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Abstract

This research investigates how green entrepreneurship, green innovation, and domestic
credit to the private sector, contribute to environmental sustainability in Turkey from 1990
to 2022. Environmental sustainability is proxied by ecological footprint. The methods used
include Wavelet Quantile Regression (WQR) and Wavelet Quantile Correlation (WQC).
This research also ascertained if interacting domestic credit and green entrepreneurship
and domestic credit and green innovation could contribute to environmental sustainability
using the Multivariate Wavelet Quantile Regression (MWQR) approach. The WQR and
WQC outcomes confirm the following: (1) green entrepreneurship reduces ecological foot-
print across all quantiles and periods; (2) green innovation reduces ecological footprint
in the short and medium term, while in the long term, it increases ecological footprint;
(3) domestic credit increases ecological footprint across all quantiles and periods. The
MWQOR results confirm that domestic credit and green entrepreneurship interaction re-
duces ecological footprint, while domestic credit and green innovation interaction reduces
ecological footprint in the short term. Policies are recommended for implementation.

Keywords: environmental sustainability; ecological footprint; green entrepreneurship;
green innovation; wavelets; Turkey

1. Introduction

In recent times, one of the crucial topics being continually discussed is environmental
sustainability. Environmental sustainability is of great concern because the way natural
resources are being used or consumed is pressuring the ecosystem. Ref. [1] opined that
research on methods to attain ecological sustainability has increased due to the growing
effects of global economic activity on climate change. Environmental sustainability can be
defined as meeting the needs of the present generation without jeopardizing the future
generation from meeting their own needs [2,3]. If economic activities are being carried out
in a way that depletes the quality of the environment, then it means that ecological damage
is occurring.

According to [3], the primary causes of ecological damage are waste from industrial
processes, emissions from cars, and overdependence on fossils. All of these causes can
be linked to established procedures and the kinds of goods and services created by en-
trepreneurs, although the government and consumers also play crucial roles. It is important
to mention that entrepreneurs play a very important role in society. According to [4], en-
trepreneurs are civic and political players who contribute to the development of political
change. Ref. [5] also argued that entrepreneurs are needed both inside and outside the
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company, creating a variety of unique, crucial, and challenging duties to launch and run
enterprises, as well as oversee projects and human teams. Contrary to popular opinion,
entrepreneurial endeavors prioritize human values and ethical attitudes in addition to
making money [6].

Aside from the general role of entrepreneurs in society, their business activities or de-
cisions can have an impact on the environment. Ref. [7] stated that one of the most popular
topics in ongoing studies is the entrepreneurship and environment nexus. Entrepreneurs
are the main players in the growth of businesses and the advocates of entrepreneurship.
The objective and necessity of the present day is to establish businesses with green and
sustainable development. Entrepreneurship is crucial to this process. In addition to actively
guiding businesses to engage in activities like technical green innovation and foreign in-
vestment, entrepreneurship helps businesses adjust to changes in the market and promotes
their practices in ecological governance and innovation to improve the quality of the envi-
ronment. Furthermore, entrepreneurs may take advantage of opportunities available and
boost investment in corporate efforts to protect the environment and lower pollution be-
cause they are fully aware of emerging production trends and the potential for sustainable
green products and technology. This leads us to the concept called green entrepreneurship,
which is sometimes referred to as sustainable or environmental entrepreneurship.

Green entrepreneurship is the term used to describe the beginning of environmentally
friendly projects, either for financial gain or for environmental responsibility [8]. Ref. [9]
emphasized the importance of building the green entrepreneurial ecosystem in Turkey. The
study further stated that in Turkey’s entrepreneurial ecosystem, several non-governmental
organizations and structural funders support entrepreneurs in addition to establishing a
range of groups and networks. The law provides incentives for entrepreneurial activity,
including tax exemptions and rebates. Support from regional development organizations is
crucial for entrepreneurship as well. Local entrepreneurs and green companies may benefit
from this help. However, a number of factors, including the creation of sufficient details on
GENT and the attainment of the appropriate levels of regulation, prevented GENT from
reaching the intended level in the nation.

