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Abstract: This paper aims to explore a possible relationship between democracy and the environment,
more specifically between freedom and environmental sustainability (environmental performance).
The conceptual lenses of the Quadruple and Quintuple Innovation Helix Frameworks were used
as they emphasize the importance of democracy and ecology (environmental sustainability) for
knowledge and innovation and vice versa. The empirical model focused on the following research
question: What is the correlation between political freedom and environmental performance? In
essence, all countries in the world with a population of one million or more were included (a total of
156 countries), and the reference year was 2016. The empirical outcome of the correlation analysis
was a positive Pearson correlation of about 0.56 (or 0.73 if we examine regional country groups),
and, perhaps even more significantly, this correlation was significant at the 0.001 level (two-tailed).
The correlation results lend themselves to the following interpretation: The higher the political
freedom in a country, the more likely it is to have a higher environmental performance. Similarly,
the lower the political freedom in a country, the more likely it is to have a lower environmental
performance. As a preliminary proposition, therefore, democracy, environmental sustainability, and
innovation-driven knowledge economies may have a highly symbiotic and synergistic dynamic and
non-linear relationship.

Keywords: democracy; environmental sustainability; political freedom; quadruple and quintuple
innovation helix frameworks; sustainable development

1. Introduction

Democracy and the environment matter for humanity and may well represent “en-
dangered species” [1]. Therefore, the aim of this paper is to explore a possible relationship
between democracy and the environment, and more specifically between freedom and
environmental sustainability (environmental performance). In the context of this article,
no major distinction was drawn between environmental sustainability and environmental
performance, as environmental performance is understood in terms of how environmen-
tal sustainability is being performed. Perhaps the theoretical work here is already more
advanced (see, for example, [2]). The intention is to examine whether empirical patterns
can possibly be identified and, if so, how they are structured and which analytical proposi-
tions are available to interpret results. The character of this analysis was exploratory in
nature; therefore, we did not discuss causality. The method applied is the explicit use of
correlations (Pearson). It was regarded as important to apply the exploratory means of
correlations so as to promote and apply more advanced statistical means in a later phase
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of research (which are beyond the scope of this article). The methodological model will
relate political freedom with environmental performance for essentially all the countries
in the world (those with a population of one million or more, or 156 countries) in reference
to the year 2016. In methodological terms, the research question can be phrased as fol-
lows: What is the correlation between political freedom and environmental performance?
Correlation analysis, here, has the advantage, not to engage in analytical determinism,
but to emphasize the principal openness of political processes, and also to be sensitive
for possible phenomena such as political stress or political pressure, which democracy and
democratization may be facing in the world.

To consider possible interactions and inter-dependencies between freedom and ecol-
ogy does not constitute something completely new. For example, one can refer to the one
question that was raised by Pinto ([3] (p.1)), which was presented the following way:

“We’ll argue that there are two different ways to analyze the relation between the two
concepts: on the one hand, freedom being often referred to be in competition with ecological
sustainability and the imposed limits it requires and, on the other hand, the impacts in
individual’s freedom due to ecological catastrophe if strict limits are not implemented.”

However, the novelty of the approach applied herein is such that it related theories
on democracy to theories on innovation, and exposed this to exploratory methodological
means such as correlation. Innovation is regarded as important for the economy, and
higher education also seems to be organically connected with both economic growth and
innovation capabilities. In the context of the analysis herein, democracy and the ecology
were integrated as essential components for a sufficiently comprehensive understanding of
innovation. Therefore, for the theoretical framing of our analysis, we referred to the concept
of the Quadruple and Quintuple Innovation Helix Frameworks [4–6], which extends
the earlier approach of the Triple Innovation Helix. The Quadruple Innovation Helix
(ibid.) emphasizes the importance of democracy, knowledge democracy, and the quality of
democracy for knowledge and innovation, and the Quintuple Innovation Helix emphasizes
the importance of ecology, the environment, environmental sustainability, and climate,
similarly for knowledge production and innovation and innovation systems. Should it
be possible to indicate possible empirical patterns and relations between democracy and
the environment (freedom and environmental sustainability), then this may also indicate
scenarios, opportunities, and also threats concerning the further evolution of innovation
systems.

The paper has the following structure: in Section 2, the conceptual building elements
of the Quadruple and Quintuple Innovation Helix Frameworks were reviewed, demon-
strating how democracy and the ecology are designed to network in favor of innovation.
Section 3 focused on the empirical model, i.e., linking and correlating political freedom
with environmental performance. The components of the model were documented, and
the empirical results of the data processing were summarized. Finally, the conclusion,
presented in Section 4, reviewed the outcome of the entire inquiry and discussed possible
implications of the manifest relationship between democracy and the environment for
knowledge and innovation.

