*���"��*�������("�)���+�����)�&� ����"MQ+O+P� ��$*&$3) &�#�)�&�"$-����������!�" ##�)$�&�$3)?� #$�������( (�"+1& ��$�$�&
 ��'>+R+�� %%�%-�"�� !�)�&�"$-��������$�( (�"'$���% ##�""�#��M�+*+
"�*"���$�& & #��$� &�$##���" �$�&�'�"�( "�$ ##�(�"��"%��-��+S+ &�>+O+�"�%0#��T>�)�$�&U+V("�)���' �#��-�O+R+�"�%W� #%�"�X&$!�"�$��P+6## ����"�� !�"� � &� *"��������(�-#$����!�"�$�&�����% &��)"$(�+YBHZIH[L��$�"��� ")�' ���&���-����\X41&��""�*��"��*����>��;� R #�$)("�;�)�
*" &�&�%-�"N]�U+���0$&\��>% "�W$��W�&��"��\:)�##�&)�( "�' � ��$�$�& ##���((�"���-����̂ V]V]("�;�)�_0$&����'$&�
̀*" &�&�%-�"a���]V+GEHbIcCKEdeHCfFfKCL��� ����"���)# "�&�)�&g$)���$&��"���+hfdfFfHcfK�+ R &� #
5+TS�),�#% &
S+O+6"�'�"� �����%-" )�)�&&�)��� &���#�4�"$!$&*!��$)#��i6) �����������: &�+jk���lmk����m���no
pq
���r���+sW"���N��tV+ u�&*
v+Tu$>)�&& 
O+Tw��"" 
\+�" &�$����"(�")�(�$�&����"$!�"#���-����+jk���lmk����m���nx
py
U�r�]+sW"���N��tU+  ̂-��)� 
W+Q+T1�� ?
N+T>�$�� &
z+X��"("���"�&)��"�* "�$&* ���&�%���!��$)#��+jk���l{|}�{~�k����n�
��
U�r��+sW"���N��t�+ S�"$ ,$�$�
O+T̂  ((��
N+T��<$&��"
Q+W+0+5�-#$)�($&$�&�& ���% ����"$!$&*�N���#���� &$&��"& �$�& #?����$�&& $"� %�&*�]]]"��(�&��&��+jk���l{|}�{~�k��~�
��m	{�}���{��n�
��
�V�r��]+sW"���N��t�+ �%��
Q+T>�&�"
1+�+T< *&�"
Q+>�#�4u"$!$&*@��$)#���u���"%$& &����6��(�$�& &�W�&�$�$�&���X� *�+jk���l{|}�{|}�{�{jk���l{|}�{�m�k���n�
�qyq
��r��+sW"���N��t



����������	��
����
��
���� �������� �������
���� !�"#$%&��
!�'�()$�*�+$%��,$�+-*��&$���%-&.%-"��-��/��/)�*$,�0����&�0/+$)-"%$/
0/-����$��12�/$,&�,$%/"$��*-�/�34���5678�69�4�:;<84=638>?�@	6��AB
CD
�E�F�GH*�//I$�JK� �������
���� !�"#$%&��
!�'��L��&-"*-,$1/)�*-����,M$$�/-N-����*�/L/�$&��/)�*$,�0����&�0/+$)-"%$/-�O0/�-�
($P�/�34���5@4����@���AQ
CR
��FE����GH*�//I$�J�� STH��U*2��'�2-%-�LVL/�$&U.�*�,$WX�Y/)�*$,/$%�1,*-+-��"�*/"�0%,")���$"-�L�*�Z"�:@4569�4��84�?6[@�4\7856��A]
̂_
KK�EKK��GH*�//I$�J�� '�*�-�$N
̀�'� a-$��/
��'�O//$//-���)$-&.�"�/��,$.%�L-���/)�*$,/$%�1,*-+-��0*2��&�2-%-�L/L/�$&WO���$��12�/$,&�,$%�..%-$,���)$"-�L��̀-/2��
b�*�0��%�c��6d634���56�>�638>?�@	6��Ae
_
�FEfK�GH*�//I$�J�g� '$L$*
�� h$"#$*
X� hi/")
b�'� OP)�0/$�
!�j�O0����&�0/+$)-"%$/W()$�$P�k0&.-��""$//-2-%-�-$/l78�634���56;>@�6��Ae
_�
�gE���GH*�//I$�J��� X�*2
'� m-��
n� H-*"$%%�
o� '�#)��*-��
b�̀�b*�k$"�-���*�+$%$*/-����Y�*%,��/$%�1,*-+-��+$)-"%$/WT/�-&��-���*�+$%2$)�+-�*-&.%-"��-��/+-�����0*�%-/�-"$P.$*-&$���34���5@4����@���AQ
CR
��K�E�����GH*�//I$�J�f� !-&
!� n��#
�� !�
n� !-&
��O�O��%L/-/��TP.$"�$,Tp$"�/���)$O0����&�0/a$)-"%$/��(*��/.�*���, �̀�,U/$-�!�*$��q@4r69�56��A]
�Ef��O+�-%�2%$��%-�$W)��.Wss&�**��-�/�-�0�$��L0�$,0s0.%��,/s"���$��s!-&
n��#�$+$%�.&$��t��tO0����&�0/t�*-+-��tVL/�$&'�**���.,�u�""$//$,����0%Lfgfgv��F� ��//2$�,$*
�� X$-�*-")
h�H� j0$�/")$
X���'��-��.%���-����*�0����&�0/+$)-"%$/-�)-�)%L"��/�*�-�$,0*2��$�+-*��&$��/�w�b*�"$$,-��/���)$fg��wTTTsIV�w��$*���-���%H���$*$�"$��w��$%%-�$��I�2��/��,VL/�$&/uwISVv
��$k$��
!�*$�
�E��S"��2$*fg�� ..��Kg�E�K�F�GH*�//I$�J��� x)���
j� o0)��)�#0*��
V�b�*#-��/.�"$/-��)$��$��/)�*$,�0����&�0/+$)-"%$/WX�Y&0").�*#-��Y-%%Y$�$$,��,Y)$*$l34���5678�678>6��Ae
�_R�
�gE���GH*�//I$�J��� H%$&$��/
̀�'� !�"#$%&��
!�'�T"���&-"Tp$"�/��O0��&��$,a$)-"%$/�34���5678�678>6d634���5678�6[@�4\��Ae
�_D_
�g�E����GH*�//I$�J��� O-�/�%0
�� O*p&��
a� h$%%��$
'� T%%�$*
'� X��.�&y#-
(� X��+-/��
z� ��/$�/��
T� w/&�-%��0%%�*-
O� $̀$
h� '�,%��,
S� $��%�V���$���)$�*����0��&��$,20/$/�����������	��
��AQ
�D
F����GH*�//I$�J�K� S��$%
O� ̀ �$Y$*
T� I�$&$*
�� V$�)0*�&��
o� H)���
�� ̀ -$�#�&.
'�T"���&-"�//$//&$�����0����&�0/$%$"�*-"&-"*��*��/-�+$)-"%$/�����������	��
��A{
��
����GH*�//I$�J��� H�)$�
V�O� X�.#-�/
��O0����&�0/+$)-"%$/��,�)$�0�0*$��0*2����0*-/&�|��63@�4678�6��A{
}C
FFE�f�GH*�//I$�J��� b�#0/")
H� h�//�0$*
b�U/$*O""$.���"$���0%%LO0����&�0/b02%-"(*��/.�*��w�b*�"$$,-��/���)$���)w��$*���-���%��-��H���$*$�"$��$1h0/-�$//��,($%$"�&&0�-"��-��/uwHT(Tfg�Kv
'�,*-,
V.�-�
f�Ef��0%Lfg�K a�%0&$f
..��fE�g�GH*�//I$�Jfg� �������
���� !�"#$%&��
!�b*$.�*-������-����*�0����&�0/+$)-"%$/W�..�*�0�-�-$/
2�**-$*/��,.�%-"L*$"�&&$�,��-��/�34���5678�69�4�|��A]
}}
��KE����GH*�//I$�Jf�� X0%/$
̀�'� m-$
X� o�%$�
T�I�b$*"$.�-��/���0����&�0/+$)-"%$/WI$%��-��/)-./Y-�)*��,0/$*/
*-/#
�$�,$*��,��$���~6�>�6��AQ
�D�
�E�F�GH*�//I$�Jff� m0
x� x)���
!� '-�
X� j���
x� x)��
m� ̀-0
b�j)��,*-+$/.$�.%$���""$.��0��&��$,+$)-"%$/l�-�,-��/�*�&��$%,$P.$*-&$���34���5678�69�4�:;<84=638>?�@	6��AQ
̂R
FfgEFF��GH*�//I$�JfF� '�,-���
I� ̀�0Y
(� �N-$��0/
'� o*�-�,�*�$
(� S*�$��
T� o*�-�,�*�$
'� '$*��
z�O""$.���"$��O0��&��$,I��,(*��/.�*�VL/�$&/uOI(VvWO�O,�.���-�����)$U(OU('�,$%�34���5678�694@>8\����A�
�C
ff�KEfff��GH*�//I$�Jf�� '���#
̀� z$0+-%%$
T� H)�&2*$/
b� '�*&�-���
�� '����$*
�� H�0��*$%
�� wN�0�$
'�̀$/+�*-�2%$/.*�,-"�-+$/,$/-��$��-��/,�0�-%-/��-��,�0�$��+$��$�0����&$WO%%$*�01,$%�,0'O($�,$%�(Hbl78�6;�469�
>?@	6|55	6��Ae
_}
f��EfK��GH*�//I$�Jf�� z�*,)�p
V� +��O*$&
h� '$*��
z� '�,-���
I� I0)*�*�
̀� !�-$
O� X�..$$
I�U/$*O""$.���"$���*-+$*%$//V)0��%$/I0��-��-���S.$���,'-P$,(*�Z"T�+-*��&$���w�b*�"$$,-��/���)$�f�)w(VT0*�.$��H���*$//
V�*�/2�0*�
�*��"$
��Eff�0�$fg�K ..��E���GH*�//I$�Jf�� �-/�%$*
a� ̀�%%$&��,
H� h$%%$�
(�O""$.��2-%-�L��,�""$.���"$���0����&�0/&�2-%-�L��,$&��,W()$-&.�"�����-&&$*/-+$$P.$*-$�"$�w�b*�"$$,-��/���)$fg��HXwH���$*$�"$��X0&����"��*/-�H�&.0�-��VL/�$&/
'���*$�%
�H
H���,�
f�Ef�O.*-%fg�� ..��E�g�GH*�//I$�JfK� V�%��$�
O�S� X��+-/��
z�(�Y�*,/�0����&�0/�*��/.�*���-���b�//$��$*/�$P.$*-$�"$/
.$*"$.�-��/��,�$$%-��/-��,*-+$*%$///)0��%$20/-��-�%��,�����������	��
��A{
��
����GH*�//I$�J



����������	��
����
��
���� ��������� �����
��� !"#$%!"
&�'��	�()*���+�+�,+��-��
.#/!"�0"!1�"/�#/2!3"4/4%"5!6�#/2!1�7�/!81!"�0!#/��$#$%/�0$/!9:%44!"5��!�#;!%2$%4!#$0<2!�#�$77
.=&>>$1!"=!"�!4
?
.#4/�/%/!��=��!#�!
&!�2#�7�@6$#9>�7��6A.=&>B
C&DEF"��2
EF"��2��G������ �����
��� !"#$%!"
&�'��	�()*���+�+�,+��-��
.#/!"�0"!1�"/�#/2!4!��#94%"5!6�#/2!1�7�/!81!"�0!#/��$#$%/�0$/!9:%44!"5��!�#;!%2$%4!#$0<2!�#�$77
H�I''�*-J�-J�-�
K
.#4/�/%/!��=��!#�!
&!�2#�7�@6$#9>�7��6A.=&>B
C&DEF"��2
EF"��2��G���?G� �����
��� !"#$%!"
&�'��	�()*���+�+�,+��-��
H�I''�*-J�-J�-�
L
.#4/�/%/!��=��!#�!
&!�2#�7�@6$#9>�7��6A.=&>B
C&DEF"��2
EF"��2��G�G�MN"�44<!�O?�� P�#
<�&2!N$4!=/%96N"�4�4Q=�0!R#4S!"4�TUVW�(�WXWYZ[Y
�\
���R5$�7$:7!�#7�#!Q2//1Q]]SSS�̂4/�"��"@]4/$:7!]�G��?G_]�?�����A$��!44!9�#���$6�G�?B�MN"�44<!�O?��  !77�#!
���.40$�7�@%77$"�
R��̀ $#/$7$
&���a�#!#
=��=�!
<�b���c0$# 6̀6"d!
��RN"�44bN�%#/"6N�01$"�4�#��e4!"C81!"�!#�!��>%:7��R%/�#�0�%4&"$#41�"/�=%:0�//!9/�/2!C%"�1!$#&"$#41�"/<!4!$"�2<!5�!SMe#9!"<!5�!SO�f�G�G:6/2!$%/2�"4�g��!#4!!�h>.
 $4!7
=S�/i!"7$#9�&2�4$"/��7!�4$#�1!#$��!44$"/��7!9�4/"�:%/!9%#9!"/2!/!"04$#9��#9�/��#4��/2!N"!$/�5!N�00�#4R//"�:%/��#ANN PB7��!#4!A2//1Q]]�"!$/�5!��00�#4��"@]7��!#4!4]:6]��G]B�





119 

Publication IV
3.1 Bellone, M., Ismailogullari, A., Müür, J., Nissin, O., Sell, R., Soe, R.-M. (2021) 
“Autonomous Driving in the Real-World: The Weather Challenge in the Sohjoa Baltic 
Project.” In: Hamid, U.Z.A., Al-Turjman, F. (eds.) Towards Connected and Autonomous 
Vehicle Highways. EAI/Springer Innovations in Communication and Computing. Springer, 
Cham. https://doi.org/10.1007/978-3-030-66042-0_9 

https://doi.org/10.1007/978-3-030-66042-0_9




�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
�������
��	��������	������������� ���
�������	
�!������""	�#���	$
��
����
�������������%���	�
����&  ��	�����
��̂ (37>G4*8E84'EM8G7,>).I>>7*,_̀Ea,88,-Y4/*)L)>,75-,=4*8,/?)C'LL>,4+6(,4-(489b7-/779R,->7-+cEYdd*e7.-7*aI*T84f4L7*/G4-/)CM--)=7/,)-7-+U)=4*-7-(49F7>>,--5-,=4*8,/?)CF4(3-)>).?9F7>>,--9N8/)-,7eE64>>f4L7*/G4-/)CY4(37-,(7>7-+M-+I8/*,7>N-.,-44*,-.9F7>>,--5-,=4*8,/?)CF4(3-)>).?9F7>>,--9N8/)-,7eEJYE6)46G7*/\,/?\4-/4*)CNg(4>>4-(49F7>>,--5-,=4*8,/?)CF4(3-)>).?9F7>>,--9N8/)-,7h6L*,-.4*a7/I*46D,/i4*>7-+'U@<@15EjE'Ek7G,+9RE'>JFI*HG7-P4+8EQ9lmnopqrsmttuvwuqotqxywmtmzmyr{u|}v~u�}�|no�r9N'M�6L*,-.4*M--)=7/,)-8,-\)GGI-,(7/,)-7-+\)GLI/,-.93//L8]��+),E)*.�1<E1<<��O��J;J<;<J::<A@J<�O @@O