Environmental sustainability is also affected by other factors, such as green innovation
and domestic credit to the private sector. Many market opportunities are brought about by
innovation, which also increases the efficiency of resources to lower prices and encourages
environmentally friendly activities [10]. It lowers costs in comparison to competitors and
provides a long-term competitive advantage based on enhanced products and processes [8].
In terms of domestic credit to the private sector, the use of funds by firms to produce goods
and services will be dependent on their organizational motives and economic conditions.
If firms are trying to survive, they will be more concerned about making a profit, rather
than paying attention to the environmental implications of their decisions.

Thus, this research investigates the impact of green entrepreneurship (GENT), green
innovation (GRIN), and domestic credit to the private sector (DOMC) on environmental
sustainability (ECOL) in Turkey. This research further ascertained whether the interaction
of DOMC, GENT, and GRIN can drive ecological sustainability.

Based on the discussions above, the gaps and contributions of this research are identi-
fied. Just like other studies [11,12], this study employed ECOL as a proxy for ecological
sustainability. ECOL is an important proxy for ecological sustainability because it captures
the environmental pressure of human activities from different dimensions, such as the
use of energy, land use, resource consumption, and the absorption of waste. This is more
holistic compared to the metric of CO, emissions used by the following studies [13,14].
Secondly, it is observed that very few studies have empirically examined how GENT fosters
a green environment, particularly in a country like Turkey. Other studies have focused
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on reviews and theoretical expository [9,15]. Thirdly, diverse studies have investigated
how GRIN and DOMC affect the environment. However, to the author’s knowledge, these
existing studies lack the innovation of interacting the DOMC with GRIN and GENT. This
is one of the major contributions of this study. Fourthly, the methodological techniques
used in this research (WQR, WQC, MWQR) are innovative and non-parametric in nature,
which can capture the non-linearity between the investigated variables. Other studies have
employed methods such as ARDL, DOLS, FMOLS, and CCR. Lastly, this research will be
crucial for the Turkish government and other important stakeholders to come up with and
implement policies that will encourage GENT and ecological sustainability concurrently.
Although Turkey continues to move towards its achievement of a net-zero emission by
2053, the country still has ecological challenges such as water pollution, air pollution, and
industrial emissions, amongst others. That is why it is crucial to continue to investigate the
drivers of ecological sustainability in Turkey.

This study is organized as follows: The empirical review is presented in Section 2;
Section 3 examines the data and methods; Section 4 presents and discusses the findings;
Section 5 concludes the study:.

2. Literature Review
2.1. Green Entrepreneurship and Environmental Sustainability

Ref. [16] established that GENT drives GRIN and contributes positively to the per-
formance of the environment. In Indonesia, using Structural Equation Modelling (SEM),
Ref. [17] argued that GRIN and entrepreneurship greatly improve MSMEs’ ecological
viability by encouraging efficient use of resources and carbon-neutral operations. Within
the Green SMEs framework, environmentally friendly business practices promote environ-
mental protection and lower operating costs, creating a model that incorporates ecological
principles into commercial operations. Encouraging green behaviors, providing training for
sustainable approaches, and fostering GRIN are some of the policy ideas. These actions are
essential for improving MSME sustainability and resilience, while furthering environmental
objectives. Ref. [18] suggested that top management’s ecological commitment, regulations,
and demand from consumers for environmentally friendly goods all have a positive impact
on GENT. The study further discovered that businesses could concurrently attain greater
monetary and ecological benefits by investing in these innovations. Additionally, it was
verified that the company’s assessment of the significance of stakeholder expectations
and the connection between GENT and performance are influenced by the commitment
to sustainability of senior management. In Oman, Ref. [19] stated that businesses must
implement creative strategies to achieve GENT in order to safeguard the environment
and promote ecologically responsible solutions that would serve as catalysts for attaining
sustainability. By decreasing the use of resources through recycling, reuse, and resource
reduction to lessen reliance on raw materials, it can bring about societal change. The
results indicate that GENT and innovation are critical to achieving long-term sustainability
objectives. Creating eco-friendly practices and investigating possibilities for resilient com-
munities, it will guide management in protecting the environment and the planet. Ref. [15]
identified some key drivers of entrepreneurship, and they include technology, organiza-
tional, commercial, social, and government policy. In addition, the outcomes of GENT were
stated as technological, environmental, commercial, and economic. In 11 Asian economies,
Ref. [12] stated that GENT benefits the environment. According to the study, encouraging
green entrepreneurs can boost employment, economic expansion, and well-being in society,
resulting in a more resilient and environmentally friendly future for everybody. From the
above discussion, the hypothesis of this research is as follows:
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H1: GENT will drive environmental sustainability positively. The positive transmission mechanism
of GENT on the environment can occur through the adoption of clean energy.

