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Abstract 

Over the last few years, climate change has become one of the most critical challenges 

humanity has to face. The impacts it is having on the environment are now becoming extreme 

and irreversible. Urgent action is needed to guarantee the Earth’s survival and this responsibility 

cannot be dodged further. 

International institutions and national governments are expected to work in close 

cooperation so as to achieve concrete results in the shortest time. The European Union, 

throughout the years, has been taking a leading role, with the aim of coordinating and driving 

Member States’ operations towards a modern society and a sustainable economy.  

The European Green Deal, issued in December 2019, clearly states the goal of outlining 

a growth strategy that will support the EU during the transition towards a net-zero greenhouse 

gas emissions economy by 2050. To achieve this ambitious target, several measures are being 

implemented, and the commitment and participation of Member States is imperative. 

Still, Governments are struggling to find the best policy mix that fosters both citizens and 

firms to undertake greener activities. A wide variety of instruments exist that differ according 

to the stringency they convey. Stricter environmental policies can have either a positive or a 

negative effect on firms’ activities. Specifically, studies show that more stringent environmental 

policies lead to more innovative outcomes, ultimately having a positive effect on society. By 

contrast, others suggest that stricter regulations only drive companies to relocate abroad.  

The goal of this paper is to investigate the correlation between the environmental policy 

stringency and the innovation activities, aiming to prove that stricter policies foster innovation. 

Specifically, under a methodological point of view, this paper will start by building a dataset 

containing a list of policies and regulations implemented by Member States in the last years. 

Further, two indexes are introduced and four analyses are undertaken, in order to investigate 

evidence of the correlation under several points of view.  
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1 Introduction 

Earth’s climate has experienced, throughout history, huge changes. As the atmosphere 

gets warmer, long-term alterations affect temperatures, ecosystems and weather conditions. 

These changes, which are mainly due to natural causes, build up slowly throughout the 

centuries, and stimulate species to continuously look for new equilibria. Still, in the most recent 

years of the Earth’s life, human activity has altered these equilibria, and changes have become 

increasingly extreme, resulting in unpredictable weather events and violent natural phenomena. 

Forests are being destroyed, oceans polluted, and species are at high risk of extinction: climate 

change has definitely become the most critical threat to the Earth’s and humans’ survival and 

urgent action is required to face all these environmental-related challenges.  

It is mandatory that international institutions and national governments work in close 

cooperation to define solid strategies and action-plans that can mitigate negative effects and 

ensure future prosperity. To this end, several agreements have been submitted at international 

level to formulate a climate-resilient pathway. 

In December 2015, 196 countries taking part to the United Nations (UN) Change 

Conference (COP21) signed a legally binding international treaty on climate change, defining 

a milestone of net-zero emissions path. The Paris Agreement [1] was aimed at defining a global 

response to climate change by “Holding the increase in the global average temperature to well 

below 2°C above pre-industrial levels and pursuing efforts to limit the temperature increase to 

1.5°C above pre-industrial levels, recognizing that this would significantly reduce the risks and 

impacts of climate change.” (UNFCCC, 2015, Paris Agreements, United Nations) 

To achieve these ambitious goals, strong efforts are required by governments, that need 

to take the lead and define the most efficient and effective policy structures. In this regard, the 

European Union (EU) is playing a key role by coordinating Member State’s efforts towards the 

objective of being the first continent having a net-zero greenhouse gas (GHG) emissions 

economy by 2050.  

To this end, in December 2019, the EU issued the European Green Deal [2]. “It is a new 

growth strategy that aims to transform the EU into a fair and prosperous society, with a 

modern, resource-efficient and competitive economy where there are no net emissions of 
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greenhouse gases in 2050 and where economic growth is decoupled from resource use.” 

(European Commission, 2019, The European Green Deal, COM(2019) 640 final) 

Among several measures adopted by international organizations to tackle climate change, 

the European Green Deal has played a pivotal role in Europe long-term strategy. The document 

addresses several topics, with the aim of turning environmental challenges into opportunities 

and ultimately lead to a sustainable economy [3]. 

In July 2021, an entire set of proposals was adopted by the European Commission. The 

package was composed of policies fit for reducing net GHG emissions by at least 55% by 2030, 

compared to 1990 levels [4]. This package is known as Fit for 55 [5], and comprises three of 

the most impactful legislative proposals. The EU Emission Trading System (EU ETS) [6] sets 

a cap to emissions that companies are allowed to produce and creates a system of allowance 

trading which enhances competitiveness to stimulate emissions reduction. The Carbon Border 

Adjustment Mechanism (CBAM) [7] ensures that firms are not pushed to relocate carbon-

intensive production outside Europe, by putting a carbon price on imports of selected products. 

Last, the Renewable Energy Directive (RED) [8] sets the target to produce 42.5% of energy 

from renewable sources by 2030. 

To comply with the parameters set by the agreements, European Member States must rely 

on legislative bodies that are capable of driving the economy towards sustainable paths. Hence, 

it is pivotal for them to understand how legislative measures will affect both the business and 

the environment and to choose the best policy mix to ensure that a green growth is pursued. 

Within the academic literature, quite a few researchers investigated the correlation 

between environmental policies and the cleantech sector, mainly focusing their efforts in 

assessing how the climate policy framework can stimulate clean innovation while mitigating 

climate change. 

Within this perspective, studies emerged that delved into the measurement of the 

stringency of environmental policies, aimed at defining a quantitative indicator. In 2014, Botta 

and Kozluk [9] developed the Environmental Policy Stringency Indicator, a policy-based 

composite indicator which quantitatively expresses how strict environmental regulations are on 

a scale of 0 to 6.  
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The findings made by OECD researchers gave birth to a flourishing literature aimed at 

investigating the correlation of the new index with a huge set of country-related variables. 

Specifically, the relationship between environmental policy stringency and clean innovation 

was tested by multiple articles, resulting in different outcomes. The vast majority of scholars 

supports the Porter Hypothesis (Porter and Van der Linde, 1995 [10]) and argues that properly 

developed restrictive environmental policies promote innovation activities (“weak” version of 

the Porter Hypothesis) and boost firms’ competitiveness (“strong” version of the Porter 

Hypothesis). Conversely, other researchers claim that stricter environmental standards lead 

firms to relocate abroad, following the Pollution Haven Hypothesis. 

The present work comes under the broad category of papers aimed at investigating the 

weak version of the Porter Hypothesis. Although the topic is extremely discussed, this study 

brings about aspects of novelty, by choosing the European Innovation Scoreboard [11] as a 

proxy of innovation activities. This variable is developed by the European Commission on a 

yearly basis and comprises a set of measures related to financial, societal and environmental 

aspects. 

In conclusion, the goal of this thesis is to assess how European Member States are taking 

actions against the threat of climate change, by looking for evidence of the weak version of the 

Porter Hypothesis.  

The work is structured in two parts, further divided into several chapters. The first part of 

the document is aimed at creating a dataset containing a list of national implementations of 

some Directives and Regulations published by EU to comply with the Green Deal indications. 

This part is composed of a first chapter fully dedicated to the Green Deal, followed by a Data 

and Methodology section describing the procedure that led to the creation of the dataset. To 

conclude, a chapter will be dedicated to showing some analyses derived from the data. 

The second half of the thesis is devoted to the analyses. The Environmental Policy 

Stringency (EPS) Index is first introduced, reporting the most relevant findings that led to its 

creation. Before diving into the description of data and methodologies used for the analyses, a 

short paragraph outlines the research question. An entire chapter follows, presenting the four 

analyses that will be discussed. Finally, the last chapters illustrate, respectively, conclusions 

driven by the results obtained and limitations and further development of the present studies.  
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2 The European Green Deal 

The first chapter of this thesis is fully devoted to the study of the European Green Deal 

[2]. As already mentioned, this document has assumed a key role in defining Europe long-term 

strategy, acting as a reference for further legislations. Moreover, within this publication, the EU 

strongly affirms its leading position towards a more sustainable economy.  

The European Green Deal is aimed at defining the transition towards a sustainable 

economy, by acting on two main levers. First of all, transition needs financing. Additionally, 

transition must be fair, and no one can be left behind. Therefore, the European Commission 

structured the document upon eight pillars, each of them addressing a specific area involved in 

the transition (Figure 1). The detailed descriptions of such pillars are reported in the following 

chapters. 

 

 

 

 

Figure 1. The structure of the European Green Deal. 

 

 



 

 
 

14 
 

2.1 Increasing EU’s climate ambition for 2030 and 2050 

The first chapter of the Green Deal focuses on setting ambitious targets and defining key 

milestones of the transition. To this end, the years 2030 and 2050 are taken as a reference, and 

policies are created to drive Member State actions. The following paragraphs are aimed at 

outlining the most relevant initiatives set by the EU. 

The European Climate Law [12] was issued in June 2021. This document is intended to 

transpose into law the goal set out in the European Green Deal of making economy and society 

climate-neutral by 2050. To this end, the Regulation includes a legal objective for Member 

States to achieve net zero GHG emissions by 2050, either by cutting emissions, investing in 

green technologies and protecting the environment. Furthermore, a more ambitious target is set: 

by 2030, a 55% reduction in net emissions of GHG as compared to 1990 is to be achieved [13]. 

Second, the Just Transition Mechanism (JTM) [14] was created. This tool is aimed at 

ensuring that transition towards a climate-neutral economy happens in a fair way. In order to 

mitigate the socio-economic impact of the transition, the EU has adopted this mechanism to 

provide support to regions and workers that face the greatest challenges. In the period 2021-

2027, the JTM is expected to mobilize € 55 billion across these regions. 

Last, the “Fit for 55” package [5] was approved in 2021. As already described, it is 

composed of a set of proposals covering several economic areas. Among them, the EU ETS 

[6], the CBAM [7] and the RED [8] were the most impactful ones. 

 

2.2 Supplying clean, affordable and secure energy 

To achieve the climate objectives set out in the first paragraph, the EU states that it is 

mandatory to act on the Energy sector. Therefore, in the second chapter of the Green Deal, 

indications are set for Member States to present climate plans by the end of 2019. Renewable 

energy sources are at the core of the transition, and the need for them has recently increased 

due to Russia’s invasion of Ukraine.  

In May 2022, the European Commission adopted the REPowerEU Plan [15], aimed at 

reducing the dependence on Russian fossil fuels as rapidly as possible (Figure 2). As of today, 
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this plan resulted in almost 20% saving of energy demand, an increase in the deployment of 

renewables and ultimately a strong reduction in the dependency on Russian fossil fuels [16] 

(Figure 3). 

 

Figure 2. The structure of the REPowerEU. 

 

 

Figure 3. Figures describing the results obtained through the implementation of REPowerEU. 
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2.3 Mobilizing industry for a clean and circular economy 

The shift of an industrial sector usually takes about 25 years, so it’s crucial to take action 

now in order to achieve 2050 goals. Realizing a fully circular economy requires the 

mobilization of industry, thus a specific action plan needs to be defined. 

The current “take-make-dispose” model is to be changed soon, as it damages both the 

environment and the economy. Unnecessary resource wastage does indeed lead to scarcity of 

materials and unstable raw material prices, which are to be added to the impacts it generates to 

natural environment. It is intuitive that this model is no-longer sustainable and the circular 

economy approach, based on recycling and waste reduction must be adopted immediately. 

To this end, EU has developed the Circular Economy Action Plan (CEAP) [17], which 

announces initiatives along the entire life cycle of products. In the last couple of years, several 

policies have been published to address waste reduction. In March 2022, the Sustainable 

Products Initiative outlined a proposal for the Ecodesign for Sustainable Products Regulation 

[18]. In November 2022, European Commission revised the EU rules on Packaging and 

Packaging Waste [19] and set a framework for biodegradable and compostable plastics.  In 

2023, the monitoring framework [20] was revised and measures were set to reduce the impact 

of microplastic pollution on the environment [21]. 

 

2.4 Building and renovating in an energy and resource efficient 

way 

The impact of buildings on the environment is huge, as not only take they part in the 

generation of waste and pollution, but also, they cause high energy consumption. As claimed 

by Santamouris (2016) [22], the building sector accounts for around 40% of worldwide energy 

consumption and 36% of energy-related GHG emissions. Moreover, requirement of raw 

materials for buildings is around 3 billion tons, equal to half the global annual material use. In 

addition, construction accounts for the 25% share of air pollutants.  

The figures outlined by Santamouris show the huge negative impact buildings are having 

on the environment, but, at the same time, they highlight that a renovation of this sector can 
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lead to huge positive effects. As it is written in the Green Deal, “While increasing renovation 

rates is a challenge, renovation lowers energy bills, and can reduce energy poverty. It can also 

boost the construction sector and is an opportunity to support SMEs and local jobs” (The EU Green 

Deal, ch. 2.1.4, p. 9). 

It is not surprising, therefore, to get to know that European Commission launched the 

Renovation Wave Strategy [23] in 2020, aimed to convert all buildings into zero-emission 

structures by 2050. The path outlined by the initiative is built on three main pillars (Figure 4), 

them being the decarbonization of heating and cooling, the eradication of energy poverty, and 

the renovation of public buildings and social infrastructure. Specific ambitious targets are set: 

GHG emissions from buildings shall be reduced by 60% and final energy consumption must 

decrease by 14%, both by 2030, compared to 2015 levels. Also, a doubling of the annual 

renovation rate (currently at 1%) should be pursued [24]. 

 

 

Figure 4. The 3 main pillars the Renovation Wave Priorities is built on. 

 

2.5 Accelerating the shift to sustainable and smart mobility 

Transportation is one of the main pillars of modern societies, as it has a strong impact on 

quality of life and economy boost. As a matter of fact, these positive connotations are 

counterbalanced by negative externalities transports generate. As of today, a quarter of GHG 

emissions are due to transportation sector (EEA (2023) [25]). Therefore, urgent action and strict 
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targets are required. The 82 initiatives described in the Sustainable and Smart Mobility Strategy 

[26] issued by the Commission in 2020 all lead to a 90% reduction of GHG emissions by 2050, 

which will involve significant changes to the whole industry. The foundations of this document 

rely on three main aspects [27]. 

