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ABSTRACT

This paper analyses the effect of “green regulations” i.e. those aimed at mitigating the effects of
climate change and environmental externalities, on innovation, using a novel regulatory database
covering the period 2008 — 2022 for Spain. The database identifies regulations at both the national
and regional levels through textual analysis. Employing a panel data approach, we assess how different
types of environmental regulations—particulatly those related to renewable energy—affect firm-level
innovation activities. Our findings indicate that national level green regulations have a positive effect
on innovation, whereas regional level regulations show mixed or negligible impacts. Importantly, the
interaction between national and regional regulations, measuring the simultaneous production of legal
texts at both levels can foster innovation but at a reduced pace with respect to the sole production
of regulation at the national level. Given the results for regional-level regulation, our results provide
evidence in favour of the hypothesis that regulatory fragmentation due to unequal, overlapping,
inconsistent or conflicting procedure across jurisdictions may diminish these benefits.
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NON-TECHNICAL SUMMARY

In the context of growing concern about climate change and environmental sustainability, public
policy plays a key role. One of the most common tools used by governments to promote sustainability
is regulation. But what is the effect of this “green regulation” on firms? Does it encourage innovation,
or does it hinder firms’ ability to grow and adapt?

This paper examines that question by analysing how environmental regulation has affected business
innovation in Spain between 2008 and 2022. We developed a novel dataset that quantifies every
national and regional regulation related to renewable energies, energy efficiency, sustainable
transportation, and pollution control. This approach allows us to trace the evolution of green
regulation over time and across Spanish regions.

One of the key findings is that green regulation in Spain has increased significantly since the eatly
2000s, especially in recent years. However, there is substantial variation across regions and policy
domains. This reflects both Spain’s decentralized governance and the growing political and social
focus on environmental issues. For example, regulations concerning renewable energy and energy
efficiency have seen the most significant growth. These trends are effectively visualized in the Figure
below, which shows the number of green regulations over time by topic and by level of administration
(central vs. regional).

Figure: Frequency of regulation by topic for national and regional administrations
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Our study builds on two main hypotheses:

1. More regulation can foster innovation: According to the Porter’s (1995) Hypothesis, well-
designed environmental regulations can drive firms to innovate to meet higher standards,
turning regulatory pressure into a competitive advantage.

Multi-level governance matters: When both national and regional regulations are
implemented in a coherent and complementary way, they can enhance innovation by

Banque de France WP 1016



providing clear incentives and reducing uncertainty. However, if the regulations are
fragmented or contradictory, they can increase compliance costs and discourage innovation.
Yy, they

To test these hypotheses, we combine our regulatory dataset with firm-level innovation data and
other economic indicators. The analysis shows that a higher volume of green regulations is associated
with higher levels of business innovation, particularly in sectors under strong environmental pressure.
Furthermore, when national and regional regulations are well-coordinated, they reinforce this positive
effect. However, the study also warns that if national and regional regulations are not well
coordinated—resulting in overlapping, inconsistent, or fragmented frameworks—this can increase
uncertainty and compliance costs for firms, ultimately discouraging innovation and reducing the
effectiveness of green policies.

This article represents a pioneering effort in its field: it is the first study to examine the relationship
between green regulation and innovation at the regional level in Spain. Its findings are relevant not
only for the Spanish case but also for other countries with decentralized environmental governance
structures. The study offers valuable insights for policymakers aiming to balance environmental
protection and economic competitiveness.

Les effets de la ""réglementation verte" sur
Pinnovation des entreprises

RESUME

L’article analyse 1’effet des « réglementations vertes » c’est a dire celles visant a atténuer
les effets du changement climatique et des externalités environnementales, sur 'innovation
a partir d’une base de données réglementaire inédite couvrant la période 2008—2022 pour
I'Espagne. Cette base identifie les réglementations aux niveaux national et régional grace a
des techniques d’analyse textuelle. En adoptant une approche en données de panel, nous
évaluons comment différents types de réglementations environnementales — en
particulier celles liées aux énergies renouvelables — influencent les activités d’innovation
des entreprises. Nos résultats indiquent que les réglementations vertes au niveau national
ont un effet positif sur 'innovation, tandis que les réglementations régionales présentent
des effets mitigés ou négligeables. Il est particulierement notable que I'interaction entre les
réglementations nationales et régionales peut favoriser I'innovation, mais a un rythme
réduit par rapport a des réglementations établies uniquement au niveau national. Nos
résultats concernant la réglementation régionale tendent a valider ’hypothese qu’une
fragmentation réglementaire excessive — due a des procédures introduites a des rythmes
inégaux, voire chevauchantes, incohérentes ou contradictoires entre les juridictions —
pourrait réduire ces bénéfices.

Mots-clés : réglementation verte, innovation, hypothése de Porter, énergies renouvelables,
entreprises.

Codes JEL : K32, Q5, 044, O13.

Les Documents de travail refletent les idées personnelles de leurs auteurs et n'expriment pas
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1. Introduction

The challenges posed by the climate change agenda are wide-ranging. On the one hand, there is the overarching goal of keeping
global warming below 1.5 degtees Celsius [see, for example, UNFCCC (2015) or World Bank (2023)]. Alongside this, compatible
targets have been set on several specific fronts, such as combating pollution or encouraging energy efficiency.

Although public administrations can put forward several strategies to achieve those objectives, the most common way in which
they express their economic policies (in this case "green policies") is by using the vehicle of regulation [North (1981, 1990 and
1999)]. Generally speaking, regulation is used to mitigate market failures and reduce transaction costs. In the "green" context,
regulation could be used to promote the spread and use of new, more energy efficient (or less polluting) technologies among firms.
Therefore, it is of particular interest to know and systematize the legislative initiatives that are taking place in a developed economy
in order to be able to analyze their effectiveness. From a negative point of view, it is equally useful to analyze and systematize
regulations in order to understand their potential design trade-offs, as regulations that are not well designed could generate
inefficiencies in companies and should thus be corrected (Pefiasco et al., 2021).

In a previous article, Mora-Sanguinetti and Atienza-Maeso (2024a) identified and systematized, through text analysis, the "green"
regulations adopted in Spain, by the national and regional! governments, over the period 2000-2022 in four main areas: renewable
energies, energy efficiency measures, sustainable transport policies and the fight against pollution.

By way of general conclusions from the analysis of Spanish green regulation, we know that this regulatory field is relatively "new".
That is, regulatory activity began in a distinguishable way no eatlier than the year 2000 (see Figure 1 in which the frequency of
regulation is distinguished, both by subject and by level of administration within Spain). In Figure 1, the national regulations for
each subject are shown in blue and the set of regulations adopted by the regional administrations in orange. Likewise, we can affirm
that the growth since then has been rapid, with the exception of some central years of the economic crisis and that there are relevant
differences between administrations. This provides us, despite its relative "youth", with a good basis for analysis to compare different
regulatory strategies and understand their business impacts.

Figure 1. Frequency of regulation by specific topic for both the national and the regional administrations
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Source: Mora-Sanguinetti and Atienza-Maeso (2024a).

It is, in particular, the impact on innovation in firms what we are interested in. Research has indicated that R&D plays a crucial role
in facilitating productivity growth and promoting economic convergence across countries (Mc Morrow e al., 2009) and regions.

! Throughout this article, the terms ‘region’ and ‘Autonomous Community’ will be used interchangeably. Spain, as will be explained in more detail, is administratively
divided into Autonomous Communities giving the country a political organisation similar to that of a federal state.



Indeed, investments in innovation have been found to have a significant effect on environmental Total Factor Productivity (TFP),
highlighting the interconnectedness of technological progress and environmental sustainability (Wu ez af, 2022). For example, TFP
growth is often associated with technical progress and advancements in technology, which are key drivers of economic development
(Mustapha ez al., 2013).

Innovation is widely recognized as a crucial driver of economic growth and competitiveness, particularly in the context of
environmental sustainability. As global environmental challenges such as climate change, resource depletion, and pollution intensify,
firms are increasingly pressured to innovate in ways that reduce their environmental impact. While innovation is often driven by
market forces and technological advances, regulation plays a pivotal role in shaping the innovation landscape. Traditional
perspectives have often viewed regulation as a constraint on business activity, imposing additional costs and potentially stifling
innovation. However, the Porter Hypothesis (Porter and van der Linde, 1995) challenges this view by arguing that well-designed
environmental regulations can actually spur innovation, leading to improved environmental outcomes and enhanced
competitiveness.

In a recent report published by the European Commission (EC, 2024), Mario Draghi emphasizes the critical link between
decarbonization, innovation, and competitiveness. It underscores the idea that environmental sustainability should not be seen
merely as a regulatory burden but as a strategic opportunity for enhancing long-term competitiveness. The report argues that
Europe’s ambitious climate goals—if supported by coherent policies—can catalyze the growth of clean technologies, creating a
competitive advantage in global markets. However, this requires effective coordination between different levels of governance, both
national and subnational. Fragmented regulations, understood as those regulatory situations where regulations are unequally
developed, or may even introduce overlapping, inconsistent or conflicting procedures across different jurisdictions or levels of
government, risk increasing compliance costs and diluting the impact of innovation efforts. However, harmonized and strategically
aligned policies can foster a regulatory environment that promotes sustainable innovation. From the perspective of the economic
analysis of law, concerns about the negative consequences of possible market fractures have inspired fundamental rules for
European citizens. It is worth mentioning both those corresponding to the construction of the EU single market itself (e.g.,
Directive 2006/123/EC on the Internal Market), as well as national legislation. In Spain, the Constitution expressly establishes that
the authorities must avoid measures that could break with the freedom of establishment or compromise the movement of goods
within Spanish tetritory.2 The basic economic reasoning is clear: a “broken” market - in the sense of a market divided by different
applicable norms (and therefore firms would have to learn different norms to be able to operate in different regions)- would be
divided in smaller portions threatening the growth and specialization capacity of firms (Becker and Murphy, 1992; Laeven and
Woodruff, 2007).

