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ABSTRACT 
This paper explores the role of institutional quality in fostering the twin transition across European regions. We construct a 
novel panel dataset at the NUTS2 level (2006–2020), combining patent data from the OECD REGPAT with the European 
Quality of Government Index. Twin transition innovation is measured through the fractional count of patents in technologies 
simultaneously addressing environmental sustainability and digital transformation. Institutional quality is captured both 
through EQI and its key dimensions. Using a Tobit regression model with panel data, we find that higher institutional quality 
significantly increases the likelihood and intensity of twin transition patenting   

1 | Introduction 

Over the past decade, there has been significant interest across 
Europe in promoting the green transition as a means of fostering 
economic growth while minimizing environmental impact 
(Guarascio et al. 2026). This focus has intensified in the aftermath 
of the COVID‐19 pandemic, as European governments have turned 
their attention not only to the green transition but also to the digital 
one, a dual and complementary process widely known as “twin 
transition” (Barbero et al. 2025; Marrocu et al. 2025; Brueck 
et al. 2025; Faggian et al. 2025; Fazio et al. 2025). The importance of 
the twin transition in Europe is evident in initiatives such as the 
Next Generation EU (NGEU) program, European Green Deal and 
in the substantial resources allocated within National Recovery 
Plans to support this transformation (Barbero et al. 2025; Marrocu 
et al. 2025; Bănică et al. 2024; De Pascale et al. 2024; Rodríguez‐ 
Pose and Bartalucci 2024). 

In this context, the regional level has been receiving increasing 
attention, leading Faggian et al. (2024) to call for further research 
into what they term the regional geography of twin transition 
(Faggian et al. 2025, p. 2). At the regional level, a vast body of 
literature demonstrates in fact that the spread and location of 

innovation are not evenly distributed across regions (Collini and 
Hausemer 2024; Rodríguez‐Pose and Bartalucci 2024; Bianchini 
et al. 2023; Boschma and Martin 2010), highlighting that different 
regional factors have to be considered when examining innovation 
development and adoption (Damioli et al. 2025; Rodríguez‐Pose 
and Villarreal Peralta 2015; Crescenzi and Rodríguez‐Pose 2011). 
This perspective is well supported by extensive research on regional 
innovation systems (RIS) (Asheim et al. 2011; Cooke 2008; Cooke 
et al. 1997), evolutionary economic geography (Boschma and 
Frenken 2018, 2006; Kogler 2015; Boschma and Martin 2007) and 
geography of sustainability transition (Barbero et al. 2025). These 
fields emphasize that innovation emerges from the systemic in
teractions of various regional factors and the complex networks of 
different actors (Barbero et al. 2025; Barbieri et al. 2020; Ortega and 
Serna 2020; Horbach et al. 2014; Edquist 1997). 

Among the various actors influencing innovation, institutions, 
and the quality of government more in general, have proven to be 
a key factor in either facilitating or hindering both general 
innovation (Zhang and Rodríguez‐Pose 2024; D'Ingiullo and 
Evangelista 2020; Rodríguez‐Pose 2020; Boudreaux 2017; Tebaldi 
and Elmslie 2013; Crescenzi and Rodríguez‐Pose 2009) and 
the green one (Pinate et al. 2025; De Pascale et al. 2024; 
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Sun et al. 2019). Research generally distinguishes between formal 
and informal institutions, with the former referring to transparent 
and codified rules (Rodríguez‐Pose 2020) shaping human and 
social interactions (Rodríguez‐Pose and Storper 2006; Boschma 
2005; North 1990) and thus able to different dimensions related to 
economic development (Lasagni et al. 2015; Acemoglu and 
Johnson 2005). Informal institutions, on the other hand, are 
mainly related to values such as trust, social capital, and tolerance 
(Rodríguez‐Pose 2020). Taking a regional perspective, research 
(see, e.g., Charron et al. 2014) have shown how institutional 
quality varies across territories at the subnational level, becoming 
a fundamental variable in explaining not only the (different) 
innovative trajectory of territories, but also the socio‐economic 
development (Cutrini 2023; Bottasso et al. 2022; Rodríguez‐ 
Pose 2020). Lastly, the role and the quality of institutions become 
even more critical in transitional phases, where economy and 
society move from a dominant setting to another (De Pascale 
et al. 2024, p. 691). This transition involves a multifaceted set of 
socio‐economic actions, regulations, and public policies, making it 
more than just a policy change (Collini and Hausemer 2024, p. 868). 

Despite the acknowledged importance of regional contexts, 
relatively few studies have adopted a regional perspective 
(Damioli et al. 2025; Marrocu et al. 2025), and even fewer have 
specifically examined the role of institutional quality in the twin 
transition (Bănică et al. 2024; Brueck et al. 2025; De Pascale 
et al. 2024; Bianchini et al. 2023). Such a perspective is 
becoming more and more relevant in the light of the potential 
for green and twin transition to increase territorial discontent, 
further leading to a regional polarization and jeopardization of 
the geography of discontent. As recently highlighted by 
Rodríguez‐Pose and Bartalucci (2024), in fact, this transition 
potentially may have indirect negative effects, especially in 
terms of labor markets dynamic, human capital migration and 
smart specialization strategy, that should be mitigated for a 
stronger role of institutions. In other words, institutions are key 
players in the match among twin transition, discontent and 
economic development. 

Starting from these premises, and especially from the 
recognition that (i) the adoption and development of innovation 
is deeply rooted in regional and local characteristics of terri
tories, (ii) institutions and the quality of government is one 
fundamental variable in the equation explaining economic and 
innovation development, and that (iii) it varies across regions, 
this study investigates the role of institutional quality in 
advancing the twin transition across European regions. Specif
ically, this research investigates the role of institutional quality 
in advancing the twin transition across European regions. In 
doing so, it aims to contribute to the ongoing call for a deeper 
exploration of the regional and territorial dimension of the twin 
transition and its key determinants, with a particular focus on 
the effect of institutional quality. Furthermore, this study also 
widely recognizes the interconnections between twin transition, 
development trap, institutions and the potential for polarizing 
discontent across European regions. 

To achieve this research objective, we use data from multiple 
key sources, including OECD REGPAT and EUROSTAT, i.e., 
patents registered with the European Patent Office (EPO) 
related to sustainable technologies as defined by the EPO's Y02/ 
Y04S tagging scheme. For digital patent we used: Internet of 
Things (IoT), Cloud Computing, Big Data, Robotics, 3D Printing 

and Artificial Intelligence (AI). Institutional quality is measured 
using the European Quality of Government Index (EQI), de
veloped by the Quality of Government Institute (Charron 
et al. 2019), both at the aggregate level and considering its single 
dimensions (i.e., impartiality, administrative efficiency and 
corruption control). Methodologically, we estimate a Tobit 
panel model, appropriate given the censored nature of patent 
fractional count data and the high presence of zeros across 
regions and years. This approach allows us to model both the 
probability of patenting activity and its intensity, conditional on 
occurrence (Bianchini et al. 2023; Wooldridge 2019). 