The first pillar is to be sustainable. In practice, it consists in a strong boost to multimodal 

transport. A huge share of freight carried by road is to be shifted onto rail and water, which 

requires an increase in the capacity of railways and waterways.  

Second, the Commission states that transportation must be smart. Therefore, the 

automated and connected multimodal mobility (Smart Mobility), together with smart traffic 

management systems, should rapidly enter the current framework of transportation 

infrastructures and lead it to strong reduction in congestion and pollution of urban areas. 

Third, the transportation sector must be resilient. Indeed, as already pointed out, the 

European Green Deal is aimed to ensure a fair transition that makes transportation affordable 

and accessible in all regions and for all passengers. Also, transport safety and security must be 

set up across all models, with the target of bringing the death toll close to zero by 2050.  

According to the most recent updates, the European Environment Association (EEA) 

claims that emissions due to domestic transport will only drop below their 1990 level in 2029. 

Also, indicators show that transport GHG emissions have rebounded after the decrease due to 

Covid-19 Pandemic, resulting in a +7.7% in 2021. The share of energy from renewable sources 

used for transport, which Directive 2018/2001 [28] imposes to be no lower than 14% by 2030, 

reached 10.2% in 2021. The number of electric vehicles is steadily growing and has registered 

a +23% in 2022. This result is enhanced by Regulation 2023/851 [29], which states that by 

January 1st, 2035, a 100% reduction in average emissions must be achieved, with respect to 

2021 [30]. 
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2.6 From “Farm to Fork”: designing a fair, healthy and 

environmentally-friendly food system 

The European Commission’s Farm to Fork Strategy [31] represents EU’s firm dedication 

to transform the existing food system into an environmentally sustainable, socially equitable 

and health oriented one. As a matter of fact, the food system is currently unsustainable, as it 

leads to resource depletion, biodiversity loss, increased food waste and it accounts for about 

one third of the global GHG emissions.  

The transition will involve the entire food chain and will address both operators and 

machinery and technologies (Figure 5). At least 40% of agricultural policy’s budget and 30% 

of Maritime Fisheries Fund will indeed contribute to climate action. Moreover, precision 

agriculture and organic farming are to be fostered (by 2030, 25% of total farmland should be 

under organic farming). Switching to more concrete numerical targets set by EU, the use of 

chemical pesticides is to be reduced by 50% by 2030, and fertilizers will be cut by 20% [32]. 

 

 

Figure 5. The "Farm to Fork" strategy will involve the whole food chain. 
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2.7 Preserving and restoring ecosystems and biodiversity 

The effects of climate change on nature are easily recognizable in the degradation of 

ecosystems. Sea-level and temperature increase led to the alteration of natural habitats, which 

ultimately affects species survival. In order to face these challenges, the EU developed a 

Biodiversity Strategy [33] that also collaborated to support a green recovery from the Pandemic. 

This strategy is composed of three main actions. 

First, Natura 2000 [34], the EU network of protected areas on land and at sea, must be 

enlarged. Currently, it covers 18% of EU land and 8% of EU water. 

Second, the Nature Restoration Law was issued, which set a broad restoration goal for 

long-term recovery of nature in EU. 30% of EU land and marine regions must be covered by 

these policies by 2030. 

Third, specific measures are to be introduced to tackle global biodiversity challenge and 

to ensure good implementation. 

 

2.8 A zero-pollution ambition for a toxic-free environment 

To fight pollution emission, the European Green Deal states that measures are required 

both to prevent pollution generation and to clean and remedy to it. Keeping this aim in mind, 

on May 12th, 2021, the European Commission adopted the EU Action Plan: “Towards Zero 

Pollution for Air, Water and Soil” [35], which depicts a zero-pollution vision for 2050. Such a 

vision is made more concrete through the definition of some stringent targets. These targets 

include the reduction of the number of premature deaths caused by air pollution by 55%, the 

reduction of plastic litter at sea by 50% and microplastics released into the environment by 

30%, a significant cut of the waste generation by 50% [36]. 

Additionally, the Chemical’s Strategy for a Toxic-Free Environment [37] was released in 

2020. It is aimed at protecting both citizens and the environment by keeping under control the 

effect of chemicals and boosting investments in production and use of sustainable and safe 

substances. 
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Finally, to remove CO2 from the atmosphere, the EU structured a plan to capture it in soil 

and forests. In June 2022, the Land, Land Use Change and Forestry (LULUCF) Regulation was 

issued, lastly revised in March 2023. Following a two-phase approach, the revised regulation 

establishes new binding targets for Member States. Until 2025, the current system holds, with 

the obligation to balance emissions and removals (as of 2019, EU-level of net removals was 

equal to 249Mt, with a binding target of 225 Mt). From 2026 to 2030, an increased target for 

net removals of 310 Mt.  
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3 Creating a dataset listing all European 

cleantech policies: a methodological overview 

The first chapters have carried out the hard task of introducing the reader to the topic this 

thesis has the aim to address. While they have outlined the theoretical basics standing behind 

the study, the following section will rather describe the practical operations that have been 

performed when started dealing with the research focus. 

 

3.1 Research objective 

As previously mentioned, the first part of this work was devoted to the creation of a 

dataset listing and classifying policies and regulatory initiatives issued by the 27 EU Member 

States when asked to implement Directives and Regulations set by the Commission. Once 

completed, this dataset will allow for insights and analyses that may be useful for further 

studies. 

Hence, it is not surprising that this chapter will describe the phases of research, analysis 

and categorization of policies across EU Member States. 

It is worth mentioning that these very first steps were performed by a group of five 

students, under the coordination and supervision of three professors: Elisa Ughetto from 

Politecnico di Torino, Laura Toschi and Sara Zanni from Università degli Studi di Bologna.  

 

3.2 Identification of Green Deal topic 

The starting point of the research is the Green Deal, which the previous chapter has 

described in detail. Having read the original paper, each member of the team decided the topic 

he or she preferred to deepen. Personally, given my work experience in the field of logistics 

and transportation, the choice fell on the sub-chapter “Accelerating the shift towards a 
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sustainable and smart mobility”. This section mainly focuses on the strategy the EU wants to 

put in place in order to reduce the GHG emissions and finally reach a zero-emission mobility. 

Moreover, the topic has been further detailed by the Fit for 55 package – which introduces 

new sophisticated measures to achieve the 55% reduction of GHG by 2030 – and is currently 

being addressed by lots of European countries. For instance, the EU Emissions Trading System 

[6], known as EU ETS, has been modified in April 2023 so as to meet the targets that were set. 

 

3.3 Definition of the keywords 

After the choice of the topic, a list of keywords was to be defined. This list should contain 

words defining the topics addressed by the Green Deal and it is aimed at helping to narrow the 

research field. 

At this stage, the approach was to follow a hierarchical structure, meaning to create 

categories in which to group different keywords. To do so, the research began by reading the 

whole Green Deal paper and highlighting the words that recur the most across it and thus best 

summarize it.  

Still, it emerged that the list derived from this first approach was composed of keywords 

that were not specific to one topic only, rather they addressed the whole document in a holistic 

way. By mutual consent with the whole team, it was agreed to define these keywords as 

“transversal”. They are listed in Table 1 below. 

 

Table 1. List of the "transversal" keywords. 

Climate neutrality 

• Greenhouse gas emissions reduction 

• Renewable sources 

• Clean energy transition 

Modernize and transform the economy 

• Digital transformation 

• Digital technologies 
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• Energy efficiency 

• Energy performance 

• Energy flexibility 

• Performance monitoring 

• Data accessibility 

Taxation aligned with climate objectives 

Citizen awareness and education 

 

Being this first list too broad, a second, more detailed analysis of the Green Deal topic 

was undergone. By following precious advice of supervisors, a set of peculiar keywords 

emerged. They were clustered into several groups, and finally listed in Table 2 shown below. 

 

Table 2. List of the keywords related to the topic “Accelerating the shift towards a sustainable and smart 
mobility”. 

Sustainable and smart mobility 

• Multimodal transport 

• Combined Transport Directive 

• Single European Sky 

• Smart traffic management systems 

• Recharging and refueling points 

• Sustainable alternative fuels 

Air quality 

• Air pollutant emission standards 

International Civil Aviation Organization 

International Maritime Organization 
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3.4 Definition of the dataset fields 

In order to create a consistent dataset, it was mandatory to establish the fields required for 

the analysis and the type of data each field will contain. 

Following a structure proposed by the supervisors, 29 fields were identified, which are 

listed in the following Table 3. 

 

Table 3. List of the 29 fields of the dataset. 

Item Format Values 

COD Alphanumeric code: 

CountryCode_DirectiveYear

_DirectiveNumber_PolicyYe

ar_PolicyNumber_TopicNu

mber 

CountryCode: 2-letters country code defined 

by international organization; 

DirectiveYear: year of creation of the 

Directive; DirectiveNumber: number of the 

Directive; PolicyYear: year of creation of the 

policy; PolicyNumber: number of the policy; 

TopicNumber: number of EU Green Deal 

chapter (see Topic) 

Country Text 2-letters country code 

Level Alphanumeric Code Level of the policy: Europe; Country; 

Region 

Year Alphanumeric Code Year of creation of the policy 

Topic Text Number of the chapter of EU Green Deal 

Policy Name Text Official name of the policy (in original 

language) 

Policy reference Text Official policy reference (usually composed 

by year of creation and number) 

Overlapping Alphanumeric Code This field contains the code of other policies 

or directives which create an overlap 

Instrument Text EU Commission’s strategy; EU 

Commission’s strategy / Standard definition 

/ Incentives-taxes; EU Commission’s 

strategy / Targets for all MS; Standards and 

obligations; Administrative arrangement; 
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Binding targets; Infrastructure design; R&D; 

Long-term strategy; National regulation 

Superordinate Law Text Name of the Directive that the policy 

implements 

Policy level Text Code of the policy level: EU for Europe, CO 

for country, RE for region 

Mechanism Text Market -Based; Non-Market-Based 

Type_Botta Text Classification of the policy according to the 

paper of Botta (N/A if the classification is 

not applicable to the specific policy) 

Type_De_Serres Text Classification of the policy according to the 

paper of De Serres (N/A if the classification 

is not applicable to the specific policy) 

Type_Kruse Text Classification of the policy according to the 

paper of Kruse (N/A if the classification is 

not applicable to the specific policy) 

Type_An_Economic_

Analysis_of_Biodiver

sity 

Text Classification of the policy according to the 

paper "An economic Analysis of 

Biodiversity" (N/A if the classification is not 

applicable to the specific policy) 

Type_From_Farm_to

_Fork: 

Sustainability_Goals

_and_Policy_Instrum

ents  

Text Classification of the policy according to the 

paper "From Farm to Fork" (N/A if the 

classification is not applicable to the specific 

policy) 

Category Text Regulatory Policy; Financial Incentives; 

Banning Regulation 

Perimeter of 

application  

Text Subjects affected by the policy 

Technology Text Technology impacted by the policy 

Created on Date Creation date 

Expired on Date Expiration date (whether the policy is 

expired) 
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Transposition 

Deadline 

Date Date by which a Member State should 

implement a Directive 

Adoption (days) Number Difference between the date of creation of a 

policy and the deadline imposed by the EU 

Directive, in days (if positive: delay in the 

implementation; if negative: advance) 

Adoption (year) Number Difference between the date of creation of a 

policy and the deadline imposed by the EU 

Directive, in years (if positive: delay in the 

implementation; if negative: advance) 

Late Binary Analysis of implementation date in 

relationship to the transposition deadline: 

Late; Early 

Last amended Date Date of last amendment 

Indicator Text Description of the performance indicators 

listed in the policy, if present 

Stringency Number Number defined by OECD indicating how 

the policy-mix of a given country in a given 

year addresses climate externalities 

(See Chapter 4) 

Notes Text Notes and comments 

 

3.5 Research phase 

Once the dataset fields were agreed, the research phase could begin. However, by simply 

typing some of the keywords and browsing the internet, a huge number of results was generated. 

Then, a solid research methodology was to be structured in order to make a differentiation 

between reliable and non-reliable sources and limit the waste of time. 

It’s worth mentioning that, as it usually happens in similar works, not only this phase was 

the toughest one, but also it took quite a few times to be completed. 

By comparing evidence resulted from team members’ experience and following a trial-

and-error approach, after about one month, the following steps were agreed: 
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1. First, the set of Directives and Regulations specifically related to one topic was to be 

defined; 

2. Second, for each Directive and Regulation identified, the whole set of policies issued 

by a Member State in order to transpose those EU documents into national legislation 

was to be defined; 

3. Last, each of the national transpositions was to be studied and categorized into the 

dataset. 

 

To address the first problem, the keywords listed above were searched on the EU official 

website [38]. Also, by browsing the website, it is easy to find some sections related to each of 

the Green Deal topics, reporting the latest news and updates. 

Once the list of Directives and Regulation was set, the focus should shift to one Directive 

only, which should drive the following steps of the research. To perform this further step, the 

EurLex portal [39], where all the EU legislative acts are saved and categorized, was extremely 

useful. Here, users have the possibility to access the EU documents translated in most of the 

Member States languages and they are also allowed to see, for each EU law, a list of some 

documents transposing that law. 

So, to find all the national transpositions of a specific Directive, the EurLex portal was 

just a starting point. Two were the steps to be performed: 

 

1. The first operation consisted in opening all the links related to the national 

transpositions already present on the EurLex; 

2. Second, to increase the completeness of the search, some queries were written on 

Google by translating the keywords of the Directive into different languages; results 

generated from this search were added to the laws already registered in step 1. 

 

Little by little, confidence with the methodology grew up, and so did the familiarization 

with some of the most-visited national websites. The following Table 4 contains a list of links 

that have been identified as the most reliable sources for each Member State. 
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Table 4. List of the most common websites used in the policy research phase. 