2.2. Green Innovation and Environmental Sustainability

In BRICS economies, Ref. [14] noted that GRIN reduces CO, emissions. The findings
also demonstrate reciprocal causal relationships between GRIN and CO; emissions. In
Saudi Arabia, Ref. [20] established that GRIN has a positive association with ecological
sustainability. Ref. [21] also affirmed the same relationship for the Pakistani economy.
They also emphasized the importance of ecological awareness. According to the findings
of the augmented ARDL analysis, presented by [22], Pakistan’s ecological sustainability
is greatly enhanced by green growth and GRIN. The study further argued that GRIN
could drive ecological degradation. In Vietnam, using 400 manufacturing SMEs as a case
study, Ref. [23] discovered a significant positive link between GRIN and financial and
environmental success. Ref. [24] re-emphasized that studies being carried out highlight that
the most effective way to carry out the responsible use of resources and lessen ecological
deterioration is through GRIN. For G20 economies, using the CS-ARDL approach, the
study also confirmed that GRIN is crucial to maintaining these chosen nations’ ecological
circumstances. Ref. [25] also ascertained that GRIN improves the quality of the environment
in developing economies. In Turkey, Ref. [26] established that GRIN and clean energy
reduce CO, emissions.

H2: GRIN can have a positive or negative impact on the environment. The positive impact
on environmental sustainability can be transmitted through the adoption of ecologically friendly
technologies. However, the negative impact can occur through the Rebound Effect Theory.

2.3. Domestic Credit and Environmental Sustainability

Ref. [27] noted that ecological quality is improved by the growth of the financial
sector. In Turkey, using the ARDL, DOLS, FMOLS, and CCR techniques, Refs. [28,29] found
that DOMC reduces the quality of the environment. Ref. [30] found that each unit rise in
financial development has a beneficial relationship with the ecological sustainability in
EU economies. The study further stated that financial reforms are one way that Turkish
officials might use to reduce CO, emissions. Policymakers can concentrate on raising
the ratio for CO, reduction because the Turkish banking industry has a low penetration
ratio. Furthermore, these studies found a negative association [3,11,31]. On the other
hand, Ref. [32] argued that the presence of financial progress in a country could drive the
generation of waste, and this can degrade the environment. Ref. [33] also stated that DOMC
contributes to environmental degradation in EU economies. In Iceland, Ref. [34] stated that
although financial development has a favorable long-term impact on CO, emissions, it has
a negative short-term and medium-term impact across a range of quantiles. Based on these
discussions, the hypothesis is stated below:

H3: DOMC can have a positive or negative impact on the environment. The positive impact can
occur by providing financial resources that enable firms to invest in green technologies, energy-
efficient production processes, and ecological sustainability projects.