Our main findings show that institutional quality, intended as an 
aggregate index, supports twin transition and, at the same time, 
its three dimensions separately considered have a significant and 
positive impact on twin transition across European regions. 

This study offers three main contributions. First, it provides 
novel empirical evidence on the role of regional institutional 
quality as a key enabler of twin transition, a topic still under
explored in the literature. Second, it advances the geography of 
twin transition literature by combining patent data on green 
and digital technologies into a unified measure of twin transi
tion, allowing for spatially disaggregated analysis. Third, by 
employing a robust econometric approach and high‐quality 
regional data, it generates actionable insights for EU cohesion 
policy and regional innovation strategies. 

The paper proceeds as follows. Section 2 provides an overview of 
the spatial anatomy of twin transition across Europe; Section 3 
summarizes the theoretical framework, reading twin transition first 
through the lens of development trap and geography of discontent 
and, then specifically focusing on the role of institutions. Data, 
variables and methods are presented respectively in Section 4. 
Results are presented in Section 5, and Section 6 concludes and 
highlights policy implications and limitations of the study. 

2 | Spatial Anatomy of the Twin Transition in 
Europe 

Regional and evolutionary economists have widely demonstrated 
that innovation does not diffuse uniformly across territories 
(Collini and Hausemer 2024; Rodríguez‐Pose and Bartalucci 2024; 
Bianchini et al. 2023; Boschma and Frenken 2018). Instead, the 
spread, adoption, diffusion and impact of innovation is shaped by 
distinct region‐specific conditions (Rodríguez‐Pose and Villarreal 
Peralta 2015; Crescenzi and Rodríguez‐Pose 2011) as well as from 
cognitive and spatial embeddedness (Damioli et al. 2025; 
Storper 2018; Capello 2002). In this, twin transition innovation 
is not different, as also demonstrated by the growing literature on 
the topic. 

Examining the impact of twin technologies on GHG emissions 
in EU metropolitan regions, Bianchini et al. (2023) show how 
digital technologies in particular, display highly uneven devel
opment across the EU, with Eastern and peripheral regions 
lagging behind. Their analysis also indicates that the diffusion 
of twin technologies is shaped by regional endowments. Spe
cifically, the positive effect on GHG reduction is strongest in 
regions with substantial digital technological capacity, while 
the negative environmental effects associated with digital 
technologies are less pronounced in regions with a strong base 
of green technologies (Bianchini et al. 2023). 
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The different diffusion of green transition, as well the associated 
risk, is clearly shown by the work of Rodríguez‐Pose and 
Bartalucci (2024). These authors, after identifying the direct and 
indirect impact of green transition, propose the Regional Green 
Transition Vulnerability Index, aimed at assessing the effect of 
such transition on regions and taking into account six different 
dimensions (i.e., fossil fuel dependency and emission; tourism; 
energy; transportation; agriculture and land use; industry). 
They mainly find that (i) metropolitan areas are less vulnerable 
to changes related to green transition while (ii) many lagging 
regions are much more vulnerable to the negative impact of 
green transition (Rodríguez‐Pose and Bartalucci 2024). 

Fazio et al. (2025) investigate the effect of innovative orientation 
and specialisation of regions (distinguishing between informa
tion and communication technology—ICT—and green tech
nology) on twin transition across 259 European regions from a 
time horizon 1977–2018 and, overall, they found that innovative 
orientation is, in general, spatially unequal (Fazio et al. 2025, 
p. 16), with some regions being highly innovative, while others 
lagging‐behind. Second, they highlight that the spatial distri
bution of ICT, green and twin technologies varies over time 
moving from high concentration in regions located in Central 
and Northern Europe to a more dispersed distribution in 
later years. Third, innovative orientation and specialization 
matters for twin transition: ICT‐oriented regions are more likely 
to become twin oriented compared to green‐oriented regions. 
Lastly, they confirm the relevance of spatial association and 
clustering, also when highly innovative regions are removed 
from the sample (Fazio et al. 2025). 

Recognizing the relevance knowledge‐base plays in twin tran
sition, Damioli et al. (2025) analyze the spatial distribution of 
digital, green and twin scientific knowledge across NUTS‐2 
regions using three variables, i.e., quantity, quality, and visi
bility of scientific publications. Overall, they found that the 
topic diffuses over an increasing number of EU regions with a 
mostly defined spatial pattern that differs from that of patenting 
activities. In fact, these authors highlight twin scientific publi
cations developed in specific regions of Italy, Finland, Portugal 
and Spain, while they register a weaker twin scientific pro
duction in Eastern Europe (Damioli et al. 2025). 

Barbero et al. (2025) analyze twin transition at the regional level 
taking a slightly different perspective. The authors, by using a 
novel dataset and combining qualitative and quantitative 
approach, analyze the geographical distribution and the 
regional concentration patterns of European Regional Devel
opment Fund (ERDF) related to green, digital and twin projects. 
Overall, they found that ERDF projects follow a geographical 
pattern, with the highest concentration in the most polluting 
regions (Eastern and Western countries and some regions of 
Ireland, Finland and France). Furthermore, they also found that 
higher skilled human capital and good governance are associ
ated with a greater propensity of ERDF funds allocation. Lastly, 
by adopting a qualitative approach, these authors show the 
existence of heterogeneity in twin transition regional policies, 
highlighting the relevance of place and space, as suggested by 
evolutionary economists (Barbero et al. 2025). 

Marrocu et al. (2025) focus on how European regions address 
green, digital and twin priorities in their Smart Specialization 
Strategy (S3) during 2014–2020. These authors, by analyzing 

1145 policies on 164 territorial units at NUTS‐2 level, found 
territorial heterogeneity in the implementation of green and 
digital policies and, secondly, the impact of these policies on the 
regional performance depends on the initial development level 
of these regions. 

These studies confirm that the spread and diffusion of twin 
transition depends on specific regional‐context, in line with the 
main evolutionary economy and RIS framework. This, com
bined with the relevance of the topic from both an academic 
and policy perspective, needs further investigation, especially to 
develop place based policies and to mitigate the potential effect 
on (geography of) discontent and development trap in which 
institutions play a central role, as discussed in the next section. 

3 | Theoretical Background 

3.1 | Regional Development Trap, Discontent and 
Institutions 

Although twin transition has been widely recognized as a driver 
for economic development, scholars also recently highlight the 
potential of twin transition to foster the process of regional 
development trap (Diemer et al. 2022) and territorial inequali
ties (Pike et al. 2016), especially for peripheral or non core 
regions (Roessler 2024). In other words, twin transition might 
also create winners and losers at the regional level. 

The idea of development trap originated from the widely evi
dence that there is a Europe at different speed (Diemer et al. 2022, 
p. 488), with regions at both the top and the bottom of economic 
development being characterized by an economic and productive 
dynamism, while the middle‐income regions being characterized 
by long‐term stagnation and development “immobility.” These 
trapped regions are characterized by low economic growth, 
limited productivity growth and unemployment (Diemer 
et al. 2022). Specifically, Diemer et al. (2022) define a regional 
development trap as a situation in which a region registers weak 
income, productivity and employment growth with respect to (i) 
its past economic performance, (ii) their country, and (iii) other 
similar European regions. 