2. Conceptual Building Elements of the Quadruple and Quintuple Innovation Helix
Frameworks: Networking Democracy and Ecology for Innovation

“The competitiveness and superiority of a knowledge system or the degree of development
of a knowledge system are particularly determined by their adaptive capability and capac-
ity to combine and integrate several and different modes of knowledge and innovation
through co-opetition (cooperation and competition), co-evolution and co-specialization’,
also of knowledge stock-and-flow dynamics . . . ” (see [7,8] (p. 201); also in relation to
‘Co-Opetition’, see [9]).

One idea suggests that there are some analogies between diversity and heterogeneity
in advanced knowledge economies and societies, as well as political diversity and plu-
ralism in a democracy. The latter can also be framed as a knowledge democracy, which
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expresses qualities of the quality of democracy. The term and concept of ‘democracy of
knowledge [10,11] (p. 55) refers to this relationship.

The relationships between academia, industry, and government are highlighted by
the Triple Helix [12,13]. In this sense, the Triple Helix can be regarded as a basic, core
model for explaining knowledge production and knowledge application in a knowledge
economy. The Quadruple Helix and Quintuple Helix are designed as an innovation system
framework to address the complexity and context of knowledge production and application
(innovation) more broadly and elegantly. The analytical architecture is becoming expanded.
By this, phrasing it metaphorically, the Triple Helix is embedded in the Quadruple Helix,
and the Quadruple Helix is embedded in the Quintuple Helix. The Quadruple Helix
contributes as the fourth helix in the media-based and culture-based public arts, artistic
research, arts-based innovation, democracy and knowledge democracy, and in effect
and essence, the civil society, referring to a democratic knowledge society and economy
stakeholders such as creators, inventors, innovators, and entrepreneurs: “The Quadruple
Helix innovation model can be seen as a model that integrates the dimension of democracy or the
context of democracy in order to promote knowledge, knowledge production and innovation” [11]
(p. 14) (see also [8,10,14–27]). The Quintuple Helix is the fifth helix or dimension in the
ecological perspective of the natural environment of society and economy [14] (p. 62)
(see also [4–6]), as shown in Figure 1, which illustrates and emphasizes how democracy
(knowledge democracy) and the environment (for example, social ecology and the climate)
matter for knowledge and innovation.
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Figure 1. The five-dimensional structure of innovation and innovation systems. Source: Authors’
own visualization, see also [8] (p. 207), [12] (p. 112), [14] (p. 62), [4] (p. 4), [28] (p. 65), furthermore,
see [20,23].

The Triple Helix is direct in recognizing higher education as important insofar as
innovation is concerned. However, the Triple Helix is inclined to emphasize, in reference to
knowledge production and innovation, the economy; the Triple Helix is therefore sensitive
regarding themes connected to the knowledge economy. The Quadruple Helix introduces
new perspectives on society and democracy. The Quadruple Helix emphasizes that sus-
tainable development of and in the economy eventually requires a co-development and
co-evolution of the knowledge economy, knowledge society, and knowledge democracy.
The Quadruple Helix indicates that a knowledge society and a knowledge democracy are
actually necessary for advanced forms of knowledge production (research) and knowledge
application (innovation). In addition, the Quadruple Helix encourages the understanding
that not only the universities (higher education institutions) of the sciences are decisive,
but also that the universities (higher education institutions) of the arts are crucial in con-
tributing to the further advancement of knowledge and innovation systems; this promotes
inter-disciplinarity and trans-disciplinarity so as to support a networking between the
sciences and arts and therein contribute to create creative knowledge production and inno-
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vation. This encourages next steps in future-oriented knowledge and innovation. Social
ecology focuses on interactions between society and nature (society-nature interactions),
more precisely between human society and the material world (in this regard, see, for ex-
ample, [29]). The European Commission clearly identified the socio-ecological transition of
the economy and society as one of the greatest needs and challenges ahead [30]. However,
this also should be seen and understood as an opportunity for future progress, for the ad-
vancement of the knowledge economy, society, and democracy. The Quintuple Helix refers
to the socio-ecological transition of the economy, society, and democracy. This underscores
the ecologically sensitive design of the Quintuple Innovation Helix Framework.