��� ������	
������
��������	��������������	�������
������	
�������������
���	
	�	�����
�
���������	���
�����	�������	
������
��������
�������� �
�!��������	���

�����������������	�����	�	�	������	
����	
�	
���������
��	��	��"��������
����
�

��	
��
�� �	
�����
���������������������	
�
����
��������������	�#�$�����������
���	����
��	�������	
�������
�����	��������������%���������	�	����������	
�&����
���	��
������
����	����
�����������
���
��	��������	�'�
��	
���
����	��������������
����	��	�����
���� �
��	��������
�
��������
����������	�����	������������
���	��%���������	��������	
���	
	�	�����
�
��
����������	���������	
����	
�	
��
�	��������()�� ������� ����� �
������������	����������
	��������������������* +��,�	���������
����������
� ���
�����-���	
	���
�-���	
�������	�	
�������
��	��������
�
������
������	��	��
���������
���	
��������./�0�+�+�1�
���
�	���	����	
	�	�����
�
��
��
�����������./�0234�!+*�5�
�����
��	���
�1�4�
��	��
��
���	
	�	��
������.671�

	�
����������
	���	
��	������������	����
����	���
��	�����8
��������%�����
���	
��
��	���� ����������	
��	����	��	�����"���
�
�	
��	������%���������������	��	�����������	
��	���	�������	��������������
���������	���	����
������.�
�����
����
�
��

��	
��
�1�
��	�����
��	
��	�����
�����������������	����.
������1�	��	����������������
�	��9
�
��	����������������	
	�	�����
�
�����������	
�������
����������������
���������'��
�������������� �������������	
��	����	������	�������	�
���
	��������
��	�	�
�������	
	�	�����
�
���	�����
��������	����%�����
���������������
8
��
��
�
���������	������������������������	����
����
�����	����:��� �
�����
��	
�
�	�������� ����
����8� �
���������	
����	
��3������	��������������������;	������������
�
���	�	����
��
������������ ������������������
���	���	
�����������	
����	
��/
�	
������	����������	
��	����	�� ����"���
�
����	��������� �	���������
��
��
�����"�	������
���	��4���"���
�
����	�������������	
�	������
��8����	
����	���������	
�������
�	
���������
������	��������������	
�
��������	
	����
���	��	�����
�
��
������
��<	��
�� ����	���
�	��	���
���������;	����	�������"���������������	
����
��������
����������	���	
�������
����������
�����
������
�	��������
����
���	��%�����
����
���	�����"���
�
����	�������������	�'
���������������8�����
�������
��.6/1�
�
�����
���	�'"���������	���4��
�
��
�����
������������	
����	
���������
��
��
�
�	��:�����
������
����	���	���
����	
�.��	
�	�����1 
����� ������	
�	���
���
��
��	�����������	
�	�� 	
���
������	������
���
������
��������
��������
����������� ����	��������	
����	
�������'�����	����������	����������.�	��
���
�� �
	� ���
 ���� ����1�/
�����	��	�������	
 ���
��	����	����
��������������������	�
�����������
��	��	���	������
�������
��
��	�����	����������	����	��	�
���������.�	��:����� �
����	��	� ���
����
 �
��
	�1	��������	���'�
�
�	��
��
�	�����	
��	������:���
���

��	
��
� �������
��
�������
��
�������	����	
	�	�����
�
��%��������;	���	���������	���������	
�������	
��
�	���	�����
�	�����	
��	������

��	
��
��
��	����
����



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ ����������
�� �	
�
�����
�
��!����	�
���"��
���
������	�����#�	�

�$�	$����	�
��������	�����	���������	�%����
�$	������#�	���
�����
���	$	��
�������	"
�#�	���
��
��"$
����"	�#�		������&'()'&*+,-��
�	��
��
�
�"�#�����	"
�#�	���
��
�%
�����%#����������#�	���
����	���"������.�	/$	�$�	�"��
��##�����
�	��
��
�
�"�#�
�����	����	�0��
������
����$$	���
%�
������	��#�
�	���������
���		
������"�
����
���	�"�
�����
������	����
��������
��
##�	���$�	���#�
��"���� #�	
�������
�$��%����	�����$���	#������/���$!%����
�������	
���
�����
�
�
�"�������
�
�
�"
���1�#���$���
��������
���
����

����
��
���
�����������#$	��
�
��$	��
��
�#�	���
��������
��$�	��
����	����
�.

�
�
��"����.
��.�	/	��
���"�0��0�����������������	
�
��%�
��"����
���	���"�	�
���.
�
��
�"����������
���	�����	���$�	$�������	����	�������$�	#�	�.�������
����
��
�"����
�
����2�.���	%�
������
���
������	����	�.���/�#���/
��
�#�	���
��������
�	����$�	��
����	����%�
��"����
������3�	�$	����
�
�"��#�
�
���"����
�
������.
�
�����"���
��
����	�����	��
�#�
��	�����.�	����#	����	�

����/
����.�	�
���	$	������������#�	�����������	
�
��456%����
���
���	
�
������������	������
���0�
����$	��
�����"�
���	$	������	��
������#�	�
�
	��
��
�	
����
�.�"�
��$�������	�%
���	�������$��
��%������$�	�%�����������	������
�
�$��7���$��	����
��#�	�$��
8���
��
�	���

�
�
�	��$��������$��
8��
����
��
����
����
��%.

�

�
�������
��
�9�:��
	���
��%�����"%�
�(+;<*,='>&?@-@*+,-4A6��

����������
��	��������������
�B?;,(+*<C+)B)),D-*@E+?+*FB)*4G6	������"
��	������
��
����
����
���#�
�H�
�����������
�	��
����
�"�#�

������$�
��
�����"����	
�
��$	���������	������
�
�����/
����$��
�
�
��%���%����	�
�����
�	�����	������
��%����	�����/#�	���1$�����
�������������	
�
�
����
�
����

�
�
��
	������I
��.
�
$�	��0����������	
�
���
���	���������/����
�
���.
�
�����"	��
�����1$�����
����

��
�$��	.
��#�	�
�	����	
�������	����	������
�����
�����
�%���	�
��#	�������	
$�
���#��	��������"����$	����� ��
���J���
�!
�������%�
���
�����	��������
�����
��#�	�����	����
�����
�����	
�
���	�	��
�.��
�������%.
�
�$��
8�	�#�	������.���
�	�	������
�����%
�����
�������	
$�
���#�"$
�������
�����
	��������
���	�����
��
�	����	�
$
����������	��
�$�	#�	������#�����	��������	
�
����������#�
����
�����
�����
���������"�	���������������
��#	�������	�%�
�$	������#
�����
����$�	��$�
�����
�.��
���	$	�����
��
�K����
�"�#����
�����	
���
������L%����
���
�	����	���
������������������
�����"M����
�����"����������N��"	����	�
���
�����	
��$��"�	��	���K�
	
�����$	��
�
��$���
��"���
����������������������"��"���.
�
�.
��
��������	
�������
�8������
���#�����������
���������"
��
���
������O%.
�
��$��
8��
��
���
�����.���	���	�����������
������������P
����"%�����Q$	��
����K���
���
������	
$�
���#�
�$
�������
��
���
���J���
�$	��������
�.�
�.���
�	�##������
�$�	#�	�������	
���
�$
�������
������������������
������
����#�	#�	�
�	����
���	��
���
������5�



��� �������	��
���� 
������������������������������������� !�"#"����$�%&�����
'()*+,-.	
�//�0�$123	4'	05/�-��/(%�-67/�8�
�-6�	47'��
-�3
�98�
�464/':�/��--���(
/'(8'	';3-�-�-7�/
�2
%�73;�'(
/�	-7�/
(%�'	6�-7�('���<2�/
%�=/-
>��-
98'��(�		�(
':'
<�?%�7/�&�(
-
34'�-
%��	:'/�	8�	
���<2/'�	4�<�	4-8�/
�3
�8�
�473;�'(
/�	-7�/
-��3
'�	-6��-�7/�:'4'	003'4��'	�-�	��0��6/�03��
�/<6�	4�/0�	'@�
'�	��-�
37	��4�42�//3		'	0-3(%�-�/:'(�'	�	�2=('�	
A�<'	
%����
'($��1�0'�	�B/':'	0'	
%����
'($��1�0'�	'-(%����	0'	02�/4'22�/�	
/��-�	-6
%���0'-��
':��-7�(
A�-'	:�-
'0�
�4'	-�:�/��7/�&�(
-
34'�-/�-3�
'	0'		�	%�/8�	'@�4��0'-��
'�	�	4-
�	4�/4'@�
'�	�8�	04'22�/�	
-
�
�-'	
%�*3/�7��	+	'�	CDEF�G'	��	4�	4H�/A�<%�:�;��	/��'�;��
�-
;�4-�-'
A�-7�--';��
��(I3'/�-7�('��7�/8'
-2/�8��(��
/�	-7�/
�
'�	�3
%�/'
'�-2�/�3
�	�8�3-4/':'	0�	73;�'(/��4-�.	�/4�/
�%�:�-32=('�	
4':�/-'
<643/'	0
%�7/�&�(
)�EDJK�E�E56-'L7�/
	�/('
'�-7��		�4
�
�M��	
%��3
�	�8�3-73;�'(
/�	-7�/
�
'�	
/'��-6�7�	
�
%�73;�'(�	4/3		'	0'	8'L�4
/�2=(�	�/�03��/
'8�
�;��A'
%4'22�/�	
-(%�43��-6/�3
�-6�	4
%�'/�A	;3--
�7-�?%�('
'�-�2N�	0-;�/0)HO56P��-'	M')G.56Q4�	-M)RS56�	4?���'		)**5��3	(%�4
%�'/7'��
-'	�EDTK�EDU�?���'		7'��
A�-7�3-�42�/
%�A'	
�/�	4A'��(�	
'	3�'	-7/'	0�E�E�+	�L7�(
�4B�	'-%/�03��
�/<'--3�-���4
�
%�(�	(����
'�	�2
%�7'��
'	V�&��)BN5�?%�-(%�43���2
%�7'��
-A�-(%�-�	��-�'	(�	-'4�/�
'�	�2
%�(�'8�
�(�	4'
'�	-'	
%�-7�('=(��(�
'�	-�	4
%�
�(%	'(��/�I3'/�8�	
-�2
%�;3-�-�?%�3	4�/�<'	07/'	('7��2�/
%�-(%�43�'	0�2
%�7'��
-'	4'22�/�	
��(�
'�	-'-/���
�4
�
%�'	:�-
'0�
'�	�2
%�'87�(
�2A��
%�/(�	4'
'�	-'	4'22�/�	
-��-�	-67/�:'4'	04':�/-'
<�2'	2�/8�
'�	2�/
%�-
34<�W((�/4'	0
�
%�G'		'-%��
�9�/���0'(��.	-
'
3
�)-��G'0�D56A'	
�/
'8�7/�:'4�-��--7/�('7'
�
'�	7/�;�;'�'
<A%'��%�:'	0-�8�7/�;��8-A'
%7�--';��-	�A�	
%�/��46A%�/��--388�/
'8�'-(%�/�(
�/'@�4;<%'0%�/7/�('7'
�
'�	�	4%'0%�/
�87�/�
3/��W(�	(�3-'�	2/�8
%'-�	��<-'-'-
%�
%�/4A�/�'
-��26'	(�34'	0-�	-�/-�	4���(
/�	'((�87�	�	
-683-
;�/�;3-
�	�30%
�A�/M'	�A'4�
�87�/�
3/�/�	0�)2/�8X�E
�YZE5�1�'	�	4-	�A�/�(/'
'(��7/�;��8-2�/�3
�	�8�3-:�%'(��-67/�('7'
�
'�	-�((3/���<��/��	0A%'��
%�
�87�/�
3/�8�<:�/<'	�A'4�/�	0��G3/
%�/8�/�6'	(�	4'
'�	-A'
%�L
/�8��'/
�87�/�
3/�);���AX�E[\�	4�:�/YZE[\568�	<
�(%	'(��'--3�-8�<�/'-�A'
%WV-�W3
�8�
�4:�%'(��-�/��2
�	23��<���(
/'(6A%'(%8�<;�-3;&�(

��:�/%��
'	0'	A�/8�	:'/�	8�	
-6�-7�('���<'2
%��7�/�
�4/�3
�%�-��/0����:�
'�	0/�4'�	
-�.	�44'
'�	
�
%�-
/�--(�3-�4
�
%����(
/'(4/':�
/�'	6A�/8�/
�87�/�
3/�-4'(
�
�
%�	��4
�'	(/��-�
%�3-��2�'/(�	4'
'�	'	06A%'(%	�0�
':��<�22�(
-
%��7�/�
'�	��/�	0��2
%�;�

�/'�-�.	(��4�	:'/�	8�	
-63	%��
�4:�%'(��;�

�/<7�(M-8�<-%�A/�43(�47�/2�/98�	(�6�	4
%�	��42�/%��
'	0'	-'4���-�	�0�
':��<�22�(
-
%�/�	0�
%�
(�	;��7�/�
�4;�
A��	(%�/0'	0
%�:�%'(���\��4A��
%�/6�	4(%�	0�-'	�8;'�	

�87�/�
3/�68�<(�3-�'(�2�/8�
'�	�	-3/2�(�-�	4�I3'78�	
6�	4/�8�:'	0�'I3'4A�
�/)7�38;'	0�	4-���4�-'0	5'-�:�/<'87�/
�	
4�-'0	7�/�8�
�/'	:�%'(��-
%�
A'��;��7�/�
�4'	(��4�	:'/�	8�	
-�G�/8�
'�	�2'(��/7�(M�4-	�A



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ ���
��� !���	���"	�#
"
���
��$���%��"�
$�������
�&���"�	���	�
�'���
�(
)��%���*+,*����-*+��������	#��.����
�������
����/���
��"��
���%�	����������	��������)�#���
��	��
��
���

#��0�	�"�	��
��"	�#���1���
��$��
��
�
�"	������
��"�	��
���2�
���

#��#��"�����&�3������	�"�	��
��$4��	
���
��$��#�������)�#�	�2���&����
��
���#��
���%
�	�"�#(�����%�	
#�#��)���
�����5���%�2	��6
�����"�	���	�����
�	�����	2�#���&#�����
�2�	���
���2��
#���&�	����"�2�
���	��#$&
���
������%�	���&	��	���2	
#�
����

�
����	���"
��������
��	���$%
�	����"�	���	��	�����	�&�	�"��2	��6
��#���
�
�����
�
	�����	#�	����
�����	
��	�$�
��22�#���2�

�"
���������	��
�
�����
���	
���%�&���	
��	�	�
�
������7"�	
��#�$��#	���
���"�	��
��������#
�&0)��
)&�
��	
��	�������	
�&����
���%�	����"�"���	������
���1$��
���"�#
��
6��%
���	�&	��0����������8�	