It is also recognized that being trapped for a long time can cause 
economic marginalization and social and political resentment, 
thus increasing the overall discontent in a territory 
(Roessler 2024; Greve et al. 2023; Diemer et al. 2022; Dijkstra 
et al. 2020). Specifically, discontent is defined as the unhappiness 
experienced by people living in a mix of stagnating and low pro
ductivity regions—mainly rural areas and medium and small 
cities—as a direct consequence of the limited opportunities and 
economic prospect they face (Dijkstra et al. 2020, p. 744). In fact, 
being trapped has fundamental consequences for the prosperity 
of residents and also on its perception about current economic 
performance with the previous ones and with similar territories 
(Rodríguez‐Pose and Bartalucci 2024; Diemer et al. 2022). 

Discontent, therefore, is a geographical phenomenon 
(Florida 2021), as demonstrated by the increasing literature of the 
geography of discontent (see, e.g., Lenzi and Perucca 2021; 
Dijkstra et al. 2020; McCann 2020; Rodríguez‐Pose 2018), which 
highlights how political resentment strongly results from 
increased economic and social marginalization, economic stag
nation low productivity and rising inequality (Rodríguez‐Pose 
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and Bartalucci 2024; Bourdin and Torre 2023; Florida 2021; Lenzi 
and Perucca 2021; De Ruyter et al. 2021). In this context, 
institutions do play a central role (Karahasan and Pinar 2024; 
Bottasso et al. 2022; Ferrante and Pontarollo 2022; 
Agerberg 2017). Weak institutional quality, in fact, may increase 
dissatisfaction among inhabitants, thus generating political and 
social tensions (Torre and Bourdin 2026), while corruption has 
been found to be one of the sources of populism in Europe 
(Apergis and Pinar 2023). Interesting results are provided by the 
recent study of Karahasan and Pinar (2024), who, studying the 
effect of institutional quality on discontent and opposition in 
European regions, find that weak institutional quality is associ
ated with votes for anti‐Europe parties and that regions experi
encing economic growth are less prone to vote for EU opposition. 

There is, therefore, a complex interplay between regional devel
opment, institutions and discontent (De Ruyter et al. 2021). In 
this context, twin transition, with its potential to foster economic 
growth cannot be treated as a separate phenomenon, but, 
instead, it should be conceptualized and read in the light of these 
phenomena, especially from a policy perspective. In Marrocu 
et al. words’ if not properly addressed, this uneven exposure may 
fuel territorial discontent and political backlash, potentially un
dermining support for green transition itself (Marrocu et al. 2025, 
p. 5). The challenges posed by the twin transition, in fact, with its 
secondary impact on productivity, innovation, skills and labor 
market, therefore need strong institutions in order to support an 
equal development of European regions, thus reducing inequal
ities among territories. 

3.2 | Institutions, Innovation, and Twin 
Transition 

There is broad consensus that regional disparities exist in both 
the diffusion and intensity of innovation, raising questions 
about the role of institutions in either fostering or hindering 
innovation (Zhang and Rodríguez‐Pose 2024; D'Ingiullo and 
Evangelista 2020), and the context of twin transition is not an 
exception (see, e.g., Bănică et al. 2024; Rodríguez‐Pose and 
Bartalucci 2024). 

At a broader level, formal institutions shape economic growth 
and innovation by establishing the “rules of the game” within 
society (Cutrini 2023; Lasagni et al. 2015; Rodríguez‐Pose 2013; 
North 1990). These rules, in turn, influence social norms that 
affect individual behavior, risk‐taking, creativity, and problem‐ 
solving, crucial aspect for innovation to take place (D'Ingiullo 
and Evangelista 2020; Crescenzi and Rodríguez‐Pose 2009; 
Acemoglu and Johnson 2005). Thus, institutions play a crucial 
role in enabling innovation and regional economic growth by 
fostering conditions for investment, collaboration among 
diverse stakeholders, and productive economic interactions 
(Lasagni et al. 2015; Rodríguez‐Pose and Di Cataldo 2015; 
Tebaldi and Elmslie 2013; Rodríguez‐Pose 2013). 

The influence of institutions becomes even more significant 
during transitional periods, such as that of the twin transition. 
Strong and effective governance structures, well‐established rule 
and regulatory frameworks, in fact, directly and indirectly affect 
the transition process, especially by influencing the behavior of 
economic agents and their decisions regarding business opera
tions and investments (De Pascale et al. 2024; Geels et al. 2021). 

The extant economic and regional literature has identified 
several mechanisms through which institutional quality affects 
innovation. 

Strong institutions foster investment in innovation, supporting 
tax incentives for R&D or strong intellectual property protec
tions, thus encouraging companies to pursue new ideas and 
technologies (Butenko and Larouche 2015; Rodríguez‐Pose and 
Storper 2006). Institutions also facilitate learning processes and 
knowledge exchange among diverse, often competing, actors 
(Zhang and Rodríguez‐Pose 2024; Rodríguez‐Pose and Di Cat
aldo 2015). Furthermore, strong institutions are often associated 
with low levels of corruption, which, although not directly tied 
to innovation, increases institutional trust and encourages 
investment in innovative activities. Transparent, uncorrupted 
institutions foster a fair regulatory environment, reducing the 
economic and social costs associated with uncertainty 
(D'Ingiullo and Evangelista 2020; Levchenko 2007). 

Second, highly bureaucratic institutions can discourage inno
vation by increasing transaction costs, uncertainty, and barriers 
to knowledge and technology transfer (Rodríguez‐Pose and 
Zhang 2020; North 1990). Conversely, government effective
ness, enforceable contracts, and protection of property rights 
improve the implementation of regulations at both national and 
regional levels (Culas 2007). 

Moving to empirical research, extant studies show that insti
tutional quality is particularly critical for green innovation, 
supporting smart specialization, facilitating the diffusion 
of sustainable technologies, and raising public awareness 
of environmentally friendly practices (Bănică et al. 2024; 
Appiah et al. 2022). While research on the intersection 
between institutional quality and the twin transition is still 
emerging (Bănică et al. 2024; De Pascale et al. 2024), its 
importance in driving green innovation is increasingly 
recognized. 

Among the two dimensions of the twin transition, extant lit
erature mostly focuses on environmental innovation. National 
and regional institutions play key roles in enforcing environ
mental regulations, promoting renewable energy, and reducing 
emissions through policy tools (Obobisa et al. 2022. Empirical 
studies support these findings: Chen et al. (2024) and Dam et al. 
(2023) show that strong institutions, especially those protecting 
intellectual property rights and enforcing environmental stan
dards, promote investment in green innovation. On the other 
hand, corruption negatively impacts green innovation, energy 
consumption, and sustainable development (Rahman and 
Sultana 2022). A recent Italian study by Pinate et al. (2025) 
confirms that institutional quality, measured by the Institu
tional Quality Index (IQI) (Nifo and Vecchione 2014), positively 
influences green innovation. Among the five IQI components1, 
“regulatory quality” and “voice and accountability” had the 
strongest impact. 