The Quintuple Innovation Helix Framework bases its conception of knowledge pro-
duction (research) and knowledge application (innovation) on social ecology. Environ-
mental problems (global warming, for example) clearly represent issues of survival for
humanity and for human civilization. However, the Quintuple Helix also identifies en-
vironmental problems and ecological problems as possible drivers for the creation of a
responsible future knowledge (production) and responsible future innovation, where re-
sponsibility constitutes combining the ecological responsibility for the environment with a
social responsibility for society and democracy [4]. This motivates learning processes in
a knowledge economy, or at least has potential in such directions: “The Quintuple Helix
supports here the formation of a win-win situation between ecology, knowledge and innovation,
creating synergies between economy, society and democracy” [4] (p. 1).

Therefore: “The Democracy of Knowledge, as a concept and metaphor, highlights and under-
scores parallel processes between political pluralism in advanced democracy, and knowledge and
innovation heterogeneity and diversity in advanced economy and society. Here, we may observe
a hybrid overlapping between the knowledge economy, knowledge society and knowledge democ-
racy” [11] (p. 55). Ideas of a knowledge economy extend beyond a republic of science [31],
but they also relate to concepts of the democratization of innovation [32,33].

Quality of democracy, as a concept and approach, focuses on framing and defining
democracy beyond the minimum standards as they are being set out in the so-called
electoral democracy. Quality of democracy refers to more advanced forms of democracy,
and indicates what possible pathways of progress and further development and evolu-
tion of democracy exist. Crucial and decisive in this respect was the work of Guillermo
O’Donnell [34,35]. The work of O’Donnell also relates to the work of Amartya Sen [36,37].
There are also other authors who refer to quality of democracy (see, for example, [38–49]).
Altogether, a pluralism of concepts of democracy, and a pluralism of measurement of
democracy, already exists (see [42,46,50] (pp. 370–398), and [51–58]). Furthermore, there is
also research in inquiring whether there are patterns or trends in the relationship between
democracy and development, or between democracy, economic growth, and develop-
ment [15,59–68]. Guillermo O’Donnell’s work, significantly, drew a connection between hu-
man development and human rights [34,35], and is interwoven with the work of Amartya
Sen [36,37]. When more closely investigating possible linkages or cross-linkages between
democracy and development, over the time period of 1950–1990, Przeworski, Alvarez,
Cheibub, and Limongi asserted:

“Hence, if the patterns we have observed persist, the world will be better, much better.
More people will be living in democracies; they will be wealthier; and they will be enjoying
all the benefits that wealth brings, probably including great improvements in public health
and medical technology. But not all of us will enjoy this progress. Poverty will still be
widespread, dictators will still repress, and wars will still ruin lives” [67] (p. 277).

A detailed literature review regarding the relationships among the aforementioned
concepts of democracy, political freedom, and the environment (i.e., democracy and the
environment, democracy and political freedom, and political freedom and the environment)
is out of the scope of this paper, given the vast number of previous studies. However,
it should be noted that the rule of law is an essential part of the quality of democracy,
given that democratic rights depend on the degree to which such rights are recognized in
practice [34]. On the other hand, this conceptualization is rather difficult mainly because
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the boundaries between democracy and the rule of law are vague; constitutional traditions
and geopolitical interests may also complicate this relationship. Similarly, the linkages
between freedom and development may be examined in a broader sense. As Amartya Sen
notes, freedom should be addressed only in economic and political terms, but it should
also consider the freedom to access social services; therefore, freedom is strongly associated
with quality of life [36].

Although there are very different and conflicting views in the relevant literature re-
garding the relationship between democracy and the environment, several studies propose
a number of arguments that strongly support a positive relationship between democracy
and environmental protection [69]:

• Given that democracies respect individual rights, environmentalists may promote and
influence decisions about environmental legislation.

• Democratic governments are inherently more responsive to their citizenry, assuring a
minimum level of accountability.

• Free flowing information in democracies allows for a form of political learning, in-
cluding scientific arguments regarding environmental problems.

• Democratic governments are more likely to cooperate with each other insofar as
international environmental agencies and treaties are concerned.

• Given that democracies are usually based on free-market economies, businesses can
be subject to both environmental incentives and sanctions.