Indeed, the interaction between national and subnational regulations adds a layer of complexity to this relationship. National
regulations may establish a uniform baseline across a country, ensuring that all firms adhere to minimum standards. These
regulations may be essential for maintaining a level playing field and addressing environmental issues that require coordinated, large-
scale action (Goulder and Stavins, 2011). However, subnational regulations may vary significantly, reflecting local environmental
conditions, political priorities or economic contexts. This variation may create opportunities for regulatory innovation at the
subnational level, where more stringent or tailored regulations may push firms to develop new technologies and processes that may
be specifically suited to their operating environments (Lehmann and Gawel, 2013).

Therefore, the interaction between national and subnational regulations may have both positive and negative effects on innovation.
On one hand, when these regulations are harmonized and complementary, they may create a regulatory environment that fosters
innovation by providing clear incentives and reducing uncertainty (Ashford and Hall, 2011). For instance, in the European Union,
national governments often implement additional measures that build on EU-wide environmental directives, creating a multi-layered
regulatory framework that encourages innovation in sectors such as renewable energy and emissions reduction (Veugelers, 2012).
On the other hand, fragmented or conflicting regulations between national and subnational levels may increase compliance costs
and create uncertainty for firms, potentially diverting resources away from innovation (Burtraw and Evans, 2009). The relationship
then between environmental regulation and innovation seems complex and could infer varying impacts depending on the industry
characteristics, firm-specific factors and the type of regulation. For the purpose of this paper is in the latter that we are going to
focus on.

The objective of this article is to understand the degree of success of environmental regulatory frameworks in Spain, in particular
the regulation to boost the adoption and development of renewable energy, in innovation in the business context in Spain. This
paper aims to explore the complex interaction between national and subnational environmental regulations and their joint impact
on fostering innovation within firms in Spain using a panel data at the regional level from 2008 to 2022. The impact of the type of
regulation from a multi-level governance perspective will be studied. This study secks to provide insights into how multi-level
and/or mult-purpose regulatory frameworks can either stimulate or hinder innovation in the business sector in Spain, offering
valuable lessons for policymakers aiming to balance environmental protection with economic growth in multi-layered governance
frameworks. We will then be able to understand whether green regulation is achieving the objectives of changing the business
ecosystem. To the best of our knowledge this is the first paper trying to disentangle this relationship at the regional level in firms in
Spain. While this exercise is necessarily exploratory, their implications may be extrapolated to other international contexts with
similar multi-level governance characteristics. The rest of the article is structured as follows: section 2 includes the theoretical
framework and a short review of the literature. Section 3 presents the data and methods, including a summary of the results of the
regulatory database presented by Mora-Sanguinetti and Atienza-Maeso (2024a). Section 4 present our results. Finally, section 5
concludes.

2 Article 139.2 of the Spanish Constitution establishes that “No authority may adopt measures that directly or inditectly hinder the freedom of movement and
establishment of persons and the free movement of goods throughout Spanish territory”.
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2. Theoretical framework and literature review

Schumpeter’s seminal work on innovation underscored its critical role as a driver of economic development and growth. Schumpeter
(1934) argued that innovation—the introduction of new products, processes and business models [see (OECD/Eurostat, 2018) for
a detailed definition|—serves as the primary engine of economic progress. He conceptualized innovation as a disruptive force, often
referred to as “creative destruction”, where new technologies render existing ones obsolete, thereby driving economic dynamism
(Schumpeter, 1942).

In this framework, entrepreneurs are the key agents of innovation, constantly seeking to exploit new opportunities through
innovative activities. However, the institutional environment in which these entrepreneurs operate, thus including the regulatory
landscape, plays a significant role in either facilitating or impeding innovation [see Ardagna and Lusardi (2010) or Garcia-Posada
and Mora-Sanguinetti (2014)]. Schumpeter acknowledged that regulation could have a dual impact: while excessive regulation might
stifle innovation by imposing constraints and increasing costs, well-designed regulations could stimulate innovation by providing
clear guidelines and incentives for technological advancement (Schumpeter, 1947). The relationship between regulation and
innovation is complex. On one hand, stringent regulations may increase the costs of compliance, thereby reducing the resources
available for firms to invest in research and development (R&D). On the other hand, regulation may also act as a catalyst for
innovation by encouraging firms to develop new technologies or processes to meet regulatory standards (Porter and van der Linde,
1995). This positive view is encapsulated in the Porter Hypothesis, which posits that well-designed environmental regulations can
lead to innovations that partially or fully offset the costs of compliance, potentially even improving competitiveness.

The theoretical underpinning for the positive impact of regulation on innovation can also be linked to the concept of “induced
innovation,” where firms are motivated to innovate in response to external pressures, such as regulatory requirements (Grubb ez a/.
2021). Thus, regulation, when designed effectively, can create a market for innovation, particularly in sectors where technological
advancements are necessary to comply with new standards, i.e. environmental innovation.

2.1. The Role of Environmental Regulation on Innovation in Firms

Environmental regulations have increasingly been recognized as key drivers of innovation within firms, particularly in the context
of eco-innovation. The Porter Hypothesis posits that well-designed environmental regulations not only enhance environmental
performance but also stimulate firm competitiveness by driving innovation (Porter and van der Linde, 1995). Recent empirical
studies provide substantial support for this claim, highlighting how firms respond to regulatory pressures by investing in eco-
innovations that reduce environmental impact while improving operational efficiency and market competitiveness (Cecere ¢/ al.,
2014; Del Rio et al,, 2015). A growing body of literature explores the impact of environmental regulation on firm innovation,
particularly focusing on the relationship between the number of regulations and innovation outcomes. Unlike studies that examine
the stringency of regulations, research on the quantity of environmental regulations is an emerging area of research that suggests
that the cumulative regulatory burden can act as both a driver and a barrier to innovation. One of the possible ways to measure
regulatory complexity is to quantify the number of norms (although complexity can also come from the linguistic complexity of the
texts or the structure of connections that the rules establish). Regulatory complexity may influence firms' decisions to innovate as
they try to meet multiple requirements (Mora-Sanguinetti, 2019; De Lucio and Mora-Sanguinetti, 2022).

The presence of multiple environmental regulations can create complex compliance landscapes for firms. On one hand, a higher
number of regulations can increase regulatory pressure, incentivizing firms to develop innovative solutions that address various
environmental issues simultaneously. Firms are often compelled to invest in eco-innovation to navigate the diverse set of rules and
to comply more efficiently across multiple regulatory frameworks (Ghisetti and Quatraro, 2017; De Marchi, 2012; Rennings and
Rammer, 2011). According to Del Rio ez a/. (20106), the presence of multiple environmental regulations signals to firms that there is
a sustained institutional commitment to environmental protection, pushing them to adopt eco-innovations not only for compliance
but also as a strategic measure to improve competitiveness and sustainability.

In particular, eco-innovation, which includes the development of products and processes that reduce environmental impact
(Carrillo-Hermosilla e al. 2009), is patticularly sensitive to regulatory frameworks. As firms encounter a greater number of
regulations, they often engage in innovations that allow them to comply with multiple requirements simultaneously. For instance,
regulations targeting emissions, waste reduction, and resource efficiency may prompt firms to develop integrated solutions that
address all these areas (Rennings, 2000). However, there are limits to this positive effect. In some cases, the sheer volume of
regulations can overwhelm firms, especially smaller ones, leading to increased administrative burdens that divert resources away
from R&D and innovation (Blind, 2012).

While firms may initially view a high number of regulations as a challenge, the cumulative effect often promotes incremental
innovations that enhance compliance in cost-effective ways (Horbach et al.,, 2012). Additionally, firms in sectors with higher
regulatory pressure tend to invest more heavily in R&D for eco-innovation (Cainelli et al, 2012). These innovations often become
a competitive advantage, as environmentally friendly products and processes are increasingly demanded by consumers and
stakeholders.

A growing body of literature indicates that national and regional environmental policies significantly influence the innovation
performance of firms, particularly in industries with high environmental externalities, such as manufacturing and energy (Albrizio
et al., 2017). Firms in heavily regulated environments are often compelled to increase their research and development (R&D)
spending to develop innovative solutions that reduce emissions or resource use (Zeng et al., 2021). Additionally, many firms see



environmental regulation as a means to differentiate themselves in the marketplace, offering more sustainable products or services
that align with rising consumer and investor demand for environmental responsibility (Ghisetti and Montresor, 2020).

Consequently, as a first hypothesis, we will analyze whether: (Hypothesis 1, H1) firms subject to a higher number of environmental
regulations will exhibit higher levels of innovation compared to contexts where there are fewer regulatory requirements.