Member State Code Website 

Austria AT https://www.ris.bka.gv.at/ 

Belgium BE https://etaamb.openjustice.be/fr/index.html  

Bulgaria BG https://iisda.government.bg/  

Cyprus CY https://www.nomoplatform.cy/  

Czech Republic CZ https://www.zakonyprolidi.cz/  

Germany DE https://bmdv.bund.de/DE/Home/home.html  

Denmark DK https://www.retsinformation.dk/  

Estonia EE https://www.riigiteataja.ee/en/  

Greece EL https://www.taxheaven.gr/ 

Spain ES https://www.boe.es/  

Finland FI https://www.finlex.fi/fi/  

France FR https://www.legifrance.gouv.fr/  

Great Britain GB https://www.legislation.gov.uk/  

Croatia HR https://narodne-novine.nn.hr/  

Hungary HU https://net.jogtar.hu/  

Ireland IE https://www.irishstatutebook.ie/  

Italy IT https://www.gazzettaufficiale.it/home  

Lithuania LT https://e-seimas.lrs.lt/portal/documentSearch/lt  

Luxembourg LU https://legilux.public.lu/ 

Latvia LV https://likumi.lv/  

Malta MT https://legislation.mt/  

Netherlands NL https://zoek.officielebekendmakingen.nl/uitgebreidzoeken  

Poland PL https://isap.sejm.gov.pl/  

Portugal PT https://diariodarepublica.pt/dr/home  

Romania RO https://anap.gov.ro/web/  

Sweden SE https://svenskforfattningssamling.se/  

Slovenia SI https://www.uradni-list.si/  

Slovakia SK https://www.slov-lex.sk/domov  

 

https://www.ris.bka.gv.at/
https://etaamb.openjustice.be/fr/index.html
https://iisda.government.bg/
https://www.nomoplatform.cy/
https://www.zakonyprolidi.cz/
https://bmdv.bund.de/DE/Home/home.html
https://www.retsinformation.dk/
https://www.riigiteataja.ee/en/
https://www.taxheaven.gr/
https://www.boe.es/
https://www.finlex.fi/fi/
https://www.legifrance.gouv.fr/
https://www.legislation.gov.uk/
https://narodne-novine.nn.hr/
https://net.jogtar.hu/
https://www.irishstatutebook.ie/
https://www.gazzettaufficiale.it/home
https://e-seimas.lrs.lt/portal/documentSearch/lt
https://legilux.public.lu/
https://likumi.lv/
https://legislation.mt/
https://zoek.officielebekendmakingen.nl/uitgebreidzoeken
https://isap.sejm.gov.pl/
https://diariodarepublica.pt/dr/home
https://anap.gov.ro/web/
https://svenskforfattningssamling.se/
https://www.uradni-list.si/
https://www.slov-lex.sk/domov
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3.6 Categorization of the policies 

The categorization action was the last step to be performed. Although the previous ones 

were for sure the most time-consuming ones, especially at the very beginning, the action of 

categorization and registration of each policy into the dataset was not free from issues. 

First, each Member State has its own legislation code, thus not all countries implement 

the Directives by using the same acts. By way of example, Italy implements each European 

Directive by issuing a “Decreto Legislativo”, a proposal of a law, which is explicitly 

denominated as “Implementation of EU Directive” and contains all the elements described in 

the Directive. France, by contrast, follows a completely different approach, as the French 

President usually approves several laws known as “Décrets” and “Arretés”, in different times, 

to implement just one single Directive. As a consequence, the operations of categorization and 

uniformization of the dataset were much more complex than planned. 

Another topic that emerged as an issue in categorizing policies from different countries 

was the way to identify the most relevant aspects within the different laws. This happens mainly 

because not all the Member States follow the structure of the Directive and most of them often 

create documents full of annexes where key tables and numbers are stored. 

In addition, a problem was represented by the difference between languages. Some 

automatic translators played a crucial role in deciphering the content of the most complex laws, 

but still they could not help to translate files which were realized in pdf format, and thus not 

accessible. 

 

3.6.1 Market-Based and Non-Market-Based policies 
As described above, one of the fields to be completed for the classification of the policies 

was defined as “Mechanism”. Its aim was indeed to address the mechanism chosen by the 

governments when creating a policy, either Market-Based or Non-Market-Based.  

The classification of instruments into these categories has been discussed by several 

authors within the literature, with specific regards to the effects that Market- and Non-Market-

Based instruments may have on climate change.  
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As De Serres et al. (2010) [40] clearly explain, environmental policy instruments can be 

broadly classified under two categories, depending on how they address social and climate 

issues. 

A first possible approach to face externalities is to take direct action against the market 

activities undertaken by private actors. This can be done by following two main paths: either 

governments introduce environmentally related taxes and charges, or they create a system of 

tradeable pollution permits or quotas. Given that these actions have an impact on the market 

and put a price on pollution, they can be grouped into the so-called Market-Based instruments. 

Some examples of sub-categories of the Market-Based group can be found in Kruse et al. (2022) 

[41]: 

• CO2 Trading Schemes 

They define a maximum quantity of CO2 emissions that can be emitted, by 

leveraging a system of allowances; 

• Renewable Energy Trading Scheme 

A system that is based on the trade of certificates based on obligation to source 

electricity from green sources; 

• CO2 Taxes 

Taxes on the rate of CO2 emissions; 

• Nitrogen Oxide (NOx) Tax 

Taxes on the rate of NOx emissions; 

• Sulphur Oxides (SOx) Tax 

Taxes on the rate of SOx emissions. 

 

All instruments that do not comply with this categorization are defined as Non-Market-

Based. Botta and Kozluk (2014) [9] proposed the following subgroups: 

• Command-and-control regulations 

They impose decisions on operations by fixing some technology standards or 

performance standards and targets (for instance, limits on CO2 emissions); 

• Technology-support policies 
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They act on the supply by incentivizing greener production modes and investing 

in environment-related R&D; 

• Voluntary approaches 

These are activities aiming at increasing customer awareness and sensitivity to 

environmental impacts of products. 

 

To complete the dataset, a decision was taken to create three columns that could further 

detail the classification of Market- and Non-Market-Based policies according to the above-

mentioned scientific papers, De Serres et al. (2010) [40], Botta and Kozluk (2014) [9] and Kruse 

et al. (2022) [41]. These columns were appropriately named in the dataset with the name of the 

papers’ authors.  
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4 Statistics of the dataset 

Once all the policies were registered, downloaded and categorized in the dataset, several 

descriptive statistics could be computed in order to identify the most common phenomena 

highlighted by the data. 

To do so, some cleaning operations were performed, so as to obtain consistent data in the 

final dataset. 

 

4.1 Number of policies 

The dataset consisted of 934 lines, each of them containing a single policy. More 

specifically, 315 were categorized as Market-Based policies, while the remaining 619 as Non-

Market-Based.  

From Figure 6 below, a clear trend emerges that highlights how countries located in 

Northern Europe are those that tend to create the highest number of policies to implement the 

EU instructions. Indeed, Lithuania, Sweden, Finland, Latvia and Estonia register a total of 246 

policies, which accounts for more than 26% of the total number of policies in the whole dataset. 

By contrast, Mediterranean countries like Spain, Italy, Greece, Malta and Cyprus show much 

lower values. 
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Figure 6. Total number of policies implemented per country, divided by Market- and Non-Market-Based. 

 

This difference could be related to the way each country approaches their obligation to 

create laws to implement EU Directives. As already mentioned above, some countries usually 

create just one law to implement the whole content of a Directive, while others tend to create 

more documents, each of them focusing on a specific topic described in the Directive. Then, it 

is pivotal to understand that the graph highlights a tendency to use just one law common to the 

Mediterranean countries, opposed to the attitude of Northern countries to address each chapter 

of the Directive separately. 

Another insight that could be noted is Bulgaria negligence to implement EU laws (only 

15 policies created to reach EU targets), which is confirmed by the frequent Commissions’ 

decisions on infringements [42]. 

As far as the mechanism is concerned, it is straightforward to notice that Non-Market-

Based policies overcome Market-Based ones. More specifically, the former category accounts 

for 619 policies, almost doubling the 315 contained in the latter. What emerges from this huge 

difference is that very few countries show an equilibrium in the choices of the mechanism of 
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the policies. It is intuitive to notice that only Greece, Ireland, Bulgaria, Spain, Latvia and 

Belgium split almost equally their policies in the two categories. 

As explained in the previous chapters, the choice between Market- and Non-Market-

Based instruments can determine the impacts of regulations on citizens’ lives, thus it’s not to 

be overlooked. Generally, from the dataset emerges that countries prefer choosing Non-Market-

Based policies, with the exceptions of Spain, Greece and Ireland, which seem to believe in the 

power of Market-Based instruments to better fit the guidelines given by the EU. 

Moreover, Figure 7, that is presented below, shows the distribution of the policies across 

the different topics of the Green Deal. At first sight, it is immediately visible that Topic 8, “A 

zero pollution ambition for a toxic-free environment”, and Topic 3, “Mobilizing industry for a 

clean and circular economy”, collect the highest number of policies, accounting, together, for 

50.2% of the whole dataset. On the other hand, Topics 6 and 7, whose focus is on food, 

ecosystems and biodiversity, are the less-represented ones (less than 10% of the dataset). 

The reasons for this huge discrepancy could be found in the different timing of the 

policies. Regulations and Directives related to those last chapters have been created in the most 

recent years: the vast majority of them are dated in the range 2018-2022, which explains why 

many countries have not worked on these topics yet. 
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Figure 7. Distribution of policies across the different topics of the Green Deal. 

 

By studying the distribution of policies across the years, national governments choices 

can be analyzed. This insight is presented in Figure 8 below. The most relevant efforts were 

made by Member States in 2020 and 2021 (116 and 222 policies registered, respectively), while 

in 2022 the results are lower.  

The reason for this distribution is that most of the deadlines imposed by the EU Directives 

created after the European Green Deal were concentrated in 2020 and 2021. This shows that 

the real effects of a Directive cannot be seen immediately, rather they will be evident only after 

some years. More specifically, Member States tend to implement the Directive really close to 

the deadline imposed. 
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Figure 8. Total number of policies implemented from 2016 to 2023. 

 

4.2 Implementation time 

A further analysis can be conducted about the relationship between the implementation 

date and the deadlines imposed by the EU.  

Figure 9 shows the number of policies implemented before and after the deadlines 

imposed by EU Directives. 
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Figure 9. Distribution of policies implemented earlier or later than the mandatory deadline imposed by the 
relative Directive. 

 

Data clearly show that Member States tend to implement Directives later than stated by 

the EU: only Lithuania is able to be on-time in more than the 60% of the cases. 

Moreover, by studying the average time to implement a Directive, results show that, at a 

global level, governments create laws, on average, about 3 to 4 months later than the deadline. 

More in details, this value is computed as a global average, as it does not take into account the 

differences between Directives. 

To deepen the analysis, in Figure 10 below, this information is depicted. The evidence 

emerging from the figure is that almost all the Directives contained in the dataset were 

implemented with delay by Member States. This is probably due to the heavy investments 

required by the EU to reach the goals stated in the Green Deal and the Fit For 55 package.  

 



 

 
 

39 
 

 

Figure 10. Average days of adoption with respect to the deadline, divided by Directive. 

 

By breaking down the global averages into countries’ averages, the following chart, 

presented in Figure 11, emerges. 

Although the average value computed before shows that countries tend to be late when 

implementing Directives, here some exceptions show up: Lithuania, Finland, France and Czech 

Republic are indeed the readiest countries to adapt to EU instructions, and they’re used to create 

laws much earlier than the imposed deadline. 
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Figure 11. Average days of adoption with respect to the deadlines, divided by country. 
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5 Environmental Policy Stringency Indicator 

This chapter is dedicated to the Environmental Policy Stringency (EPS) Index, which 

aims to quantify how strict environmental regulations are. Quite a few studies exist that propose 

different methodologies to compute stringency indicators: in this chapter, the most relevant 

ones will be reported. 

 

5.1 Literature related to EPS 

To face climate change, strong effort is asked to Member States by the EU. As a 

consequence, a tool to measure, compare and evaluate the impacts of their policy instruments 

is required. As Kruse et al. (2022) [41] explain, there are three main reasons that state the 

importance of having a common indicator across countries and time. First, it’s essential to 

evaluate the progress made by each country and to compare this result with other countries. 

Second, it allows to create a benchmark, thus stimulating countries to adopt ever more 

ambitious policies. Last but not least, an index works as a mean to quantitatively evaluate the 

impact of environmental policies on economic and social outcomes. 

Although these reasons are of common knowledge, a unified European Policy Stringency 

Index was created only in 2014, thanks to the work of Botta and Koźluk [9]. Before their studies, 

several approaches were followed, coming up with extremely different and partial results. 

Indeed, research in several fields has been limited by the fact that no one indicator was 

defined as a common value of policy stringency. Thus, the majority of papers give advice about 

this, but surprisingly just a few papers have actually addressed the problem and worked on the 

construction of such indexes. In one of these papers, Knill et al. (2012) [43] state that the way 

to assess the environmental policy stringency is mainly driven by data availability, and thus a 

theoretical approach could be misleading. 

Several indicators have been proposed, which could be grouped into four groups: survey 

indicators, monetary indicators, policy specific indicators and performance indicators.  
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Survey indicators 

Survey indicators were created by analyzing results coming up from reports containing 

information provided by people identified as “experts”. For instance, Dasgupta et al. (2001) 

[44] based their analysis on self-reported information from country officials, subsequently 

complemented by responses from NGOs to reduce the biases due to self-reporting. Other, more 

recent, papers, like Kalamova and Johnstone (2011) [45] and Timmins and Wagner (2009) [46] 

rely on the indicator developed by the World Economic Forum (WEF) by asking “business 

leaders” to assess the stringency of the policies of various countries. It’s straightforward to 

notice that those indicators are affected by the huge bias of being based on the individual 

perceptions of respondents, rather than on data. 

 

Monetary indicators 

Other indicators mainly rely on monetary expenditures. Pearce and Palmer (2001) [47] 

and Magnani (2000) [48] evaluate expenditure-based policy instruments only and use public 

expenditures for environmental protection as a measure of environmental policy stringency. 

List and Co (2000) [49] use instead pollution abatement cost as indicator.  