�
�2	
#�
��	�))�	�
7��	��1��
������
���#��)�"�	��&�""�
����	�)��
#��

#������
�&#�����%
���	�&	��$����
�&#��)�#����#������#���	��
6�������	����
#������
���
��#��
�"����������
#�"����
�
���
����##�	�
������#��%���
�	#���
�
�����
��"�	��
����	
����%�2	
#�
��#���
�
����
������(�
����##�����
���

#���"���$��%�	
���
��"�	��
��������#
�
���9�%2	
#�
��&
������
�#	��������""
���
����#��$���
�%�
�0*1$%

#
����	��
6���
�#��#����
��2�	���""
���
����#����2�#��	�2��

#��
�
�
���"������2	
#�
��#��2/#
���)��%����
��&	�����
�	����:; <�=�>? 0*1%
�	�@0�1
��
����""
���
����#�$AB0�8�1
��
�
�
�
���"���$>
��
�2	
#�
��#��2/#
���$���/����&C0�8��1�
��	��
���
�����##���	��
��#��������.�#���
��	��
���2�

�	�������
����$
�D**E�
����
�	�����&���#

�����	�
�������2�		�����	2�#����2	
#�
�����
���
����
��#���	����
�
		�������
�%�
������	�����%�	(�)����������������+FG++H#����
/#��
���##�	�#&2�	�	&$%��8%���	$����
$������%8
#�#���
�
������	
���
����
���2�����������

#����
��%
���"�	�������	����"�
���%���
�	#���
�
���$���
���	�������



��� ������	
��������
�����	��������	
������
�	���	�
�����	����
����	������	
���������
��	��
������
���������������
�	�������	
���
�
	�������������������
�����������������
��������
����������
��������������������������	
 �	��	���������
�
�!�"
������������
	����������
�#��
������	����������������� �������
����$������
���
��	��������	#��!�������
������	���
���
	��"��	�	�����������	������	
��	����	���������������������
	������	�������	��
������
	���

�	
����	�������	������
�������������	��#���
���	
��
�	�	��������������������������
����	������	
�	��	��	�
	���	��	������
������������	�	���	����%���	
������������	���
����
���	
��
�����
����
��&�������	���������������
��	�����	����
���������
���������	�����
	���
��������������������#��	��������	����	�����
�����
�	�����	���������
����������������
���	�����	�	���������		�������' ()*+,)-./)0*+)1233)4+5678)756-59�����
�����:������
��	��������������$�
����
��
����	
	�	�������
������	�����
�	��
����
�����
��������	����������
���	���������	������	
���	���
�;�������������
������������
��	�����������������������	������
����������
������
���
�����������������������	
����������������������	�����<	�������	�����������
��	������������������	
��������������
����	����������������	
����	
��
������������
��:������
�����������	
�����������		�����%�������
���������:����	���
��	�������������	���&�
��
��
	�������	����	
�
������	
����	
�����	���	���	����
����������������
��
����
�=�
�	��������$��������	
���
���	���������������	��	��>?@ABCDEAFGFAHIFJFKLCJDBMDKDCFCDEAN;����
�	��������
���	
������
�����������������������������
�����
���������
�����
��
��
��&	�����������
����
�	���������
�����
��������������
��������������	�������	��������������
����:��
���;����������������������������������������	
����	
��
��������
�����OPLJFCDEAFGMDKDCFCDEANQ���������	�������������������������������
��$�	
��
��������	������
��&	�����������
�	��������
�����
��������	������	
�����������������������������������

	�����	������RLGDFSDGDCTFAHRES@NCALNNMDKDCFCDEANQ��
����������:����������������
	�UVVW�����
�����
�������������	
����	
��=�
�	��X���
�����
�
�����������
����	������	
�	��
����	���������	��������������	�
	����
����������
���&�������	����	����
�����	���
������������������
��:������
����������	��	�����%���	
������	��$�����������
�	�����������������������
��
�������	
�	����
����
�������������YACLJZFBLFAH[EKK@ADBFCDEAMDKDCFCDEAN"
��������������
��
�	���
��	�$������������������	
�
�����	��	���
�����	
��
�������
����������������



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ �������������	
���	��� !���
�	����
�
���"����#���
���	
��
���
�������
�$������
�%�	&�	������&�����	����%���	�'
��� !
�����
�$������
����
�����!�	(�������
�����!����
���

�������
��%�	��
�������	)�*&�
�������
���
���
�����
����	������#�����		���
���� ���	���
�
�����	������	
�
�
��%	�%�	�
��	�����
��
��&���� ����&�
��	��+,-./0123454.0.4,67��&�!�	��
�
���
����	���	�!���
�	�
���%������#�
��
�#�&&������ �
�� �������
������ ��

�����8�
�
���
���	���������(
��
�����������
����
�
���
���
�
�	��	�
��
����(����
� ����%%��	��� 
�!�	������������	
���9	�%�	�
�����
������������
������	�
�
�������� 
��%:���������������������	
�
��
�
���
���������
�	�!�	������&�!�	��
�
���
���#
�
���	 
�	������
�����
�%������&���������	���� ������������	��
�������������	
�
��!�	(�
����	 !���
�	����
�
������
����
������
���		��������#�
������������������������	
�
���	�

���
���8�����;<=�>#!

�
�����&���������� 
���
�
����%�	��
��������
���
��%�	��
��������
���:����
���	���������
�
���!
���
���

���
�����
��	��	�������� ��&��������%�	���
����������������?��
���
��%�	��
��������
�&�	�
���

���������
�
�&	���	����	��� 	�@�
	������
����������!�����������	
�
����%���
�	���#�
��������	������	��:�����
�&	���	����	���%%�	��&����������	
�
��#�(�*���<=�>�A%�	��
��������
���������:�������	�
����!���
�	����
�
���#�	�&:�����
�
���#����	�%

����	��#���������B��%��#������;�C�
�����D�%�	��
��������
���:�
�
��
�%	�������
������=�*�%	
��
%��#�

��%%�
�������%�%���	�
���������
�����
��
���	(��#E�� �#���8�� �
��#�����������&�!#�����������	�	����������
(�*�8�F�A���G��
��8�� �
��8H=I���E�� ��
�������	��
����������������������
������#�
� �	����
����&����	��
�J	����#����
� �	�����
��!
��	�����&�%%�
���
���"
�����
���
�%
����
���
���?���
�)��
� �	����
�@�
%%��!
�
������	������	�&�	%�	��%�
����������
K��
��#�����
�
K��A�"�����A%�	��
��� ����)���
����!�	�������
���	&����*�8�F�A
��������
���C�
��������
�����������&����	��
�����
��#8����
�#
����%�	��
��� ������
����
���
��	�
� �����C����
<=;#=�>�*�8�F�A
��@�
%%��!
�
�������	�����&�����	�&�	���!��%����CD����	��#�
��	�#���	���	��%%�	���� GE��#*LF#������	����
������	���
�������� 
��	�

���� �%������	����&�!�	�����(����!�	���*��
�
K
���A��J
��	���
�!��
������	�M%������������
��
�����
�%��&�
���

���������	�������	
�
��
�
���
���������%	�%�	� ��(��
������������
�%���������&�������������

�����*�
�
�%�	��������:���
��%�	��
��������
����
&�%�	��
��������
��
�
���
����	��
������#&�	�B��%��#
��B�	���!���
�	����
�
���#����������&����
����
� �������
�
���#
������&��8�����;N<=�>��
���

����� 	�����%��
�������&�������
������8�������	�#���#
��B�	��������#
��
�������%�
��%�	��
������!
��
���������	
�
���	��(�����	� 	���������	���������������

�����	���������� �����
K��
�	����
���
	���
�����
���
���&������
���#&�	�B��%��#G�����E��
���
��������
��� ����"GE��)<=O#=P>#����������	�����	��
��%	��
��������!
����M�����
� #����	�&�		������



��� ������	
������
������������	��
	������	
���	���
���
���	
�	��������� !"#����$������	
���	���
 ��������	
! %�!&!'�	(���"�)�	)���	
 *�����
���	#��+��"���,��)	�����
�)���
��������!�����-#���� .#��"�+���"���
�!��!	
)"�
(�!�"����!�	!��))#��)/%	��+�/�/�� *�����	��!	
�/+��"	#�#
&
	+
	01�)�!�
��	�"	��! 2
����)���)"�
(�!	��"��	��!��#)�#���#�"��!"+���"�����
�!	���)	
!��#)��	
+	�&!3���� 4�#�!�
(!����#��	�5&�6" .#��"�"�("��!���������!7��"�)����/�	+�������)8	+.�/6
�("� .���)�!#
��("��	+���!)�����!�!
	����	+��.����
(�

�("�����	
�/���	+���
#�0�
�
���	
��
�+��"�#0��)���#��
���	
 .���)�!#
��("��	+���)�����)�
(�
������	!!�
	01�)�����)��	
�))#��)/9���"��)	
����	
! 2��	�	���������
7�	(7�
�!
	+ %����)"�
(�!	�+���"��)	
����	
!:����))	
����	
! ��("������)	
�/ ;
�������
)�+��"	�"����"�)��!�
��	��#!��!<��+	�&)	
����	
! 4	
!��
�	
��
�)	

�)��	
�!��-#���� $����	��	��	0���
��+	�&7����#
)��	
	�
��+	�&!����)�

=>?@A�������	����!�,����!"#����+��"!�
!	�!��#�7;3��2:$



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ ����� !"�#$%�
��
�&��'
��
'�����
�������	��
������	����
�
����
�����
�	��(�������
����
�����������
�����'��
)��
��	�*�
	����
	�'�'����'�
��+��,�����(�����-�	�
���������
���&
��
�'����.�
�	�(���'����'�
��/����&+�
��
����	��	+��,��������	+��+�
��
����	�0�	���,���
�	'���
�
���1&�������	�
��(�����
�����
�(��
�
���.�
���

'���
��(	�'���'������23��,��������	�'3��
��4567������������

'�������������	�(�	�'��������2���
�
	�0�'�(������.�	�

�&89����	�
����	����,
�
:��	�
��;����	�����<�
��/:;<�1�
��
��(�������	��
���

'��=��	
�����
����
���(�'
>'�����	�/�''���	�����	&�2	��'�(�&��������������	1��
�:;<��	��2(
'���2��'����
��
���
���

'���������������
�'
���
���
�2�	��2(
'���2����..�'���5+2,���
�	'���
�
�����

�'��+
���
��
��(�����'��
)��
���

'������
������������	���,
�	�������
���
�
��
���������
�:��
�'����.��,��(������.��	
�
����

'���&�
���'��
)��
��
������2'��'������+������(	�	�'�	���(�
��'������(	�����
���
����'������	��������
������
���'������+�'��+
���������	���	�(	�'
��	���������	�������'2
�'����.�����.��������	
�(����
���
������	��������'*�
	�
�.�	���
��.	�� �
����
	������
������������	
�
���	�'���	��&�
��	�&���	���	������
��������	�
����
..�	���,�	3
��(	
�'
(������,�	3
��
..�	���	�����
���	���.
����
���
��'���
�
��&���(�	���	�&����
�
+
�
�2&����
�2�	�&+2.�	&�
������..�'���+2,���
�	�	������
������?	������+�'3'���	��'����+�������
�(	�����

'���=���+��(��
�
��
��&�
���(��'��
)��
��+�������
��������&����	�.�		�������
�����
������������'��
)��
�������((
���	�
������@�;
��
�	�45A7�B�,���	&��'
��'
�
*����	�����	������(����
����	2�'�
��	����	'
'�����
�2��
�	�����
������2�
��.�
���		����
�����
	������
�(�	.�	����
�'���	������������	�,
�
�
���
������.����'�
���+��'�����
�	���	��
�	�
����'��
)��
����
�'���	���	�����
�
����,���
�	'���
�
���&.�	�0��(��&	�
�&���,&.��&�������&����

��..�'�
��+�����	���2����
��
�����	��,�	3��:�4�C7&����
����+��'
��	3
���������	�=+�
��
�	
�����	��,���
�	&.�'��
���0(�
'
��2��.��&
��
�,���
�����2(	��
��������	��.�	'���	��������
����.��'
��+�	&

�
�
�
�
��(�	.�	���'����
..�	����
�
+
�
�2�
����'��?����,
���
������
���.��
���'�&
�4�57�,����
���������'�.��
�
����'���	��
��
�
��'���	
���	�(	��������B�,���	&�
������
����	��
�(�2�
������
�
��&���
���

'���	�
��	
��	&�
�
�.�	���
���+����
�(	����'��..��&,

'
'��+�������	�����������'
�2�	/
�(	
�'
(��1
�(	���(�	'�(�
�����	3
�����
�(�	'�(�
���
���.	����	'
&
�4��7�
����
�	�(	�(�������	�����,�	3�+��������	
�
�����
��'��
�
+
�
�2.	��'���	��
�(��	,���
�	,
�
�
�>����
�������'�����	�'3��

'�����	���&����
�2����
�����
�����
�,�
�(�	.�	���'�����	���,���	�'���
�
����B�,���	&����'���	'���	���	���
���
������
������
��(	��
�
����
�.�	���
���+����
����'���
�
�
�>����+��'�
���.
��
����	�	��
�+�������	���.�
��
����'�+��,����
���

'�������2��		����
���+��'�
��
����
	������&�
�
�����'�
�����5D�	2	�	���������'
��������
'���	��&�..�'�
���
������������	�
��
��:;<�&�	����'���
��	��
�	��



��� ������	
������
�
��
���
�	
���	��	
���
	�
����������
��	��	
�������	
���	
	�	���� ������! ��	
��
�"
�
��"��	�� ����"�	���
�	
���� ������
�	�� �����	�#�� �	����� �������������
�
�������$����"
	����
��
�
��
��������
�	������
�����������"
	��������
�������	���� �
�
�������
���	
� �
���� 	�� ��$�������	
��	
���	���
����	�	��
�
��
��
�"�
������
���
	���
�������	� �
�"��������
�
�����
�	
������
��
������"��$���	���� �
�������"
	����
�	"�%��$�

��
��	
��� ��	�
�����
������
��
��	��	��
��
�����! ���$�

��
��
������$���
�
	���������	���%����
��	�������
"�
��������
� ��	
�	�����
��������	��
�
��
�
	"������	���"�
���������� ��������
�	� �
��$
������������
�
����������
� ���������� ����
�"��������
�
�����
�	
��� �����������
������
�#����	
��
	�� ���$�

��
��
��	��	���
�� ����������������
��
"
��� ���
�#����	
���	$��������
��
������	$��������	���
��"
	�	�	��
��������	����
������	
��	��	�� ���

�
�
	$	���$����
������
�
���&
�	"�
���
��	
����	
��	� �����
�
������������$������� ����	
	�	��	"�
���	
��
	�"�
�������'
������������� ��$��
�	
��

����
� �
� ��&�����	
�(��"���
)��*� ���� 	
�� 	�� �������	��	��
�
��
	
� ��
�
������
����	
	���������������
�
���������� ��$��	
���
��������	
���
���
� ���������+�����

�������
�� 	�
�
)�,*�� �
�� ���� 	
�������
� ���������	"
������ �"�
�	
��
��	��������
� �
��
��
��
��
����������	
�
���
��������
����������� 	��
������������
������	
	�	$-����������	
�����
�������
���	
	�� �
��

����! �������������
	�� 	�
�
��
�
	���	
����	
���
� ���������
	�#��� ��$�� �����
"
	������
�� 	�	� ���
�	