2.2. The Role of Multi-Level Governance in Shaping Firm Innovation

Multi-level governance, characterized by the involvement of various government levels (local, regional, national, and supranational)
in policymaking, plays an essential role in shaping firms' innovation activities. The number of regulations that firms face is often a
result of this layered governance, where regulations are imposed by multiple governing bodies. This can either foster innovation
through complementary policies or create challenges due to regulatory complexity and overlap. Del Rio (2009) highlights that multi-
level governance can enhance eco-innovation when there is coordination between governance levels, ensuring that firms receive
consistent signals regarding environmental goals and priorities. For example, firms in regions where local and national regulations
align are more likely to innovate effectively because they face a coherent set of rules. Conversely, fragmented governance, where
different regulatory bodies impose conflicting requirements, can create uncertainty and stifle innovation (Kivimaa and Kern, 2016).

In regions where multiple environmental regulations are imposed by different governance levels, firms may experience a regulatory
burden that prompts innovation to efficiently meet diverse requirements (Borras and Edler, 2014). For instance, firms operating
within the European Union often navigate both national regulations and supranational policies such as the EU Emissions Trading
Scheme. While this increases the number of regulations firms must comply with, it also provides opportunities for them to innovate
by adopting technologies and practices that meet both local and international standards (Rogge and Reichardt, 2016). However, an
excessive number of uncoordinated regulations across governance levels can lead to inefficiencies. Firms may struggle to innovate
if they are uncertain about which regulations will persist or if they face conflicting goals from local, national, and supranational
bodies [see Flanagan ef a/. 2011; in addition to more general Law & Economics references highlighting the potential problems of
coordination: Ellingsen (1998) or Di Vita (2018)]. Effective multi-level governance, whete regulations are harmonized and provide
clear and stable frameworks for innovation, is critical for encouraging firms to invest in long-term eco-innovative solutions.

Consequently, as a second hypothesis, we will analyze whether: (Hypothesis 2, H2) whether the joint production of regulation at
national and regional level has a positive effect on firms’ innovation. Such a hypothesis is important to test in order to assess the
consistency of regulatory frameworks and conveys important policy-relevant implications concerning their efficacy, notably
regarding which level matters and to what extent regulations develop in tandem (e.g. in case of transposition), or exhibit delays
and/or even contradict.

2

3. Data and methods

3.1. Data

The proposed hypotheses in section 2 are tested using a newly compiled data that covers the regulations by category of
environmental technology/purpose and by tegion over the period 2008-2022 in Spain (both at the national and regional levels) (see
Tables Al and A2 in the appendix for additional information). We complement the information provided by Mora-Sanguinetti and
Atienza-Maeso (2024a) with data for the dependent and control variables coming from the “Encuesta de Innovacion en la Empresa”
(Enterprise Innovation Survey) of the Spanish National Statistics Office (INE) and from the Regional Accounts provided by
Burostat.

3.1.1. Main independent variable: Identifying “green regulation”

There are still few databases that summarize large volumes of regulation in statistical format. At a disaggregated level, i.e., classifying
regulation by region/state-national level (within a federation) or by topic/sector (also exploiting regional or national variation) we
can mention the databases for the case of the United States [Dawson and Seater (2013), McLaughlin et al., (2019)] and Spain [Mora-
Sanguinetti et al. (2024) and Mora- Sanguinetti and Atienza-Maeso (2024b)]. Mora Sanguinetti and Atienza-Maeso (2024a) provide
a first comprehensive database on specifically "green" regulatory adoption through text analysis providing information both at the
specific regulatory policy level, by region and by year (i.c., three dimensions).3 This database will be used in this article to capture
our main independent variable. This dataset, thanks to the aforementioned text analysis technique, can capture the regulations with
a very high level of completeness [see Mora Sanguinetti and Atienza-Maeso (2024a) for details on the database construction]. The
regional level is the majority or dominant level in Spain.

Spain is a de facto federal country (legally, it is a regionalized political system) in which the regions issue many more regulations than
the central administration (see Mora-Sanguinetti and Spruk, 2023). For further clarification, with the new democratic period and
the 1978 Constitution, Spain established a system of executive and legislative power divided between the central administration and
the regions (‘Comunidades Auténomas’). The Constitution and the regional constitutions (the “Statutes of Autonomy”) establish

3 At the thematic level (specifically "green" issues) and focusing only on regulation (not on other policies), a comparable database was that proposed by the CCLW -
"Climate Change Laws of the World" database project. Law and Policy Search - Climate Change Laws of the World (climate-laws.org) https://climate-laws.org/. Similarly,
see the "Climate Policy Radar" (Climate Policy Radar | Al for climate law and policy research). CCLW provides a country-level database that identifies key national
regulations. The coverage results in 16 regulations for Spain. This contrasts with the thousands of results that we can find with text analysis.
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the basic list of powers of each level of administration.* Both levels of government can pass laws. One difference from the federal
system is that in the system of autonomies, regions can potentially have different powers from each other. It is also characteristic
of the system of autonomies that there may be shared powers between the national and regional administrations (Lopez-Guerra et
al. 2018). The evolution of the system over the decades in Spain has resulted in a country as decentralized as the federal ones
(Hooghe et al. 2008)5.

As evidence of the "regionalized" nature of Spain (and the source material from which the "green" regulation indicators are
constructed), for the period considered (2008-2022), the Spanish regions adopted 140,898 regulations in total (gteen or any other
type), compared to the central administration, which adopted 33,001 regulations (green or any other type).

As a result, Mora-Sanguinetti and Atienza- Maeso (2024a) identified, for example, 5,116 norms related to the measurement of energy
efficiency, or 3,482 norms related to renewable energies. See Table Al in the appendix for a summary of the norms found and
classified (by thematic block and administration). As can be seen in the table, the regulation is classified in four major topics: 1)
renewable energies, 2) sustainable transport, 3) pollution, 4) energy efficiency. They identify the norms based on key concepts and
phrases extracted from the texts of all the norms published in the Official Gazettes of both the State (national level) and the regions
(from Aranzadi La Ley). The norms identified have the force of law -i.e. laws or rules which, according to the legal system, have
equivalent status (and can repeal lower-ranking rules)- or less than the force of law®. This strategy is in common with other previous
research work and specifically with the literature on measuring the "complexity" of the regulatory framework (see, for example, De
Lucio and Mora-Sanguinetti, 2022).

Regarding the territorial dimension of the data, we can confirm that there is a great variety by administration (region). This would
allow to explore and exploit market discontinuities (because of the decentralization of the administration in Spain).” The potential
effects of these discontinuities have been studied for the case of firms by Becker and Murphy (1992), Vallés and Zarate (2012) or
Mora-Sanguinetti and Valls (2021). Regarding the time dimension, the database (Mora-Sanguinetti and Atienza-Maeso, 2024a) shows
that around the year 2000 there was hardly any regulatory activity regarding "green" issues. We can identify that regulatory activity
starts in a distinguishable way from 2008 onwards, especially in the case of renewable energies. For the rest of the subjects, it will
be necessary to wait until the second decade of the 2000s to observe relevant regulatory activity. This is the main reason why for
the purpose of this analysis we focus on renewable energy regulations.

The variations at both the temporal and tetritorial dimensions give us an interesting panel perspective that we can exploit to
understand the effects of "green" regulations, and in particular, regulations to boost the development and adoption of cleaner
energies, on firms’ innovation and their incentives. In terms of the practical operation of the Spanish legal system, it should be
noted that the activities? of a firm located in a given region “i”” will be subject to region-specific regulation (enacted by the region
“”) as well as national regulation. In this article, as it deals with the exclusive case of Spain, the possible harmonising effects of EU
regulations at the international level are not discussed.!?

For the purpose of this paper, we focus in particular on renewable energy regulation, one of the most dynamic sectors in Spain in
recent decades. Table A2 in the appendix includes the descriptive statistics of the regulatory database.

3.1.2. Main dependent variable: Innovation Expenditures in Firms by Region

The main objective of the “Encuesta sobre Innovacion en las Empresas” is to offer direct information on the innovation process
in companies, developing indicators that allow us to understand the different aspects of this process (economic impact, innovative
activities, cost, etc.)!!. To fully grasp the essence of innovation, it is necessary to examine a range of indicators that span the entire
innovation process. Focusing on just one indicator might lead to an incomplete understanding. Innovation processes are complex
processes structured, mainly, in five different stages connected through non-linear dynamic relationships. These stages are: research,
development, demonstration, market formation, and diffusion (Griibler e 4/, 2012). Each stage forms an important part of the
innovation process and can be measured by different indicators e.g. R&D investments, patents, or cost reductions among others.

R&D expenditures or the number of personnel on scientific roles are, in addition to patents, common measures used as a proxy of
innovation. However, up to now, there is no agreement about the optimal variable and all of them present limitations (OECD,
2009). Public and private investments in research and development (R&D) are crucial for fostering a cleaner and more productive

4 The subjects regulated by national and regional regulations are to a large extent different (see Mora-Sanguinetti and Atienza-Maeso (2024a). For example, national law
establishes the basic rules for the protection of the environment (Article 149 of the Spanish Constitution). But regional regulations may undertake powers in the
management of environmental protection (article 148 of the Spanish Constitution).

5 In the “Regional Authority Index”, Spain's score is similar to that of Canada or the USA.

6 The Mora-Sanguinetti and Atienza-Maeso (2024a) database includes norms coming from the executive. For example, the Order (Madrid) 2993/2021 of 6 October
(“Approves the strategic plan for the direct award of grants linked to Next Generation EU funds”), comes from the Regional Minister for Education, Universities,
Science and Government Spokesman.