 

Policy specific indicators 

An example of indicator belonging to this category can be found in Smarzynska and 

Shang-Jin (2003) [50]. They based their analyses on the ratification of four international treaties 

in environmental politics and then adjusted the measure by multiplying it with the number of 

environmental NGOs per million people. Nakada (2006) [51] follows a similar approach and 

uses a dummy variable to model whether a country has ratified the Kyoto protocol by 2003. 

However, both are highly specific indicators.  

 

Performance indicators 

Different groups can be identified within this category. First, several researchers 

(Damania (2001) [52], Broner et al. (2012) [53], Grether et al. (2012) [54]) focus on the lead 
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content in gasoline, thus addressing one of the most important environmental issues. Another 

group of researchers use the total emissions of a country as indicator (Xing and Koldstad (2002) 

[55] evaluate SO2 emissions, Smarzynska and Shang-Jin (2003) overall CO2 emissions). Last, 

Emerson et al. (2012) [56] rely on the Environmental Performance Index (EPI), created by the 

Yale Center for Environmental Law and Policy (YCELP), although the aim of the index was 

not to assess the environmental policy stringency. 

It’s to be noted that all those approaches are performance indicators, as they quantify the 

problem environmental policies try to solve rather than the stringency itself. 

 

Sauter and Caspar (2014) [57] highlight that all the indicators previously discussed share 

a common problem, meaning none of them is based on an explicitly stated methodological 

framework. This ignores one of the most fundamental rules of the index construction, stated by 

Nardo et al. (2008) [58]: every index needs to be based on a strong theoretical framework 

describing the phenomenon it aims to measure. 

De Serres et al. (2010) [40] contribute significantly to the index creation process, by 

developing an analytical framework for policies that would ensure both economic efficiency 

and environmental integrity. Their paper outlines that the best choice of instruments to address 

climate externalities is related to both the predominant market failures and the differences in 

institutional capacities of the countries. Thus, the most appropriate policy response will consist 

of more than one single instrument. When defining the strategy, governments cannot avoid 

taking into consideration the environmental side-effects of policies, whether they’re related to 

economic inefficiency or environmental damage. 

A key finding of De Serres’ studies is the categorization of the policies in market- and 

non-market-based instruments, depending on their mechanism. According to their results, 

putting a price on pollution through taxes or tradable permit systems plays a central role in 

increasing the incentives to citizens. The use of command-and-control regulation and voluntary 

approaches, moreover, is to be leveraged if pollution emissions cannot be monitored and thus 

a tax upon them cannot be properly defined.  

Starting by the classification proposed by De Serres et al. (Table 5), Botta and Koźluk 

(2014) were able to fill the gap in the literature by creating the EPS Indicator, which allowed, 
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for the first time, to compare policies across time and countries. The approach they followed 

relied on the construction of a measure that could turn quantitative and qualitative information 

contained in the policy instruments adopted by governments into a common and comparable 

index of environmental policy stringency, specific to each country. 

 

Table 5. List of Market- and Non-Market-Based instruments, as per De Serres et al. (2010). 

Name Example 

Market-Based Instruments 

Taxes and charges directly applied to 

pollution source 

Tax on emissions of NOx 

Taxes and charges applied on input / 

output of a production process 

Diesel tax 

Trading scheme Emissions Trading Scheme for CO2 

Subsidy for environmentally-friendly 

activities 

Feed-In Tariffs 

Deposit-refund systems Deposit-Refund Scheme for beverages 

Non-Market-Based Instruments 

Command-and-control regulations Emission Limit Value for NOx 

Technology-support policies Government R&D expenditures (%GDP) 

Voluntary approaches Not covered 

 

To do so, Botta and Koźluk decided to work on a composite indicator, which results from 

the aggregation of individual indicators into a single measure, based on an underlying analytical 

model. Such a model was based on the idea that environmental policy stringency is defined as 

the cost (either explicit or implicit) of polluting or of an environmentally harmful behavior. 

This definition is straightforward for market-based instruments, such as taxes or emission 

limits: the higher the price to pay or the lower the limits imposed, the higher the stringency of 

the measure. Also, in the case of subsidies to R&D, the higher the subsidy, the higher the 

opportunity cost of polluting, and ultimately the higher the stringency. However, this reasoning 

is not easily adaptable to non-market-based policies: Botta and Koźluk state that these 

parameters must be accurately analyzed before being chosen. 
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Based on this structure, an index was computed for the Energy Sector only and later 

extended to an Economic-Wide Indicator. The structure relies on the aggregation of market-

based and non-market-based instruments, both the categories accounting for half of the total 

indicator (see Figure 12 below). 

The results were evaluated on a scale from 0 to 6, although the range of values taken by 

the indicators across countries was, of course, narrower. 

In the most recent years, as mentioned above, Botta and Koźluk’s model has been 

extensively used (more than 300 citations on Google Scholar as of 2022), before being lastly 

updated by Kruse et al. in 2022 [41]. 

 

 

Figure 12. Structure of the Environmental Policy Stringency Index, as defined by Botta and Kozluk (2014). 

 

The revised EPS index (known as EPS21) extends Botta and Koźluk’s studies by adding 

a third sub-category, so as to group market-based, non-market based and technology support 

policies. The following Table 6 describes each of them more in detail. 
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Table 6. Description of the categorization of policies, as described by Kruse et al. (2022). 

Name Description  

Market-Based Instruments 

(MBI) 

This category groups policies that put a price on pollution. 

CO2 Trading Schemes Regulate CO2 emissions that can be emitted by structuring an 

allowance-trading system. The higher the price, the more stringent 

the policy. 

Renewable Energy Trading 

Scheme 

They establish a system for trade in renewable energy certificates, 

based on the obligation to source a specific percentage of electricity 

from green sources. The higher the percentage, the more stringent the 

policy. 

CO2 Taxes Tax rate for CO2 emissions. The higher the rate, the higher the 

stringency. 

Nitrogen Oxides (NOx) Tax Tax rate for NOx emissions. The higher the rate, the higher the 

stringency. 

Sulphur Oxides (SOx) Tax Tax rate for SOx emissions. The higher the rate, the higher the 

stringency. 

Fuel Tax (Diesel) Tax rate for a liter of diesel fuel. The higher the rate, the higher the 

stringency. 

Non-Market-Based 

Instruments (NMBI) 

This category groups policies that regulate emission limits and 

standards. 

Emission Limit Value 

(ELV) for Nitrogen Oxides 

(NOx) 

Maximum concentration of nitrogen oxides emissions. The lower the 

value, the more stringent the policy. 

Emission Limit Value 

(ELV) for Sulphur Oxides 

(SOx) 

Maximum concentration of Sulphur oxides emissions. The lower the 

value, the more stringent the policy. 

Emission Limit Value 

(ELV) for Particulate 

Matter (PM) 

Maximum concentration of particulate matter emissions. The lower 

the value, the more stringent the policy. 

Sulphur content limit for 

diesel 

Maximum concentration of sulphur permitted in diesel for 

automobiles. The lower the value, the more stringent the policy. 

Technology-support 

policies 

This category groups policies that support innovation in clean 

technology and their adoption. 



 

 
 

47 
 

Public research and 

development expenditures 

(R&D) 

Amount spent by the government on R&D on low-carbon energy 

technologies divided by the country’s nominal GDP. The higher the 

ratio, the more stringent the policy. 

Renewable energy support 

for Solar and Wind 

Average awarded price from a wind or solar auction. The higher this 

value, the more stringent the policy. 

 

The reason that drove Kruse, Dechezleprêtre, Saffar and Robert to adopt this third group 

of policies is that they operate differently from market- and non-market-based policies. Indeed, 

technology support elements do not target negative externalities, rather they act on positive 

externalities, thus they have to be considered separately. The structure of the revised EPS index 

is shown below in Figure 13. 

 

Figure 13. The structure of the Environmental Policy Stringency Index, as revised by Kruse et al. (2022). 

 

The main limitation of this index is related to all those policies that still fall outside its 

coverage. For instance, those instruments that regulate emissions derived from agricultural 

production are not represented in Kruse’s work (although it has to be noted that these 

instruments are not yet commonly developed across Europe). Kruse states that “Future work 

[…] could expand the index to cover additional policy instruments” (Kruse et al. (2022), 

Measuring Environmental Policy Stringency in OECD countries: an update of the OECD 

composite EPS Indicator, p. 9) [41]. 
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5.2 EPS Statistics 

To complete the analysis of the EPS index, some statistics are reported below. First, the 

average annual growth rate is computed. It is depicted in Table 7 and it shows that, on average, 

the index has increased substantially since 1990. Specifically, over the last two decades, the 

average value of EPS has moved from 1.3 to 3.1, meaning it has more than doubled (+138%) 

in about 20 years. However, the growth was substantial during the first decade of 2000s, while 

in the most recent years the average annual growth rate slowed down to 1.1%. 

 

Table 7. Average annual growth rate of EPS, by decades. 

Decades Average annual growth rate 

1990 – 2000 6.8% 

2000 – 2010 8.0% 

2010 – 2020 1.1% 

 

 

Moving beyond the average of the index, it is possible to break down the analysis and 

study country-specific changes across the years. 

Figure 14 outlines the variations of the EPS across the last two decades: blue bars 

represent the EPS values in 2020, while diamonds state the 2000 levels.  
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Figure 14. EPS index in 2000 (orange diamonds) and in 2020 (blue bars). 

 

It is straightforward to notice that no country has worsen its stringency value within the 

last 20 years. France, Switzerland, Luxembourg and Finland were known, in 2020, as those 

countries applying the most stringent environmental measures. 
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Figure 15. Absolute increase in the EPS between 2000 and 2020. 

 

Among a common trend of stringency increase, some countries have shown stronger 

performances than others in the last decade. It is the case of France, which applied much stricter 

policies, achieving an absolute increase of 3.2, China, that registered a +2.9, and Slovenia, +2.8 

(Figure 15). 

 

5.3 Correlation between EPS and Number of Policies 

By merging data related to the EPS index and those obtained by performing the 

preliminary research, a correlation between the EPS and the number of policies issued by a 

country can be studied.  

Interesting enough, what emerges by plotting the data is that a nonlinear correlation links 

the variables. More in details, Figure 16 and Figure 17 depict on two scatter-plots the 

distribution of the cumulated number of policies as related to the EPS values considered with a 
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1-year lag and a 5-years lag, respectively. From these visual representations, it is 

straightforward to notice that the relationship between the variables is, in both cases, quadratic.  

 

 

Figure 16. Scatter plot of 1-year-lagged EPS (on the x-axis) and cumulated number of policies per country (on the 
y-axis). 

  

 

Figure 17. Scatter plot of 5-year-lagged EPS (on the x-axis) and cumulated number of policies per country (on the 
y-axis). 
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The main conclusion that can be drawn from this study is that more stringent policies 

somehow affect in a positive way the generation of other environmental policies, stimulating 

countries’ legislative actions. 

However, this result has two main limitations to be pointed out. First, it takes into account 

two variables that refer to the same topic, meaning they both aim to quantitatively explain some 

qualitative aspects included in the same policies. Second, the number of policies is subject to 

some biases, since – as already mentioned before – the legislative structure is different across 

the countries. In other words, there are structural differences between countries when deciding 

how to implement EU Directives. For instance, France is used to issue a higher number of laws 

to implement the same Directive that Italy transposes into one document only.  

In conclusion, the evidence drawn from these charts is extremely weak and should not be 

considered as a substantial result of this study. Still, the figures are reported here with the aim 

to show the distribution of the variables.  

  



 

 
 

53 
 

6 Literature review 

A crucial theme frequently discussed in literature is related to the impact that 

environmental policies have on innovation. In this regard, this chapter’s aim is to make an 

overview of the most relevant findings that analyze the correlation between environmental 

policies stringency and clean innovation, in order to introduce the reader to the study discussed 

in this paper. 

 

6.1 Two polarized positions: The Porter Hypothesis and the 

Pollution Heaven Hypothesis 

The link that correlates the stringency of the instruments adopted by governments to 

address climate change and the effective results these instruments have on stimulating 

innovation activity has been polarized, in literature, in two opposite positions. 

On the one hand, some researchers state that stricter environmental standards will drive 

polluting firms to move their businesses to countries having lower environmental pressure. This 

will have negative effects on the welfare of citizens of countries with more stringent regulations, 

who will see the majority of companies relocating abroad. Tobey (1990) [59], Cole and Elliot 

(2003) [60], Levinson and Taylor (2004) [61] share this point of view, commonly known as the 

Pollution Haven Hypothesis. Within their studies, they show how competitiveness is likely to 

be harmed by excessively stringent policies. 

On the other hand, lots of researchers (Jaffe and Palmer (1997) [62], Albrizio et al. (2017) 

[63], Dechezleprêtre and Sato (2017) [64] to name just some of them), support the Porter 

Hypothesis (Porter and van der Linde (1995) [65]). Porter and van der Linde, in their paper, 

state that well-crafted environmental policies do not harm competitiveness, rather they benefit 

both the environment and the firm, by increasing innovation activity. Jaffe et al. (1995) [66] 

argue that by increasing the stringency of environmental policy, not only can be pursued 

economic growth, but also competitiveness will be enhanced.  
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6.2 “Weak” and “strong” version of the Porter Hypothesis 

Analyzing Porter’s work, Jaffe and Palmer (1997) [62] stated that the Porter Hypothesis 

can assume two different forms, depending on the strength of the regulations.  

The “weak” version highlights the link between environmental policy instruments and 

innovation activities, stating that stricter regulations foster innovation. However, in this first 

version the relationship between environmental policy stringency and economic performance 

of a firm is not mentioned. It is indeed studied by the “strong” version of the Porter Hypothesis, 

which states that regulations stimulate firms to create new products or process that will 

ultimately increase their profits (see also Lanoie et al. (2011) [67]).  

After the first critics of the Porter Hypothesis in the mid-1990s argued that the theoretical 

background was lacking (Palmer et al. (1995) [68]) and that there was no evidence that showed 

how direct costs caused by environmental regulations could be compensated (Walley and 

Whitehead (1994) [69]), studied began in order to find empirical evidence. 