Hans-Joachim Lauth [70] suggested a three-dimensional modelling of democracy,
referring to the dimensions of freedom, equality, and control (see also [71–74]). In the
words of Lauth, freedom (political freedom) represents a basic foundation for democracy,
implying that without the accomplishment of a sufficient degree of (political) freedom, a
democracy is not possible. Therefore, democracy requires (among other characteristics)
freedom. For earlier work regarding the importance of freedom for democracy, see, for
example, the collection of essays in Bohmann and Rehg [75]. The three-dimensional
model (of Lauth) was extended by Campbell (see [76] (p. 296), [77] (p. 33), and [78]) to
a five dimensional model by adding the dimensions of sustainable development and of
self-organization (political self-organization) (see Figure 2). Figure 2 emphasizes that a
comprehensive approach to democratic measurement and the measurement of the quality
of democracy requires taking a dimension such as sustainable development into account,
which also includes environmental sustainability. In this sense it could be speculated
whether there are structural synergies between the five dimensions of the Quintuple
Innovation Helix Framework and a broader quality-of-democracy understanding (compare
Figures 1 and 2).

“For the Quadruple and Quintuple Innovation Helix Frameworks, democracy and
ecology (environmental protection) are constituting categories, without these a Quadruple
and Quintuple Helix innovation system not possible is. To elevate here to next levels,
implications could be that climate (as a component and crucial category of ecology), so
to say climate itself, is being integrated into understandings of democracy and quality
of democracy. ‘Democracy of Climate’ (creating a ‘climate for democracy’, desirably
a ‘positive climate’ for democracy), in co-creation with a ‘democracy of knowledge’
(emphasizing a co-evolution of political pluralism and a diversity of knowledge modes in
innovation), are referring to new designs and performances of innovation and innovation
systems, being furthermore ex-pressed in the principles, building blocks and design
of Quadruple and Quintuple Innovation Helix Frameworks. Democracy enables and
encourages innovation, and the ecology and cli-mate can act as drivers for further
innovation” [1].
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Examples of academic research regarding the linkages between “Democracy and
Climate Change” and “Climate Change and the Future of Democracy” can be found
in [80,81] Therefore, they are also examples of topics in the variation of democracy and
the climate. Furthermore, a more radical example would refer to a democracy of climate,
as was being suggested by Carayannis and Campbell [1]. Ecology, ecological challenges
(e.g., global warming), and environmental protection matter in terms of the survival
of humanity, but also in terms of the further development and advancement of human
civilization, not only on earth, but also beyond earth [10]. One radical implication of this
is that the governance of climate should be regarded as a quality criterion for democracy,
and more specifically the aspect of sustainable development [1,10,77,82,83]. In this sense,
democracy, innovation, and ecology (climate) are hypothesized to be interconnected and to
work together and, by this, create, enable and perform sustainable development [77].

3. Empirical Analysis: Linking Political Freedom with Environmental Performance

This section presents a preliminary empirical analysis of potential linkages between
the environment and political freedom. According to Carayannis [1], “the environment
should be regarded as an active partner of innovation, not a resource to be exploited”. In this sense,
all of the three pillars of sustainability should be considered, i.e., environmental, social,
and economic sustainability. The presented empirical analysis focused on environmental
sustainability in order to emphasize the environmental and ecological problems considered
in the Quintuple Innovation Helix Framework.

Political freedom refers to the dimension of political freedom, as mentioned by Camp-
bell [77] (Table A.2.1, pp. 356–365). The political freedom score is based on equal weighting
aggregation of the following indicators:

• Political rights;
• Civil liberties;
• Freedom of the press.
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Data for the previous three indicators was provided by Freedom House [56,84,85],
while the aggregated political freedom score was rescaled to 0–100, where 0 represented the
lowest observed freedom level and 100 the highest observed freedom level. Freedom House
was used as a source for data on political freedom because they represent an established
and internationally recognized institution within this area, and their data are publically
accessible. Furthermore, a data review and clearance was processed for the political
freedom data that we used, in accordance with [77]. As Campbell ([77], (pp. 265–277))
demonstrated, the political freedom data provided by Freedom House clearly pass a test
of validity.