7 Mora-Sanguinetti and Atienza-Maeso (2024a) also provide a classification and compilation of "green" regulations for the case of the French market. France is a
significantly more centralized country than Spain. The database provides evidence that the volume of state-level regulations adopted by the General State Administration
in Spain and in France are comparable. The differential fact is the large volume of "green" regulations (with the force of law) published by the Spanish regional
administrations (which we exploited for our analysis).

8 The analysis can be replicated for other type of regulations included in Mora-Sanguinetti and Atienza-Maeso (2024a).

“Both in the “Encuesta de gasto I+D” (‘R&D Expenditure Survey’) and in the “Encuesta de innovacion en las empresas” (‘Business Innovation Survey’), R&D resources
are regionalised (we observe them in each region). That is, grosso modo, they are specifically affected by the regional regulation of the region concerned.

10 On the other hand, by way of clarification, EU Directives, insofar as they have to be transposed into national law, would be reflected in Spanish national norms or in
regional norms (depending on which administration has the specific power according to the Constitution and the statutes of autonomy).

11 The methodology of the ‘Encuesta sobre Innovacion en las Empresas’ follows the Guidelines proposed by the OECD for the collection and interpretation of data
on innovation, better known as the Oslo Manual [see OECD/Eurostat (2018)].



transition to decarbonized economies. Public R&D investments are known to encourage technological innovation in the private
sector (Rehman et al., 2020). Studies have shown that R&D subsidies can effectively stimulate private R&D spending and act as an
enable, indicating a positive relationship between public support and private R&D investments (Lach, 2002).

On the other hand, private R&D expenditures are essential for sustainable economic growth (Ravselj & Aristovnik, 2018). They are
vital for driving innovation, productivity, and competitiveness in various sectors (Qiu ¢z al., 2014).

It is these private innovation and R&D metrics that we will pay attention to. For the purpose of this paper, we will use the innovation
expenditure in firms by region where the expenditure was disbursed (InnE). Innovation activities are understood in the Spanish
Survey of Innovation in Firms as any activity (financial, development or commercial) that leads to the development or adoption of
innovations. It includes seven different activities: internal research and expetimental development (R&D); acquisition of R&D (or
external R&D); engineering, design, and other creative activities; marketing and brand creation; activities related to intellectual
property rights; activities related to staff training; software development and activities related to the work of databases and activities
related to the acquisition or leasing of tangible goods (INE methodological notes). Additionally, the number of R&D personnel in
the business sector (RDPer) as along with R&D expenditure by the business enterprise sector (RDE) are also included as alternative
dependent variables. Figure 2 show both the expenditure on innovation at the firm level by Spanish regions and the business
enterprise sector expenditure on R&D by region. Table 1 summarizes the descriptive statistics. A correlation matrix can be found
in the appendix as well as a more elaborated table including detailed definitions (Table A3)

Figure 2. Innovation and R&D expenditure by region in the business enterprise sector, 2005-2022
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Source: own elaboration with data from INE and Eurostat. The line in blue represent the natural logarithm of the innovation
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Table 1: Descriptive statistics!2

Variable Unit Obs. Mean Std. dev. Min. Max.
Dependent variable

Innovation expenditure (InnE) ‘000€ 238 950459.7 1546206 28954 7665642
Alternative dependent variables

R&D personnel FTE business FTE 238 5638.124 7331.84 220.1 29563
(RDPer)

R&D expenditure business (RDE) ‘000€ 238 456913.7 639263 11120 2642843
Independent variables

Reg. renewables national 255 39.46667 24.58902 13 101
(RRenNac)

Reg. renewables regional 255 11.03529 6.402104 1 47
(RRenReg)

Other control variables

GDP mp vol business (GDP) Index 255 104.5565 9.084782 81.7 1519
Capital formation business (K) ‘000€ 238 2425378 2144230 202187 9446510
Employment business (Employ) ‘000 people 255 133.4537 120.3529 23.7 626.3
Labour productivity per hour Index b. 2015 255 98.46078 4.031992 86.9 107
(Prod)

Source: own elaboration.

3.2. Methods

The Cobb-Douglas (Cobb and Douglas, 1928) production function has been a foundational model in economics for representing
the output of a production process. In our setup, instead of considering output or productivity-specific outcomes, we embed the
innovation expenditure in the standard production function model. Using the expenditure-based outcomes, the aim of our empirical
strategy is to examine the contribution of regulatory dynamics to the innovation fiscal capacity. Compared to the traditional
approach to study the creative destruction (Aghion and Howitt 2023) where patents are used to proxy knowledge-specific assets,
our primary interest lies in the identification of the nexus between the production of legal rules and innovation-enhancing fiscal
capacity. By empirically calibrating our model to the disaggregated granular-level data, the chief advantage of our model is posited
by the ability to identify the expenditure elasticity of regulation which can be reconciled with the prior literature and discussed
empirically whilst policy implications for the growth of total factor productivity can be assessed.

In the simplest form under Harrod-neutral technological progress, innovation expenditure function takes the following form:

Y = AK*LF 1]
Where Y represents the expenditure variable, A is the level of total factor productivity, K represent the physical capital and L is the
labor supply whereas « and § capture output elasticities with respect to capital and labor. To analyze the impact of regulation on
innovation, we extend the Cobb-Douglass production function framework to incorporate innovation expenditure as the primary
outcome variable of interest. Specifically, we model the innovation as a function of regulation, reflecting the notion that regulatory
environment can systematically influence both the level and direction of innovation dynamics within firms or industries.

To this end, we propose a model where the level of innovation is incorporated into the production function as follows:

Y = AIY K*LF 2]
Where I represents the level of innovation and y is the elasticity of expenditure with respect to innovation. Our key assumption is
that the level of innovation is influenced by regulation as theoretically motivated by Schumpeterian and Porterian perspectives
where upon the level of regulation follows a simplified Brownian law of motion:

I=1Iy RS 3]

Whete Iy is the base level of innovation, R is the regulation variable and & is the elasticity of innovation with respect to regulation.
Substituting into the production function yields a simplified version of the production function:

Y= A(ly-R®) K% 18 [4]

12 See Table in Appendix 3 for a more detail definition of the dependent variables.



Or:
Y = (Alo-R®) - K*-LP [5]
Taking the logarithm of left- and right-hand side variables, the empirically operationalized version of the model becomes as follows:
InY=InA+yln Iy+y6InR +alnK +f1InL [6]

Which forms the basis for the empirical investigation of the relationship between regulation, innovation, and economic output. It
should be noted that the regulation parameter can be either § > 0 if regulation tends to enhance R&D expenditure or § < 0 if the
regulation hampers firm-level R&D investment. The sign of the § coefficient is crucial since it will determine the joint expenditure
elasticity parameter. Our empirical operationalization of the Cobb-Douglas production function embeds both the regulation and
factor input variables enriched with the full set of unobserved effects. It takes the following form:

InYy =6;r+ Xfi i In Yiek A R + X B+ + 8 + & [7]

where Y denotes the respective expenditure vatiable, 6 is time-varying total factor productivity term capturing the level of
technology, py denotes the coefficient on k-th lagged outcome variable where k = 1,2,... K, and X is the vector of structural
control vatiables. Our key parameter of intetest is A which captures the contribution of regulation, denoted by R, to R&D
expenditure. The terms 7, and §; indicate both time-fixed effects and region-fixed effects and capture unobserved heterogeneity
bias that could taint the relationship between renewable energy regulation on innovation outcome. Stochastic disturbances are
assumed to be identically and independently distributed and are denoted by e~i.i.d.

In this study, we test the relationship where productivity drives R&D expenditures, a departure from the traditional view that R&D
is a primaty driver of productivity growth. This approach is grounded in the understanding that R&D investments ate often
endogenous, influenced by firm-level resources and broader economic conditions. Higher productivity generates increased profits
and available resources, enabling firms to invest in R&D to sustain or enhance their competitive advantage. This feedback loop
aligns with endogenous growth theory, which recognizes the bidirectional relationship between innovation and productivity (Aghion
& Howitt, 1992). Empitical evidence also suggests that productivity gains can precede increased R&D spending, reflecting firms’
capacity to allocate surplus resources toward innovation (Crepon, Duguet, & Mairesse, 1998). By testing the reverse causality, we
aim to provide new insights into how productivity growth can shape firm-level innovation strategies, offering implications for
policies that emphasize productivity-enhancing reforms to indirectly stimulate R&D investment. Against this backdrop, our model
can be used to assess first-order implications of the regulatory dynamics for R&D expenditure which bends directly on the growth
of total factor productivity. In patticular, if the changes in the regulatory dynamics invoke immediate or more gradual effects on
R&D expenditure, such shifts convey immediate implications for the growth of TFP to determine in which direction the changes
regulatory dynamics affect TFP dynamics and firm-level innovation. In this respect, our approach complements standard analysis
(Aghion and Howitt 1992) by looking at the innovation expenditure as the primary estimand of interest rather than patent stock.
Since firm-level patent stock directly mirrors firms’ willingness to invest in R&D, our focus on R&D expenditure is reflective of
the firms’ willingness to invest in R&D which reveals a prospective stock of knowledge and know-how rather than the actual one
embedded in the standard analysis.