The aforementioned discussions reveal a number of gaps. (1) ARDL, FMOLS, and
DOLS are among the techniques employed in the studies under discussion. The WQOR,
WQC, and MWQR were employed in this study. These techniques improve the outcomes
and are non-parametric in nature. This is a contribution to existing studies. Second, this
study examined how GENT and GRIN contribute to ecological sustainability by interacting
them with the DOMC variable.
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3. Theoretical Framework, Data, and Methodology
3.1. Theoretical Framework

Using the Natural Resource-Based View (NBV), businesses look for opportunities to
improve the performance of the environment and develop competitive advantages that are
sustainable in a highly volatile world [35,36]. By seizing eco-friendly opportunities while
advancing their operations, GENT primarily highlighted such ecological actions [37]. To
fulfil external environmental duties, this study saw GENT as dynamic vigilance. These
obligations are typically determined by three different criteria: sustainable development,
product stewardship, and pollution reduction [36,38]. As regards the GRIN and envi-
ronmental sustainability nexus, ref. [20] discussed the Innovation Diffusion Theory (IDT).
The theory states that significant changes in organizational and societal norms may result
from the broad adoption of GRIN as a subset of innovations [39]. Essentially, as green
ideas spread throughout industries, they all work together to improve ecological sustain-
ability [13]. According to the Environmental Sustainability Theory (EST), an organization’s
overall commitment to ecological sustainability is strongly aligned with GRIN, which
fosters a culture of sustainability-oriented innovation. Furthermore, Studies have revealed
a connection between ecological health and financial progress [40]. Financial development
and ecological harm can occur through three different pathways [41]. First, development
draws in foreign capital, which fuels economic expansion. The ecology deteriorates as a
result of this growth’s increased energy consumption [42]. Second, consumers have access
to more loans when financial markets are doing well. For instance, more borrowers can
obtain credit when lending rates are lower. As a result, more energy-intensive products are
produced and consumed, which raises pollution levels [43]. Third, financial development
boosts investment, which raises energy use. The primary cause of ecological degradation
is energy generation [44]. This study also uses the Rebound Effect Theory (RET), which
emphasizes that GRIN can cause ecological damage in the long run. The integration of
these theories suggests a process that is dynamic. Pressure on the environment creates the
need for sustainable development (EST); firms then develop ecological capabilities and
invest in technologies that are cleaner to gain a competitive edge (NBV); green technology
and practices spread through learning and adoption mechanisms (IDT); the long-run effec-
tiveness of these innovations may be moderated by behavioral and economic responses that
increase resource use (RET). Together, these theoretical perspectives provide a framework
that is comprehensive for examining the determinants of ecological quality.

3.2. Data

The data employed is from 1990 to 2022. The variables used include ecological foot-
print, green entrepreneurship, green innovation, and domestic credit to the private sector.
Environmental sustainability is proxied by ecological footprint. Green entrepreneurship,
proxied by renewable energy consumption, has been employed by the studies of [12,45]. It
is important to state that renewable energy consumption is not a direct measure of green
entrepreneurship, but rather a proxy for renewable energy-based transition dynamics
within the economy. In addition, based on the data period, it is essential to expand and
document the historical periodization of Turkey’s ecological and economic expansion tra-
jectory. The 1990s encompassed early environmental regulatory reforms and economic
liberalizations [46]. In the 2000s, institutional strengthening and EU harmonization efforts
occurred [47]. From 2010 to 2016, the expansion of clean energy and green investment
injtiatives progressed, and from 2017 to 2022, the acceleration of clean energy deployment,
climate commitments, and green transformation policies was evident [29]. The variables
used in this research can be seen in Table 1.
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Table 1. Variables employed.
Variables Symbols Description Source
Ecologl.cal ECOL GHA Per Person [48]
Footprint
Green Renewable Energy
. GENT Consumption (% of total [49]
Entrepreneurship . .
final energy consumption)
Patents—Diffusion of
. Environmental
Green Innovation GRIN Technologies—Percentage 501
of Inventions
Domestic Credit DOMC Domestic Credit to Private [49]

Sector by Banks (% of GDP)