Regarding the twin transition, two studies are especially note
worthy. Bănică et al. (2024), focusing on (i) investigating the 
role of different socio‐economic factors (one of which is 
the institutional quality) and EU, and especially on those 
countries receiving substantial funds from the Recovery and 
Resilience Fund and (ii) understand whether less developed 
regions have the capacity to jointly implement both digital and 
environmental policy objectives, found that institutional quality 

4 Journal of Regional Science, 2026 



significantly affects the green and digital transition in European 
regions. Strong institutions are better equipped to implement 
long‐term sustainable strategies and policies, while responsible 
and accountable institutions provide a solid foundation for 
transition efforts. In Italy, De Pascale et al. (2024) used the IQI 
to show that institutional quality plays a key role in supporting 
the green aspect of the twin transition, but not the digital one. 
They attribute their findings to the regulatory demands of 
sustainable innovation, whereas digital transformation may be 
more closely driven by economic factors, such as GDP, than by 
institutional conditions. 

4 | Data and Sources 

We constructed a database at the NUTS2 level by integrating 
information from several primary sources. 

First, we used the OECD REGPAT database, from which pa
tents registered with the European Patent Office (EPO) were 
extracted, focusing specifically on those related to eco‐ 
innovation and digital technologies. These patents were sub
sequently combined to identify those relevant to the so‐called 
twin transition. 

Second, institutional quality was measured using data pro
vided by the Quality of Government Institute, which develops 
the EQI, based on citizens’ perceptions of fairness, quality of 
public services and direct experiences of corruption in the 
public sector. 

Third, additional socio‐economic and technological control 
variables, such as Gross Domestic Product (GDP) and the 
number of people employed in knowledge‐intensive sectors 
(used as a proxy for high‐skilled human capital), were col
lected from the EUROSTAT database. Finally, we integrated 
data on regional innovation performance from the European 
Commission's Regional Innovation Scoreboard. A detailed 
summary of variables and related sources is presented in 
Table 1. 

4.1 | Dependent Variables 

To construct the Twin transition patent variable, which mea
sures the number of patents related simultaneously to eco‐ 
innovation and digital technologies, we followed a two‐step 
methodology. First, we identified eco‐innovation patents and 
digital patents separately; subsequently, we selected those pa
tents that overlapped between these two categories based on 
their patent codes. 

For eco‐innovation patents, we employed the OECD REGPAT 
database, utilizing the EPO's Y02/Y04S tagging scheme, which 
extends standard patent classifications by adding “Y” sections 
specifically dedicated to Climate Change Mitigation Technolo
gies (CCMTs). This method is widely used to distinguish eco‐ 
friendly patents and is supported by studies from the Joint 
Research Centre (JRC) of the European Commission (Pasimeni 
et al. 2021). 

For digital patents, we employed the approach used by 
Martinelli et al. (2021) to identify patents through CPC 
(Cooperative Patent Classification) codes. Specifically, this 
approach identifies the following Industry 4.0 enabling tech
nologies: Internet of Things (IoT), Cloud Computing, Big Data, 
Robotics, 3D Printing and Artificial Intelligence (AI). 

By integrating these two patent sets (eco‐innovation and digital 
patents), we constructed the Twin Transition patent database 
measured at the NUTS2 level. Specifically, to construct our 
dependent variable, we follow Maraut et al. (2008) and we use 
fractional patent counts based on the applicant's address, a 
method that allows to allocate a share of each patent to the 
applicants’ home NUTS2 regions, when co‐applicants are 
involved (Leggerini et al. 2025). 

4.2 | Independent Variables 

To measure institutional quality, we use the EQI (Charron 
et al. 2019), both at the aggregate level (EQI) and considering 

TABLE 1 | Variables used in the study.    

Variable Definition Source  

Dependent variables 
Twin transition Number of patents made in Twin transition technologies Orbis Intellectual Properties 
Independent variables 
EQI European quality of government index Quality of Governament Institutes 
Impartiality Part of the EQI index that evaluates the level of impartiality Quality of Governament Institutes 
Administrative efficiency Part of the EQI index that evaluates the level of 

administrative efficiency 
Quality of Governament Institutes 

Corruption control Part of the EQI index that evaluates the level of control of 
corruption 

Quality of Governament Institutes 

Controls variables 
GDP Gross domestic product in billions of € Eurostat 
HTECH Employment in technology and knowledge‐intensive sectors 

(thousand persons) 
Eurostat 

Innovation index The regional innovation scoreboard (RIS) is a regional 
extension of the European innovation scoreboard (EIS), 
assessing the innovation performance of European regions 

European Commission 

Source: Author's elaboration.  
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separately each specific dimension. The EQI consists of 
individual‐level data from a citizen‐based survey conducted in 
2010, 2013, 2017, and 2021, focusing on individual perceptions 
of three subdimensions (namely “impartiality,” “administrative 
efficiency,” and “corruption control”) in education, public 
healthcare, and law enforcement within their communities. 
Thus, the EQI aims to evaluate the “quality” rather than the 
“quantity” of public services delivered by regional governments 
(Charron et al. 2019; Sundström and Wängnerud 2018). Since 
EQI data are available only for discrete survey waves, while 
patent outcomes are observed on an annual basis, we construct 
an interpolating. This approach is commonly adopted when 
dealing with slowly evolving institutional indicators and is 
justified by the high persistence of institutional quality over 
time. Interpolation allows us to approximate annual variation 
while preserving temporal continuity and avoiding artificial 
breaks in the institutional series (Flip and Setzer 2025). 

Impartiality constitutes a component of the EQI index, which 
evaluates the capacity of public institutions to treat all in
dividuals equitably, devoid of favoritism influenced by personal 
relationships, status, or other variables. Impartiality is assessed 
either by the sense of preferential treatment for certain in
dividuals or by the conviction that all individuals receive equal 
treatment within public institutions, including education, 
healthcare, and law enforcement. 

The EQI index also includes administrative efficiency as a 
component that evaluates the perceived effectiveness of public 
services, including health, education, and law enforcement. 
Citizens assess the efficacy of public services based on satis
faction and dependability. High administrative efficiency sig
nifies the effective functioning and prompt responsiveness of 
public services to the requirements of citizens. 

Corruption control, a component of the EQI index, reflects the 
population's perception and experience of corruption within 
public services. Corruption is characterized as the exploitation of 
official authority for personal benefit. Corruption encompasses 
citizens’ encounters with bribery and their perceptions of favor
itism and transparency inside governmental organizations. 