4, Estimation and results

Our strategy consists of estimating Equation (7) for each of our dependent variables i.e. different indicators of innovation; and
identifying whether differences in the response to national and regional renewable energy regulation exists. For this purpose, we
use, firstly, a set of OLS homogeneous estimators to follow with GMM-based estimators. Alvarez and Arellano (2003) show that
the GMM-based estimators ate consistent when, as in our case, 0 < 'T/N < 2, where T is the number of years (15 with our data)
and N is the number of cross sections (17 regions). Table 2 reports the estimated effect of regulation (at the regional level, RRenReg,
and at the national level, RRenNac) on the pace of innovation using expenditure and R&D employment-related indicators. More
specifically, the table reports the impact of renewable energy regulation at the national and regional level on the innovation indicators
by estimating both fixed-effects and random-effects specifications. The evidence indicates a positive and statistically significant
effect of national regulatory volume on innovation expenditure on the range of [0.0780, 0.117] (p<<0.1), R&D expenditure [0.116,
0.134] (p<0.01) and R&D employment [0.0799, 0.111] (p<<0.01). By contrast, the estimated effect of region-level regulatory volume
on innovation expenditure [0.0429, 0.0464] (p>0.1), R&D expenditure [0.0195, 0.0328] (p>0.1) and R&D employment [0.0128,
0.0289] (p>0.1) appears to be statistically insignificantly different from zero, and does not indicate discernible increases in innovation
in response to the changes in the respective regulatory volume.

This may be due to the nature of the regulations implemented in Spain during the period of analysis. There may be differences
between the regulatory strategies of the regions and the central administration as well as differences in the portfolio of competencies
of each administration.!3

13 Note, in any case, that we do not make an internal classification of regulation between rules that subsidizes activities and other rules that prevent them. In our analysis
we concentrate on the effect of the total volume of regulation per administration, with the intention of understanding the impact of the regulatory ‘activism’ of
administrations and the possible impacts of regulatory fragmentation.



Columns (1) and (2) indicate that additional renewable energy regulation at the central level tends to boost the innovation
expenditures in enterprises, respectively. Whereas standalone coefficients on region-level regulatory volume do not exhibit
conventionally statistically significant effects, columns (3) and (4) report the interaction effect between central- and regional-level
renewable energy regulation which appears to be positive and statistically significant at 10% [0.0185, 0.0226] (p<<0.1). In addition,
the evidence from columns (5) and (6) further reinforces the positive effect of national renewable energy regulation on innovation
by indicating that increasing the national regulatory volume by 1 percent is associated with an increase in private-sector R&D
expenditure by 0.11 percent and 0.13 percent, respectively. Whilst the independent effect of regional regulation cannot be statistically
differentiated from zero, the interaction effect of regional and national regulation appears to be positive as indicated in columns (7)
and (8) [0.0206, 0.0238] (p<0.1). Furthermore, columns (9) and (10) suggest that Autonomous Communities with a greater leverage
of renewable energy regulation tend to undergo a more rigorous and statistically significant increase in the share of R&D personnel.
In the presence of unobserved effects, our estimates suggest that 1 percent increase in renewable energy legislation is associated
with around 0.8 percent increase in the share of R&D employment share, respectively. Columns (11) and (12) further indicate a
positive interaction effect of national and regional regulation on R&D employment that appears to be statistically significant at
conventional levels [0.0199] (p<0.05). Across the multitude of our specifications, we do not find evidence of statistically significant
contribution of the physical capital to the innovation expenditure as the estimated coefficient on the physical capital stock is negative
but statistically indistinguishable from zero. The estimated magnitude is not surprising for several reasons. First, R&D investment
typically concerns intangible assets which do not seem to be particularly strongly sensitive to the cost of capital to same degree as
the investment in tangible benefits where a lower degree of asset specificity can be found. Second, the innovation expenditure
appears to react relatively more strongly to the size and composition of the labor force and the cyclical factors as region-level GDP
fluctuations. At the same time, since the demand for R&D scales negatively on the relative price of capital, negative capital cost
shocks will only amplify the importance of the regulatory framework in shaping the prices of R&D-specific goods and services since
firms usually switch to less costly substitutes of capital-intensive investment. Against this backdrop, the size and significance of the
coefficient on labor supply is not surprising as it is reflective of the positive and large effect of the skilled labor and its demand as
the vehicles of private R&D expenditure (Acemoglu and Restrepo 2019). In particular, as the development of technology creates a
displacement effect, the tasks necessary to complete the production process amplify the importance of labor in those tasks where
labor has a comparative advantage over physical capital. Under neutral form of technological progress without factor augmentation,
new tasks are generated via the reinstatement effect. Since R&D expenditure requires continuously evolving new forms of tasks,
new forms of more differentiated and highly skilled labor are needed to satisfy the increasing demand which implies the increasing
importance of labor share for firm-specific innovation as we identify across the full multitude of our specifications. Therefore, the
labor coefficient in the range between 1.5 and 2 is not surprising. All in all, these results support H1 (in relation to national regulation)
confirming that firms subjected to a higher number of national environmental regulations exhibit higher levels of innovation
compared to contexts where there are fewer regulatory requirements at the national level. While regional regulations do not show
the same pattern.

To test hypothesis 2, we first analyze the correlation between national and regional-level green regulations, which informs the
interpretation of our interaction term. It should be noted that the interaction term in our analysis measures the simultaneity of legal
text production at the national and regional levels, highlighting how both levels of regulation may either align or conflict with one
another. We recognize that the interaction effect could indicate the potential for contradictory or inconsistent regulations between
levels, which could affect the overall regulatory impact on firm-level innovation.

To shed light on this issue, we examine the correlation between national and regional regulations which appears to be small (i.e.
0.137, see correlation coefficient in correlation matrix in Appendix Fig. Al). Therefore, the findings from our analysis suggest that
while national regulations have a predominant effect on innovation, regional regulations, when introduced alongside national ones,
tend to exhibit a weaker and less consistent impact than national regulation alone.

The positive but attenuated effect of the interaction between renewable energy national and regional regulation, relative to the effect
of national regulation alone, suggests a potential diminishing marginal return when both levels of regulation are simultaneously in
place. This contradicts H2, but may also express that regulation are developed at different speed at national or regional levels!# This
may reflect overlapping or redundant policy frameworks, which can reduce regulatory clarity or increase compliance complexity for
firms. While the combined presence of national and regional regulation still appears to support innovation, the reduced magnitude
implies that uncoordinated or fragmented governance may dilute the overall effectiveness of renewable energy regulatory strategies.
This result supports the hypothesis that uneven or inconsistent regulation at the regional level might diminish the innovation-
enhancing effects of national regulations. Specifically, the interaction term is often collinear with national regulations, which could
indicate that regional regulations may act as noise that potentially distorts otherwise beneficial impact of national regulation, or that
they are produced in a manner that does not fully align with national goals which might diffuse a greater degree of regulatory
fragmentation. This analysis highlights the importance of a cohesive regulatory framework that balances both national and regional
efforts to foster green innovation.

The empirical results may be influenced by the distinct distribution of regulatory competencies between the national government
and the regional governments. While the national level sets the overarching legal and economic framework, including retribution
regimes such as subsidies and financial incentives, regional governments primarily exercise authority over land use, urban planning,
and authorization of installations within their territory (Saggesse, 2010). These regional competencies often translate into spatial or
procedural limitations rather than active enablers of innovation. Moreover, the diversity in how regional authorities interpret and
implement their powers can result in fragmented or inconsistent regulatory environments.

14 Note that adding the interaction on top of national and regional regulation provides non-significant results due to the collinearity between interaction variable and
national regulation. One possible explanation is that regional regulation is uneven, as opposed to national regulations, expressing variable lags in the transposition
process at the regional level.



It should be noted that the scope of omitted variable bias is small since the estimated effect of renewable energy regulation does
not seem to be absorbed by overall labor supply, physical capital stock and overall labor productivity. An important channel arises
from the potential fragmentation of regulation at the subnational level, highlighting diminishing returns as the elasticity of the
combination of regulations captured by the interaction effect is smaller than that of national regulation on their own (See Table 2
and results above).