A relatively large literature focuses on testing the “weak” version of the Porter 

Hypothesis, while few papers exist that properly study the “strong” version. 

 

 

Figure 18. Causal links involved in the Porter Hypothesis, as described by Kruse and Dechezleprêtre (2022). 

 

Jaffe and Palmer (1997) [62] constructed an econometric model which was then tested on 

data from the manufacturing industry in the US. Their goal was to study the relationship 

between pollution control expenditures and innovation activity, measured as R&D expenditure 

and number of patents. Their findings showed that pollution abatement costs and expenditures 

(PACE) have a positive effect on R&D, thus verifying the weak version of Porter Hypothesis. 

Still, they found little evidence that the number of successful patent applications was related to 

the cost of compliance. 
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In 1996, Lanjouw and Mody [70] had already worked on the weak version of the 

hypothesis, concluding that expenditures in pollution reductions enhance the creation of 

environmental-technology patents with a 1- or 2-years delay. 

De Vries and Withagen (2005) [71] investigated the impact of environmental regulations 

on innovation reducing SO2 emissions in 13 OECD countries, finding support for the weak 

version (although their results are not robust to changes in model’s specifications) 

Popp (2006) [72] followed a similar approach and measured innovation by the number of 

patents. He studied data from firms in Japan, Germany and the US, ultimately concluding that 

innovation is stimulated by the increase of stringency inside a company’s country but it is not 

related to legislative changes of other countries. 

By studying R&D expenditure, Kneller and Manderson (2012) [73] claimed that an 

increased pressure to reduce emissions leads companies to invest in R&D in environmental 

capital. 

Carrion-Flores and Innes (2010) [74] analyzed a panel of 127 manufacturing industries 

between 1989 and 2004 and concluded that innovation influenced by environmental policies 

contributes to a reduction in emissions, while Johnstone et al. (2010) [75] confirmed the weak 

version of Porter Hypothesis studying green patents only (i.e. patents in the renewable energy 

sector).  

A specific study on patents in emission control technology was performed by Lee et al. 

(2011) [76], who proved that environmental regulations encourage business to innovate in the 

American automotive sector. 

Lanoie et al. (2011) [67] worked on data derived from a survey of business managers and 

found that an increase in regulation stringency led to an increase in R&D expenditures, thus 

significantly supporting the weak version. Still, business managers’ data were not enough to 

find evidence of the strong version. 

Rubashkina et al. (2015) [77] studied a panel of data from European countries and found 

evidence for the weak version only. 

Albrizio et al. (2017) [63] studied the strong version of the Porter Hypothesis across 23 

OECD countries, but did only achieve satisfying results on the short run. Other researchers 
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analyzed this version, but their data panel was related to one country only (Berman and Bui 

(2001) [78], Alpay et al. (2002) [79], Murty and Kumar (2003) [80], Zhao et al. (2018) [81]). 

More recently, Martinez-Zarzoso et al. (2019) [82] extended the model initially proposed 

by Jaffe and Palmer (1997) and later refined by Rubashkina et al. (2015), to test both the weak 

and the strong version. They included in their work several variables as a measure of innovation 

(R&D expenditure, number of patents and Total Factor Productivity), and were the first to 

introduce the EPS index as an indicator of the stringency of environmental regulations. Their 

model was based on quantile regression and was applied to 14 OECD countries in the period 

1990-2011. Results showed that EPS has a positive effect on R&D, especially when 5-year lags 

are considered. Also, in the long-term, stringency is affecting R&D, patents and TFP, hence the 

stricter the policies implemented by a country, the higher the incentives to promote clean 

production processes. 

Another study that is worth mentioning is the paper of Kruse and Dechezleprêtre (2022) 

[83]. The researchers’ approach was to use both firm- and sector-level data to evaluate 

innovation activity and economic performance. The choice of combining several panels of data 

is to be found in the fact that it’s extremely important for policymakers to take into account the 

impacts of environmental regulation on competitiveness between firms. Results of the study 

show that clean innovation is driven by environmental regulation (measured by EPS) in directly 

regulated sectors only. This implies that direct regulations are required to induce clean 

innovation in those sectors being the most carbon intensive. Indirect regulations, by contrast, 

seem to be less effective, as they appear unlikely to induce sufficient clean innovation to 

decarbonize the economy rapidly. 

Last, Li and Shao (2023) [84] extended the study to a more complex model, including 

financial market development as a cause to renewable energy innovation. The conceptual 

framework of their study is outlined in Figure 19 below. 
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Figure 19. Conceptual framework of the study made by Li and Shao (2023). 

 

By applying a nonlinear model to the 37 OECD countries in the range 1990-2019, they 

obtained results showing that the increase of financial development leads to a lower impact and 

that, oppositely, the increase of policy stringency drives the impact to rapidly increase. Such 

findings imply that OECD countries should adopt stricter environmental policies to match their 

desire of increasing renewable innovation. 
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7 Research question 

Starting from the extensive literature review described in the previous chapter, this study 

aims to test the weak version of Porter Hypothesis. In other words, the question to be 

investigated in this paper is whether a correlation exists between the stringency of 

environmental regulations categorized in our dataset and the innovation activity performed by 

each country: does implementing more stringent policies lead to higher innovation 

performance? 
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8 Data and methodology 

To test the validity of the weak version of the Porter Hypothesis, several studies have 

been conducted in literature, all of them differentiating because of the variables chosen to model 

the stringency of environmental policy regulation and the innovation activity, and because of 

the panel data used to test the model. This chapter is aimed at describing the choices made 

within this work. 

 

8.1 How to measure stringency: the choice of the EPS variable 

As already discussed in the previous part of the paper, the definition of a variable to 

measure the stringency of environmental policies is not trivial, as quite a few challenges emerge 

when dealing with the construction of an indicator. 

As Botta and Koźluk [9] explain in their study, three aspects are to be considered when 

choosing this index. 

First, multi-dimensionality is a key topic to be addressed. It is determined by the 

intersection of the environmental multi-dimensionality (i.e. various plans of environmental 

regulations) with the policy design multi-dimensionality (i.e. all the possible instruments 

currently at governments’ disposal to create a policy). 

A second issue is related to sampling. For example, the share of polluting industries in a 

country adopting stringent environmental policies may be lower than the share of polluting 

industries in a country adopting less stringent policies precisely because such policies lead to 

specific industrial structures. Hence, it could be that policies themselves drive the sample of 

industries subject to those policies. 

Lastly, identification is a main concern. Indeed, it is not straightforward to assess whether 

the consequences of more stringent policies are to be attributed to environmental policy 

stringency or to other factors. Several features are involved in determining the consequences of 

stricter regulations, and identifying which of them are related to the stringency is not a trivial 

task. 
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Galeotti et al. (2020) [85] highlight how the literature presents conflicting results when 

analyzing the impact of environmental policy stringency on several variables. They argue this 

is due to the fact that the proxies used to model stringency of environmental policies are 

computed in extremely different ways. 

Kruse and Dechezleprêtre (2022) [83], in this regard, criticize the literature that used 

measures such as PACE (the already discussed studies of Lanjouw and Mody (1996) [70], Jaffe 

and Palmer (1997) [62], Carrion-Flores and Innes (2010) [74], to cite some) or emissions 

(Rubashkina et al. (2015) [77]). They suggest that such variables can result in confounding 

factors that affect both innovation and the measure of regulatory stringency, thus being 

endogenous. More exogenous measures such as the Environmental Policy Stringency Indicator 

are to be preferred. The lag structure of this indicator allows to mitigate the concerns arising 

from political adjustments to environmental policies. Moreover, the EPS is the only index able 

to combine hard, market-based measures and soft, non-market-based instruments into one 

quantitative indicator, thus allowing a comprehensive and consistent analysis. 

As a consequence of this dissertation, the choice of this study is to use the EPS index as 

a measure of environmental policy stringency. 

 

8.2 Dependent variable: the European Innovation Scoreboard 

The second question this paper has to face before dealing with the analysis, is related to 

the dependent variable which is going to be chosen in order to model the innovation activity of 

each country. 

As extensively discussed above, the measure of innovation activity is not a trivial task. 

Research exist that use R&D expenditures as a proxy of innovation activity of a country (Jaffe 

and Palmer (1997) [62], Kneller and Manderson (2012) [73], Rubashkina et al. (2015) [77]). 

The vast majority of studies, however, rely on the number of patents as indicator, either focusing 

on green patents only (Brunnermeier and Cohen (2003) [86], Popp (2006) [72], De Vries and 

Withagen (2005) [71], Carrion-Flores and Innes (2010) [74], Johnstone et al. (2010) [75], Lee 

et al. (2011) [76]), or extending their studies to the number of patents in general (Lanoie et al. 

(2011) [67], Lanjouw and Mody (1996) [70]). 
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Oppositely to what the literature suggests, this paper aims to investigate the correlation 

between environmental regulations and innovation activity by using the European Innovation 

Scoreboard as dependent variable. 

The annual European Innovation Scoreboard (EIS) [87] is an index developed by the 

European Commission that allows a comparative assessment of the research and innovation 

performance of EU Member States and selected third countries. It’s to be used by countries 

when evaluating areas where stronger efforts are required to boost their innovation 

performance. 

The EIS 2023 represents the third edition of the index; it analyses data from all EU 

Member States, 11 other European countries, and, at a less detailed level, 11 global competitors. 

A first analysis of Member States’ innovation performance, compared to the EU average, 

leads to a classification in four different groups. This division is represented in Figure 20 below. 

 

 

Figure 20. The EIS 2023 values per country, colored depending on their performance relative to that of the EU in 
2016. The horizontal hyphens represent values of EIS 2022. Grey bars show values of EIS 2016. Dashed lines 
highlight the threshold values between performance groups. 

 

As it is intuitive to notice, the four categories are represented in different colors, and the 

height of the bars corresponds to the EIS 2023. A description of the four groups is reported 

below. 
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1. Innovation Leaders 

Belgium, Denmark, Finland, the Netherlands and Sweden are part of this group as the 

values of their indexes are larger than 125% of the EU average, thus indicating strong 

innovation performance. 

2. Strong Innovators 

Good results are achieved by Austria, Cyprus, France, Germany, Ireland and 

Luxembourg, whose EIS is above the EU average. 

3. Moderate Innovators 

The largest group contains 10 countries (Czech Republic, Estonia, Greece, Hungary, 

Italy, Lithuania, Malta, Portugal, Slovenia and Spain) and is dedicated to innovators 

showing results slightly below the EU average. 

4. Emerging Innovators 

The last group is composed of those countries showing EIS lower than 70% of the EU 

average, namely Bulgaria, Croatia, Latvia, Poland, Romania and Slovakia. 

 

Analyzing the trend of the EU innovation performance, it is possible to notice that it has 

increased, on average, by 8.5 percentage points since 2016, as it is described in Figure 21. 

 

 

Figure 21. Performance changes in EIS between 2016 and 2023. Bars’ colors refer to EIS 2023 performance. 

 

More specifically, innovation performance has increased in 25 EU Member States, mostly 

in Cyprus, Estonia, Greece, and Czechia, countries whose performance has grown by more than 

20 percentage points. 
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For Finland, Lithuania, Denmark, and Italy, performance improved between 15 and 20 

percentage points, while Croatia, Belgium, Poland, Malta and Sweden increase their EIS by 10 

to 15 percentage points. Spain and the Netherlands achieved an increase in innovation 

performance by less than 10 but more than 8.5 percentage points, which allows them to be 

ranked above the EU average. 

Lastly, 12 Member States whose performance has grown slower than the EU average are 

shown. Among them, Hungary, Portugal, Germany, Austria, and Slovakia improved their 

innovation activities, showing an EIS increase by more than 5 percentage points, while 

Bulgaria, Latvia, Slovenia, Ireland, and Romania did not manage to achieve the 5% threshold. 

Last, Luxembourg and France’s performance resulted in negative values, although both the 

countries are still part of the Strong Innovators category. 

It is extremely interesting to notice that France and Luxembourg are precisely those 

countries that occupy the highest positions in the EPS country ranking in 2020 (see previous 

chapters). Furthermore, they also belong to the list of States that have strongly increased their 

policy stringency within the last decade. 

 

The growth trend in innovation performance can also be analyzed separately for each of 

the four groups presented above. 

Starting with Innovation Leaders, it is noticeable that their performance improved from 

2016 onwards, with an acceleration since 2021. When comparing performance in 2023 to 2016, 

its growth sets to 13.5 percentage points, above the average of the EU, as it is shown in Figure 

22 below. 
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Figure 22. EIS performance growth of Innovation Leaders. 

 

As far as the group of Strong Innovators is concerned, between 2016 and 2023, innovation 

performance increased less than that of the EU and that of the Innovation Leaders. This growth 

sets at 8.1 percentage points, as shown in Figure 23 below. 

 

 

Figure 23. EIS performance growth of Strong Leaders. 

 

Analyzing the Moderate Innovators’ results, it is possible to notice that performance has 

been increasing since 2016, with an acceleration since 2018, as presented in Figure 24 below. 
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Average performance has improved by 14.4 percentage points, compared to 2016, meaning it’s 

grown at a higher rate than the Strong Innovators and the Innovation Leaders. 

In this group, only three Member States, Hungary, Portugal and Slovenia, show a growth 

rate that is lower than the EU. 

 

 

Figure 24. EIS performance growth of Moderate Innovators. 
 

At last, the group of the Emerging Innovators shows over time an improvement in their 

overall performance that sets to 7.3 percentage points, as it is presented in Figure 25 below. 

This value sets below the average rate of increase for the EU and below that for the other 

performance groups. This group has therefore widened the gap that separates their performance 

from the Moderate Innovators’ one. 
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Figure 25. EIS performance growth of Emerging Innovators. 
 

By making an aggregated analysis, it is straightforward to notice that the differences 

between the average values of the four groups have globally decreased since 2016. Specifically, 

the gap between Moderate Innovators and Strong Innovators has narrowed by more than 6 

percentage points. 