4.3 | Control Variables 

In addition to these independent variables, the study includes 
three control variables to account for other factors that might 
influence innovation output. First, we use the Gross Domestic 
Product (GDP) of the region at the NUTS2 level, expressed in 
millions of euros, which represents the economic size and 
research and development investment capacity of the region 
(Kinyar and Bothongo 2024). A second control variable refers to 
the number of employed in the high‐tech sector (HTECH) (1000 
persons) (Tal et al. 2024) and it used as a proxy for high‐skilled 
human capital, which is recognized as a relevant factor for 
innovation (Pinate et al. 2024; Losacker et al. 2023). The Inno
vation Index is measured through the Regional Innovation 
Scoreboard, a composite indicator developed by the European 
Commission that captures regional innovation capacity across 
multiple dimensions, including R&D inputs, patenting activity, 
human capital, and knowledge‐intensive employment (Nasir 
and Zhang 2024). To account for common macroeconomic 
shocks, policy cycles, and unobserved temporal dynamics 

affecting all regions simultaneously, we include a full set of year 
dummy variables in all model specifications. This time fixed 
effects control for EU‐wide events and trends (such as the global 
financial crisis, the sovereign debt crisis, the gradual imple
mentation of the European Green Deal, and the COVID‐19 
shock) without imposing any parametric assumption on the 
time profile of innovation. By absorbing common temporal 
variation, year dummies allow the estimated coefficients to 
capture the effect of regional institutional quality net of general 
time trends and shared external shocks. 

4.4 | Method 

The final panel dataset consists of 3536 observations across 221 
NUTS2 regions from 2006 to 2020. This balanced structure 
provides sufficient variability both across time and regions to 
identify the effects of interest with reasonable precision. 

The models were estimated using a Tobit panel regression, 
which is appropriate due to the censored nature of the depen
dent variable (Wooldridge 2019). Since patent counts often 
include many zeros (i.e., regions with no Twin Transition pa
tents in certain years), the Tobit model accounts for this left‐ 
censoring at zero, ensuring consistent and unbiased parameter 
estimates (Bianchini et al. 2023). This approach allows us to 
model both the probability of a region having any patent activity 
in the Twin Transition domain and, conditional on having at 
least one, the intensity of that activity (Bianchini et al. 2023). 

From an empirical perspective, our analysis followed a two‐step 
approach. First, we examined the overall impact of institutional 
quality, using the composite EQI (EQI) as the main explanatory 
variable (model 1). Subsequently, we assessed the influence of 
each individual subcomponent of institutional quality by esti
mating separate models with the following models (model 2, 3, 
and 4). In these models, the dependent variable measures the 
number of Twin Transition patents at the regional (NUTS2) 
level, observed 2 years ahead to account for potential lags in 
innovation outcomes. We also include time fixed effects (YEAR) 
to control for unobserved temporal shocks that may influence 
all regions simultaneously. 

We thus have: 

Model 1: Twin transitiont + 2 = β0 + β1 EQIi,t + β2 GDPi,t + β3 

HTECHi,t + β4 Innovation Indexi,t + β5 YEARt + εi,t + 2   (1) 

Model 2: Twin transitiont + 2 = β0 + β1 Impartialityi,t + β2 GDPi,t + 
β3 HTECHi,t + β4 Innovation Indexi,t + β5 YEARt + εi,t + 2   (2) 

Model 3: Twin transitiont + 2 = β0 + β1 Administrative Effi
ciencyi,t + β2 GDPi,t + β3 HTECHi,t + β4 Innovation Indexi,t + β5 

YEARt + εi,t + 2   (3) 

Model 4: Twin transitiont + 2 = β0 + β1 Corruption controli,t + β2 

GDPi,t + β3 HTECHi,t + β4 Innovation Indexi,t + β5 YEARt + ε 
i,t + 2   (4) 

5 | Results 

Figure 1 shows the total number of patents in twin transition in 
the European Union, by application year, showing, overall, an 
increasing trend, except for 2021 and 2022, probably due to 
truncation bias (e.g., patent applications not yet granted) 
(Leggerini et al. 2025). 
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The spatial distribution of Twin Transition patents across 
European NUTS2 regions reveals a jeopardized distribution 
across EU regions, with activity concentrated in a limited 
number of core areas (Figure 2). For visualization purposes, 
patent counts are reported in discrete intensity classes (0; 1–20; 
20–40; 40–100; 100–200; 200–500; >500; NA), which makes 
cross‐regional contrasts easier to interpret. In particular, 
southern Germany stands out as the leading hub, with the 
highest number of patents, exceeding 1200, suggesting a strong 
industrial and technological base capable of integrating green 
and digital innovations. Other active regions include parts of 
France and Northern Italy, though with significantly lower 
patent counts. Conversely, a vast portion of Europe (including 
large parts of Eastern and Southern countries) shows very 
limited or no patenting activity in the Twin Transition domain. 
This pattern indicates a strong East‐West divide in innovation 
capabilities and reflects broader structural disparities in terms 
of research infrastructure, industrial specialization, and insti
tutional support for innovation. 

At the more general level, this findings is in line the extant 
literature of RIS as well as evolutionary economic geography, 
according to which the spread of innovation diffusion and 
adoption depend of regional characteristics and it is, basically, a 
geographical phenomenon (see, e.g., Collini and Hausemer 2024; 
Boschma and Frenken 2018; Rodríguez‐Pose and Villarreal Per
alta 2015; Crescenzi and Rodríguez‐Pose 2011). This uneven 
distribution is also confirmed when twin transition is concerned. 
This is not a surprising result, given the heterogeneity of twin 
transition spatial anatomy, described in Section 2. This hetero
geneous twin transition patent distribution maybe be explained 
by different reasons: innovative orientation and specialization 
(Fazio et al. 2025), spatial distribution of “twin scientific 
knowledge” (Damioli et al. 2025), concentration of development 
funds (Barbero et al. 2025) and Smart Specialization Strategy 
adoption (Marrocu et al. 2025). 

Table 2 shows the descriptive statistics. Multicollinearity has 
been estimated through the Variance Inflation Factors (VIF). 
Table 3 shows the descriptive statistics for the selected 
variables, reporting a mean VIF value of 5.99 (Shrestha 2022). 
Table 3 provides the correlation matrix. 

5.1 | Empirical Results 

Empirical results are reported in Table 4. 

In Model 1, EQI is positive and highly significant, indicating 
that regions with higher overall institutional quality are more 
likely to generate Twin Transition patents 2 years later 
(b = 3.560, p < 0.001) (Figure 3). This finding supports the idea 
that better governance conditions, such as effective public ser
vices, low corruption, and fair treatment of citizens, can foster 
environments conducive to green and digital innovation. In 
fact, in line with the current literature on innovation, high 
institutional quality and strong institutions favor innovation, 
through different channels. First, overall, by influencing social 
norms and individual behavior, high institutional quality is 
likely to favor risk‐taking, creativity and innovative problem‐ 
solving approaches, ingredients that, in turn, are crucial for 
innovation development (Leggerini et al. 2025; D'Ingiullo and 
Evangelista 2020; Crescenzi and Rodríguez‐Pose 2009; 
Acemoglu and Johnson 2005). In this sense, therefore, high 
quality of institutions influence the decision‐making of eco
nomic agents regarding their business operations as well as 
investment to engage in the innovation path (Rodríguez‐Pose 
and Storper 2006). Lastly, a high quality of institution could also 
support investment in innovation activities, especially through 
tax incentives, intellectual property protection and public R&D 
support (Leggerini et al. 2025). 