3.3. Methodology

This study uses a quantitative framework to analyze the relationship between the
dependent variable, Y, and a series of explanatory variables. The study focuses on spe-
cialized wavelet-based tools, including Wavelet Quantile Regression (WQR), Wavelet
Quantile Correlation (WQC), and Multivariate Wavelet Quantile Regression (MWQR).
These techniques estimate the heterogeneous relationships of the variables being consid-
ered at multiple quantiles and frequency ranges. Wavelet approaches provide estimates
of varying effects of the dependent variables at different time horizons (short, medium,
long-term) and quantify the effects of the explanatory variables at different time horizons
(short, medium, long-term), thus overcoming the limitation of traditional regression, which
primarily focuses on estimating the mean effects. The wavelet framework is being used
across various disciplines because variables in such systems are nonlinear, asymmetric,
and time—frequency dependent [51,52]. Wavelet-based tools are also useful for having the
insight to identify structural breaks, shocks, persistence, and the relationships in the system
that other traditional econometric methods cannot identify.

3.3.1. Wavelet Quantile Regression (WQR)

The WQOR approach integrates quantile regression with wavelet decomposition [53,54].
This method gives insights into the effects that the independent variables have on various
quantiles of the dependent variable, identifying this effect at multiple scales. Quantile
regression, unlike ordinary least squares, measures the effect of independent variables
throughout the entire distribution of the dependent variable. This regression technique is
key because many economic variables have asymmetric and heterogeneous relationships.
The quantile regression analysis is defined as follows:

QY,(T | Xt) = ar + B Xt + € 1)
where
e  Qy, (7| Xt) denotes the conditional quantile of Y};
e T represents the quantile level (0 < tau < 1);
®  ayyy is the quantile-specific intercept;
e B measures the effect of explanatory variables across different quantiles.
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The WQR method assesses the varying effects of independent variables at the lower,
median, and upper ranges of the dependent variable. Lower quantiles represent the
generally adverse conditions and lower outliers for the distributions of the variable, while
upper quantiles represent the generally expansionary and higher outlier conditions for the
distributions of the variable. The quantile regression estimator is given by the following
function, as proposed by [55]:

ming) " pc(Y: — XiB) )

where the quantile loss function is defined as follows:

pr(u) = u(t—I(u <0)) 3)

3.3.2. Wavelet Quantile Correlation (WQC)

WQC is utilized to study the dependence relationships of variables at various quantiles
and scale domains. The method gives a better correlation structure in comparison to other
correlation methods, as it deals with nonlinear and asymmetric relationships. The WQC
coefficient is represented as follows:

Cov(X,Y)

pr(X,Y) = \/VarT(X)VarT(Y) @

where

o  Covyy(X,Y) denotes quantile covariance;

o  Vary,(X) and Var,,(Y) denote quantile variances;

o pwu(X,Y) represents the quantile correlation coefficient.

The method enables the study to examine the relationships of variables in accordance

with changing market conditions and different scale domains. The method is particularly
valuable for identifying hidden co-movements and asymmetric dependence structures.

3.3.3. Multivariate Wavelet Quantile Regression (MWQR)

The WQR model is extended by the addition of Multivariate WQR by incorporating
multiple explanatory variables simultaneously. The method evaluates the joint impact
of explanatory variables on the conditional distribution of the dependent variable across
different frequencies. The MWQR model is defined by the following;:

Qv (T| Xap, Xat, .-, Xut) = ar + Y1 Bir Xit + & ()

where:

® Bt measures the quantile-specific effect of each explanatory variable,
e  All other variables retain their previous definitions.

The multivariate structure optimizes estimation by minimizing the interactions among
explanatory variables. Additionally, the method provides relatively robust results pertain-
ing to the significance of the variables at different quantiles and scale domains.

3.3.4. Justification for the Methods

There are several reasons to support the selection of WQR, WQC, and MWQR. Firstly,
these methods can identify nonlinear and asymmetric relationships between variables.
Secondly, wavelet decomposition can differentiate between short-run and long-run dy-
namics. Thirdly, quantile-based approaches reveal more information than mean-based
estimators do. Fourthly, these techniques are unyielding to the presence of outliers, abrupt
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changes, and non-normal distributions. This selection has been increasingly implemented
in most recent empirical studies in the following research domains: sustainability, energy
economics, financial development, and macroeconomic analysis [52]. In summary, given
the annual frequency of the dataset, the wavelet scales are interpreted as follows: short-term
fluctuations correspond to periods of 2—4 years, medium-term fluctuations correspond
to 4-8 years, and long-term fluctuations correspond to periods exceeding 8 years. This
classification enables the assessment of dynamic relationships across different temporal
horizons and facilitates the interpretation of short-run and long-run co-movements among
the variables.