Figures 3 and 4 present the evolution of political freedom in 2002–2016 in different
country groups based on World Bank’s geographic areas and income levels. These figures
present the average of the countries belonging to each group, and we may observe that,
despite some variations, the political freedom score is somewhat stable, without major
improvements in the examined period. Low income and sub-Saharan African countries
appeared to have the lowest political freedom, while high income counties or countries
in North America, Europe, and Central Asia seemed to have the highest freedom scores.
Generally, as shown in Figure 4, income was directly related with political freedom.
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For the environment, we use the Environmental Performance Index (EPI) published
by the Center for Environmental Law and Policy of Yale University, in collaboration
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with Columbia University’s Center for International Earth Science Information Network
(CIESIN) and the World Economic Forum (WEF) (see also [86]). The 2016 version of EPI
is a barometer of environmental performance that measures 20 indicators across nine
major policy categories: health impacts, air quality, water and sanitation, water resources,
agriculture, forests, fisheries, biodiversity and habitat, and climate and energy [87]. Figure 5
presents the general EPI framework.
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Using standard normalization approaches (e.g., based on population, land area, and
gross domestic product) and statistical transformations, EPI transforms raw data into
comparable performance indicators. EPI indicators are based on a proximity-to-target
methodology, which assesses how close each country is to a specific policy target as defined
by international or national policy goals or established scientific thresholds.
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The final EPI score is based on a simple weighted scheme; the two major objectives
of environmental health and ecosystem vitality are weighted equally, while individual
indicators are weighted based on their relevance for assessing a specific policy issue, as
well as the quality of the underlying data (see also [87]).

In order to examine the relation between political freedom and environment, we
developed a database for the aforementioned scores for a total of 156 countries. In order to
achieve a global perspective, we considered all countries in the world with a population
of more than a million people. Then, we calculated the Pearson correlation coefficient
between the Political freedom score and the Environmental Performance Index. This
showed that there is a significant positive correlation between freedom and environmental
performance, with R = 0.5577, with p < 0.001 (two-tailed). This result indicates the linkages
between democracy and environment, since higher the political freedom levels correlate to
higher environmental performance of a country. Figure 6 presents a scatterplot between
the political freedom and the EPI scores in 2016, demonstrating this relation.
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We may also further analyze the previous findings by examining democracy and
environment in different country groups. For example, Table 1 shows the average political
freedom score and the Environmental Performance Index in different regions. As shown,
the average political freedom level is higher in North America, Europe and Central Asia,
and Latin America and the Caribbean, and lower in the Middle East and North Africa and
sub-Saharan Africa.

Table 1. Average political freedom and environmental sustainability scores by geographical area.
Source: Author’s own calculations based on based on [77,88].

Geographical Area Political Freedom
Score 1

Environmental Performance
Index 1

East Asia and Pacific 50.778 67.005
Europe and Central Asia 69.391 81.639

Latin America and Caribbean 64.259 72.360
Middle East and North Africa 30.113 67.807

North America 91.724 84.890
South Asia 48.685 50.005

Sub-Saharan Africa 42.414 52.213
1 Data in 0–100.

Figure 7 presents a scatterplot showing the relation between the average Political
freedom score and the Environmental Performance Index in the previous regional country
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groups. Giving that these average values may overcome the problem of outliers and
possible heterogeneity, the aforementioned positive correlation between freedom and
environmental performance appears stronger, with R = 0.7290, with p < 0.001 (two-tailed).
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Finally, Table 2 shows the average political freedom score and the Environmental
Performance Index in the World Bank’s different income groups. As shown, the average
political freedom level was higher in high income countries; this may also suggest that
income is important in the democracy-environment relationship.

Table 2. Average political freedom and environmental sustainability scores by income group. Source:
author’s own calculations based on [77,88].

Geographical Area Political Freedom
Score 1

Environmental Performance
Index 1

High income: OECD 90.215 85.112
High income: non OECD 56.938 74.889

Upper middle income 46.864 73.209
Lower middle income 45.957 60.759

Low income 35.864 47.613
1 Data in 0–100.

4. Conclusions

The main objective of this paper was to present a discussion and a preliminary em-
pirical analysis of the inter-relations between climate, development, and democracy. The
presented analysis was purely explorative in nature. In methodological terms, our analysis
was based on the following research question: What is the correlation between political
freedom and environmental performance? Therefore, the core empirical model, for which
we opted, employed a correlation analysis plotting political freedom and environmental
performance for essentially all the countries in the world (i.e., countries with a population
of more than a million, totaling 156 countries). The empirical outcome was a positive Pear-
son correlation of about 0.56 (or 0.73 if we examine regional country groups) and, perhaps
even more significantly, this correlation was significant at the 0.001 level (two-tailed).

What this correlation tells us is that, simply: The higher the political freedom in a
country, the more likely it is to have a higher environmental performance. Similarly, the
lower the political freedom in a country, the more likely it is to have a lower environmental
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performance. Of course, since Pearson’s correlation coefficient is not able to identify cause
and effect, the previous findings need further analysis, validation, and justification in order
to understand the aforementioned interrelations.