������
��
�����	$-����������	
�)�.*�! �������� ��$��
�������("�
��
�����
�
�� �"��	���������
� �+	 -	�������"
	-�����
	$�����
�	
�����������
��
��� �������	
�������� �����"�����
�����	
�
	����� �������������� ������
�	�� �����	�#�� �	�
���	/�
�%��
��������	$�����
�
��
��������
�	������
��)�0*�! 	�� $����	
� �����"
�
��"����������
�������"
	���������
�
�����
������ � �� �
�
�%��
��	���� ����	 ��� �����
����	� ���
��������
$������� 	�� �����1������ �	"�
�
��
����
	�� �� �	��	�� ��������������2�! � �� �
$������� 	�������	
�����������
�
�� �
����	�$������ �
�����
�� ������$���	"���� 
	�� �����	$-����)�3*���
	����� 	���$������
�� ����� ��
�	
�
���� 
	�	�� ����
�
�� ��
��
��$����� �
�����
����
����	������
�
���
�	
��	"�
���
�	
�����
�
�������
�� ��
� ������
	���
�����"���
����
����
������	�$�
�
����	
�� ������ 
�%����������
�	
����	
�	���$��
���	
�$��� 	����	�
�
����� �	��
���
	$���
���	�� ��� �����)��*�+�""	
��
�� �� �"	� ������
)�4*� ���� 	
�� 	�� �"�
�	
��
��	��
���	
�� �� ���
���
�����
�	
����	
�	��
��
	��������������
�����
��	�� �������/���� �
	$-����
����
��
�������&����	
��� 	��
�56����
���	
� ��
$�
� ��
��7�
� �
�	
���
)�5*� ���� 	
�����������/�
�������������	
��
���	������� �����
������
��
�
	$��������8�������
�	
����	
��� 	��



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ ����� !"#$%&'!()*$+,-+.$/0+1(+*)���
�2
�
�3
������������	
�
��
�4���
��	�����	
���4
������������	4���5��6�4
���37�	6�2�
4�	���6�	���
���
��	�8�
	����9�	:
���34���
�
��5
�4���
������	��9���
�	�����
�	�	������
������	�������
��
��
��	���	���
���
�7����9�
�����
�����
	�����
�����
��5
����	�
�����
��5�����	�4:�5���	������
	�������;��
	�����
�����
��5
�
�6���
2���������
�6�	7�	���4��7����	
�
�����3��
��
4�����;��

�4�����	35
�
�6���
2����4�����
�����
�����
	�������������	�
����������
	������4���
�
�����	������������<�	�=��6��5
�>�?@�
����
�	�����
��������4
�3�4�6��>��@�������
�	�2��������7	�4���
�
������	
�
��23�
�����
��7�����
�	���
������������A��
������
���7	����	4
5
�>B@�
����
�	��
������7�����
�
�����4��
��7	���
�C
��
�������>��@���
�
�����4������3����
��
����������
	���������6	��
4�
���77�4���������	�57�	
�����4�5D;����>�E@�	4���	��>�E@�F�9���	5
�����2�������
���
�����4
�
8����	����7���3	��
�2��57�	�=��6��
�>�E@5	�
�
��
�������23�
�6�3���
����	�
4���
�����4���	�
�����59

��
�
�4���	�
���
��77�4���7	�
���4���	���	���4
��	�4��6�
4�����
���
��54���
��	�7	�4�
�����2��		
����4���	��������
��4�����2��
�6�3���4	
2������	�
4���
����������	���
��9�3
����
������9���
�	4���
�
����������3G��
�
	
�H���4��������	�23��
��4�
����4
��2�	�>�B@��

�������
���6�4
I4��2�	���	
������2�2�
��7����	
���6�4
���8�
6�������
���������6�	���	���	
��
���5	�
�5���957��5�	������

�
��	������2��4��6	��
����
���4�����77�4�
��	���
��
4����5�
���
����2�����	�2�
����
���77�4���7�
���

4�����66�	�
���
�������6
45>�J@
��	���4���2��4
��	:�������	�4�	���
�9������I���9���
�	4���
�
���
��4�
����4
��2�	�;�>�K@5�
����
�	��
����������L7�	�=��6��5��	
����	���9
��
��
�����	��7����	��
�M�����������
�6�	7�	���4��7�	���	��
�	���
�>�K@5�
����
�	��
������	�
�
��4�
����4
��2�	������3G��
��77�4����D;�������4���	�6��
�
�������
�7	����7���

4����
�
��6�4
I47�4����D;����N6�	7�	���4��	��	�
�����	����6�
��4���������	�5����
�4���
��
��
�����
���6�
�����
��4���	��5
�>�O@�����
�����
������3
�����
���4�
����4
��2�	�����
����7�������	2��������96�	7�	���4�9���
�9�59
�	��
�	������4���	�3
��
4����4���
������	�6�76�	7�	���4��A��3��
����9�	:
��2�������
�	������
	���������4
�������	�4:����6�2�
4	����������
�
��	
��
4�
7I4���
�����4�����7�����48�
�
�
���<�	�
�	���	�5��

4����	��36
4���3�������3�	
������48�
	����������������	
�
���7H
���A���=��6��
��
�9�
�>��@59
�	��
����
�	��
�9�
�6�	7�	���4��7����6���	�
���2��������	
�
�����������4��6�����7?P5PPP:��	
�
��
��
���	�
�	�4����	
��
���39���
�	4���
�
����
������������
�>��@
����3��6�2�
4�3���
��2�����
��
���79	
�
���

�4
�6��	�



��� ������	
������
 ����������������������
����������	���� 
��!�"��!���!	�#�����	
��	 �$!	�����	��!�����
� 
#"�$�% � ��&%���� � �
	�����
	�#��	'��� (�	�!�)�!�	!� 
�!��% � ���	� �� 
#� ��	%'�"��& 
��!$!���� ���"�
�! 	�&�
���*�!���	
�%����" � 	
� 
�
�" !"�����
"��+�	
#, ��	�!����&
��!��"	

�"� 	
��
�%!� 
$���� " ���������	�����	$��&!����� 
# 
�� #���"	�$��)������"�$�%��	($�!(	!� 
#� #�-�����$�!"�$� 	
�.
�������� 
�&���	
	�	����� "����!�(	��	, 
#�,	$����	(��	��� 	
/���(	!��! ������!�,�!�&��
�	!��!�%�"	� 
# 
"!��� 
#���	!��""�!���&,��!�����������! �����	(�,�!�&$�!(	!� 
#�
 
"!�� %����	�
�	("��"���� 	
�&
��!��!���-� ��&�
�%� 
#$�!"�$� 	
"�$�% � � �����"* 
���0��& 
����!��
��"���� �!��� 1�������! � 
#���� "��,��
	�	
��������!	(�""���!�� 
#&%!�* 
#&�
�����! 
#2�����	$�!�� 	
�"�
��� ��%��	
�, ��� #��""�!�"��� 
#"���� "��"	
�!	����	!��
�(���%�"*�		$�, ��� �$��"	
�!	���!�3�4���	��"�����
# 
#$�!�"	
"�!
������" � 	
��$!	"����5 ��
������ !����� "���$����
�����! 
#�
#��&�,���-��� #
��"�	���-�		$"	
�!	������� �"�$�%��	((	��	, 
#������ !��%���� 	!&%�����!���6���� 	
 �/,� "� ������� !��%���� 	!74���
�,�!�	�� �6���� 	
 
�	������������	($�!"�$� 	
&"	#
 � 	
&�
���" � 	
��$!	"������+
�)��$�� �# ��
 
8 #�9&��!� � �$	�� %���	���� ((�!�
������
��/,��� � 
� "������:������; �& 
(�"�&������ "������!��$	
���	��� 
$��<2����! ��!$��� 
#���$�����	!�������! 
#,����3, ��� ((�!�
����	" ��=�
�����! 
#�
#��>�+���� 
#���������� "�� ����	
	�	��&���!� ��"	
�!	���!"	�$�� 
#���"	
�!	� 
$���	������ "���""	!� 
#�	������ !�����	" ��=����
�����! 
#�
#��>����4��"	
�!	���!� �$��!��"���	��������!�	(����!!	!%��,��
������ !�����	" ���
�����"�������	" ��2# ��
(!	���������!���
��	(���"�!!�
�	��$��3�?$�	�� �$	 
�&���"���� "���$$!	�"�	("	
�!	����	!�"	���$!	� ���!���	
�%��"	
�!	���,�	�! �������� "�������� !���$����
�����! 
#�
#���@��!��� 
#"��
#��,��
	
�"	
� ��!����������� !��"	
�!	� 
$��"�

	�%���! ���!�#�!�����	(����! � 
#�"�
�! 	A���$ "��!� 
���%	��	�$�!�	(8 #�9&(	!�)��$��&��	,��"� ��(	��	, 
#�%����B���, ���� �"� ���	 
�(�,��"	
��7B ������	$7�	,��	��������� "��!��"� 
��"��� ���� 	
7B��� ����6��
� ��������	���%������!��7B��� ����!���� 	
%��,��
����$���	(������ "���
�����$$!	�"� 
#"� ��7C	���������D#�!� � 
��
� 	
����%� ���	!�� 
��
�)��!
��"	
�!	��		$�"� 
#	
���%�������4���)��!
���		$ ���� "�����	���� #�-����� 
��!$!���� 	
	( ��#��2$�!"�$� 	
3&$!	� � 
#��"� 
(	!��� 	
�	���" � 	
��$!	"�������"��"������������ !��"	
�!	� 
$��(	!�����%�������4�����,	%�	"*�&$�!"�$� 	
&�
���" � 	
��$!	"���"	
�� �������(�
����
���*����	%� �� 
���� #�
���� "����E��� 
 
#	
����
��	#��	���"���� "��"	
�!	��������&$�!"�$� 	
"�
%����
����������!���
�$!	"���&,��!��������" � 	
��$!	"���"�
%����
�����"	
�!	���!�



�����������	
�
��
��
��������	����
�����
�	�
�������
��
���
������ ���

�� !"#$��%���&%�	'�%�
���(����
��&���)�'*���%�+���'
�(�������	
�������'��)������	��
���
���	���%,-

��%�	'�%�
��������
	��������
�&�	���
������)�%	�'��������

�
�	������&�
�&���)�'*���%-
�	��
���'
�
����%	�'�����*��%��'���)���
��
'�����
�'�%�)
�
�
���&�
&&�	��������	�
�'��%�	
���-
�

�����(��
��%�'
.'���*���'
���)��'�����'�
��,'����
.'��
��,������������	�(,��'
�����	
����	����
�����	�-)�'*�,
�'���
��
�����(����
���
���	���
�	����	'
��%%�	���
�
����
�������	&��
��'����)��
�)��������
����'��)
��
�&�	���
��'��
��&	���
&&�	������	'�����	��'


�
%�	&�	���'��
���('���
�
��,���%
��-���
�	,��(�
�
�,�����
�	�
�
���
���/�0,��1�2�
�������������
��,-
�
%	�%�	����'�
���&�����	����&��
������	
�
��,�
�%�����
��%�	'�%�
��'�%�)
�
�
����(��	%�����(�
����
���������	%�	&�	���'���

���%�'�
���	(
�%�	����������	��
��%�	'�%�
��
����&��	
�
����

'���'��%�	&�	�)����	�
��
��������,
���	�,)���'
��&�	
���(-���
�	'���
�
���,���������(����
�����
�
��3�	�
���	���&&����
�
��
��	�&.'������
���
���
�%�	'�%�
��%	�'���%	��
���	��
�)��	������,�
���'
�
����%	�'���'����'��'������
����
	������'
�(�������	
�������������&�	�
���

'���4�-���	,
��
�'����&�
���	)��'�������'�	��
��
��,�
*�-���
�	'���
�
����	�����	&�
��	��,��'�,�
�
�&�	���
��'������&�	�
���'
�
����%	�'�����'	���������
�����

�
%	�)�)
�
�(�&���)��&�
��	���2��
�	����	'
'�����
�(,�
�	��	��-���
���	����
�-���������

�%	�)�����
�������	�%%	��'
����
������������%%	��'
/��1��
�&�	��	�����%��������������%	�)����
����(��%�	�����������
��'��)�)�������
&&�	���
�����
����'���	����'
�
5���,-
�	����
������	,��*���6789678,'���
��	��
���

'��
�
�����
	��(���)��'*)�$%	��
�
���&����	
�
����������%%�	��	��&����������	�
��%	�%�����)�
���&���)�'*%	�%����
���)���������
��
����������	������
�%���������'
�(:����	
��-
�������������%����
�	���������	�%%	��'
���
���)�
��
���%
%��
���&
��
�
����)��'*�'����'���
��%	���.���



��� �������	��
����
���������������������	�������	�����	�������
������ !" #$%&�'$()�&* +,#$% -,*"#$*�.'/�01&2�34�( 5$.$ 61.$ 7$#� $ 8�%(" '!,(1"%9:;<=>'?<><=>@AB CAA? CAA? CAA? DE@F CAA?9:;<=>'=GEHH@I@=E>@AB CAA? JAAF DE@F CAA? CAA?K@H>EB=<'<H>@LE>@AB DE@F CAA? CAA? DE@F CAA?M?N<'?<><=>@AB CAA? JAAF CAA? CAA? CAA?OEB<'>FE=P@BN CAA? JAAF JAAF CAA? CAA?Q@H@:@G@>R'FEBN< CAA? CAA? DE@F DE@F CAA?S<E>T<F' DE@F CAA? DE@F JAAF CAA?OAU'@GGVL@BE>@AB' JAAF CAA? CAA? DE@F CAA?��		���W
�������
X�
�	Y��	Y����	�	Z��	[����	��	��������
�	������\�Y�	Z�\���X�ZX������
���Z�	�����]�
��	�	Y�̂�
���
��	�_X�̂ �ZZ��
��	���	[�
X�	Y��	Y��
X�

X��
�	Y
��\����������
X����̂����	Y�	������	
X���	
������
�����	���Y��
�̂���	Y\���X��Y
�Y�
��
�	�
��
�	Z�
�Z�̀���Y�	Z
��	
��
�̂��aWb�cd�_X����
X����	��Z���	

�������
��Y�����
��	���
���
X�
��	̂ �̂�

���	
�����
�Y�	YY�̂�ZZ�Y�e�����	�
�
X�
�
��	�
�	
X��̂f��
�\���
X���X��
��
����\�Y�
X����
�����	�[��YZ��̂��
aW�	YY�
�gY��\�	
���������	
����	Y������
��	̀���[X��X
X����Y����	�����
�b��d̀��	
��	�	Z�
X����ZX�h���	�
��	����	�Y�
�gY��\�	
��X	�i��������	
���̀�	Yb�jd����
X����
����̂���Z���	Y�̂��
Y�������	�	Z�k l
m
nopq�ra��	Z[�
X
X��X��
��̀
X��X��
����
X�����������������X���\�X������	
���
�
X����X�	�����	�	Zĝ���Y�������X[����	
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 “[--] The greatest opportunities for growth lie in communities’ recognizing their own advantages, then fostering forms of specialized innovation that rely on those advantages.”