Furthermore, Table 3 presents the dynamic effect of increasing regulatory volume on innovation expenditure and employment of
the regions (Autonomous Communities) across Spain. Compared to the static specifications in Table 2, this patticular specification
consists of the first lag of the national renewable energy regulation and its region-level counterpart, embedding partial adjustment
mechanism into the relationship between renewable energy regulation and innovation dynamics. The evidence confirms our prior
results. In this respect, the evidence shows that region-level renewable energy regulatory volume fails to translate into meaningful
increases in innovation and R&D expenditures and R&D personnel as the estimated coefficient on the lagged region-level
innovation variable is not statistically significantly different from zero across the full spectrum of specifications reported in columns
(1) through (12) [-0.0208, 0.0244] (p>0.1). By contrast, the evidence indicates a positive and statistically significant impact of national
regulation on R&D employment [0.0974, 0.0984] (p<<0.01) and R&D expenditure indicators [0.107, 0.114] (p<<0.01) that do not
seem to be absorbed by the varying coefficients on factor input variables as well as overall productivity dynamics. Moreover, the
evidence from our results further corroborates the notion that fragmentation of regulation appears to be an important stumbling
block and impediment against more vibrant within and between-region innovation dynamics since the estimated parameter on the
clasticity of the combined effect of regulation is smaller than the elasticity of the national regulation alone.
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Table 2. Static effect of regulatory volume on region-level innovation dynamics across regions in Spain (OLS) (2008-2022)

Model 0 @ 3) @ B) © ) ® © (10) ) (12)
Variable Ln(InnE) Ln(InnE) Ln(InnE) Ln(InnE) In(RDE) In(RDE) In(RDE) In(RDE) In(RDPer) In(RDPer) In(RDPer) In(RDPer)
In(RRenReg) 0.0429 0.0464 0.0195 0.0328 0.0128 0.0289
(0.0402) (0.03206) (0.0353) (0.0302) (0.0310) (0.0274)
In(RRenNac) 0.117* 0.0780" 0.116** 0.134** 0.0799 0.111*
(0.04606) (0.0391) (0.0294) (0.0278) (0.0244) 0.0167)
In(RRenReg)# . * x - x
In(RRenNac) 0.0226 0.0185 0.0206 0.0238 0.0141 0.0199
(0.013) (0.010) (0.0110) (0.00919 (0.0096) (0.0081)
Ln(K) -0.0999 -0.107 -0.106 -0.108 -0.166 -0.185 -0.164 -0.177 -0.119 -0.142 -0.117 -0.135
(0.191) 0.172) (0.187) (0.169) (0.185) (0.181) (0.185) (0.180) (0.131) (0.133) (0.132) (0.134)
La(Employ) 1.664 2371 1.678™ 24727 1.618™ 1.231 1.643 1.454 1.402" 0.758 1.426" 0.942"
(0.238) (0.546) (0.232) (0.528) (0.282) (0.698) (0.270) (0.625) (0.625) (0.455) (0.193) (0.397)
Ln(GDP) 0.728™ 0.317 0.676™ 0.237 0.251 0.470 0.173 0.282 0.0770 0.437 0.0196 0.282
(0.195) (0.352) (0.202) (0.351) (0.269) (0.441) (0.280) (0.425) (0.203) (0.255) (0.210) (0.234)
LN (Prod) 1.661 2.497* 1.577 2.565 3.633" 3.204" 3.614 3411 3.338 2.607 3.334™ 2.778"
(1.023) (1.250) (0.973) (1.219) (1.022) (1.520) (0.985) (0.733) (0.733) (1.050) (0.709) (0.957)
Fixed effects (FE) or
Random Effects RE FE RE FE RE FE RE FE RE FE RE FE
(RE)
Intercept -4.839 -9.729* -3.867 -9.878" -11.08™ -8.200 -10.50" -9.055 -12.76" -7.975 -12.427 -8.683"
(3.3789) (5.406) (3.499) (5.360) (3.516) (6.366) (3.387) (5.848) (1.608) (2.001) (3.078) (4.305)
# observations 221 221 221 221 238 238 238 238 238 238 238 238
R? 0.863 0.862 0.859 0.861 0.885 0.880 0.880 0.877 0.903 0.379 0.899 0.889
Wald— Test 211.14 [1183.50 1177.11 164.32 181.04 180.36
(<0.0000) (<0.0000) (<0.0000) (<0.0000) (<0.0000) (<0.0000)
o F(6,16=17.03 FELH=3. FeI0=135 F(5,16=9.3 F(6,16=12.22 F(5,16)=5.89
(0.0000) 0.0000) (0.0000) (0.0003) (0.0000) (0.0029)

Notes: the table presents the static effect of national-level, region-level and interactive regulatory volume (RRenNac and RRenReg, respectively) on private R&D expenditure across the full sample of
autonomous communities in Spain for the petiod 2008-2022. Standard errors are adjusted for arbitrary heteroskedasticity and setially correlated stochastic disturbances using finite-sample adjustment of the
empirical distribution function based on the composite two-way error component model. Cluster-robust standard errors are reported in the parentheses. Asterisks denote statistically significant sample
coefficients at 10% (*), 5% (**), and 1% (***), respectively.
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Table 3: Dynamic effect regulatory volume on region-level innovation dynamics across regions in Spain (OLS with lags) (2008-2022)

Model @ @ 3 @ B) © @) ® ©) (10) i) )
Variable Ln(InnE) Ln(InnE) Ln(InnE) Ln(InnE) In(RDE) In(RDE) In(RDE) In(RDE) In(RDPer) In(RDPer) In(RDPer) In(RDPer)
L. In(RRenReg) 0.0244 0.00931 -0.0109 -0.0101 -0.0276 -0.0208
(0.0391) (0.0358) (0.0353) (0.0294) (0.0308) (0.0252)
L. In(RRenNac) | 0.0168 -0.00340 0.114™ 0.107 0.0974" 0.0984"
(0.0340) (0.0358) (0.0246) (0.0254) (0.0240) (0.0198)
L. In(RRenReg)#
L ln(RRenNa% 0.00796 0.00268 0.00995 0.00908 0.00441 0.00578
(0.00892) (0.00843) (0.0102) (0.00856) (0.00918) (0.00731)
La(K) -0.0965 -0.107 -0.0964 -0.105 -0.151 -0.156 -0.142 -0.148 -0.129 -0.134 -0.121 -0.126
(0.1906) (0.182) (0.190) (0.178) (0.198) (0.193) (0.199) (0.194) (0.140) (0.140) (0.143) (0.142)
Ln(Employ) 1.710™ 2917 1.709™ 2.910™ 1.706™ 1.962™ 1.697 2.010" 1.527 1.458™ 1.523" 1.505
(0.242) (0.655) (0.240) (0.657) (0.287) 0.767) (0.283) (0.7306) (0.210) (0.518) (0.203) (0.4806)
Ln(Prod) 1.901 2.963™ 1.907" 3.002" 3.870"™ 4.086™ 3.571™ 3.853" 3.393™ 3.342™ 311 3.1
(0.905) (1.193) (0.986) (1.260) (1.133) (1.520) (1.133) (1.508) (0.8106) (1.071) (0.804) (1.039)
Ln(GDP) 0.493 -0.0772 0.491* -0.0699 0.205 0.0912 0.0703 -0.0588 0.149 0.176 0.0182 0.0274
0.192) (0.362) 0.192) (0.351) 0.278) 0.473) 0.282) (0.460) (0.208) (0.296) 0.217) 0.292)
Fixed effects (FE)
or Random RE FE RE FE RE FE RE FE RE FE RE FE
Effects (RE)
Intercept -4.734 -12.157 -4.703 -12.36™ -12.49 -14.01™ -10.29™ -12.31" -13.73" -13.25™ -11.68™ -11.59"
(3.148) (5.475) (3.367) (5.728) (3.574) (6.437) (3.580) (6.392) (2.960) (4.722) (2.918) (4.587)
#Observations 204 204 204 204 221 221 221 221 221 221 221 221
R? 0.865 0.865 0.864 0.865 0.889 0.889 0.884 0.885 0.908 0.908 0.903 0.903
Wald — Test 192.25 191.56 198.48 181.36 234.54 [1215.40
(p-value) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
F-Test F(6,16)=11.81 F(5,16)=14.18 F(6,16)=11.86 F(5,16)=11.24 F(6,16)=7.67 F(5,16)=6.85
(p-value) (0.0000) (0.0000) (0.0000) (0.0001) (0.0005) (0.0014)

Notes: the table presents the dynamic effect of national-level, region-level and interactive regulatory volume on private R&D expenditure across the full sample of autonomous communities in Spain for the period 2008-2022.
Standard errors are adjusted for arbitrary heteroskedasticity and serially correlated stochastic disturbances using finite-sample adjustment of the empirical distribution function based on the composite two-way error component

model. Cluster-robust standard errors are reported in the parentheses. Asterisks denote statistically significant sample coefficients at 10% (*), 5% (**), and 1% (***), respectively.
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Additionally, Table 4 below reports a dynamic effect of renewable energy regulation on region-level innovation outcomes allowing
for the endogeneity of regulation. More specifically, the table reports Arellano and Bond (1991) estimated dynamic specification of
the region-level innovation model. By allowing for two lags of the dependent variable and one lag of the regulation variable, we are
able to partially address the potential endogeneity of regulation and allow for dynamic realization of the regulatory effect on
innovation outcomes. Our analysis proceeds in two distinctive steps. In the first step, we assess dynamic endogenous effect of
regional renewable energy regulation on innovation whilst in the second step, the national counterpart of the regional renewable
energy regulation is used to assess the effect with respect to regional innovation. Since our specification conveys a doubly dynamic
past realization of the outcome and regulation, we also compute the cumulative effect of regulation through the simple Wald linear
restriction of the effect of regulation in period t and t-1 relative to the past realization of the innovation outcome in period t and t-
1. The use of linear restriction of coefficient ratio is particularly informative and allows us to determine whether the effect of
regulation either fades away or amplifies itself once past outcome dynamics is considered.