In Model 2, Administrative Efficiency is positive and highly 
significant, suggesting that the quality and effectiveness of 

FIGURE 1 | Number of patents in twin transition over time. Source: author's elaboration. [Color figure can be viewed at wileyonlinelibrary.com]  
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public administration directly contribute to higher levels of 
Twin Transition patenting (b = 3.017, p < 0.001) (Figure 4). In 
this respect, in fact, dealing with efficient public organization 
and administration can lower translation cost, favoring a 

fruitful and timely collaboration between public and private 
actors and, lastly, strengthening technology and knowledge 
transfer among institutions, thus maximizing the potential, 
for a region, to innovate (Rodríguez‐Pose and Zhang 2020). 

FIGURE 2 | Number of patents in twin transition NUTS 2. Source: author's elaboration. [Color figure can be viewed at wileyonlinelibrary.com]  

TABLE 2 | Descriptive statistics.       

Variable Obs Mean Std. dev. Min Max  

Twin transition t‐2 3536 1.311 7.204 0 166.333 
Twin transition t‐1 3536 1.157 6.636 0 166.333 
EQI 3536 0.112 0.997 −3.004 2.822 
Administrative efficiency 3536 0.103 0.998 −3.488 3.314 
Impartiality 3536 0.108 0.998 −3.219 2.644 
Control of corruption 3536 0.117 1.006 −2.913 2.572 
GDP 3536 50714.159 64448.868 992.53 729515.61 
HTEC 3536 30.75 42.203 0 423.9 
Innovation index 3536 90.027 31.315 15.114 159.483 

Source: Author's elaboration.  
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TABLE 3 | Correlation matrix.           

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9)  

(1) Twin transition t‐2 1   
(2) Twin transition t‐1 0.916 1   
(3) EQI 0.148 0.143 1   
(4) Administrative efficiency 0.153 0.15 0.964 1   
(5) Impartiality 0.121 0.116 0.97 0.904 1   
(6) Control of corruption 0.153 0.147 0.967 0.894 0.911 1   
(7) GDP 0.393 0.375 0.183 0.169 0.159 0.201 1   
(8) HTEC 0.375 0.356 0.109 0.092 0.089 0.132 0.891 1   
(9) Innovation index 0.235 0.226 0.786 0.774 0.763 0.743 0.42 0.339 1 

Source: Author's elaboration.  

TABLE 4 | Econometric results.        

Model 1 Model 2 Model 3 Model 4 
Twin transition t‐2 Twin transition t‐2 Twin transition t‐2 Twin transition t‐2  

EQI 3.560*** 
(0.841)       

Administrative efficiency   3.017*** 
(0.764)     

Impartiality     3.201*** 
(0.781)   

Control of corruption       2.059*** 
(0.700) 

GDP 0.000128*** 
(1.42e−05) 

0.000125*** 
(1.41e−05) 

0.000129*** 
(1.43e−05) 

0.000125*** 
(1.41e−05) 

HTEC −0.0520** 
(0.0205) 

−0.0513** 
(0.0205) 

−0.0534*** 
(0.0206) 

−0.0560*** 
(0.0203) 

Innovation index 0.118*** 
(0.0295) 

0.136*** 
(0.0277) 

0.129*** 
(0.0284) 

0.156*** 
(0.0271) 

2006 0.131 
(1.575) 

0.144 
(1.576) 

0.148 
(1.577) 

0.176 
(1.586) 

2007 1.519 
(1.510) 

1.555 
(1.510) 

1.552 
(1.512) 

1.589 
(1.521) 

2008 3.568** 
(1.447) 

3.608** 
(1.447) 

3.602** 
(1.449) 

3.700** 
(1.456) 

2009 1.328 
(1.497) 

1.343 
(1.499) 

1.409 
(1.497) 

1.442 
(1.507) 

2010 3.304** 
(1.442) 

3.294** 
(1.445) 

3.389** 
(1.443) 

3.459** 
(1.452) 

2011 3.681** 
(1.450) 

3.659** 
(1.452) 

3.799*** 
(1.450) 

3.830*** 
(1.459) 

2012 4.581*** 
(1.423) 

4.656*** 
(1.422) 

4.720*** 
(1.422) 

4.757*** 
(1.432) 

2013 4.904*** 
(1.424) 

4.919*** 
(1.426) 

5.038*** 
(1.423) 

5.137*** 
(1.431) 

2014 6.251*** 
(1.395) 

6.251*** 
(1.397) 

6.390*** 
(1.394) 

6.496*** 
(1.402) 

2015 5.717*** 
(1.404) 

5.638*** 
(1.408) 

5.820*** 
(1.404) 

5.952*** 
(1.411) 

2016 7.693*** 7.690*** 7.849*** 7.967*** 

(Continues) 
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Furthermore, effective and efficient institutions can foster 
(twin) innovation through the existence of enforceable con
tracts and strong protection of property rights (Culas 2007). 
Furthermore, effective institutions are better positioned to 
design and implement mission‐oriented policies that explicitly 
align environmental and digital objectives, for instance through 
coordinated public procurement, targeted R&D subsidies, and 
recovery funding that incentivises complementarities between 
green and digital technologies rather than siloed innovation 
paths (Santos et al. 2023). 

In Model 3, Impartiality shows a positive and statistically signifi
cant effect on Twin Transition patenting (b = 3.201, p < 0.001) 

(Figure 5). This indicates that in regions where public institutions 
act fairly and do not discriminate among citizens or firms, inno
vation outcomes tend to be more favorable. The result suggests 
that equitable governance can enhance trust and cooperation 
between public authorities and private actors, which is particularly 
important for the success of transitions requiring systemic coor
dination. By lowering coordination failures, facilitating cross‐ 
sectoral collaboration, and supporting open knowledge exchange, 
high‐quality and impartial institutions governance enhance the 
capacity of regions to recombine green and digital knowledge 
bases into novel hybrid inventions (Bianchini et al. 2023). In 
addition, fair and impartial institutions help ensure equitable 

TABLE 4 | (Continued)        

Model 1 Model 2 Model 3 Model 4 
Twin transition t‐2 Twin transition t‐2 Twin transition t‐2 Twin transition t‐2  

(1.380) (1.382) (1.379) (1.385) 
2017 8.501*** 

(1.375) 
8.493*** 
(1.377) 

8.660*** 
(1.374) 

8.763*** 
(1.381) 

2018 9.292*** 
(1.366) 

9.294*** 
(1.368) 

9.458*** 
(1.365) 

9.567*** 
(1.372) 

2019 8.947*** 
(1.373) 

8.894*** 
(1.378) 

9.171*** 
(1.370) 

9.313*** 
(1.376) 

2020 8.527*** 
(1.383) 

8.538*** 
(1.385) 

8.714*** 
(1.381) 

8.844*** 
(1.387) 

Constant −32.815*** 
(2.994) 

−34.164*** 
(2.897) 

−33.926*** 
(2.911) 

−35.881*** 
(2.845) 

Sigma u 6.835*** 
(0.412) 

6.749*** 
(0.405) 

6.980*** 
(0.425) 

6.669*** 
(0.396) 

Sigma e 7.705*** 
(0.156) 
(2.995) 

7.727*** 
(0.156) 
(2.897) 

7.695*** 
(0.156) 
(2.912) 

7.740*** 
(0.156) 
(2.845) 

Wald test 596.68*** 601.83*** 590.30*** 598.14*** 
Observations 3536 3536 3536 3536 
NUTS 2 221 221 221 221 

Note: Standard errors in parentheses. 
Source: Author's elaboration. 
*p < 0.1; **p < 0.05; ***p < 0.01.  