Dan Breznitz (2021), Innovation in Real Places: Strategies for Prosperity in an Unforgiving World





Opportunities for growth and development are something that countries, regions and cities are constantly looking for. Poor countries do it to be able to fulfil the basic needs of its citizens, catching-up countries do it to reach their full potential and the rich countries do it to not lose their position because they know there is a long line behind them.

Initially, this was pursued by countries through the development and implementation of industrial policy strategies (Rodrik 2007). Later, the emphasis shifted towards a systemic view of innovation and supportive policy mixes (Lundvall 1985). Research, development and innovation (RDI) policy strategies are by now widely adopted by different levels of government. In the European Union (EU) context, the European Commission (EC) supports regional and national governments in their RDI activities by providing financial support and policy assistance through the structural and cohesion funds with the aim to achieve economic convergence across the EU. This is done in a place-based manner by using the experimental governance structures of the EU (Barca 2009; Beer et al. 2020; Karo and Kattel 2018; Sabel and Zeitlin 2010). However, this is easier said than done. Prior research has shown how challenging it can be for the EU Member States to follow not just the formalities, but the actual spirit of the EU’s regional and RDI policies which promote experimentation, coordination and collaboration between the main stakeholders, and constant policy learning (see for example Karo et al. 2017; Karo and Kattel 2018; Kroll 2017).

Estonia is a very good example of an EU Member State that experiences many of these policy challenges that have also been studied at length. Yet, the country also offers interesting insight into the question that has gained less attention than it deserves: how place-based RDI activities emerge in the context of largely state-led and place-blind national RDI policy? This thesis focuses on this question and attempts to fill the existing research gap. The thesis is based on case studies that open this question from two perspectives: strategic policy actions and context and local innovation dynamics.

From the strategic perspective, the thesis looks at how RDI policies in Estonia have been developed and implemented, what role the local municipalities as the lowest level administrative entities and actual physical spaces see for themselves in the context of RDI policy, and what is the role of intermediary organizations. The local perspective is used to analyze what are the opportunities and challenges related to experimental RDI activities at the local level.

The thesis shows that while the EU’s smart specialization initiative (S3) has failed to spark necessary changes in the strategic governance of innovation policy that would result with place-based innovation policy, a more practical approach focusing on improving sectors of foundational economy (FE) can provide a way for the place-based RDI activities to emerge in the largely place-blind innovation policy context. In addition, the thesis shows how cross-regional collaboration often orchestrated by intermediaries or universities from more advanced regions can spark place-based RDI activities in less developed regions and support policy learning. The thesis also points out that in the context of smart specialization for sustainability (S4+), the RDI policies must be adjusted, and greater emphasis should be put on the adoption of new solutions, which in the S3 context have received less attention.

[bookmark: _Toc118906135]Theoretical background

Achieving economic convergence in the EU is a rather ambitious and complex task. From the economic perspective, the EU countries and regions can have significant differences based on their productivity and distance from the technological frontier (Farole et al. 2011). From the governance perspective, the EU has a quasi-federal nature where in many areas, including innovation policy, the power and checks and balances are divided between the European, national and regional institutions (Karo and Kattel 2018). This has pushed the EU to embrace deliberative and dynamic experimentalist governance principles to agree on and achieve common goals by the EU as a whole (Karo and Kattel 2018; Sabel and Zeitlin 2010). According to these principles, the Member States together with the EC agree on the framework goals giving the national and regional authorities autonomy to reach them together with the obligation to provide performance reports and be the subjects of peer-review which create opportunities for experimentation and policy learning between the Member States and the EC and can also result in the revision of framework goals (Sabel and Zeitlin 2010, 3). While the experimental governance approach gives Member States much autonomy, it also puts a significant responsibility on them to achieve the framework goals. It has been a conscious choice by the EU because on some topics the Member States have been reluctant to delegate power to the EC or are doubtful whether the EC could develop the best or most optimal policies (Monar 2010; Svetiev 2010).

S3 is an example of an experimental governance approach in innovation-based regional policy where the framework goals (regional cohesion, smart growth, 3% R&D expenditure), autonomy to develop policies by lower levels of government (experimentation, entrepreneurial discovery process), peer review (S3 Platform), and revision of framework goals and metrics (movement from S3 to S4+) can be identified. The concept promotes experimental governance arrangements also at the lower levels as the public policy should focus on supporting the discovery and development of research and innovation domains in which a region can excel in a collaborative manner (Foray et al. 2009). Such an approach is in essence place-based as the aim is to promote development at a specific place through exogenous policy action triggering endogenous change while considering the local contextual factors which include social, cultural and institutional characteristics (Barca 2009; Barca et al. 2012) and is linked to a wider effort of regionalization in the EU (Loewen 2018).
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As the term ‘place’ can have subjective meanings (Beer et al. 2020), it is important to emphasize that in the context of the current thesis it is defined as a sub-national territorial area. This is in line with how place-based policies have also been defined in the literature and is probably best reflected in the definition by Beer et al. (2020). Accordingly, place-based policies focus on the development of cities, localities, or regions but such an approach is more than a concentration of resources in a specific location – place-based policies also “embody an ethos about, and an approach to, the development of economies and society that acknowledges that the context of each and every city, region and rural district offers opportunities for advancing well-being (Ibid. 12).”

The opposite to the place-based policy approach is the so-called “spatially blind” approach which roots from neoclassical economics (Beer et al. 2020). It advocates development policies without explicit consideration to space as the focus is rather on people (mobility, equal access to opportunities), agglomeration (economic, population), and institutional reform (deregulation) (World Bank 2009; Barca et al. 2012). Spatially blind policies are often national policies which, opposite to their name, have strong effects on specific places, such as the movement of labor and capital away from rural areas and periphery to thriving agglomerations (Barca 2009).

In the context of innovation policy, the increasing importance of regions has been the result of the convergence of regional and technology policy since the beginning of the 1980s (Hassink 2020). This was related to the emergence of the innovation systems (national and regional) approach that puts innovation at the center of economic growth and emphasizes interactive learning processes between key organizations such as companies, universities, government organizations, and civil society (Asheim et al. 2020). The result has been an increased understanding about the division of roles and tasks between different levels of government in the context of innovation policy as it has been realized that subnational levels of territorial units are also important with their own organizational and institutional arrangements and dynamics (Marceau 2008; Barca et al. 2012). While it is true that certain key policies (higher education, labor market, industrial policy, science and technology) fall mostly under the responsibility of the national government, it is important to coordinate them with the regional level to incorporate the local knowledge into the design of these policies (Barca 2009; Hassink 2020).

In the EU, it was the Barca report (2009) that truly constructed the place-based narrative of cohesion policy with a strong focus on innovation (Mendez 2013). 
Place-based innovation policy was then manifested in the concept and frame of “smart specialization” which “promotes integrated, place-based transformation strategies in order to focus policy support and resources on national/regional development priorities, challenges and needs, fully involving public and private stakeholders and encouraging governance innovation and experimentation” (Solly 2016, 193).
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The emergence and integration of smart specialization into the regional cohesion policy was a policy response to the broader critique of the European regional innovation policy. For example, Foray and Van Ark (2007) argued that too many regions in Europe try to copy the most successful regions of the world, which has often resulted in overemphasizing high-tech research that is not in line with the local economic needs. This is an issue that has recently also been highlighted by Breznitz (2021), although the initial suggestion by Foray and Van Ark (2007) was rather opposite to the place-based approach as they supported the agglomeration of research and development (R&D) resources in Europe so that true centers of excellence would emerge. Similarly, Tödtling and Trippl (2005) pointed out that regions (metropoles, peripheral, and old industrial regions) differ based on innovation activities, firms and regional clusters, knowledge generation and diffusion, knowledge transfer, education/training, and networks and therefore a “tailor-made” innovation policy approach addressing specific challenges of a region is needed. As a solution, Foray et al. (2009) suggested the smart specialization concept based on the entrepreneurial discovery process (EDP) where the public policy should focus on supporting the discovery of research and innovation domains in which a region can excel.

From the evolutionary perspective on regional resilience, we can witness how smart specialization has moved from promoting adaptation to promoting adaptability (Boschma 2015; Pike et al. 2010). Initially it was a rather sectoral approach (adaptation) arguing that focus should be put on existing economic sectors which would most likely benefit from adopting new technologies. In addition, taking into account that entrepreneurs will search for opportunities within their domain, it was argued that the size of the domain should be large enough (range of relevant sectors and activities), and connectedness with other domains should be high enough (Foray and Van Ark 2007; McCann and Ortega-Argilés 2015). Later, the question of granularity gained more attention. The conclusion has been that smart specialization policies should support diversification through specialization (adaptability) where policy activities target concrete companies and activities that have the potential to transform existing sectors through related variety or establish new ones (Foray 2018; McCann and Ortega-Argilés 2013a; McCann and Ortega-Argilés 2013b). 

Such an approach also requires flexibility and willingness to experiment as not every targeted company and activity will be a success and therefore choices need to be regularly reviewed (Foray 2018). Although the entrepreneurs have a central role in the EDP, the search processes of companies and activities should ideally happen in the form of network, association or partnership, including also local research institutions and public sector organizations as the EDP is based on the knowledge about science, technology, engineering, market growth potential, possible competitors, and inputs and services required for launching new activities (Foray 2014; Foray et al. 2011).

Over the last decade and more, these conceptual ideas of smart specialization were integrated into the EU’s cohesion policy. As McCann and Ortega-Argilés (2015) argue, smart specialization is a concept which helps to think about local knowledge-enhancement and learning-enhancement systems and therefore it was well-suited to be adopted as a local and regional place-based development policy approach. As already mentioned, smart specialization is an example of an experimental governance approach in innovation-based regional policy with framework goals and directions. In fact, the development of regional smart specialization strategies (S3) through which regions set their growth areas (preferably based on their existing strengths) to achieve these goals became a precondition for accessing RDI-related European Regional Development Funds (ERDF) under the cohesion policy while the development of exact policy measures remained to be the responsibility of national and regional governments.

The conceptual idea itself and how it has been integrated into the EU’s regional policy framework have also received significant criticism. Pugh (2018) argues that the systemic approach (see for example Edquist and Chaminade 2006) which is the foundation of smart specialization makes it conceptually ambiguous and therefore less normative and prescriptive. Reaching sustainability goals (see below) adds additional ambiguity. 
The idea of specialization has also caused confusion and misinterpretation as policies developed as part of smart specialization are often not aiming at diversification through specialization but target existing sectors as a whole or are focused on “trendy” sectors or technologies that have little presence in the region (Pugh 2018; Hassink and Gong 2019). It has also been pointed out that it is not clear whether focus on the regional territorial level is the most proper one nor is it clear what should be the basis for defining a region (Pugh 2018). Marques and Morgan (2018) discuss that smart specialization is based on assumptions and ideas that often do not hold in practice, or have actually been disproven, such as policymaking based on the linear innovation model; the existence of necessary governance capacities in the region or country (see also Karo and Kattel 2015); the existence of local elites who are committed to innovation; the existence of already functional triple-helix coalitions; and good coordination across different levels of government.
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The place-based innovation policy approach in the form of smart specialization also plays a vital role in the context of the European Green Deal and the transition towards a sustainable society. McCann and Soete (2020) argue that the European Green Deal is both the EU’s Moonshot mission and a place-based innovation policy for sustainability. The latter also means movement towards newly-focused smart specialization for sustainability or S4+ (Ibid.). As described by the European Commission, the movement from S3 to S4+ refers to „ [--] Smart Specialisation Strategies which ex-ante aim at improving sustainability and inclusiveness through an innovation-driven policy.”[footnoteRef:1] It can also be argued that S4+ is an attempt to direct the EU regions towards improving their resilience in two ways. First, to direct their industrial, technological and institutional structures towards a sustainable growth path (see also Boschma 2015). The second aim of S4+ is to improve the environmental resilience of regions and achieve climate neutrality. [1:  Homepage of the European Commission’s S3 platform. Available at: https://s3platform.jrc.ec.europa.eu/s4] 


The importance of places in the context of the European Green Deal is well described by McCann and Soete (2020, 12) who provide an overview of the experimental governance logic of the European Green Deal. According to them, the EU-level is the most appropriate for setting the green direction for development (mobilizing and attracting large-scale funding, EU regulations, global level activities), which is reinforced by national level activities that position their industries on emerging markets of sustainable products and services and aim at connecting local and regional innovation dynamics to national and EU-wide networks. However, it is the regional and local level where the actual implementation of the European Green Deal happens as the different policy initiatives should address the local challenges in the form of S4+ (Ibid. 12). 
As regions differ based on their innovation activities and innovation policy (Tödtling and Trippl 2005), so do they also differ based on environmental impacts they experience (type and severity), available resources to address these impacts, relevant groups of actors, networks and institutions that can drive or oppose transition, visions, priorities, etc (Kelemen 2020). From the innovation perspective, it is the concrete places (regions) where the new technological but also social solutions emerge that enable sustainability transition (Kelemen 2020; Article II).

It is understandable why movement towards greater sustainability is desirable. However, attaching an additional dimension can make the concept of smart specialization less understandable. Hassink and Gong (2019) argue that using smart specialization strategies to achieve sustainability transition will lead to situations where the question of economic competitiveness contradicts other aspects of social well-being such as environmental cleanness and ecological integrity. To some extent the smart specialization policies have already drifted away from the concept (Radosevic 2017) or in other words: the policy has run ahead of the theory (Foray et al. 2011; Foray 2014). 
An additional dimension can also increase coordination challenges due to a wider circle of interest groups. This can interrupt the existing social and political balance of power and is further amplified by differences of understanding what sustainability itself means (Pike et al. 2010). As the aim is to improve sustainability through innovation, greater focus must also be directed towards the adoption of new technologies, which itself can be challenging (Article V).
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As already briefly indicated above, innovation and regional policy literature streams have listed a number of challenges related to the development and implementation of 
place-based RDI policies in the EU Member States. Crucially for the focus of this thesis, 
it has been pointed out that in most Central and Eastern European (CEE) countries a functional regional government level is often missing (Loewen 2018). While previously the EU pushed for further regionalization in the new CEE Member States, the growing need to consolidate the nation-state and the EC treating the national governments as their main counterparts further strengthened the centralization processes in CEE (Campbell and Coulson 2006; Loewen 2018). 

These centralization processes in CEE have further led to nationally coordinated and place-blind RDI policy, which is also linked to the increased use of EU funds to finance innovation activities (Article I; Karo et al. 2017; Karo and Kattel 2018). These developments together with a strong emphasis on procedural accountability, speed of distributing EU funds, and performance management based on ex-ante output indicators (Karo and Kattel 2018) contradict the experimental governance principles and the 
place-based logic of smart specialization (although framework goals and indicators are also important in the experimental governance context). Organizational thinness is another challenge that refers to the limited availability of critical organizations such as research institutions or intermediaries (Article II; Grillitsch and Trippl 2016; Trippl et al. 2020). Policy capture by incumbent stakeholders can similarly hamper the efforts of developing and implementing place-based and experimentalist policies (Foray 2018). 
For example, the strong influence of academia in a place-blind innovation policy context can lead towards overemphasizing high-tech themes that have little connection to the local economy – something that smart specialization was meant to avoid – and prevent the development of more locally suitable policies (Karo et al. 2017). Coordination issues refer to difficulties with developing, implementing and, if needed, renewing RDI policies in collaboration and partnership between the public sector, entrepreneurs, academia, and other relevant stakeholders due to centralized top-down governance, skepticism towards bottom-up processes or lack of policy capacity and understanding of each stakeholder’s role (Estensoro and Larrea 2022; Capello and Kroll 2016; Karo and Kattel 2015; Kroll 2015). For some regions, implementing place-based policies aimed at improving their position in global value chains can be challenging due to their reliance on the presence of local subsidiaries of multinational enterprises, over which the local policy makers have little control (Capello and Kroll 2016; Karo and Kattel 2018). 