Columns (1) and (2) report the effect of regional and national regulation on expenditure level. The evidence suggests that each
additional norm on renewable energy at the regional level fails to boost R&D expenditure. At the same time, we find no evidence
of discernible negative and significant effect. The cumulative effect of regional regulation after two years seems to be weak and
statistically indistinguishable from zero (i.e. p-value = 0.48). In column (2), the point estimates indicate no static effect of increasing
national regulatory volume on renewable energy on innovation dynamics. However, the coefficient on the past regulatory volume
is both negative and statistically significant at 5%, indicating that 1 percent increase in the regulatory volume tends to dampen R&D
expenditure, on average, by 0.18 percent, respectively. However, the cumulative effect after two years is not statistically significantly
different from zero (i.e. p-value = 0.45) and suggests that the expansion of regulatory norms mimics the characteristics of the
negative but temporaty short-term shock to innovation expenditure. Columns (3) and (4) presents the effect of renewable energy
regulation on private-sector expenditure on R&D. The evidence indicates a mixed effect with respect to the expenditure. Point
estimates in column (3) unequivocally show that increasing regulation is associated with a marked drop in commercial expenditure
on innovation. By way of example, our estimates show that 1 percent increase in renewable energy regional regulation in period t-1
is associated with 0.02 percent drop in private-sector innovation expenditure, cezeris paribus. Since the static effect of regional
regulation in period t is not statistically significantly different from zero, the question that remains is whether the cumulative effect
after two years is either positive or null. By computing the Wald linear restriction, we show that after two years, the cumulative
effect of regional renewable energy regulation volume on private-sector expenditute is both negative and statistically significant at
10%. In particular, the cumulative effect of 1 percent increase in regional renewable energy regulatory volume is associated with
around 0.1 percent drop in private-sector R&D expenditure (i.e. p-value = 0.065). It should be noted that the estimated effect does
not depend on the past realization of the expenditure itself and is not absorbed by the standard confounding effects of the variation
in the factor input variables in the production function. On the other hand, our estimates uncover the evidence of the positive and
statistically significant effect of national regulation on renewable energy on private-sector expenditure. Substantial and significant
positive effect is not characterized by an immediate, static realization but instead with a dynamic realization after one year. The
cumulative effect of 1 percent increase in renewable energy regulation appears to be around 0.13 percent increase in R&D
expenditure levels, respectively (i.e. p-value = 0.007). On balance, our evidence shows some support for the notion that whilst
national regulation on renewable energy tends to enhance and boost private-sector R&D expenditure, an equivalent and comparable
increase in the volume of renewable energy regulation at the region level has an opposite effect and tends to depress innovation
expenditure significantly. This is consistent with the evidence in Table 2 and suggests that support schemes at the national level are
a source of increase in private sector innovation and R&D expenditure whilst cumulatively [0.0124] (p<<0.01), to no avail, failing to
pinpoint region-level regulation as a source of expenditure boost. Furthermore, estimates in column (6) indicate positive overall
effect of national regulatory volume on R&D employment, with cumulative effects of regulation positive and statistically significant
[0.362] (p<0.01) in contrast to null effect of regional regulatory volume in column (5).

To sum up, dynamic results, from Table 4, offer evidence regarding the hypotheses outlined in Section 2. In regard to H1, the
results indicate that national renewable energy regulations exert a positive and statistically significant effect on firm-level innovation,
as reflected in metrics such as R&D expenditure and employment partially supporting H1 in the longer run. Conversely, regional-
level regulations fail to demonstrate a significant independent impact, suggesting their limited effectiveness in driving innovation in
isolation.
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Table 4. Dynamic endogenous effect of regulatory volume on region-level innovation dynamics across regions in Spain, 2008-

2022
Ln(InnE) Ln(RDE) Ln(RDPer)
Exposure variable Regional National Regional National Regional National
Model (O] (©) 3 () (&) )
La(Y)(t-1) 0.416%** 0.396%* 0.714%+x 0.707*** 0.670*** 0.658
(171 (.170) (.065) (.067) (.090) (077)
Ln(Y) (t-2) 0.269%+* 0.286%+* 0.028 0.057 0.129* 0.173
(.091) (.095) (.064) (.062) (.075) (.065)
RRen (t) 0.022 0.007 -0.004 0.128%** 0.017 0.139%**
(.020) (.054) (.005) (.021) (.015) (.023)
RRen(t-1) 0.0008 -0.184* -0.020%* -0.099##* -0.028** -0.078*#*
(.031) (.087) (.010) (.021) (.013) (.017)
Wald Linear Restriction on 0.072 -0.555 -0.096* 0.124%x -0.053 0.362%+*
Cumulative Effect (.048) (.736) (.052) (.045) (.105) (.128)
Wald p-value 0.48 0.45 0.065 0.007 0.613 0.005
Structural controls YES YES YES YES YES YES
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Time-fixed effects YES YES YES YES YES YES
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Region-fixed effect YES YES YES YES YES YES
(p-value) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Wu-Hausman Endogeneity Test 0.000 0.000 0.000 0.000 0.000 0.000
of Regulation
(p-value)
# lags of dependent variables
# lags of endogenous variable 1 1 1 1 1 1
# observations 187 187 204 204 204 204
Wald test 0.000 0.000 0.000 0.000 0.000 0.000
(p-value)

Source: Own elaboration.

Notes: the table reports the effect of national and regional regulatory volume on renewable energy sources on public and private
expenditure on R&D and R&D employment across and within regions (Autonomous Communities) in Spain for the period 2008-
2022 using Arellano-Bond dynamic estimator. The cumulative interaction effect after two years is computed using non-linear Wald
restriction of the ratio between current and lagged regulation variables and current and lagged outcome variables. Standard errors
are adjusted for serially correlated stochastic disturbances and arbitrary heteroskedasticity using finite-sample adjustment of the
empirical distribution function and non-nested region-level clustering scheme. Cluster-robust standard errors are reported in the
parentheses. Asterisks denote statistically significant panel-level coefficients at 10 % (*), 5% (**), and 1% (**¥), respectively.

In Table 5, we estimate a dynamic interaction effect between regional and national regulation on renewable energy on public and
private expenditure on R&D as well as R&D employment. The evidence suggests that the combined effect of regional and national
regulatory volume on innovation expenditure and R&D employment is mixed. For instance, point estimates in column (1) indicate
a positive interaction effect of regional and national regulation on public innovation expenditure. The positive effect is immediate
and indicates about 0.076 percent expenditure boost from 1 percent increase in the joint regulatory volume, cezeris paribus. Yet, the
effect seems to fizzle out after one year as the cumulative interaction effect is not statistically significantly different from zero (i.e.
p-value = 0.368), suggesting that the positive interaction effect is temporary at best and does not yield sustained increases in firms’
expenditure on innovation. In column (2), we estimate the equivalent interaction effect of regulatory volume on private-sector R&D
expenditure. We find that no evidence of the instantaneous increase in expenditure in response to the joint increase in the regulatory
volume whilst the coefficient on the lagged interaction effect is negative and statistically significant, indicating a short-term,
temporary distortive effect of the interaction between national and regional renewable energy regulation on private-sector
expenditure. The cumulative interaction effect is not statistically significant different from zero, and rules out lasting and permanent
deterioration in private-sector expenditure in response to the expansion of regulatory volume through legal norms. We find similar
evidence of the interaction effect between regional and national regulation on R&D employment. The evidence highlights negative
and statistically significant lagged effect of the interaction term between national and regulation region whereas the cumulative effect
after two years is not statistically different from zero (i.e. p-value = 0.603). Our estimates in Table 5 convey an important normative
implication for the policymaker. Since the separate effect of the number of national regulations on Innovation, R&D expenditure
and R&D employment in firms is positive and statistically significant at conventional levels, the interaction of national and regional
regulation on renewable energies yields both temporary negative effect and no discernible long-term effect on both expenditure and
R&D employment. Without the loss of generality, this particular distinction emanating from our results indicate a negative non-
synergetic feedback loop between the number of regional and national regulation on renewable energy where the former tends to
displace the positive effect of the latter with respect to both employment and expenditure. The displacive effect of regional
regulation over the national regulation of renewable energies could be related to the idea that the fragmentation of regulation could
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be a non-trivial policy distortion that may transmit similar kind of negative effect as the increasing and excessive volume of
regulation.

In this case, the interaction between national and regional regulations exhibits a positive, albeit modest, effect on innovation
outcomes, highlighting the potential benefits of regulatory alignment in line with the results of our baseline analysis in Table 2. A
non-significant direct effect of regional regulation, together with a weak positive interaction with national regulation provide
evidence that regional regulation is useful insofar it is consistent with national regulation. However, it falls short on concluding that
the increase of regional regulation has a negative effect. Indeed, although the coexistence of both regulatory levels continues to
promote innovation to some extent, the attenuated effects suggest that misaligned approaches could undermine the full potential
of renewable energy policy framework.

Our analysis provides additional impetus to further analysis in the future research by opening several questions behind the tentative
conclusions. For instance, the sign of the interaction effect between different layers of regulation may highlight a reasonably strong
degree of regulatory fragmentation as a source of transaction costs that hinders a better and faster coordination and bends directly
on the innovation expenditure. In this respect, a positive interaction term may partially indicate whether the positive effect of
national regulation is offset by the fragmented structure of the regulation since the region-level regulation fails to generate additional
firm-level expenditure on R&D. In this perspective, future research would investigate whether national and regional regulations are
fragmented (increase at different speed across regions) or contradictory across jurisdiction levels and may address its roots and
consequences to better understand its spread across space and time.

These preliminary findings underscore the critical role of regulatory coherence and coordination in fostering firm innovation within
complex multi-level governance frameworks, explaining why H2 is not supported by the data.