4. Results and Discussion
4.1. Preliminary Investigations

The descriptive statistics in Table 2 show that ECOL is negatively skewed, while GENT,
GRIN, and DOMC are positively skewed. In addition, all the variables are platykurtic
because they are less than 3. Furthermore, ECOL, GENT, and DOMC exhibit non-normality
characteristics because the p-values of the Jarque—Bera are less than 5%. However, GRIN
shows a normal distribution because the p-value is greater than 5%. This research further
carried out the QQ plots in Figure 1 to ascertain if the variables are normally distributed.
In the graphs, it is evident that the points do not follow a straight line, which confirms that
the variables are not normally distributed.

ECOL GENT
0.40

0.150
w wr
@ @ 0.35
= =
= o
{;5; 0.125 §
- 5030
O [N
5 5
& 0100 & 025

0.075 0.20

0.08 0.10 0.12 0.14 0.25 0.30 0.35
Theoretical Quantiles Theoretical Quantiles
GRIN DOMC
P 0.6
"
0.1 -
F

0.4

[=]

L)
Y
L

Sample Quantiles
(=]
3%}
Sample Quantiles

-0.4

0.4 0.3 0.2 0.1 0.2 0.3 0.4 0.
Theoretical Quantiles Theoretical Quantiles

n

Figure 1. QQ plots.

Furthermore, the BDS test in Table 3 confirms the presence of non-linearity in each of
the variables significant at 1%. The presence of non-linearity is one of the criteria for using
the WQR, WQC, and MWQR. Furthermore, the correlation matrix as presented in Figure 2
shows that GENT has a negative relationship with ECOL, GRIN has a negative relationship
with ECOL, and DOMC has a positive relationship with ECOL.
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Table 2. Descriptive statistics.

ECOL GENT GRIN DOMC
Mean 0.1186 0.3012 —0.2206 0.3647
Median 0.1213 0.2896 —0.2323 0.3478
Maximum 0.1389 0.3479 —0.0721 0.4618
Minimum 0.0908 0.2625 —0.3701 0.2796
Std. Dev. 0.0135 0.0276 0.0725 0.0648
Skewness —0.4085 0.3839 0.3654 0.2382
Kurtosis 1.9611 1.6784 2.6157 1.3729
Jarque-Bera 9.6071 12.848 3.7494 15.8088
Probability 0.0082 0.0016 0.1533 0.0003
Table 3. BDS test.
ECOL GENT GRIN DOMC
DIM2 0.1785 * 0.1990 * 0.1779 * 0.2029 *
DIM3 0.2963 * 0.3351 * 0.2967 * 0.3428 *
DIM4 0.3724 * 0.4269 * 0.3746 * 0.4362 *
DIM5 0.4216 * 0.4893 * 0.4236 * 0.4981 *
DIM6 0.4587 * 0.5322 * 0.4512 * 0.5389 *

* denotes < pro-value of 1%.

o -

GRIN Co;r&alation

0.5

0.0

0.5
GENT 0.53 - -1.0
ECOL -0.34 0.87

ECOL GENT GRIN DOMC

Figure 2. Correlation matrix.