Theoretical discussions do exist that focus on necessary policy changes so that 
place-based RDI policy would emerge. Karo and Kattel (2018) suggest taking steps towards the Schumpeterian entrepreneurial state through incentivizing the finance sector to invest into productive sectors, pursuing EU-wide and domestic innovations in the public sector, and encouraging long-term investments into green and future technologies. Similarly, Morgan (2019) and Coenen and Morgan (2019) suggest that the lagging regions should direct their policies towards prioritizing innovation in the normally unfashionable FE sectors that keep us ‘safe, sound and civilized’ and would include a broader list of sectors and therefore larger number of jobs compared to a small band of sectors covered by the Science and Technology (S&T) approach. These FE sectors cover goods and services that constitute the foundation of our everyday life, are often funded or provided by the state, such as healthcare, transportation, telecoms and education, and are ignored by industrial or RDI strategies due to their mundane nature (Bentham et al. 2013; Morgan 2019; Thompson et al. 2020, 1177). The proposal of supporting innovation in the FE sectors is a step further from the idea of Thompson et al. (2020) who argue that 
city-regions should not only refocus their strategies “on more controllable and locally embedded ‘accelerators’ of growth balanced by ‘stabilizers’ of provision of essential services,” but this growth should be based on local small and medium-sized enterprises, social enterprises and entrepreneurs who innovate. While Thompson et al. (2020) separate accelerators of growth from the FE sectors that act as stabilizers, Coenen 
and Morgan (2019) argue that all FE sectors are extensively technology-using and knowledge-intensive sectors.
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Estonia is a very good example of an EU Member State that experiences many of the policy challenges listed above. Yet, Estonia is also a paradoxical case as the country also offers interesting insight into the question that has gained less attention than it deserves: how place-based RDI activities emerge in the context of a largely state-led and 
place-blind national RDI policy? This thesis focuses on this question and attempts to fill the existing research gap. The thesis is based on case studies that open this question from two perspectives: strategic policy actions and context and local innovation dynamics.

Estonia is a country with a state-led and place-blind national RDI policy that has largely been under the responsibility of the Ministry of Education and Research (Karo et al. 2017; Karo et al. 2014; Karo and Kattel 2015). With the exception of a couple of policy measures, the state-led approach has largely neglected the regional/local needs and differences inside the country (Article I). Such an approach has been defended with explanations referring to efficiency and the smallness of the country (Karo et al. 2017) and is also linked to the two-tier centralized governance system (Loewen 2018; Sootla and Kattai 2020). In Estonia – which is one of the least corporatist countries among the developed economies (Jahn 2016) – the development of RDI policies as part of the 
EU-wide effort to adopt the smart specialization principles has shown significant coordination challenges. The involvement of the private sector has rather taken the form of formal consultation, although there is also evidence that only a few companies and sectors were interested in the S3 discussions while the majority of companies were rather concerned about the social tax level and labor supply (Article II; Karo et al. 2017). As a result of the limited involvement of the private sector, the Estonian RDI policy has long been tilted towards the interests of the academia, which do not necessarily match with those of the private sector due to the heavy focus on the S&T fields (Karo et al. 2017).

At the same time, a growing number of place-based RDI activities are emerging at the local government level, often independent from the national RDI policy, with the aim to develop practical technological solutions to improve public services and solve local urban challenges related to transportation, planning or air quality, which are sectors covered by FE thinking. These initiatives are also tilted towards the S&T, as among them we can find the development of (autonomous) mobility solutions, sensor solutions, mobile applications, different geo-solutions (digital twin of the city, 3D mapping of underground communications), etc. Such developments are place-based in nature and create new promising local businesses that have developed their own innovative products and have the potential for further growth and development.

The aim of this thesis is to look at the preconditions for the emergence of 
place-based RDI activities in the context of state-led and place-blind national RDI policy.  The thesis mostly focuses on the local municipality level, which in Estonia has long been an unused institutional and physical space in the context of RDI policy. 
The discussions are mostly about Tallinn as the location of most of such place-based RDI activities to date. More specifically, the thesis looks at how such activities are rationalized and how the cooperation networks behind these RDI activities have emerged and how they function. The latter is done by looking at the role of organizations that function as local level intermediaries. These organizations can play a crucial role as they support local cooperation through building and maintaining networks between the key stakeholders in the region. They can also initiate practical collaboration between the stakeholders through different initiatives or projects. Intermediaries can be considered to be organizations that operate between the users and producers of knowledge with the aim to transfer knowledge (Smedlund 2006; Shohet and Prevezer 1996). Smedlund (2006) adds that intermediaries “[--] orchestrate collaboration between the key actors in the region.” Such collaboration can be focused on a specific topic or technology (Janssen and Frenken, 2019), or it can be focused on representing the interests of a certain group (David et al. 2009). Clark (2014) distinguishes between labor market, supply-chain, and innovation intermediaries and also includes research and education institutions as intermediaries, the latter point showing that other institutions can also take the role of an intermediary organization, which is also addressed in Article II. The thesis argues that such organizations can be crucial for innovation activities at the local level (see more in Article II).

Such innovation activities supported or even orchestrated by local intermediaries do not only help local companies to develop new technologies and business models, 
but they also help local municipalities to take part in the sustainability transition. More specifically, by getting involved in different projects, municipalities themselves can learn more about the potentials and shortcomings of new technologies (Article V), including how citizens perceive these technologies (Article III) or how the technology copes with specific local conditions, such as weather conditions (Article IV). This can further help the local decisionmakers to address their place-specific issues (e.g. pollution, transportation) and develop public services and place-based innovation initiatives.

We can also witness cross-border policy learning that such organizations can facilitate through joint projects. This is one of the main aims of experimental governance in Europe. However, an important difference seems to emerge. While in the EU policies and models, it is assumed that such learning takes place through peer review and mandatory reporting, it has been pointed out that CEE countries have seen S3 just as a formal ex-ante conditionality without focusing on the exact rationales and governance implications of the concept (Sabel and Zeitlin 2010; Karo and Kattel 2018). The thesis shows that practical collaboration at the local level between usual triple/quadruple-helix participants in RDI activities from more advanced and less advanced regions has a better chance of spurring place-based innovation and policy learning than the formal experimental governance structures of the EU. This argument is based on the observations that look at the collaboration between such organizations from Tallinn and the Helsinki-Uusimaa region.

The research papers of this thesis address the following research questions related to (some of the) preconditions for place-based innovation activities to emerge in the context of state-led and place-blind innovation policy, the role of place-based intermediaries, and the opportunities and challenges of place-based innovation:

· In the context of a place-blind national innovation policy, what role do the larger local governments see they could play in the development and implementation of innovation policy and why (Articles I, II)?

· How can intermediary organizations spark place-based innovation activities and orchestrate entrepreneurial discovery processes at the local level (Article II)?

· The discussions on the benefits and challenges related to local innovation experiments are addressed through the following two research questions:

· How experimental innovation pilots help technology providers and potential service providers to learn about the specifics of a technology (Article III on how potential users perceive the new technology and Article IV on how specific local conditions, such as the weather, impact the functioning of the technology)?

· How the set-up and design of the pilots and the institutional context support or hinder the process of learning about a new technology and its eventual adoption (Article V)?

Article I, co-authored with Dr. Kaija Veskioja (previously Valdmaa) and Dr. Rhiannon Pugh, looks at the implementation of smart specialization in Wales and Estonia. 
The article shows how in both countries the development and implementation of smart specialization has not taken place in a bottom-up manner. Instead, the regional priorities have been chosen at the national level in a top-down manner with limited directionality. In the context of Estonia, the article looks at the reasons why the place-based perspective was abandoned, and why the local governments were largely left out from the implementation of S3 and what role they could play in innovation policy.

Article II is a single-authored article that analyzes what role intermediary organizations can play in the development and implementation of the smart specialization strategy. The empirical part of the paper analyses the cases of Estonia and Helsinki-Uusimaa in Finland, which are both Nomenclature of Territorial Units for Statistics level 2 (NUTS-2) regions at the EU level. The article shows how different intermediary organizations are actively participating in the RDI policy in Helsinki-Uusimaa bringing together a variety of stakeholders (through formal and informal means), which helps to co-shape a common understanding about the direction of development. In addition, these organizations launch different initiatives such as experimental innovation projects and innovation procurements in a living lab setting (city-as-a-platform). Although we can find different intermediary organizations in Estonia, the article shows that their focus is not on building networks and establishing a common understanding of the direction of economic development. The article concludes that while the literature of smart specialization has long emphasized the importance of multi-stakeholder cooperation and coordination in the context of EDP, it has provided little insight about how such coordination is organized or how should it look like. Looking at intermediaries could provide valuable lessons for weaker regions in this matter.

Article III is co-authored with Dr. Ralf-Martin Soe, and it looks at a specific technology pilot as part of smart city innovation policies and more specifically analyzes the mobility acceptance factors of an automated shuttle bus last-mile service. The article is based on a survey that was conducted when the automated shuttle bus pilot was running in Tallinn as part of the Sohjoa Baltic project. The specific pilot is a perfect example of how local municipalities can participate in the RDI policy. The pilot did not only help to build local know-how about the technology (mostly in TalTech and Modern Mobility), but it also provided an opportunity for the local government to find out how its citizens perceive such technology, which can be a useful information for later adoption.

Article IV is a book chapter co-authored with Dr. Mauro Bellone, Azat Kuitunen (previously Ismailogullari), Oscar Nissin, Dr. Raivo Sell, and Dr. Ralf-Martin Soe. The chapter describes weather-related challenges that affect autonomous driving. The empirical part is based on autonomous bus pilots that were organized as part of the Sohjoa Baltic project.

Article V is co-authored with Dr. Erkki Karo, and it studies how the explorative lessons from technology pilots become exploited and routinized by local actors. The article develops a holistic framework combining knowledge exploration and exploitation practices, which takes into account the different types of learning activities that testing and adoption of the technology may require. The aim of the article is to discuss how the set-up and design of the pilots supports or hinders the process of learning about the new technology and its eventual adoption (exploitation). We later use the framework to analyze autonomous bus pilots in three cities: Helsinki, Tallinn and Kongsberg. We show that the design and contextual fit of real-life pilots, especially the cooperation structure and the division of roles between pilot partners, together with knowledge dissemination practices, influence the ability of local public sector authorities to learn from such pilots and develop capabilities necessary for integrating new technologies into public services.
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This work is a cumulative thesis that is the result of working on different EU-funded research and innovation projects (Sohjoa Baltic, Smart-up BSR, Sohjoa Last Mile) that have enabled to analyze place-based innovation dynamics from two different perspectives: strategic policy actions and context and local innovation dynamics. Hence, the papers have followed different methodological approaches. The thesis is extensively based on case studies, which is a well-suited method for investigating “how” and/or “why” a social phenomenon works and for describing that phenomenon (Yin 2018).

First, the strategic perspective tries to look at how innovation policy has been developed and implemented in Estonia, but also in neighboring Helsinki-Uusimaa which is a valuable case for comparison that has also played an important role in the emergence of place-based RDI activities in Estonia. This perspective is covered through two case study articles (Article I and Article II) that help to get an overview of how innovation policy in general and S3 specifically have been developed and implemented in Estonia and analyze what role do the local governments see they could play in the development and implementation of innovation policy in the context of smart specialization.

Second, the local perspective looks at placed-based innovation dynamics from the angle of innovation pilots that have emerged largely separate from the national innovation policy. This is covered with Article III, Article IV and Article V. The aim of this is to analyze more deeply how private companies, public institutions and research institutions can benefit from the opportunities that local innovation activities and pilots can provide. This is done by studying innovation pilots focusing on autonomous vehicles. The articles rely on survey-based analysis of a single technology pilot and extensive comparative case study analysis of different technology pilots. 

In Article I, a cross-case policy comparison approach was used. Information was collected through desktop research, policy observations and semi-structured interviews (34 in total) to build up a picture of innovation policy practices in Wales and Estonia. Desktop research included the analysis of strategic and other official documents related to RDI policy, different reports, studies by other scholars, etc. The interviews were conducted in 2011-2013 (Welsh case) and in 2019 (Estonian case) with policy makers and key actors in the innovation system to collect information about how S3 was developed and what the interviewees see as the main obstacles in implementation. The article is a discussion that looks at the key insights related to the elements of smart specialization.

While the aim of Article I was to give a macro-level overview about the development and implementation of S3 in Wales and Estonia, Article II goes more down to the micro level as it focuses on the role of intermediary organizations in developing and implementing RDI policy.  Article II follows the holistic comparative case study approach as it compares how smart specialization is implemented in Helsinki-Uusimaa and Estonia, specifically looking at the role of intermediary organizations. The study is based on secondary sources such as strategic documents, action plans, public information on the websites, and prior research. In addition, 13 semi-structured interviews were carried out between February and September of 2019.

Article III looks at a specific technology pilot as part of smart city innovation policies and more specifically analyses the user-feedback from one of the autonomous bus pilots in Tallinn. The pilot took place as part of the Sohjoa Baltic project, funded by Interreg Baltic Sea. The aim of the project was to research, promote and pilot automated driverless electric minibuses as part of the public transport chain, especially for the first/last mile connectivity.[footnoteRef:2] Data used in Article III was gathered through various methods. Users of the autonomous bus had the opportunity to fill in an online questionnaire. A total of 3877 passengers were served between August and December 2019, of which 152 answered to the questionnaire. The results were compared with the control group of 55 people who had not used an autonomous bus before. Regression analysis was applied to analyze the answers of the questionnaire. In addition, a group interview was conducted with the operators of the autonomous bus and the daily conversation log with the operators was analyzed to get more information related to the daily operations of the autonomous bus. Article III is a concrete example of an analysis that provides valuable information to technology developers (private companies, universities) and potential operators (cities, public transport providers) about technical and design-related shortcomings of such vehicles and about user perception. [2:  Homepage of the Sohjoa Baltic project. Available at: https://www.sohjoabaltic.eu/] 


Similar to Article III, Article IV provides information about weather-related challenges that affect autonomous driving. The chapter provides an overview of most recent technologies for sensors and intelligent driving, and data sets used for the development of autonomous driving with references to weather-related issues. In addition, the chapter describes the weather-related challenges experienced during the three autonomous bus pilots (Tallinn, Helsinki, Kongsberg) organized as part of the Sohjoa Baltic project.