The only group that hasn’t shown this trend is the group of the Emerging Innovators: the 

performance differences within this set of countries have not narrowed and they are not catching 

up to the next group of Moderate Innovators. 

 

Additionally, as it is shown on the map in Figure 26, there is an evident geographical 

distribution of innovation performance: countries that belong to the group of the Innovation 

Leaders and most of the countries that belong to the group of the Strong Innovators are located 

in Northern and Western Europe. By contrast, Moderate and Emerging Innovators groups are 

mainly composed of Southern and Eastern Europe Member States. 
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Figure 26. Map showing the performance of EU Member States' innovation system. 

 

 

 

 

 



 

 
 

68 
 

8.2.1 Structure of the European Innovation Scoreboard 
The EIS is computed by aggregating 32 indicators, divided into 4 main types of activities. 

The structure of the index is outlined below, where all the sub-indicators are listed. 

1. Framework conditions 

This first category, Framework Conditions, captures drivers of innovation performance 

that are external to the firm. It is made upon three dimensions: 

1.1. Human resources 

This class evaluates the skills and education of the workforce. The three indicators 

chosen to make the evaluation are as follows: 

1.1.1. New doctorate graduates in STEM (Science, Technology, Engineering, 

Mathematics).  

1.1.2. Population aged 25-34 with completed tertiary education. 

1.1.3. Population aged 25-64 involved in lifelong learning activities. 

1.2. Attractive research systems 

This class measures the competitiveness of the science base at international level. It is 

composed by: 

1.2.1. International scientific co-publications. 

1.2.2. Most cited publications. 

1.2.3. Foreign doctorate students. 

1.3. Digitalization 

This is a measure of the technological advancement of a country, and it is further 

detailed into: 

1.3.1. Broadband penetration among enterprises. 

1.3.2. Individuals with above basic overall digital skills. 

2. Investments 

Secondly, the category of Investments analyzes the investments made in both public and 

private sector and is structured as follows: 

2.1. Finance and support 

This group studies the financial investments made by a country, and it is computed on 

the basis of the following indicators: 

2.1.1. Venture capital investments. 
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2.1.2. R&D expenditures. 

2.1.3. Direct government funding and government tax support for business. 

2.2. Firm investments 

This details the investments made by firms and is composed by 3 indicators: 

2.2.1. Business R&D expenditures. 

2.2.2. Non-R&D innovation expenditures. 

2.2.3. Innovation expenditures per person employed. 

2.3. Use of information technologies 

This segment is related to detail whether citizens are used to leverage information 

technology in their day-to-day activities. The indicators used to evaluate this measure 

are: 

2.3.1. Enterprises actively increasing the ICT skills of their personnel. 

2.3.2. Employed ICT specialists. 

3. Innovation Activities 

The third macro-category aggregated into the EIS is defined Innovation Activities and 

investigates different aspects of innovation by acting on three dimensions: 

3.1. Innovators 

This class measures how SMEs have introduced innovation both within the 

organization and on the market. It is numerically evaluated by the following indexes: 

3.1.1. SMEs with product innovations. 

3.1.2. SMEs with business process innovations. 

3.2. Linkages 

This includes measures that express innovation capabilities given by research and 

collaboration: 

3.2.1. Collaboration efforts between innovating firms. 

3.2.2. Research collaboration between the private and public sector. 

3.2.3. Job-to-job mobility of Human Resources in Science & Technology (HRST). 

3.3. Intellectual assets 

The third dimension captures several forms of Intellectual Property Rights (IPR). It is 

composed of the following indicators: 

3.3.1. PCT patent applications 

3.3.2. Trademark applications 
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3.3.3. Design applications 

4. Impact 

The last area included in the computation of the European Innovation Scoreboard, 

Impacts, is related to the effects of innovation activities and is measured throughout the 

following dimensions: 

4.1. Employment impacts 

This category investigates the impact of innovation on employment practices, and is 

defined by: 

4.1.1. Employment in knowledge-intensive activities. 

4.1.2. Employment in innovative activities. 

4.2. Sales impacts 

The class studies the impact of innovation on sales results by analyzing the following 

indicators: 

4.2.1. Exports of medium- and high-tech products. 

4.2.2. Exports of knowledge-intensive services. 

4.2.3. Sales resulting from innovative products. 

4.3. Environmental sustainability 

The last group takes into account the improvements related to the environment, and is 

evaluated through: 

4.3.1. Resource productivity. 

4.3.2. Exposure to Air pollution by fine particulates PM2.5. 

4.3.3. Development of environment-related technologies. 

 

8.2.2 Computation methodology 
The 32 indicators outlined above are taken from several sources, such as Eurostat 

databases [88], Scopus database [89], PATSTAT database [90], EUIPO database [91]. The 

following section will summarize the calculation methodology that leads to the final value of 

the EIS, as revised in 2023. 

Once verified the data availability, the overall performance is computed for each country 

in every year, by computing a composite indicator, the Summary Innovation Index (SII). A 

specific procedure is followed to compute this value, as described below. 
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According to the original text [87], the first step to be performed is the setting of the 

reference years. For each indicator, a reference year is identified according to the data 

availability. In the most recent version of the report, the average year presenting complete data 

availability is 2021. 

Second, the missing values have to be fixed. The methodology states that any missing 

value is replaced with the values corresponding to the previous year. 

A third and really important operation is related to the identification and elimination of 

outliers, so as to obtain a set of values that is consistent for the analysis. Also, data that have 

highly skewed distributions across countries are transformed by using a square root 

transformation (i.e. the square root of a value was registered instead of the value itself). 

The fourth activity to be done is the re-scaling of the indicators. Indeed, without 

performing this action the values could not be aggregated. The re-scaling is done following a 

normalization procedure, thus leading to values belonging to a [0;1] range (minimum scores 

converted to 0, maximum ones to 1). 

By acting on these values, the SII is then computed. It is the unweighted average of the 

re-scaled scores, each indicator receiving the same weight, equal to 1/32. 

Last, performance scores relative to the EU are calculated by dividing the SII of each 

country by the SII of the EU multiplied by 100. These values are computed taking as a reference 

point the performance of the EU in 2016, it being the first year available in the dataset. 

 

8.3 Data availability: definition of the dataset 

Given the structure of the indexes this paper aims to consider in the analysis, a set of 

common data was to be created. 

On the one hand, the first dataset, constructed with the objective of classifying policies 

related to European Green Deal and containing the values of EPS index as per the study made 

by Kruse et al. (2022) [41], collects values of EPS in the range 1990-2020 for 18 countries only. 
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On the other hand, the dataset released by the European Commission showing the values 

of the EIS contains data of 49 countries (27 EU Member States, 11 other European countries, 

11 non-European countries) in the range 2016-2023. 

As a consequence, a merge of the two datasets results in a database consisting of 20 

countries in the range 2016-2020. This database will be the starting point of the analyses 

conducted in this study. 

The structure of the dataset is described in the following Table 8. 

 

Table 8. Structure of the dataset used to perform the final analyses. 

Column  Description  Example 

Code This column contains a code composed by 

“Country Name _ Year” 

Italy_2020 

Year The year the values refer to 2020 

Zone Here it’s specified whether the country is 

part of the EU 

EU 

Country  Code of the country IT 

Country Name Full name of the country Italy 

Indicator Description of the indicator Summary Innovation Index 

Value  Value of the corresponding indicator 0,4693 

EIS Perf Innovation performance category of a 

country, according to EIS Report 

Moderate  
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9 Final analyses: 3 ways to address the problem 

The following chapter is aimed at describing the analyses made to show evidence of the 

weak version of the Porter Hypothesis. three different approaches will be proposed in the 

following, in order to address the topic from various perspectives. 

 

9.1 Analysis (1): Recomputing EIS by including EPS 

The first study reported in this paper focuses on recalculating the value of the EIS by 

adding, as a sub-indicator, the value of the EPS. 

 

9.1.1 Data and methodology: Multiple t-tests 
Starting by the dataset containing the values of EPS and EIS described above (8.3), an 

analysis has been performed by listing all the values of the 33 selected indicators across the 

years 2016-2020. 

Table 9 below shows, as an example, data related to Italy. 

 

Table 9. List of values of the 32 indicators used to compute the EIS, divided by year, for country Italy. 

Indicators 2016 2017 2018 2019 2020 

1.1.1 New doctorate graduates 77,12 77,12 77,12 77,12 77,12 

1.1.2 Population with tertiary education 21,56 21,56 21,56 21,56 21,56 

1.1.3 Population involved in lifelong learning 90,11 90,11 90,11 90,11 90,11 

1.2.1 International scientific co-publications 79,03 84,05 88,70 95,58 102,10 

1.2.2 Scientific publications among the top 10% most 

cited 

101,80 105,30 107,88 108,11 108,09 

1.2.3 Foreign doctorate students as a % of all doctorate 

students 

74,80 79,45 80,15 86,18 90,93 

1.3.1 Broadband penetration 60,77 60,77 60,77 60,77 60,77 

1.3.2 Individuals with above basic overall digital skills 82,45 82,45 82,45 82,45 82,45 
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2.1.1 R&D expenditure in the public sector 67,74 64,52 61,29 59,68 61,29 

2.1.2 Venture capital expenditures 77,82 82,47 75,86 77,23 79,75 

2.1.3 Direct and indirect government support of 

business R&D 

32,48 30,57 61,91 78,24 140,34 

2.2.1 R&D expenditure in the business sector 60,00 60,00 60,00 61,54 65,39 

2.2.2 Non-R&D innovation expenditures 83,62 83,62 83,62 93,31 93,31 

2.2.3 Innovation expenditures per person employed 59,68 59,68 59,68 78,10 78,10 

2.3.1 Enterprises providing ICT training 46,50 43,31 50,32 75,80 91,72 

2.3.2 Employed ICT specialists 75,86 75,86 75,86 75,86 75,86 

3.1.1 SMEs introducing product innovations 109,72 109,72 109,72 147,68 147,68 

3.1.2 SMEs introducing business process innovations 118,36 118,36 118,36 147,49 147,49 

3.2.1 Innovative SMEs collaborating with others 65,25 65,25 65,25 53,21 53,21 

3.2.2 Public-private co-publications 120,69 124,33 128,49 142,08 151,98 

3.2.3 Job-to-job mobility of HRST 52,94 52,94 52,94 58,82 70,59 

3.3.1 PCT patent applications 70,11 72,59 73,00 73,66 72,03 

3.3.2 Trademark applications 99,06 104,66 106,49 108,00 110,94 

3.3.3 Design applications 128,56 141,15 134,23 122,24 124,55 

4.1.1 Employment in knowledge-intensive activities 101,21 101,21 101,21 101,21 101,21 

4.1.2 Employment in innovative enterprises 109,51 109,51 109,51 126,60 126,60 

4.2.1 Exports of medium and high technology 

products 

79,64 80,88 80,37 80,18 77,98 

4.2.2 Knowledge-intensive services exports 68,64 67,26 68,30 68,34 65,23 

4.2.3 Sales of new-to-market and new-to-firm 

innovations 

81,91 81,91 81,91 102,44 102,44 

4.3.1 Resource productivity 190,97 204,04 214,07 223,07 224,92 

4.3.2 Air emissions by fine particulates 106,27 107,30 107,83 109,80 110,37 

4.3.3 Environment-related technologies 75,02 72,17 64,21 63,99 64,82 

 

Once this table was outlined, the re-scaled values were to be calculated. As suggested by 

the EIS report [87], this operation can be done by dividing each value by 100 and multiplying 

it by the re-scaling factor, 0.505. In the case of Italy, results are shown in the following Table 

10. 
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Table 10. Re-scaled indicators, from 2016 to 2023, for country Italy. 

Indicators 2016 2017 2018 2019 2020 

1.1.1 New doctorate graduates 0,389 0,389 0,389 0,389 0,389 

1.1.2 Population with tertiary education 0,109 0,109 0,109 0,109 0,109 

1.1.3 Population involved in lifelong learning  0,455 0,455 0,455 0,455 0,455 

1.2.1 International scientific co-publications  0,399 0,424 0,448 0,483 0,516 

1.2.2 Scientific publications among the top 10% most 

cited 0,514 0,532 0,545 0,546 0,546 

1.2.3 Foreign doctorate students as a % of all doctorate 

students 0,378 0,401 0,405 0,435 0,459 

1.3.1 Broadband penetration 0,307 0,307 0,307 0,307 0,307 

1.3.2 Individuals with above basic overall digital skills  0,416 0,416 0,416 0,416 0,416 

2.1.1 R&D expenditure in the public sector 0,342 0,326 0,31 0,301 0,31 

2.1.2 Venture capital expenditures 0,393 0,416 0,383 0,39 0,403 

2.1.3 Direct and indirect government support of 

business R&D 0,164 0,154 0,313 0,395 0,709 

2.2.1 R&D expenditure in the business sector  0,303 0,303 0,303 0,311 0,33 

2.2.2 Non-R&D innovation expenditures  0,422 0,422 0,422 0,471 0,471 

2.2.3 Innovation expenditures per person employed  0,301 0,301 0,301 0,394 0,394 

2.3.1 Enterprises providing ICT training 0,235 0,219 0,254 0,383 0,463 

2.3.2 Employed ICT specialists 0,383 0,383 0,383 0,383 0,383 

3.1.1 SMEs introducing product innovations 0,554 0,554 0,554 0,746 0,746 

3.1.2 SMEs introducing business process innovations  0,598 0,598 0,598 0,745 0,745 

3.2.1 Innovative SMEs collaborating with others  0,33 0,33 0,33 0,269 0,269 

3.2.2 Public-private co-publications  0,609 0,628 0,649 0,718 0,767 

3.2.3 Job-to-job mobility of HRST 0,267 0,267 0,267 0,297 0,356 

3.3.1 PCT patent applications  0,354 0,367 0,369 0,372 0,364 

3.3.2 Trademark applications  0,5 0,529 0,538 0,545 0,56 

3.3.3 Design applications  0,649 0,713 0,678 0,617 0,629 

4.1.1 Employment in knowledge-intensive activities  0,511 0,511 0,511 0,511 0,511 

4.1.2 Employment in innovative enterprises  0,553 0,553 0,553 0,639 0,639 

4.2.1 Exports of medium and high technology products 0,402 0,408 0,406 0,405 0,394 

4.2.2 Knowledge-intensive services exports 0,347 0,34 0,345 0,345 0,329 
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4.2.3 Sales of new-to-market and new-to-firm 

innovations  0,414 0,414 0,414 0,517 0,517 

4.3.1 Resource productivity 0,964 1,03 1,081 1,126 1,136 

4.3.2 Air emissions by fine particulates  0,537 0,542 0,545 0,554 0,557 

4.3.3 Environment-related technologies 0,379 0,364 0,324 0,323 0,327 

 

As a result, all the values will belong to the [0;1] range, the highest ones getting the values 

of 1, and the lowest ones scoring 0. 