As adopted by [56], the WQADF and WQPP are employed to test for the stationarity
of the variables over short, medium, and long term. The null hypothesis of non-stationarity
is rejected if the test statistic falls below the critical value lines (1%, 5%, and 10%). This
implies that the series is stationary at the relevant quantile and time horizon. The WQADF
and WQPP results are displayed in Figures 3 and 4. In the long-run, we confirmed both
stationarity and non-stationarity at specific quantiles. Nonetheless, there is reliable confir-
mation of stationarity for the variables under study across all quantiles and in the medium-
and short-term timeframes.
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Wavelet Quantile ADF Test Results

Analysis of Stationarity Across Quantiles

Time Horizon “® Long Term # Medium Term “* Short Term

DOMC ECOL

-« y S N y WY Y
o e e by A &
A, i W
L o 5 K K i A 2 ,.\,
p o ¥ T Y
8 £ % po A
]
=10
£
@ 5
[7]
@
[t .
! A A .
Tl i A
6 « A oy
P - A M
3 v -, o\
» 4
Y
10 "04’
0.25 050 075 0.25 050 075
Quantiles

Figure 3. WQADF unit root test.

Wavelet Quantile PP Test Results
Analysis of Stationarity Across Quantiles
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Figure 4. WQPP unit root test.

4.2. WOR

Figure 5a—c shows the WQR results between GENT, GRIN, DOMC, and ECOL. In

Figure 5a, it is evident that there is a negative relationship between GENT and ECOL.
This implies that GENT contributes to ecological sustainability. In the short term, the
relationship is moderately strong from 0.30 to 0.90 quantiles, while in the 0.01, 0.05, 0.95
and 0.99 quantiles, the relationship is much weaker. In the medium term, the relationship
is very strong in the 0.05 and 0.20 quantiles. The long-term also shows moderately strong
relationships across all quantiles.
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Figure 5. (a—c) Wavelet Quantile Regression (WQR). (a) The impact of GENT on ECOL; (b) The
impact of GRIN on ECOL; (c) The impact of DOMC on ECOL. Note: ** indicates 5% significance level.

In Figure 5b, the relationship between GRIN and ECOL is heterogeneous. In the
short term, the relationship is negative across all quantiles, showing a predominantly
weak relationship. However, in the 0.99 quantile, the negative relationship is strong. In
the medium term, there is evidence of positive and negative outcomes. From 0.20 to
0.50 quantiles, the link between GRIN and ECOL is positive. This means that GRIN can
also drive ecological degradation. In the long term, the positive association between GRIN
and ECOL can be seen from 0.50 to 0.99 quantiles. More specifically, between 0.70 and 0.99,
the positive impact is very strong.

In Figure 5¢, the association between DOMC and ECOL is positive across all quantiles
and time horizons. The short term outcome shows evidence of a moderately strong
relationship between DOMC and ECOL. The medium term shows evidence of weak,
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moderately strong, and very strong relationships. The weak relationship is seen from
0.01 to 0.05 quantiles, while the strong relationship is observed in the 0.99 quantile. The
long-term outcome shows weak and moderately strong associations.

4.3. WQC

Figure 6a—c shows the WQC outcomes between GENT, GRIN, DOMC, and ECOL.
Figure 6a shows that GENT has a negative correlation with ECOL, confirming that GENT
contributes to the sustainability of the environment. Across all quantiles and periods, the
relationship is strong, except in the long run, where the relationship is quite weak between
the 0.6 and 0.9 quantiles. In Figure 6b, the link between GRIN and ECOL is heterogeneous
across various quantiles and periods. In the short and long term, the association is pre-
dominantly negative, while in the medium term, from the 0.01 to 0.2 quantiles, the link
is positive. As for Figure 6¢, the result confirms that the association between DOMC and
ECOL is predominantly positive across all quantiles and periods. However, in the medium

term, there is evidence of a strong negative correlation between DOMC and ECOL at the
0.99 quantile.
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Figure 6. (a—c) Wavelet Quantile Correlation (WQC). (a) The impact of GENT on ECOL; (b) The
impact of GRIN on ECOL; (c) The impact of DOMC on ECOL. Note: *, **, and *** indicate 10%, 5%,
and 1% significance levels, respectively.
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4.4. MWQR