Table 5: Endogenous interaction effect of regulatory volume on region-level innovation dynamics across regions in Spain, 2008-

2022
Model ()] ) 3)
Ln(InnE) Ln(RDE) Ln(RDPer)
La(Y)(t-1) 0.404%* 0.718%+* 0.672%+*
(-168) (.065) (.088)
La(Y) (t2) 0.277*%* 0.024 0.123*
(.092) (.065) (.074)
(RRenNac X RRenRegt 0.076* 0.005 0.018
(.045) (.011) (.018)
(RRenNac X RRenReg) (t-1) -0.002 -0.006** -0.009%*
(.009) (.003) (.003)
Cumulative Interaction Effect 0.231 -0.001 0.045
(:257) (.045) (.087)
Wald Linear Restriction on 0.368 0.968 0.603
Cumulative Effect
(p-value)
Structural controls YES YES YES
(p-value) (0.000) (0.000) (0.000)
Time-fixed effects YES YES YES
(p-value) (0.000) (0.000) (0.000)
Region-fixed effect YES YES YES
(p-value) (0.000) (0.000) (0.000)
Wu-Hausman Endogeneity 0.000 0.000 0.000
Test of Regulation
(p-value)
# lags of dependent variables 2 2 2
# observations 204 204 204
Wald test 0.000 0.000 0.000
(p-value)
Source: Own elaboration.
Notes: the table reports the interaction effect between national and regional regulatory volume of renewable energy sources on
public and private expenditure on R&D and R&D employment across and within regions (Autonomous Communities) in Spain
for the period 2008-2022 using Arellano-Bond dynamic estimator. The cumulative interaction effect after two years is computed
using non-linear Wald restriction of the ratio between current and lagged regulation variables and current and lagged outcome
variables. Standard errors are adjusted for serially correlated stochastic disturbances and arbitrary heteroskedasticity using finite-
sample adjustment of the empirical distribution function and non-nested region-level clustering scheme. Cluster-robust standard
errors are reported in the parentheses. Asterisks denote statistically significant panel-level coefficients at 10 % (*), 5% (**), and
1% (¥*¥), respectively.
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5. Conclusions

In this paper, we empirically analyze whether “green regulation”, in particular renewable energies regulation, and its volume generate
a positive or negative impact on firm innovation. To this end, we rely on a regulatory database (Mora-Sanguinetti and Atienza-
Maeso, 2024a) for all Spanish regions (Autonomous Communities) as well as at the national level, for the period 2008-2022, which
identifies and classifies the regulations of interest related to renewable energies and other “green” subjects. Through the lens of the
descriptive analysis we show that the volume of regulation tends to increase over time although the pace and trend of the increase
is not uniform across regions. In the subsequent step, we empirically operationalize the Cobb-Douglas production function with
endogenous technological progress allowing for partial adjustment of the technology level to the dynamic changes in innovation.

The empirical evidence for Spain suggests that a more vibrant and increasing volume of regulation on renewable energy does not
translate into discernible dampening effect on the variety of innovation indicators such as expenditure on innovation, R&D
expenditure and R&D employment. On the contrary, we find evidence of a positive effect of “green regulation” on the innovation
dynamics under an intricate mechanism. By decomposing the regulation into its national and regional components, we show that
the former is associated with a more vibrant innovation dynamics whilst the latter is not and cannot be distinguished from zero at
conventional levels of statistical significance. By looking at the interaction effect between national and regional regulation, the
positive and statistically significant, but attenuated, effect in comparison to the isolate impact of national regulation, suggests a
potential diminishing marginal return when combining different levels of regulation in Spain. The reduced magnitude of the effect
in the innovation metrics at the firm level may imply that uncoordinated or fragmented governance could dilute the overall
effectiveness of renewable energy regulatory strategies. The exploration of this point can be pursued further by analysing in more
detail which specific competences fall under national law and which specific competences fall under regional law. Yet, this would
be a point to be explored in future research.

Our contribution to the literature adds an important and policy-relevant angle to the debate on the design of “better regulation”
policies. Regulation in these matters would be more effective if it is characterized by a lower degree of fragmentation [on “better
regulation” policies, see, e.g., European Commission (2015)]. A less fragmented and more streamlined regulation on “green” issues
(such as renewable energy regulation) differs significantly from the classical view of regulation as a binding constraint on the process
of creative destruction and growth. More specifically, we suggest that the transition towards net-zero emissions that has been
underpinned by the European Union for the foreseeable future may need a greater degree of centralization, with more clearly aligned
support schemes, avoiding complex regulatory structures. While we do not provide a measure of fragmentation in this study; the
results based on the volume of regulation at different jurisdictional level, seems to confirm that a more fragmented regulatory regime
in a (similar to a) federal environment such as the one that characterizes the Spanish case may be unfriendly to the process of
innovation at the firm level.

A possible extension of the analysis for the Spanish case could be to explore how other legal innovations reach the market, for
example, through the work of Spanish judges interpreting the adopted norms.
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Appendix

Table Al. Summary of the regulatory database (“Green regulations” by subject, 2000-2022)

SUBJECT

SPECIFIC
TOPIC

AUTONOMOUS
REGIONS

STATE
(CENTRAL
GOVERNMENT)
NORMS

Renewable energies
(Energias renovables)

Wind energy
(Energia edlica)

204

46

Solar energy
(Energia solar)

313

66

Renewable
energy (general
concept)

[Energia renovable
(concepto)]

2707

535

Hydrogen
(Hidrdgeno)

32

39

Total
(Renewable
energies) [Total
(energias
renovables)]

2876

606

Sustainable
transportation

(Transporte

sostenible)

Electric vehicles
(vebiculo eléctrico)

514

214

Low emission
zones (onas de
bajas emisiones)

23

19

Charging points
(puntos de recarga)

310

68

Sustainable
transportation
(total) [zransporte
sostenible (total)]

548

235

Pollution
(Contaminacion)

Pollution
(contamuinacion)

70

38

Energy efficiency
(Efciencia energética)

Energy efficiency
(concept)
[“Eficiencia
energética”

(concepto)]

3694

761

Energy
rating
(calificacion
energética)

487

69

Enegy
efficiency
(total)
|Eficiencia
energética (total))

4281

835

Source: Mora-Sanguinetti and Atienza-Maeso (2024a).
Note: The database includes the year 2000 and then 2008-2022.
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Table A2. Descriptive statistics of the regulatory database

Variable Panel Mean Std. dev. Minimum Maximum
dimension number of number of
(16 years of norms norms found
data X 17 found
regions =
272)
Wind energy (Energia 272 0,7500000 0,9888679 0 5
edlica)
Solar energy (Energia 272 1,1433820 1,5740140 0 9
solar)
Renewable energy 272 9,9264710 6,3352030 0 42
(general concept)
[Energia renovable
(concepto)]
Hydrogen (Hidrigend) 272 0,1176471 0,6020730 0 8
Total (Renewable 272 10,5441200 6,6364390 0 47
energies) [Total
(energias
renovables)
Electric vehicles (vehiculo 272 1,8566180 2,5939240 0 16
eléctrico)
Low emission zones 272 0,0808824 0,3339387 0 2
(zonas de bajas
entisiones)
Chatging points 272 1,1286760 1,8147570 0 13
(puntos de recarga)
Sustainable 272 1,9779410 2,7260310 0 16
transportation (total)
[transporte sostenible
(total)]
Pollution (contaminacion) 272 0,2573529 0,5951380 0 5
Energy efficiency 272 13,5404400 8,8546180 0 68
(concept)
[“Eficiencia
energética” (concepto)]
Energy rating (ullzﬁmpio'y; 272 1,7794120 2,0908910 0 13
energética)
Enegy efficiency 272 15,6911800 9,7208380 0 80

(total) [Eficiencia
energética (total))

Source: Mora-Sanguinetti and Atienza-Maeso (2024a).
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Fig. Al. Correlation matrix of the variables included in the analysis

InnE —
RDPer
GDP -
RDE
K-
Employ -
Prod -
RRenNac —
RRenReg |
Source: Own elaboration.
Table A3. Definition of independent variables
Variable Measure Definition Soutce
Innovation ‘000€ Innovation activities are understood as any activity (financial, | Encuesta de
expenditure (InnE) development or commercial) that leads to the development or | Innovacion en las
adoption of innovations. It includes seven different activities: internal | Empresas.
research and experimental development (R&D); acquisition of R&D | National

(or external R&D); engineering, design, and other creative activities;
marketing and brand creation; activities related to intellectual
property rights; activities related to staff training; software
development and activities related to the work of databases and
activities related to the acquisition or leasing of tangible goods. The
internal experimental R&D includes current expenditures and capital
expenditures inside the firm whichever the origin of the funds. The
Innovation expenditure by firms is reported at the regional level in
the regions where the firms have their headquarters. According to the
methodological note of the Spanish National Statistic Office,

Statistical Office
(Spain)

R&D  personnel | FTE

FTE business
(RDPer)

Number of researchers, technicians and other supporting staff
working in R&D activities in firms. These people dedicate more than
90% of their working day in R&D activities.

R&D  personnel
and  researchers
by  sector of
performance, sex
and NUTS 2
regions (Eurostat)

R&D expenditure | ‘000 €

business (RDE)

Subset of the innovation expenditure. R&D expenditure in the firm
includes basic R&D, applied R&D and experimental development
This includes current expenditures and capital expenditures
performed by the business sector

R&D  personnel
and  researchers
by  sector of
performance, sex
and NUTS 2
regions (Eurostat)
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