Then, the stringency values are added to the dataset and normalized as described above. 

In the case of Italy, results are shown below in Table 11 and in Table 12. 

 

Table 11. Values of the EPS indicator, for Italy, in the timeframe 2016-2020. 

Indicator 2016 2017 2018 2019 2020 

5. EPS 4,06 4,06 3,78 3,75 3,72 

 

Table 12. Re-scaled values of the EPS indicator, for Italy, in the timeframe 2016-200.. 

Indicator 2016 2017 2018 2019 2020 

5. EPS 0,02 0,02 0,19 0,19 0,19 

 

Starting with these values, the new SII’ (i.e. SII considering the EPS value) is easily 

computed as the unweighted average of the 33 indicators. In the example of Italy, results are 

shown below (Table 13). 

 

Table 13. Table showing results of the SII’ (considering the EPS), the standard deviation and the number of 
observations collected for Italy in the timeframe 2016-2020. 

 
2016 2017 2018 2019 2020 

SII’ 0,409 0,416 0,422 0,452 0,470 

Standard dev 0,169 0,181 0,181 0,197 0,203 

n 33 33 33 33 33 
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Now, this value is to be compared with the value originally computed not considering the 

EPS among the indicators. Table 14 below shows the SII values for Italy as per the dataset 

publicly available. 

 

Table 14. Summary Innovation Index (SII) values computed without adding the EPS. Data related to Italy, in the 
timeframe 2016-2020. 

 
2016 2017 2018 2019 2020 

SII (without EPS) 0,416 0,422 0,426 0,454 0,469 

 

To evaluate the differences between the values computed without the EPS and those 

computed by considering it in the calculation, a t-test is required. More specifically, it was 

decided to test the differences between the means both at a significance level of 95% and 99%.  

The multiple tests performed were structured upon the following hypotheses: 

𝐻0: 𝑆𝐼𝐼𝑐,𝑡 = 𝑆𝐼𝐼′𝑐,𝑡 

𝐻𝑎: 𝐻0 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 

where the indexes 𝑐 and 𝑡 indicate that SII values must be tested for a given country, at a 

given year, respectively. 

The table below shows results computed in the case of Italy (Table 15). 

 

Table 15. Results of the calculation of the Student’s t statistic. Data related to Italy in the timeframe 2016-2020. 

 
2016 2017 2018 2019 2020 

t-Stat 0,238 0,193 0,129 0,058 0,041 

p-value 0,8137 0,8479 0,8982 0,9539 0,9675 

 

It is straightforward to notice that all the p-values computed are much higher than the 

chosen confidence level of 0.01 and 0.05. Consequently, all the t-Stat values fall within the 

acceptance region, thus the null hypothesis cannot be rejected. As a matter of fact, no test results 

in a significant difference between the means, neither at 95% nor at 99% confidence levels. 
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9.1.2 Results and discussion 
A table summarizing all the results across the 18 countries was then created, which is 

reported below (Table 16). At first glance, it is easily visible that there’s no significance 

difference between the means in the whole dataset, both at 95% and 99% confidence level. 

Hence, the final result of SII does not change significantly, although a new variable is added in 

the computation. 

 

Table 16. Summary of the results of the multiple t-tests. 

Country Name Conf. Level 2016 2017 2018 2019 2020 

Austria 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Belgium 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Czech Rep. 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Denmark 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Finland 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

France 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Germany 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Greece 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Hungary 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Ireland 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Italy 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 
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Netherlands 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Poland 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Portugal 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Slovakia 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Slovenia 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Spain 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Sweden 95% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Austria 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Belgium 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Czech Rep. 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Denmark 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Finland 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

France 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Germany 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Greece 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Hungary 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Ireland 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 
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Italy 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Netherlands 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Poland 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Portugal 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Slovakia 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Slovenia 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Spain 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Sweden 99% 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

Non-

significant 

 

Some insights could be derived from this study. First, the fact that no significance 

difference between the means arises leads to think that a possible correlation exists between the 

variables. Indeed, whether EPS and EIS had completely different distributions, the values of 

SII’ computed right above should be affected by EPS significantly, thus resulting as 

significantly different from SII. 

However, it’s to be noted that EPS may also affect the computation of SII in a lighter 

way. Indeed, one single parameter added to the computation is unlikely to have a strong impact 

on the final outcome, as it weighs only 1 over 33. So, it is not illogical to think that, although 

EPS values are not correlated with EIS, the differences in the means are not significant, as EPS 

only accounts for 1/33. 

Still, the fact that no observation results as significant could lead to think that a 

relationship may exist between EPS and EIS. Indeed, although EPS represents only 1/33 of the 

value of SII’, the probability of all the results being not significant is still low. 
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To summarize, this first analysis shows that the reasons explaining why the value of SII’ 

does not change significantly from that of SII are to be attributed partly to the low impact of 

EPS values on the index computation, partly to a possible trend the variables share. 

 

9.2 Analysis (2): Different innovation categories show different 

values of EPS 

To go deeper into the analysis and look for confirmation on the existence of a relationship 

between EPS and EIS, the approach of an Analysis of Variance (ANOVA) has been chosen. 

 

9.2.1 Data and methodology: ANOVA 
Data is derived from the dataset described above, obtained by merging the values of EPS 

computed by Kruse et al. (2022) [41] and those of EIS resulting from the European Innovation 

Scoreboard Report (2023) [87]. 

Specifically, countries are grouped into 4 categories according to their level of innovation 

performance, as described in the Report [87]. By analyzing the data, a trend emerged in the 

average stringency values of the groups, which is highlighted by Table 17 below. 

 

Table 17. Average values of EPS computed for the 4 innation performance groups, divided by year.  

Innovation 

Performance  

EPS average values 

2016 2017 2018 2019 2020 Total average 

Leader  3.53   3.51   3.57   3.56   3.72   3.58  

Strong  3.28   3.29   3.47   3.58   3.78   3.48  

Moderate  2.96   3.02   2.92   2.99   3.02   2.98  

Emerging  2.94   2.65   2.81   2.93   2.99   2.86  
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Strong evidence can be noted from the table. Indeed, a trend associating EPS and EIS 

emerges: the higher the stringency of the policies applied by a country, the higher its innovation 

performance. 

This assumption seems to hold for the whole dataset, although, on average, the difference 

between the Moderate and Emerging groups are very small. 

To test whether a hidden relationship exists behind the numbers shown in the table, a test 

was to be performed, which allowed to evaluate the differences of 4 means. To this purpose, 

the ANOVA model was chosen.  

ANOVA is the acronym of Analysis of Variance, and it is a statistical method commonly 

used to evaluate the difference between the means of several groups and assess whether they’re 

due to causal links between the variables or to variability.  

Hence, the hypothesis 𝐻0 that this study was aimed to test was whether the means of the 

four groups were equal at a significance level 𝛼 = 0.05: 

𝐻0: 𝜇𝑙𝑒𝑎𝑑𝑒𝑟 = 𝜇𝑠𝑡𝑟𝑜𝑛𝑔 =  𝜇𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒 = 𝜇𝑒𝑚𝑒𝑟𝑔𝑖𝑛𝑔 

𝐻𝑎: 𝐻0 𝑖𝑠 𝑓𝑎𝑙𝑠𝑒 

The ANOVA was performed by using the Excel Data Analysis extension, which 

summarizes the results in tabular forms. 

Initially, five different scenarios were computed, each of them dedicated to evaluating the 

difference between the means of the four groups of a specific year of the dataset, from 2016 to 

2020. However, this analysis relied on weak foundations. Indeed, the total number of 

observations included in the dataset is very low (100), and working on even smaller subsets (5 

years, each of them divided into 4 groups) leads to non-reliable groups of data. 

As shown by the following Figure 27, which summarizes the values of 2016, the category 

of Emerging countries consists of 2 observations only, which are not enough to perform a 

structured analysis. 
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Figure 27. Output of the Summary of data for 2016 made in Excel. 

 

9.2.2 Results and discussion 
Hence, the solution adopted was to use as input the mean values resulting from the whole 

dataset. The Excel output is reported below in Figure 28. 

 
Figure 28. Output of the ANOVA, made in Excel. 

 

As the table shows, data were split irregularly across the groups. Emerging countries were 

only 10, while Moderate, the vast majority of the dataset, accounted for 40 values. Strong and 

Leaders had 25 observations each. 

The means show the trend that was already visible in the table above, although variances 

are strongly unequal. Countries categorized as Leaders show very similar values of stringency 

(variance of 0.1138), while those belonging to the Strong category seem to have a wide range 

of EPS values (variance of 0.5154). 
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Overall, the table describing the ANOVA shows a p-value of 75.3155 ∙ 10−6, which is 

much lower than the assumed threshold 𝛼 = 0.05 . Therefore, the null hypothesis can be 

rejected at a significance level of 95%, thus concluding that the difference between the means 

of the four groups is significant.  

This result allows to bring some more light to the evidence that this paper is discussing, 

the weak version of the Porter Hypothesis.  

Still, the analyses conducted so far are not enough to show strong evidence of the 

relationship between the variables, as they only state that the means of the 4 groups are not 

equal. Rather, to go deeper, studies should focus on analyzing whether some means are 

significantly lower than others. 

 

9.3 Analysis (3): EPS average values of Faster Innovators are 

higher than those of Slower Innovators 

In order to support the results obtained by the analysis of variances across groups, the 

means of those groups should be separately compared. T-tests will therefore be performed to 

assess whether the mean of a group is significantly higher than that of another group. 

 

9.3.1 Data and methodology: t-tests 
The dataset used to make this study is the same as above. 

As already described in the methodology adopted to perform the ANOVA, an issue 

related to the low number of observations contained in the databases arises. Indeed, when 

dividing the observations into the 4 groups across the 5 different years, the reliability of the 

data gets lower and lower. Thus, a solution was to be found, that did not affect the reliability of 

results, still allowing at the same time not to lose the differentiation across the years and across 

the groups.  

To meet these needs, the proposed solution was to merge the groups as follows: 
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• Emerging and Moderate are aggregated into a category called Slow Innovators; 

• Strong and Leader are grouped into a set defined as Fast Innovators. 

The averages of the new groups are described in the following Table 18. 

 

Table 18. Average values of EPS for Slow and Fast Innovators. 

Innovation Performance Groups 2016 2017 2018 2019 2020 Average 

Slow Innovators 2.96 2.95 2.90 2.98 3.01 2.96 

Fast Innovators 3.41 3.40 3.52 3.57 3.75 3.53 

 

It is straightforward to notice that the differences between the means are even more 

polarized than those of the four groups, thus suggesting an evident difference between the 

subgroups. 

To test whether these differences are significant, the confidence level was set to 95%, and 

multiple t-tests were built upon the following hypotheses: 

𝐻0: 𝜇𝑠𝑙𝑜𝑤 ≥ 𝜇𝑓𝑎𝑠𝑡 

𝐻𝑎: 𝜇𝑠𝑙𝑜𝑤 < 𝜇𝑓𝑎𝑠𝑡 

Before choosing whether to go for an equal-variances-t-test or an unequal-variances-t-

test, F-tests were performed to evaluate the differences between the variances. The hypotheses 

at the basis of the F-tests were the following: 

𝐻0: 𝜎𝑠𝑙𝑜𝑤
2 = 𝜎𝑓𝑎𝑠𝑡

2  

𝐻0: 𝜎𝑠𝑙𝑜𝑤
2 ≠ 𝜎𝑓𝑎𝑠𝑡

2  

The significance level 𝛼 was set, as usual, to 5%. 

Both the analyses were performed by leveraging the Excel extension Data Analysis. 
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9.3.2 Results and discussion 
The output of the Excel solver is shown in tabular forms. As an example, only the 

computations for year 2020 are reported below in Figure 29 (results for other years are available 

in the Appendix). 

 

 
Figure 29. Output of F-test made on Excel to test the differences between variances of the groups. Data relate to 
year 2020. 

 

 
Figure 30. Output of the t-test performed on Excel to test the differences between the means of the groups. Data 
relate to year 2016. 
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Figure 29 outlines the results obtained when testing the differences between the variances 

of the subgroups. As per data of 2020, the computed variances are 0.1636 and 0.2962 for Slow 

and Fast Innovators, respectively. The F-test states that, with a confidence level of 95%, the 

difference between variances is not significant, as the p-value is much higher than the threshold 

of 0.05, leading to reject the null hypothesis of equal variances. 

This first result allows to structure an equal-variances-t-test, whose output is depicted in 

Figure 30. The t-Stat value of -3.4328 is lower than the t Critical one-tail value of -1.7341, thus 

falling into the rejection area. As confirmed by the p-value of 0.0015, the null hypothesis is to 

be rejected. In other words, the statement that the mean of the Slow Innovators is larger or equal 

than the mean of Fast Innovators is to be discarded, as it finds no statistical evidence. 

The results of the tests performed across all years are summarized in the following Table 

19. 

 

Table 19. Summary of the p-values related to F-test and t-test performed to assess the significance of the 
differences between variances and means of the two groups, respectively. 