Article V is the third article that looks place-based innovation policy from the local perspective and focuses on how learning from innovation pilots takes place and how it influences the adoption of technology. The article uses a comparative case study approach and looks at how the specific design of pilots and local contextual factors have impacted the ability of Tallinn (Estonia), Helsinki (Finland), and Kongsberg (Norway) to explore and exploit autonomous driving technology. A total of 13 autonomous bus pilots conducted in the aforementioned three cities were analyzed. The analysis was based on desktop research and 12 semi-structured interviews with 13 experts involved in organizing the pilots. 
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This section highlights the main findings of the thesis. The findings are presented in the order of the research questions presented in the Focus and aim section of the thesis and are based on the articles. This helps to present the main findings in a coherent manner.



In the context of a place-blind national innovation policy, what role do the larger local governments see they could play in the development and implementation of innovation policy and why?



Estonia is a good example of a country with a place-blind and nationally coordinated RDI policy. This topic is opened in Article I and it complements previous literature on the matter. In this literature, several reasons have been pointed out why the Estonian RDI policy has largely been place-blind. These include the smallness of the country, emphasis on policy efficiency which itself is linked to smallness, and lack of private sector demand for research and innovation (Karo et al. 2017; Karo and Kattel 2015).

Article I adds that the lack of regional perspective can also be due to the high number (over 200) of mostly small local municipalities that existed prior to the local municipality reform in 2017. Arguably, it was questionable whether most of the local municipalities would have understood the smart specialization concept as local municipalities in Estonia are largely not responsible for economic policy. In addition, the fact that Estonia has only two medium-sized universities (University of Tartu and Tallinn University of Technology) with regional centers has been also highlighted as one of the reasons for abandoning regional focus.

At the same time, we see evidence of place-based innovation initiatives taking place where significant role is played by large local municipalities (mostly Tallinn, to a lesser extent also Tartu and slowly also other larger cities) and the universities (including their regional centers). Especially Tallinn and Tartu and their respective universities have been involved in several activities described in the literature such as building and maintaining collaboration networks, providing consultancy services to new businesses, building science and industrial parks, conducting public procurements for innovation and participating in different innovation pilots (Article II; Bakici et al. 2013; Lember et al. 2011; Zelenbabic 2015). The Estonian case provides particularly interesting insight as the local governments have largely been excluded from economic and RDI policy as they have mostly been considered service providers but are slowly taking a more proactive role (Article I).

The cities of Tallinn and Tartu have established their own administrative units responsible for economic development and have developed their own S3 strategies. Tartu, together with surrounding municipalities, has even tried to copy the Brainport Eindhoven model, although, with limited success (Article I; related to Brainport see also Morisson and Doussineau 2019). Compared to other areas in Estonia, these two municipalities also enjoy the status of being local agglomerations as they are the two largest municipalities (Tallinn serving as the capital) and serve as locations of the main campuses of all the Estonian universities and most of the Estonian businesses. As brought out in Article II, these municipalities seek for a bigger role in the national RDI policy context, both in the development and implementation phases. The argument here is that the local governments are much closer to other key stakeholders such as private companies and universities and can more easily find and organize different bottom-up collaboration projects. For example, cities can act as test platforms for innovation projects.

Several aforementioned activities, such as innovation procurements or innovation pilots, can effectively be used by cities, as they are responsible for a large number of services that represent FE sectors and offer numerous possibilities. These include services such as transportation (and mobility in general), education, health, social services, and urban planning in general. In Tallinn, we can see evidence that supporting innovation in these FE sectors is rationalized with the adoption of the Smart City narrative. The new Tallinn 2035 Development Plan includes a Smart City Program as one of the five action programs under the activities related to business environment (City of Tallinn 2020). The Smart City Program explicitly mentions the use of innovation procurements, demo projects and public service design to support local innovation. 
This narrow operationalization is interesting because the smart city concept itself is much broader and covers topics such as smart economy, smart people, smart governance, smart mobility, smart environment, and smart living (Giffinger et al. 2007). Interestingly, many of such projects are not initiated by the City of Tallinn (this is also the case in the City of Tartu). Rather, the city has been asked to join these projects by other local (oftentimes universities) and foreign partners. In the case of Tallinn, the author of the thesis identified 16 innovation projects in the city’s externally funded projects database[footnoteRef:3] where the goal is to test and/or develop new technology. Only 4 of these were initiated by the City of Tallinn. At the same time, 8 projects had a lead partner from Finland 
(7 of them from Helsinki-Uusimaa region) and for 3 projects the lead partner was TalTech. This leads us to the next research question. [3:  The database does not contain projects where the city-owned companies are partners. There has also been a number of innovation pilots in Tallinn where the city government has provided important support but without budget and being an official partner. These projects are also not in the aforementioned database.] 




How can intermediary organizations spark place-based innovation activities and orchestrate entrepreneurial discovery processes at the local level?



Regarding collaboration with foreign partners, we can identify active collaboration between Tallinn and the organizations from Helsinki-Uusimaa. The Finnish region is considered one of the lead innovators in the EU (Article II). The importance of such collaboration is also explicitly emphasized in the Smart City Program of the Tallinn 2035 Development Plan (City of Tallinn 2020, 23).  Finland is well known for its experimental culture which is also present in the City of Helsinki and in its sub-organizations (Ornston 2012; Breznitz and Ornston 2013; Article II). Most notable of such organizations is 
Forum Virium Helsinki. As shown in Article II, the City of Helsinki has adopted the 
city-as-a-platform approach to support different experimental activities to improve public services and urban infrastructure. Many of such experimental activities are organized as part of different, mostly EU-funded innovation projects.

It is important to think about and analyze the conditions on the Finnish side that have led to such collaboration. This thesis emphasizes the role of intermediary organizations. As Article II shows, in Helsinki-Uusimaa, which is located in strongly corporatist Finland (see also Ornston 2012; Jahn 2016), we can find a large number of intermediaries which function at the local, regional, and the national levels. These organizations bring together companies (private, state-owned, municipality-owned), research organizations, and various public organizations from all government levels. While some of these intermediaries mobilize stakeholders under a certain topic (e.g. Smart & Clean Foundation, Health Capital Helsinki), others are more generic (e.g. Forum Virium Helsinki, Helsinki Business Hub).

Many of these organizations, including intermediaries, were also involved in the development of the Helsinki-Uusimaa region’s S3 strategy. These intermediaries help to maintain a common understanding among the local stakeholders regarding the direction of development, which in addition to the regional S3 strategy has been framed through several other strategies addressing topics such as climate change, energy efficiency, carbon neutrality, protection of nature, circular economy and sustainable urban development. This is done through formal membership and partnership (other organizations as members/partners of a particular intermediary) or through different projects, including RDI projects. Such collaboration is a good example of the entrepreneurial discovery process in a place-based context.

The fact that the City of Tallinn is participating in a number of such experimental projects, often coordinated by Finnish partners, has given the former the opportunity to see the benefits of such initiatives. As mentioned, the City of Tallinn is now supporting experimentation with its most important and recent strategic document Tallinn 2035 Development Plan with several activities already taking place, such as continuous participation in experimental projects, running of innovation competitions (Tallinnovation) or use of innovation procurements. Such projects and initiatives where the aim is to develop and experiment with new technologies have already given a chance to local companies to come out with their own products (Article V; Juuse and Karo 2021). Therefore, it is possible to argue that such collaboration has created a spillover in the form of place-based innovation and generated policy learning, both rationalized through the adoption of the smart city narrative.

Although Estonia is a less corporatist country than Finland (Jahn 2016), a number of intermediary organizations can be identified here as well. These include national government agencies (providing funding), cluster organizations (bringing together companies and educational institutions), technology parks, technology competence centers (R&D support), and county-level development centers (business and project funding consultation). Yet, as Article II shows, compared to the Helsinki-Uusimaa region, these organizations are not focusing much on building networks between different organizations to develop and maintain a common understanding regarding the direction of economic development and supportive policies as part of EDP, which actually should be their aim according to the experimental governance logic of the RDI policy in the EU. As has been emphasized by previous literature, the main priority has rather been the distribution of Cohesion Funds without rethinking the overall governance logic of the RDI policy and its goals (Karo and Kattel 2018).

At the local level, the role of intermediary organizations is partially played not only by Finnish organizations, but also by local universities and science parks that are actively looking for RDI projects that bring together various stakeholders. Such cooperation is mostly limited to single projects, educational cooperation, or to bringing together different companies that serve the interests of universities and science parks. However, during the last two years there have been some positive developments as well, such as increased activities from the Tallinn City side mentioned before and the establishment of the Green Tiger cooperation platform[footnoteRef:4] that seeks to envision a balanced economic model for Estonia in cooperation between businesses, individuals, the public, and the third sector. [4:  The homepage of Green Tiger: https://rohetiiger.ee/en/] 




How experimental innovation pilots help technology providers and potential service providers to learn about the specifics of a technology?



Taking part of and providing opportunities to run different experimental projects can play a crucial role in the context of S3, the Green Deal and S4+. The experimental projects do not only help to develop new technologies, but also to learn about technologies that have the potential to improve public services, infrastructure and overall sustainability (Article V). In addition, one important characteristic of the public sector is that once some new policies are adopted, they are likely to remain in place (Tassey 2014). This is also the case with technology (type and providers) and public services resulting in 
lock-in situations (see for example Hornnes et al. 2010; Ampe et al. 2020; Marquardt and Nasiritousi 2022). Experimental pilots can diminish risks related to lock-in situations where inferior solutions are scaled up.

These aspects are addressed in Article III and Article IV. Such pilots can help to gather feedback from the potential users during the time when the technology is used to provide the service either as how it will look like or close to it. For example, Article III is based on an autonomous bus pilot that provided last-mile transportation service in Kadriorg Park located in Tallinn. However, the service was not provided in the final form (fully autonomous service) as an operator was always in the bus. The feedback can include where and for what they would use the new solution, how they perceive it 
(e.g. safety, security, reliability) or what improvements should be made. Article IV describes how the local weather conditions influenced autonomous driving during the three pilots organized as part of the Sohjoa Baltic project. Such information can later be used for technology and service development purposes, but it can also make some service providers cautious as that information can also be considered evidence that shows the immaturity of the technology. This has been the case with the regional public transportation authority HSL in Helsinki (Article V).



How the set-up and design of the pilots and the institutional context support or hinder the process of learning about a new technology and its eventual adoption?



Learning from the pilots can be divided into cognitive, relational and normative learning (McFadgen and Huitema 2017), each of which provides opportunities to gain organizational and/or technical knowledge related to the technology. As is shown in Article V, the aforementioned types of learning are in turn linked to different tasks carried out during the preparation and running of experimental pilots (in the case of 
self-driving last-mile buses). As such experimental pilots are often conducted in collaboration between several organizations (e.g. quadruple and triple-helix collaboration or what Schot et al. (1994) call technology nexuses), the division of tasks between project partners responsible for preparing and running the experimental pilot will determine which types of learning each organization is exposed to.

The division of tasks can play an important role in future experiments and the eventual adoption of the technology. If public organizations responsible for providing public services and infrastructure are only responsible for tasks which provide organizational and not technical knowledge, then it creates a danger that these organizations are not able to adopt and scale up new technologies. This can impact the region’s ability to achieve the sustainability goals set at the EU level. Article V provides some insight on this matter by analyzing autonomous bus pilots in Helsinki, Tallinn and Kongsberg. Although the technology of autonomous driving is not mature yet, many cities in Northern Europe are interested in running pilots with autonomous buses because of the novelty and potential of the technology. This has provided an opportunity to see how learning from such technology pilots takes place.

Although Helsinki, Tallinn and Kongsberg have run a number of pilots with autonomous buses, only Kongsberg managed to move from the experimentation phase to limited adoption. A number of reasons for this can be identified. Compared to the other two cities, Kongsberg has taken a more holistic view on the pilots. While the pilots in Tallinn and Helsinki are run as technology experiments, the stakeholders in Kongsberg have from the start tried to think about the possible business and service development opportunities. This is due to the bigger involvement of public transportation authorities and the service provider. In addition, the stakeholders in Kongsberg have been included in a larger number of different activities related to the preparation and operation of the pilots. Most importantly, it is the local public transport authority Brakar and the current service provider Vy who have largely been responsible for running those pilots. The latter has taken a step even further and has launched a new autonomous public transportation line with a regular-sized bus in Stavanger which is first of its kind in Europe.

Meanwhile, in Tallinn and Helsinki, the role of public transport authorities and service providers has been limited or non-existent. In Tallinn, the local public transportation authority has been responsible for activities that provide opportunities for mostly relational learning and organizational knowledge and in Helsinki the local public transportation authority has only provided support while not being officially involved in any of the pilots. In both cities, most of the technical knowledge gained through cognitive and relational learning has ended up in organizations that have little influence over service delivery. However, we can identify the important role of intermediary organizations such as Forum Virium Helsinki in organizing autonomous pilots in Helsinki and also to some extent in Tallinn. In addition, in Tallinn and Helsinki the responsibility for different activities has been more divided.

At the same time, we can find local companies from all three cities that have benefited from participating in these pilots as it has enabled them to develop solutions linked to autonomous mobility (vehicles, mobility management software, sensor technology, smart infrastructure solutions, etc). Such achievements are in line with S3 and partially with S4+ concepts. But as mentioned before, S4+ is about improving sustainability through innovation-driven policy. In the context of adopting new technologies, 
the responsible public organizations have to take a more active role while participating in experimental pilots.





[bookmark: _Toc118906143]Discussion

The findings provide several important discussion points related to preconditions for place-based innovation policy to emerge and smart specialization in Europe. S3 was integrated into the EU’s regional policy with the assumption that the Cohesion Funds will be used together with the adoption of experimental governance principles of the smart specialization concept. Yet, this has been rather challenging in the CEE (Karo and Kattel 2018). 

This has especially been the case in small states such as Estonia where a tendency exists to consider the small state as a unified place and where national-level policy implementation has been perceived as a more efficient governance arrangement than regional or local place-based approaches. It has also helped to avoid thorough discussions on the shortcomings of the place-blind policy approach. This tendency has been further amplified by the EU polices where statistical regions of the NUTS-2 level that are the targets of Cohesion Funds cover several countries, including Estonia, as a whole, and this further strengthens the centralization of the administration and allocation of EU funds in these countries.

Yet, even in a small state like Estonia, the national government is not always capable of identifying the needs of specific localities in the country, nor the opportunities that the involvement of local municipalities could provide. Local municipalities have mostly been considered as service providers and not policy developers. This is especially the case in the context of economic and RDI policy where they have long been an unused institutional and physical space, although the fact that municipalities are responsible for delivering public services provides many opportunities in the RDI policy context. 
In addition, the smallness of a country does not automatically result in improved collaboration between the key stakeholders. This is shown by the previously mentioned failure of the Estonian central government to involve local municipalities in the RDI policy and difficulties experienced by the central government to develop meaningful collaboration between the state, the private sector and the academia.

However, this thesis argues that while S3 has failed to spark necessary changes in the overall strategic governance of innovation policy that would ideally result in place-based innovation policy, a more practical approach focusing on improving FE sectors could potentially provide a way for place-based RDI activities to emerge in place-blind innovation policy context if several preconditions are met. First, the Estonian case shows that the local municipalities have to have an understanding of their potential (Article II). Based on Coenen and Morgan (2019), this is not always the case. Otherwise, FE sectors would not be ignored to such extent. In addition to this understanding, there must also be the will to act. However, the will is often constrained by the availability of financial resources and the public sector’s general tendency to avoid risks, while the experimental RDI activities are characterized by uncertainty. Although S3 has failed in bringing the necessary changes to innovation policy governance in the CEE, the case of Estonia shows that the availability of different EU funds such as Horizon and Interreg has helped to support place-based innovation as they encourage and enable public organizations to take more risks (Article II; Article V).