FIGURE 3 | Average marginal effect of EQI on twin transition. 
Source: author's elaboration.  

FIGURE 4 | Average marginal effect of administrative efficiency on 
twin transition. Source: author's elaboration.  
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access to support systems, grants, and innovation networks, 
thereby strengthening collaboration, trust, and collective learning 
among diverse stakeholders (Zhang and Rodríguez‐Pose 2024; 
Rodríguez‐Pose and Di Cataldo 2015). Such neutrality further 
fosters institutional legitimacy, standardized service delivery, and 
procedural stability, which together create a predictable and 
secure environment conducive to sustained digital advancement 
and long‐term innovation trajectories (Nafeza et al. 2025). 

In Model 4, Control of Corruption is also positive and highly 
significant (b = 2.059, p < 0.001), showing that lower levels of 
corruption are associated with higher levels of Twin Transition 
patenting (Figure 6). This finding underscores that transparent 
and accountable institutions play a vital role in supporting 
innovative activity. Reduced corruption likely improves the 
allocation of public resources, increases investor confidence, 
and ensures a level playing field, all of which are critical for 
enabling technological transitions. Extant studies show that a 
low level of corruption is expected to have a positive, although 
indirect, effect of investment in innovative activities, especially 
by increasing institutional trust from economic agents. Second, 
uncorrupted institutions may also define a fair and transparent 
regulatory environment reducing, in this way, the cost associ
ated with uncertainty (D'Ingiullo and Evangelista 2020). 

5.2 | Robustness Checks 

Two robustness checks are performed. In the first (Table 5), we 
use a different time lag of 1 year, and in the second (Table 6), 
we use the inventors’ addresses with 1‐ and 2‐year lags. The 
results are consistent with the previous findings, as shown in 
Tables 5 and 6. 

6 | Conclusion, Limitations, and 
Recommendations 

Twin Transition is currently a highly debated topic in different 
disciplines and policy domains, especially due to its relevance in 
the NGEU program (Barbero et al. 2025; Marrocu et al. 2025) as 
well as the huge amounts of resources devoted within the 
National Recovery Plans after the Covid‐19 pandemic (Bănică 
et al. 2024; De Pascale et al. 2024). 

Among the different academic disciplines investigating the twin 
transition, that of regional studies is particularly promising, espe
cially due to the widely recognized uneven distribution of tech
nological innovation in general across European regions (Collini 
and Hausemer 2024; Rodríguez‐Pose and Bartalucci 2024; 
Bianchini et al. 2023; Boschma and Martin 2010). 

Moreover, and especially at the regional level, the uneven dis
tribution of, first, green and, second, twin innovation may have 
the detrimental effect of widening the gap between regions, 
especially between the core regions and most developed, and 
those regions lagging behind. This is a relevant policy issue to 
be addressed for a set of different reasons. 

First of all, as shown by Rodríguez‐Pose and Bartalucci (2024) 
and Regional Green Transition Vulnerability Index they pro
pose, green transition can lead also to negative and somewhat 
unexpected negative consequences, which will mainly affect 
regions lagging behind in development. This undoubtedly 
requires policy measures that can mitigate the gap between 
European regions, rather than exacerbate it. 

Second, if it is widely recognized the potential for twin transi
tion to support innovative and economic development, scholars 
must also be aware of the potential to be a (negative) cause for 
“trapping” regions. In fact, as the spatial anatomy of twin 
transition we present, it is clear that there is an uneven spatial 
distribution of twin transition‐oriented innovation which not 
only can exacerbate territorial disparities, but can also lock in 
some regions. 

Thirdly, and as a consequence of the different spatial distribution 
of twin transition innovation and the risk of “being trapped,” 
there is a matter of discontent which should be addressed care
fully. There is a wide consensus that the status of being trapped 
for a long time is a cause of discontent (see, e.g., Rodríguez‐Pose 
and Bartalucci 2024; Roessler 2024; Dijkstra et al. 2020). 

In this context, institutions play, and will play, a central role. 

In fact, if, on the one hand, research on the geography of twin 
transition (Faggian et al. 2025) is achieving increasing relevance 
among regional scholars, the same can be said also for the role 
of institutions, and especially their quality, in fostering this 
transition (Collini and Hausemer 2024; De Pascale et al. 2024) 
and, thus, in preventing and mitigating the potential negative 
effect of twin transition, ensuring an even development of EU 
regions and preventing the acceleration of discontent. 

FIGURE 5 | Average marginal effect of impartiality on twin tran
sition. Source: author's elaboration.  

FIGURE 6 | Average marginal effect of control of corruption on 
twin transition. Source: author's elaboration.  
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This research specifically focuses on the effect of institutional 
quality in twin transition, recognizing institutions as key players 
to foster the digital and green future of regions. By employing a 
Tobit panel regression model on patent data across European 
NUTS2 regions, we have shown that higher institutional quality, 
as measured by the EQI, is strongly associated with a greater 
output of twin transition patents, confirming findings from pre
vious studies on the role of institutional quality and innovation 
(Rodríguez‐Pose and Zhang 2020; Rodríguez‐Pose and Di Cat
aldo 2015; Tebaldi and Elmslie (2013), and green innovation 
(Pinate et al. 2025; Chen et al. 2024). 

First, at the more general level, our results show that there exists 
a positive and statistically significant relationship between the 
EQI and twin transition patenting confirming previous theoret
ical and empirical research emphasizing that institutions act as 
critical enablers of innovation (Pinate et al. 2025; Zhang and 
Rodríguez‐Pose 2024, D'Ingiullo and Evangelista 2020), especially 
in times of systemic change. These results reinforce the idea that 
well‐functioning institutions contribute significantly to innova
tion capacity by providing a stable and transparent regulatory 
environment, efficient public administration, and equitable 
treatment of individuals and firms. The robustness of this rela
tionship, even when controlling for GDP, human capital in high‐ 

tech sectors, and regional innovation performance, highlights 
institutional quality not merely as a complementary factor but as 
a central component of the innovation ecosystem required for a 
successful twin transition. 