However, it should be stressed that correlation is not causation. We should consider
that it is almost impossible to suggest that results show causal determinism, which might
imply that lower environmental performances are automatically interlinked with author-
itarianism or lead to authoritarianism. Moreover, the presented results may indicate a
spurious correlation, despite the existence of studies that justify the interrelations between
democracy and the environment. Therefore, in order to confirm that the aforementioned
correlations are sound, additional variables should be considered in order to model an
integrated dynamic environment-democracy system (see also [89]). Consequently, the
presented preliminary empirical results mainly emphasize the necessity to further research
the democracy-environment nexus. Simultaneously, it should be emphasized that such
early-stage correlative work can help in the preparation of later work with more advanced
statistical means.

In this presented context, the paper also highlighted the Quadruple and Quintuple
Innovation Helix Frameworks that can serve as architects for a better future and emphasize
that, over the medium to long term, true and transparent democracy constitutes a sine
qua non for smart, sustainable, and inclusive growth. Regarding the conceptual theory
work, what was being attempted herein was to cross-associate theories about the quality of
democracy with theories about innovation. For example, the five dimensions of democ-
racy (Figure 2) encourage comparative analytics along the lines of the five helices of the
Quintuple Innovation Helix Framework (Figure 1).

As noted by Carayannis [1], “we need to change the way we envision both business and
society. The old ways have worn themselves out. We are having both a crisis of democracy and a
climate crisis. They are both the result of a limited way of thinking”. Similarly, Campbell [77]
notes that

“ . . . perhaps the economic successes of non-democracies or autocracies (authoritarian
and semi-authoritarian regimes) are being overestimated anyway, because autocracies are
also benefitting from the knowledge production and innovation systems of democracies
and semi-democracies, so in that sense autocracy is depending on democracy and the
knowledge and innovation of democracy in a global system.”

On the other hand, the findings may indicate certain risk profiles. In this sense,
we can employ the metaphor that poor environmental performance, accompanied by
other environmental problems and challenges, is putting democracy and democratization
under stress. To be more precise, perhaps it should be said that it is particularly the
process of further democratization that is under pressure. Established democracies are
perhaps in a better (or easier) position to cope with environmental challenges. This may
associate with the so-called “Hypothesis 14” in the conclusion of the work of Campbell
([77], (p. 329)), which asserted: “There may be more of a comparative win-win situation in
the OECD countries, but a comparative trade-off situation in non-OECD countries”. However,
transitions from autocracy to democracy may become more difficult, so the successful
transitions to democracy will require additional efforts.

Global warming, including other negative environmental developments, has several
implications and ramifications. It is related to the survival of human civilization. However,
there is apparently also a direct nexus of global warming to democracy. The tensions that
global warming is creating also pose a direct threat to democracy, as poor (or decreasing)
environmental performance may constrain freedom by favoring authoritarian tendencies.
Therefore, the prevalence of democracy in the world will also require the implementation
of solutions and problem-solving regarding important ecological themes. The prospering
of democracy is also tied to the environmental challenge of sustainability.

Future research efforts should examine additional data that can better explain factors
related to climate change and global warming, such as rising temperatures, extreme weather
events, rising sea levels, and etc. in the context of socio-political, socio-economic, and socio-
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technical dynamics. Furthermore, mitigation and adaptation policies to climate change
may also explain the relation between democracy and environment. Climate change is
a global issue that requires global cooperation and long-term commitments; the quality
of democracy, therefore, is a key factor. As noted by several scholars, democracies are
characterized by the free flow of information regarding problems and solutions, increased
administrative capacities, lower levels of corruption, improved scientific and technical
capacity, and dynamic, innovative economies [90,91]. In this context, under a Quadruple
and Quintuple Helix approach (Quadruple and Quintuple Innovation Helix Frameworks),
it will be interesting to examine the role of civil society and innovation in a more holistic
environment-democracy-innovation nexus.

The concept of the Quintuple Innovation Helix Framework attempts to address eco-
logical challenges, serving as a driver for further innovation and knowledge production.
The concept of the Quadruple Innovation Helix Framework asserts that an advanced
knowledge democracy is actually necessary to advance knowledge and innovation. To
some extent, democracy is ‘doomed’ to succeed in approaching the ecological issues and,
again, it may only be democracy, finally creating and generating the knowledge and inno-
vation, which is necessary to solve the ecological challenges for a new future. Educational
organizations and higher education institutions (for example universities) can be expected
to play a crucial role. Democracy, environmentalism, and the innovation-driven knowledge
economy may be co-evolving.
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