The findings of this thesis also point out that cross-regional collaboration can be crucial for sparking place-based experimental RDI activities. They also show that it is more likely for such collaboration to be coordinated by intermediaries or universities from more developed regions due to their long experience in participating in the development and implementation of RDI policy and/or greater organizational thickness compared to the less advanced regions (see also Article II; Kroll 2017; Tödtling and Trippl 2005). Most importantly, such cross-regional collaborations between the cities and key organizations have the potential to spark policy learning, which is one of the main aims of the experimental governance model where peer-review and mandatory reporting should fulfill this role. We can witness how such policy learning has taken place in the City of Tallinn as it now tries to follow in the steps of Helsinki City. Similar to Helsinki, Tallinn has increased its focus to support local innovation both in writing (Tallinn 2035 Development Strategy) and in practical terms (experimental RDI activities). Such policy learning shares similarities with the twinning approach that was used to help CEE candidate states build capacities in specific areas not covered by acquis with the support by the EU Member States (Sabel and Zeitlin 2010; Tulmets 2010).

The aforementioned place-based experimental RDI activities have created opportunities for companies to develop new technologies but also for all the relevant stakeholders to gain technical and organizational knowledge related to that new technology that can support its future adoption. This is especially the case with all the entities responsible for FE sectors, including local municipalities. However, the question of adoption has attracted less attention in smart specialization discourse than it should. Some change in this matter can be identified as the European Green Deal and S4+ emphasize addressing local sustainability challenges through the development and adoption of new technologies.

It also means that the tasks of EDP have to change as well. Until now, EDP has focused on identifying domains where RDI activities could complement the region’s productive assets (Foray 2014). A more specific aim has been to identify technologies and groups of companies that have the potential to bring forth a wider transformation in the local economy and develop policy measures to support them (Foray 2018). The updated task of EDP in the S4+ context is to synchronize RDI activities, the region’s productive assets and the local sustainability challenges. Finding the right balance between the three will be a challenge itself due to contradictions between issues related to economic development and environmental sustainability and increasing coordination challenges (see also Hassink and Gong 2019).

More specifically, addressing the sustainability challenges also means that the question of adopting new technologies and solutions should already be addressed during the EDP process. One should not look at the question of adoption linearly as something that takes place after the technology becomes market-ready. As this thesis shows (see Article V), the adoption of a new technology is a matter that needs to be addressed already during the development and piloting phases. In practical terms, it means that the design of policy interventions that support the development of new technologies such as experimental RDI activities should provide opportunities for future users to gain technical and organizational knowledge about the specific technology which would ease later adoption. Ignoring this could lead towards experimental lock-in situations where experimental RDI activities are carried out without adoption in mind. The cases of Tallinn and Helsinki in Article V can be described as such instances. Companies still benefit from such initiatives as they are able to develop their products, but the development is not directed towards solving local challenges.

The case studies of this thesis again show how important governance in RDI policy is. More specifically, the thesis provides if not a complete, then at least a partial blueprint on how to set up a policy system that supports place-based innovation and how the development of cooperation networks and the design of pilots plays a vital role in achieving S4+ goals through place-based innovation.

Based on the main findings and the discussion, several policy recommendations can be suggested which can improve the implementation of place-based RDI policy. First, as Article II shows, larger municipalities want to have a more active role in the Estonian RDI policy. In addition, there are good examples of place-based RDI activities which have resulted in locally developed technologies. During the 2014-2020 funding period, 
a limited number of measures existed that had a place-based focus and could benefit local governments, such as the innovation procurement measure, county-level development centers and regional competence centers (Article I). As sustainability challenges are very often local in nature (Kelemen 2020), it is important to have increased involvement of local municipalities in the development and implementation of RDI policy to support the development of solutions suitable for the local context. Local municipalities can prevent designing policy measures that are not suitable for them or include extended amount of red tape. One of such questions is related to the mandatory co-funding and its rate. A high co-funding rate can prevent not only small but also larger municipalities from using such measures (Article II). In addition, a separate measure to cover co-funding could encourage smaller municipalities to participate in international innovation projects. Increased attention to supporting innovation in FE sectors at the municipality level could be a viable option based on the success stories of the previous years.

Second, in addition to supporting the local development of new technologies and solutions, the adoption of such solutions needs separate attention. The former was the focus of S3 which aimed at identifying the opportunities for growth and development that a region has while taking into account the local socio-economic challenges.[footnoteRef:5] S4+ requires place-based innovation policy activities to address the local environmental and sustainability-related challenges. Therefore, a bigger emphasis has to be put on mastering and scaling up the new solutions. This is also the case with the public entities such as local governments and national and regional agencies responsible for developing and providing different services and infrastructure. As oftentimes such solutions are first tested as part of different innovation pilots, the design of such pilots must improve. 
This includes involving the most relevant organizations in pilots, especially service providers, and dividing the tasks in a way that enables service providers to gain organizational and technical knowledge related to a particular solution. As Article V shows, this is not always the case. [5:  European Commission’s Smart Specialisation Platform, available at: https://s3platform.jrc.ec.europa.eu/what-we-do] 


Third, as the Finnish example shows (Article II), intermediary organizations can play an important role in building collaboration networks necessary for EDP. Establishing and supporting novel organizations such as Green Tiger should be further encouraged in Estonia. Larger municipalities or groups of municipalities could consider establishing Forum Virium-type organizations that aim at running projects with local and external actors who have the potential to provide opportunities for local companies and improve public services and infrastructure. Similarly, county-level development centers or municipality associations could be used in this role as these organizations have a good understanding about the profile and needs of local municipalities, companies, and entrepreneurs located in a specific county.

These policy recommendations would help to adjust the Estonian RDI policy more to the local needs currently not grasped enough by the central government and bring it closer to a place-based approach (Beer et al., 2020). It would also mean a departure from the state-led entrepreneurial discovery process dominated by the academia to a more balanced representation of interests (Foray 2014; Karo et al. 2017).

It is also clear that the experimentalist governance toolbox has not helped CEE countries to learn from their more developed peers, as for them peer-review and mandatory reporting are just formal procedures that need to be complied with to get funding (see Karo and Kattel 2018). While these tools serve a purpose for more advanced economies, a more suitable tool for the CEE context should be promoted. This thesis shows that practical cross-regional collaboration between more advanced and less advanced regions resembling twinning could be this tool. The implementation could be a challenge due to innovation policy being a “shared” policy domain, meaning that such collaboration cannot be made mandatory. On a positive note, the EC funding bodies are already recommending such collaboration by preferring projects carried out by partners representing both more advanced and less developed regions (e.g. Interreg). However, further research is needed to analyze what has been the impact of such project funding preferences.



[bookmark: _Toc118906144]Avenues for future research

The aim of this thesis is to look at the preconditions for the emergence of place-based RDI activities in the context of state-led and place-blind national RDI policy. In the light of this thesis, several topics emerge that need further research. 

First, further observations on cross-border collaboration between the key institutions from regions and countries at different levels of development and different RDI policy would be valuable. The thesis shows that experimental innovation pilot projects linked to FE sectors organized in collaboration between an advanced region with a place-based RDI policy setting and a less advanced region with a spatially blind RDI policy setting can create a spillover where place-based innovation activities emerge in the latter region. Identifying and investigating other examples of such collaboration would provide valuable information that could be used as a blueprint in actual policymaking. Is such collaboration viable only between bordering regions or is it more important to have a shared interest in developing certain FE sectors are some of the questions that would require further investigation.

Second, there is plenty of literature focusing on smart specialization that emphasizes the importance of multi-stakeholder collaboration in the context of EDP (Foray 2014; McCann and Ortega-Argilés 2016). Although right in their conclusions, they often fail at providing practical guidance, which is also one of the critiques by Pugh (2018). Article II was written in the spirit of providing some concrete examples how such collaboration can work in real life. Further cases such as Helsinki-Uusimaa in Finland should be identified and described for both academic and policy purposes.

Third, collaboration and coordination questions will become even more challenging in the S4+ context. However, environmental and sustainability questions touch every aspect of our society. As Trippl et al. (2020) have argued in the context of S3, not only organizational thinness, but also organizational thickness can be a challenge as regions have to decide whom to include in policy processes. Sustainability as an additional dimension will increase the number of organizations that are interested participating in the RDI policy process and interrupt the existing social and political balance of power (Pike et al. 2010). Further research is needed to see how the EU regions and countries attempt to balance the oftentimes contradictive interests of economic development and sustainability and the relevant actors who represent these interests. In addition, as the European Green Deal and S4+ open up access to RDI policy processes, we can also expect competition between the new participants regarding whose niche ideas (Schot and Geels 2008) will get more support.
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Place-Based Innovation in Place-Blind Innovation Policy Context

Opportunities for growth and development are something that countries, regions and cities are constantly looking for. Initially, this was pursued by countries through the development and implementation of industrial policy strategies (Rodrik 2007) with emphasis later shifting towards a systemic view of innovation and supportive policy mixes (Lundvall 1985). Research, development and innovation (RDI) policy strategies are by now widely adopted by different levels of government. In the European Union (EU) context, the European Commission is using its experimental governance structures to support regional and national governments in their RDI activities by providing financial support and policy assistance through the structural and cohesion funds with the aim to achieve economic convergence across the EU in a place-based manner (Barca 2009; Beer et al. 2020; Karo and Kattel 2018; Sabel and Zeitlin 2010). Prior research has shown how challenging it can be for the EU Member States to follow not just the formalities, but the actual spirit of the EU’s regional and RDI policies which promote experimentation, coordination and collaboration between the main stakeholders, and constant policy learning (see for example Karo et al. 2017; Karo and Kattel 2018; Kroll 2017).

Estonia is a very good example of an EU Member State that experiences many of these policy challenges that have also been studied at length, but it also offers interesting insight into the question that has gained less attention than it deserves: how place-based RDI activities emerge in the context of largely state-led and place-blind national RDI policy? This thesis focuses on this question and attempts to fill the existing research gap from two perspectives: strategic policy actions and context and local innovation dynamics.

From the strategic perspective, the thesis looks at how RDI policies in Estonia have been developed and implemented, what role the local municipalities as the lowest level administrative entities and actual physical spaces see for themselves in the context of RDI policy, and what is the role of intermediary organizations. The local perspective is used to analyze what are the opportunities and challenges related to experimental RDI activities at the local level.

The thesis shows that while the EU’s smart specialization initiative (S3) has failed to spark necessary changes in the strategic governance of innovation policy that would result in a place-based approach, a more practical approach focusing on improving sectors of foundational economy can provide a way for the place-based RDI activities to emerge in the largely place-blind innovation policy context. In addition, the thesis shows how cross-regional collaboration often orchestrated by intermediaries or universities from more advanced regions can spark place-based RDI activities in less developed regions and support policy learning. The thesis also points out that in the context of smart specialization for sustainability (S4+), the RDI policies must be adjusted, and greater emphasis should be put on the adoption of new solutions, which in the S3 context has received less attention.
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Kohapõhine innovatsioon kohapimeda innovatsioonipoliitika kontekstis 

Riigid, regioonid ja linnad on pidevalt otsimas võimalusi kasvuks ja arenguks. Riigid pühendusid sellele esialgu läbi tööstuspoliitika strateegiate arendamise ja rakendamise (Rodrik 2007). Hiljem on fookus nihkunud süsteemsemale arusaamale innovatsioonist ja sellele, milliste poliitikakombinatsioonidega seda toetada (Lundvall 1985). Teadus-, arendus- ja innovatsioonipoliitikale (TAI) keskenduvad strateegiad on nüüd laialt levinud erinevatel valitsemistasanditel. Euroopa Liidu kontekstis kasutab Euroopa Komisjon oma eksperimentaalseid valitsemise struktuure, et toetada regionaalseid ja kesktasandi valitsusi nende TAI tegevustes, pakkudes neile nii finantsilist toetust kui ka poliitikanõu läbi ühtekuuluvus- ja struktuurfondide, seda eesmärgiga saavutada liiduüleselt majanduslik konvergents kohapõhisel viisil (Barca 2009; Beer et al. 2020; Karo ja Kattel 2018; Sabel ja Zeitlin 2010). Varasemad uuringud on näidanud kui suureks väljakutseks on Euroopa Liidu liikmesriikidele järgida mitte ainult formaalseid reegleid, vaid ka tegelikke Euroopa Liidu regionaal- ja TAI poliitika põhimõtteid, mis soosivad eksperimenteerimist, koordineerimist ja koostööd peamiste osapoolte vahel ning pidevat poliitikatest õppimist (vaata ka Karo et al. 2017; Karo ja Kattel 2018; Kroll 2017).

Eesti on väga hea näide Euroopa Liidu liikmesriigist, kes seisab samuti silmitsi eelpool mainitud väljakutsetega, mida on ka põhjalikult uuritud. Samas pakub Eesti vastuseid ka küsimusele, mis on oluliselt vähem tähelepanu saanud kui peaks: kuidas kohapõhised innovatsiooni toetavad tegevused tekivad suuresti keskvalitsuse poolt juhitud kohapimeda TAI poliitika kontekstis? Käesolev doktoritöö keskendubki sellele küsimusele läbi kahe perspektiivi: strateegiline kontekst koos vastavate poliitikategevustega ja kohalik innovatsioonidünaamika.

Strateegilisest perspektiivist uurib doktoritöö seda, kuidas TAI poliitikaid on Eestis välja töötatud ja rakendatud, millist rolli kohalikud omavalitsused kui madalaima astme administratiivüksused ja ruumilised asukohad näevad omal TAI poliitika kontekstis ning millist rolli mängivad vahendaja rolli täitvad organisatsioonid. Kohaliku perspektiivi roll on analüüsida millised võimalused ja väljakutsed kaasnevad eksperimentaalsete TAI tegevustega kohalikul tasandil.

Antud doktoritöö toob välja, et Euroopa Liidu nutika spetsialiseerumise initsiatiiv (S3) ei ole endaga kaasa toonud strateegilisi muutusi innovatsioonipoliitikas koos kohapõhise lähenemisega. Samas võib täheldada, et praktilisem lähenemine, mille fookuses on arendada alusmajandusega seotud sektoreid, võib luua tee kohapõhiste innovatsioonialgatuste esilekerkimiseks suuresti kohapimeda innovatsioonipoliitika kontekstis. Samuti toob antud doktoritöö välja kuidas regioonideülene koostöö, mis tihtipeale on orkestreeritud enam arenenud regioonis asuvate vahendaja rolli täitvate organisatsioonide või ülikoolide poolt, võib aidata kaasa kohapõhiste innovatsioonialgatuste esilekerkimisele ja poliitikate õppimisele. Lisaks juhib doktoritöö tähelepanu sellele, et jätkusuutlikkusele suunatud nutika spetsialiseerumise (S4+) kontekstis vajavad TAI poliitikad kohandamist ja enam tähelepanu tuleks suunata uute väljatöötatud lahenduste ülevõtmisele, mis on S3 kontekstis vähem tähelepanu saanud.
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