 
2016 2017 2018 2019 2020 Average 

F-Test Two-Sample for Variances 0.4493 0.4583 0.1780 0.1656 0.1949 0.1021 

t-test: Two-Sample Assuming 

Equal Variances 
0.0400 0.0499 0.0071 0.0097 0.0015 0.0000 

 

It’s easy to notice that, once again, all the results show values that are lower than the 

threshold 𝛼 = 0.05, thus leading to reject the null hypothesis. Moreover, the last column of the 

table shows the output computed over the whole dataset, which corresponds to the lowest p-

value of the sample (i.e. 1.24 ∙ 10−7). 

As a final overview, this analysis has proven that, by aggregating countries into different 

innovation performance categories, a difference emerges in the average values of the EPS. More 

specifically, this difference highlights that countries that implement the most stringent policies 

are recognized as the fastest innovators. 
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10 Econometric model 

The previous chapter focuses on the study of the relationship between a quantitative 

variable, EPS, and a qualitative variable, the innovation-performance categories created by EIS 

Report. 

Still, as extensively discussed above, this index is computed by following a rigorous 

structure, which results in a quantitative measure. There is, therefore, wide space for further 

studies that involve both the quantitative measures of EPS and EIS. 

Several mathematical methods exist that could be applied to this topic, but listing them 

all is far from the purpose of this paper. Nevertheless, for the sake of completeness, it was 

decided to address one of them, so as to have a wider perspective of the topic and avoid 

supporting wrong statements. 

This conclusive chapter will be therefore devoted to investigating whether a linear 

regression model is able to explain the correlation between the values of EPS and those of EIS. 

 

10.1 Model specifications 

The model was developed by following the structure mostly used in the literature, and 

lastly described in 2019 by Martinez-Zarzoso et al. [82]. They used three different dependent 

variables, namely Research and Development Expenditures, Patent Applications and Total 

Factor Productivity, as a measure of innovation activity and tested how they were affected by 

EPS. Specifically, they followed intuition by Rubashkina et al. (2015) [77] and involved in the 

model 1- and 5-years lags to study the delayed reactions of firms to changes in regulations. 

Following the methodological structure of these studies, the empirical model used within 

this paper takes the following form: 

ln (𝐸𝐼𝑆)𝑖,𝑡 = 𝛽0 + 𝛽1ln (𝐸𝑃𝑆)𝑖,𝑡−𝑘 + 𝛽2 ln(𝐺𝐷𝑃𝑃𝐶)𝑖,𝑡 + 𝛽3𝑁𝑂𝑃𝑖,𝑡 + 𝜖𝑖,𝑡 

𝐸𝐼𝑆𝑖,𝑡 indicates the value of EIS for a given country, 𝑖, in a given year, 𝑡. The model is 

aimed at explaining the relationship, either positive or negative, that correlates this variable 
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with the dependent variables 𝐸𝑃𝑆𝑖,𝑡, indicating the value of the EPS computed for a country 𝑖 

and lagged of 𝑘 years with respect to year 𝑡, with 𝑘 = 1,5, and 𝐺𝐷𝑃𝑃𝐶𝑖,𝑡, representing the per 

capita Gross Domestic Product of country 𝑖 at year 𝑡, and 𝑁𝑂𝑃𝑖,𝑡 , indicating the number of 

policies issued by country 𝑖 at year 𝑡. The error term 𝜖𝑖,𝑡 is added in order to consider hidden 

and unknown relationships and the impact of variability [92]. 

 

10.2 Data and Variables 

The sample used to conduct this analysis is a panel data derived from the reduction of the 

dataset described in the previous chapters, obtained by merging the database of EPS and data 

originated from the EIS Report [87]. As a consequence, data include 20 European Countries – 

Austria, Belgium, Czech Republic, Germany, Denmark, Estonia, Greece, Spain, Finland, 

France, Hungary, Ireland, Italy, Luxembourg, Netherlands, Poland, Portugal, Sweden, Slovenia 

and Slovakia – across a timeframe of 5 years, ranging from 2016 to 2020.  

Data related to the per capita GDP was obtained from OECD database, while the total 

number of policies issued by a country was derived from the database created during the first 

phase of the work. 

The variables are described in the following Table 20. 

 

Table 20. Structure of the dataset used to perform the linear regression. 

Variable Definition  Source  

EIS Score of the EIS EIS Report 

EPS Score of EPS OECD 

GDPPC Gross Domestic Product per Capita, in US $ (2015) OECD 

NOP Total Number of Policies issued by a country Database 

 

10.2.1  Descriptive Statistics 
In order to have a first overview of the variables included in the model, some descriptive 

statistics were computed, which are reported in the following Table 21. 



 

 
 

90 
 

Table 21. Descriptive statistics of the variables. 
 

Ln(GDPPC) Ln(EPS) NOP Ln(EIS) 

Mean 4,6631 0,5041 2,13 1,9977 

Standard Error 0,0150 0,0078 0,2329 0,0121 

Median 4,6467 0,4948 1 2,0293 

Standard Deviation 0,1500 0,0777 2,3297 0,1212 

Min 4,4395 0,3575 0 1,7387 

Max 5,0770 0,6892 10 2,1463 

Count 466,3139 100 100 100 

 

For each variable, the mean value, the standard error, the median, the standard deviation, 

the minimum and maximum values, and the number of observations were recorded. Still, when 

studying these numbers, few insights can be derived about the distribution of the variables 

country by country and year by year. Therefore, some figures related to the evolution of the 

variables over time and regions are presented below. 

Regarding the number of policies, EPS and EIS, considerations made in chapters 3, 5 and 

8, respectively, apply. 

Moving on to GDP per capita, Figure 31 depicts the trend over time, describing values 

registered in 2000, 2010, 2016 and 2020. It is intuitive to notice that, for almost the totality of 

the countries included in the dataset, an increase in GDP per capita was registered. Specifically, 

Luxembourg and Ireland represent the peaks in 2020 values, far above the average of about $ 

40 000.  

Furthermore, it can be seen that Ireland, Estonia and Poland stands out as those countries 

that showed the highest growth within the last 20 years. By contrast, countries that showed the 

lowest increase in GDP per capita are Greece, Portugal, Spain and Italy, whose results are very 

low. 
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Figure 31. GDP per capita in 2000, 2010, 2016 and 2020, by country. 

 

10.2.2 Correlation matrix 
To complete the analysis of the key variables used in the model, a correlation matrix was 

computed, which is described in the following Figure 32. 

 

 

Figure 32. Correlation matrix. 

 

The Pearson coefficient between ln(EIS) and ln(EPS) shows a significant positive 

correlation, being equal to 0.4578. This suggests that an increase in EPS is associated with an 

increase in EIS, meaning the adoption of stricter environmental policies leads to higher 
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innovation activity. Although this result brings some more light on the research under 

investigation, it is pivotal to emphasize that correlation does not imply causation.  

A strong positive correlation can be noticed between ln(EIS) and ln(GDPPC) (r = 

0.7882), indicating that higher GDP per capita is correlated with higher EIS score. This could 

mean that countries showing higher GDP per capita tend to invest heavily in innovative 

technologies. 

Conversely, the correlation between ln(EIS) and the number of policies is weak, but still 

positive (r = 0.1295). 

Furthermore, it is worthwhile to mention that a positive correlation exists between 

ln(GDPPC) and ln(EPS). This shows that countries with higher GDP per capita usually 

implement the most stringent environmental policies. Yet, the value of the Pearson coefficient 

is other than high (r = 0.3929).  

The number of policies shows weak positive correlation with both the GDP per capita 

and the EPS, showing that the influence of the number of policies does not have a strong impact 

within the model. 

As already mentioned, it is essential to underline that, although the correlation matrix 

offers initial insights about the correlation between the variables, these insights do not 

necessarily imply causal links. The following regression analysis is indeed performed with the 

aim of finally assessing the influence of the independent variables over the dependent variable. 

10.3 Regression Analysis 

To perform the analysis, the Ordinary Least Squares (OLS) model is applied.  It allows 

to estimate the relationship between a dependent variable (EIS) and one or more independent 

variables (EPS and per capita GDP), by performing a linear regression which minimizes the 

sum of squared differences between observed and predicted values.  

In order to minimize the impact of extreme values and ensure comparability across 

economically diverse countries, values have been scaled by introducing natural logarithms. 

The regression was performed using the Excel solver, whose outputs are reported in 

tabular form in the following. 



 

 
 

93 
 

10.4 Results and discussion 

The first regression was related to the analysis of the effects of EPS on EIS considering a 

1-year delay. Results are summarized in Figure 33. 

 

 

Figure 33. Output of the regression considering EPS lagged-1-year 

 

It is straightforward to notice that the values of R square and Adjusted R square are rather 

satisfying, indicating that the model explains approximately 64% of the total variability. 

Moreover, it can be noted that the F-statistics is 59.19 and shows a p-value extremely close to 

0, thus stating that the model is statistically significant. 

Moving to the analysis of the significance of the variables, it is easy to notice that the per 

capita GDP is statistically significant at 1% level and shows a coefficient of 0.5905. This 

confirms the insight derived from the correlation matrix above, stating that a 1% increase in the 

GDP per capita leads to a 0.59% increase in the EIS score. 

The 1-year-lagged EPS is statistically significant at 5%, showing a p-value of 0.0219 and 

a coefficient of 0.2361. It is intuitive to notice that this result allows to state that the weak 

version of the Porter Hypothesis holds, as a 1% increase in EPS leads to a 0.24% increase in 

the EIS value.  
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The number of policies issued by a country in a given year is the only non-significant 

variable, showing a p-value of 0.2362. Last, the coefficient of the intercept is highly significant. 

The main conclusion that can be derived from this first model is that, considering a 1-

year lagged effect of EPS, the weak version of the Porter Hypothesis holds, meaning that 

implementing more stringent regulations leads firms to increase their innovation activity in the 

subsequent year.  

 

The second model to be tested involves the study of the effects of EPS with a 5-years 

delay. The output of the model is summarized in the following Figure 34. 

 

 

Figure 34. Output of the regression considering EPS lagged-5-years 

 

The values of R square and Adjusted R square are similar to the previous analysis, thus 

analogous conclusions can be drawn: once again, the model is statistically significant. 

Regarding the variables, insights are roughly the same, although small differences arise. The 

per capita GDP is still statistically significant at 1% and shows almost the same coefficient as 

in the previous analysis. 
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The EPS remains statistically significant at 5%, with a p-value slightly higher than above. The  

coefficient, however, shows a small increase, moving from 0.2361 to 0.2629. Therefore, the 

weak version of the Porter Hypothesis still holds and the impact of stricter regulations on 

innovation activities is slightly higher when considering a 5-years delay. 

Last, the p-value related to the number of policies has decreased. Still, this variation did not 

lead to a statistically significant result, meaning that the influence of the number of policies 

over the EIS (which would still be very low, given the value of the coefficient) cannot be 

explained by this model. 

In conclusion, the second model enforces the results obtained by the first model, stating that the 

implementation of stricter policies enhances innovation activity, both with a 1- and 5-year 

delay. 
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11 Conclusions  

The contribution of this paper is to be found in the aggregated results of the analyses that 

have been conducted. 

First, lite evidence of the Porter Hypothesis appeared in the results of Analysis (1), where 

the computation of the SII did not show significant differences when altered by the EPS. 

Then, by studying the correlation between the quantitative variable EPS and the 

qualitative attributes derived from the EIS, further evidence has emerged that the weak version 

of the Porter Hypothesis holds. Both Analyses (2) and (3) show that countries belonging to the 

lowest innovation performance categories have, on average, implemented the least stringent 

policies, and, oppositely, governments that have pushed for stricter regulations are recognized 

as the most innovative ones. Specifically, it’s worth mentioning that the output of Analysis (3) 

is strongly significant. 

Last, the regression set on a panel data of 100 observations resulted in a positive 

correlation with strong significance when considering both 1-year and 5-years lagged effects. 

Specifically, the last study highlighted that the impact of EPS over innovation activity is not 

immediate, rather it gets higher with time passing by. 

To conclude, all the analyses lead to show evidence that the Porter Hypothesis holds, at 

least in its weak version. Thus, the main conclusion derived by this paper can be found in the 

suggestion to implement stricter environmental regulations, as they’re more likely to induce 

innovation activities. 
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12 Limitations and future developments 

The studies conducted in the paper face some structural limitations, as already mentioned 

throughout the previous chapters. This conclusive paragraph is dedicated to highlight those 

aspects and to suggest further improvements. 

The main limitation of the whole set of analyses is related to the data availability, which 

is extremely poor. Indeed, a sample composed of only 20 countries studied on a timeframe of 

5 years – thus resulting in a total of 100 observations – is poorly representative. Also, all data 

belong to European countries, which reduces the total variability. It would be valuable to 

conduct further studies on broader data panels considering other geographical regions, so as to 

gain a more comprehensive understanding. 

In addition, the econometric model was constructed by following the advice of Martinez-

Zarzoso et al. (2019) [82], Rubashkina et al. (2015) [77] and Jaffe and Palmer (1997) [62], 

although the variables considered were not the same. Specifically, the choice of using the EIS 

as dependent variable could lead to hide the effects of some indicators and measures considered 

within the computation of the index itself. It could be interesting to extend the analysis made 

on the EIS as an aggregated measure over the single indicators used to compute the SII. 

 Finally, the computation of the EPS index shows some structural limitations, as it does 

not include the whole set of policies issued by governments. For instance, instruments 

regulating the levels of emissions derived from agricultural production are not considered in 

the computation of the most updated version of the index. Although the EPS index is an 

extremely useful and commonly adopted measure for quantitatively assessing the stringency of 

environmental policies, still it would be interesting to evaluate results of the same model when 

applying more comprehensive indicators.  
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Annex A 

Part of the dataset of Directives, Regulations and National transpositions collected. 
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Annex B 

Dataset used to perform analysis from (1) to (3). 
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Annex C 

Results of the F-tests and t-tests related to Analysis (3) are reported below. 
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Annex D 

Variables included in the dataset. 

 

 

Figure 35. Gross Domestic Product Per Capita - source: OECD. 
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Figure 36. Environmental Policy Stringency Index - Source: OECD. 
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Figure 37. European Innovation Scoreboard - Source: EIS Report. 
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Figure 38. Number of Policies - Source: Created Database. 

 