Second, the different dimensions of the EQI, such as adminis
trative efficiency, impartiality, and corruption control, also con
firm these results. For instance, regions with efficient and 
responsive public services may reduce bureaucratic burdens, 
making it easier for firms to navigate regulatory landscapes and 
focus on developing and deploying novel technologies 
(Rodríguez‐Pose and Zhang 2020; North 1990). Similarly, fair and 
impartial governance helps ensure equitable access to support 
systems, grants, and networks, which can strengthen collabora
tion and trust among innovation stakeholders (Zhang and 
Rodríguez‐Pose 2024; Rodríguez‐Pose and Di Cataldo 2015). 
Meanwhile, the importance of corruption control echoes the 
findings of previous literature (e.g., Pinate et al. 2025), suggesting 
that reducing uncertainty and improving institutional trust are 
vital for long‐term innovation investments. 

Furthermore, this study contributes to the growing body of 
research on the geography of the twin transition (Faggian 
et al. 2025), by evidencing the uneven spatial distribution of 
green‐digital innovation across the EU. Core industrial regions, 

TABLE 5 | Robustness test—1 year lag.        

Model 5 Model 6 Model 7 Model 8   
Twin transition t‐1 Twin transition t‐1 Twin transition t‐1 Twin transition t‐1  

EQI 2.740***         
(0.700)       

Administrative efficiency   2.821***         
(0.652)     

Impartiality     2.389***         
(0.660)   

Control of corruption       3.452***         
(1.043) 

GDP 9.82e−05*** 9.63e−05*** 0.000101*** −0.000136***   
(1.15e−05) (1.14e−05) (1.18e−05) (2.09e−05) 

HTEC −0.0319* −0.0293* −0.0354** 0.250***   
(0.0167) (0.0167) (0.0171) (0.0310) 

Innovation index 0.123*** 0.125*** 0.133*** 0.817***   
(0.0295) (0.0277) (0.0284) (0.0271) 

Other controls YES YES YES YES   
(0.0245) (0.0230) (0.0238) (0.0226) 

Sigma u 4.770*** 4.713*** 4.980*** 17.46***   
(0.242) (0.239) (0.258) (1.009) 

Sigma e 7.415*** 7.419*** 7.405*** 7.163***   
(0.145) (0.146) (0.145) (0.128)   
(2.586) (2.494) (2.527) (2.438) 

Wald test 668.42*** 676.30*** 652.52*** 3186.33*** 
Observations 3536 3536 3536 3536 
NUTS 2 221 221 221 221 

Note: Standard errors in parentheses. 
Source: Author's elaboration. 
*p < 0.1; **p < 0.05; ***p < 0.01.  
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particularly in Central and Northern Europe, dominate in pa
tenting activity, whereas peripheral regions remain marginal 
players. This raises critical concerns about spatial inequality in 
the access to and benefits from the twin transition. 

From a policy perspective, it clearly emerges that institutional 
quality does not merely serve as a background condition but 
acts as a dynamic enabler of innovation processes. Efficient and 
impartial public administrations can streamline bureaucratic 
procedures, enhance access to public support schemes, and 
foster trust‐based collaboration between public and private ac
tors. Conversely, corruption and institutional inefficiencies 
introduce uncertainty and inhibit both public and private 
investment in transformative technologies. 

At the same time, while our results indicate that higher insti
tutional quality is systematically associated with stronger 
green–digital inventive activity, they should not be interpreted 
as implying that institutions alone shield regions from polar
isation or development traps. Rather, the findings point to a 
conditional and context‐dependent role of governance. First, the 
absence of explicit interaction terms between institutional 
quality and development‐trap status means that our empirical 
models cannot directly test heterogeneous effects across differ
ent regional trajectories. Second, descriptive evidence suggests 
the existence of cross‐over cases—regions with relatively high 
institutional quality and income levels but modest twin‐ 
transition patenting performance—echoing the “unequal but 
successful” or “institutionally strong yet innovation‐lagging” 
territories identified by Rodríguez‐Pose et al. (2023). These 
cases highlight that institutional quality is a necessary but not 
sufficient condition for joint green–digital innovation, whose 
emergence also depends on complementary assets such as 
industrial structure, related knowledge bases, and mission‐ 
oriented policy coordination. From a policy perspective, this 
underscores the need for place‐sensitive interventions: EU 
cohesion and recovery funding would be most effective if 
aligned not only with innovation objectives but also with 
region‐specific institutional diagnostics. Strengthening admin
istrative capacity, reducing corruption, and enhancing policy 
coordination in lagging regions may unlock latent innovation 
potential, while in institutionally strong but underperforming 
regions, funding could prioritize mechanisms that foster cross‐ 
sectoral knowledge recombination and strategic alignment 
between green and digital priorities. In this sense, institutional 
quality should be seen less as a universal shield against polar
isation and more as a lever whose effectiveness depends on 
regional context and complementary capabilities. 

The study is not without limitations. Institutional quality is a 
complex and multidimensional concept (Rodríguez‐Pose 2020). 
The metrics used may not capture all relevant facets, especially 
when informal institutions are concerned, such as public trust, 
social capital, or civic norms. Although the EQI represents one 
of the most comprehensive subnational measures available, it is 
based on survey waves and therefore requires interpolation to 
construct annual series, which may smooth short‐term fluctu
ations in institutional conditions. 

From an econometric perspective, we adopt a conservative 
modeling strategy that prioritizes internal coherence between 
the data‐generating process and the econometric specification. 
The empirical strategy is designed to mitigate reverse causality 

by adopting a forward‐looking structure and extensive controls. 
The censored nature of patent data and the large share of zero 
observations motivate the use of a panel Tobit specification, but at 
the same time constrain the applicability of alternative identifica
tion strategies, such as instrumental‐variable, dynamic panel, or 
quasi‐experimental approaches. Future research could explore 
causal mechanisms more explicitly when richer data or alternative 
outcome measures allow for different modeling strategies. 

In addition, future research could explicitly investigate spatial 
spill‐overs and interregional diffusion mechanisms in the 
spread of green–digital innovation. Spatial interactions are 
likely to play an important role in shaping regional innovation 
trajectories, and dedicated research designs (possibly based on 
longer time series or alternative innovation indicators) would 
allow for a more detailed analysis of diffusion processes across 
neighboring regions. 

The geographical focus on European NUTS‐2 regions further 
limits the external validity of the findings. Extending the anal
ysis to regions outside Europe, or to contexts characterized by 
different institutional architectures, could help assess the gen
eralisability of the results. Similarly, although patents represent 
a well‐established proxy for technological innovation, future 
research could integrate additional indicators (such as scientific 
publications, R&D investments, or technology adoption mea
sures) to capture a broader range of innovation dynamics 
associated with the twin transition. 

Finally, a deeper qualitative investigation into the mechanisms 
through which institutional quality shapes twin‐transition 
innovation (through case studies, interviews, or policy analy
sis) would help open the current “black box” and complement 
the quantitative evidence. Such approaches could also better 
capture the role of informal institutions and governance prac
tices, which may be particularly relevant when the twin tran
sition is examined in relation to regional development traps and 
the geography of discontent.  

Endnotes 
1IQI is composed by five specific dimensions: “regulatory quality,” 
“voice and accountability,” “government effectiveness,” “rule of law,” 
and “corruption.” 
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