Figure 7a,b shows the interaction between DOMC, GENT, and GRIN. In Figure 7a, the
interaction between DOMC and GENT reduces ECOL in the short, medium, and long term.
This means that green entrepreneurs having access to funds contributes to environmental
sustainability. The interaction is very strong across all periods and quantiles, except in
the short-term (0.01, 0.05, and 0.99) quantiles, where the association is weak. In Figure 7b,
the interaction between DOMC and GRIN produces heterogeneous outcomes in the short,
medium, and long term. In the short term, the impact is very strong at the 0.05, 0.10, and
0.99 quantiles. The impact in the medium term is predominantly neutral. However, at the
0.99 quantile, a strong negative impact is observed. In the long term, a moderately strong
positive association is seen at the 0.90, 0.95, and 0.99 quantiles.
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Figure 7. (a,b): Multivariate Wavelet quantile Correlation (MWQR). (a): (ECOL ~ GENT | DOMC);
(b): (ECOL ~ GRIN | DOMC). Note: * and ** indicate 10% and 5% significance levels, respectively.

4.5. Discussion

The empirical research confirms that GENT exerts a statistically significant negative
effect on ECOL across all quantiles and time horizons. This means that the ecological
benefits of GENT are robust across the entire distribution of ECOL and remain stable over
time. This assertion is consistent with the environmental and entrepreneurship literature.
Ref. [57] opined that green entrepreneurs create and capitalize on opportunities that are
sustainable. This enables them to create environmentally friendly goods and services that
benefit the environment and its users. In Turkey, Ref. [58] argued that in order to preserve
the environment and guarantee its sustainability, GENT, which greatly contributes to the
development of a sustainable economy, seeks to create green jobs and balance the economy
and ecology. Just as entrepreneurship helps the economy to grow and develop, GENT
drives the sustainability of the environment. According to [59], if properly implemented, the
GENT concept has the potential to reduce the likelihood of environmental incidents in our
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society. In summary, in Turkey, GENT drives the sustainability of the environment because
of the (1) adoption of environmentally friendly production processes and technologies;
(2) innovation in sustainable business models; (3) greater environmental awareness and
diffusion of sustainable values in the society (green values); (4) policy support (e.g., green
finance) and institutional alignment with sustainability goals; (5) structural transformation
of the economy towards the development of clean energy sectors. The positive association
between GENT and the sustainability of the environment is further supported by [19] for
Oman, Ref. [12] for selected Asian economies, and [17] for Indonesia.

Secondly, GRIN reduces ECOL in the short and medium term, while in the long
term, it contributes to ecological degradation. The interplay of many economic factors
that develop over time can help explain this result. GRIN tends to produce a technique
effect in the short and medium term, which lowers resource intensity, increases energy
efficiency, and decreases emissions. ECOL declines because of businesses adopting greener
technologies, optimizing input use, and adhering to environmental regulations. The direct
goal of GRIN is reflected in this instant benefit. The beneficial impact of GRIN on the
environment is supported by [23,25,26]. However, over time, the rebound effect—which
is connected to the Jevons Paradox—may outweigh these advantages. This implies that
larger levels of productivity and consumption might be encouraged as GRIN increases
efficiency and lowers production costs. Reduced resource costs encourage businesses to
expand production and consumers to raise demand, which may result in increased resource
consumption overall. As a result, ECOL starts to increase, and the initial environmental
improvements are diminished. This assertion is supported by [22], who argued that GRIN
can also drive ecological degradation.

Thirdly, it was ascertained that DOMC increases ECOL across the majority of the
quantiles and periods. This is because convenient access to financing increases the produc-
tion and consumption activities of people and enterprises, driving environmental damage.
People are able to make their purchases, which can drive ecological degradation. Firms
expand production, invest in machines, and scale up operations, which can also degrade
the environment. In Turkey, much of this business expansion has been concentrated on
sectors that rely heavily on fossils. Thus, higher availability of credit to these private
sectors leads to a greater consumption of energy, and consequently leads to a higher ECOL.
This means that the allocation of credit is not always geared towards environmentally
friendly investments. Financial institutions might favor short-term gains over long-term
sustainability, channeling funds into investments with high returns but greater ecological
costs. Thus, driving ecological degradation. Lastly, if regulatory factors are weak, enforced
poorly, or inconsistent, firms will prioritize profitability above ecological progress because
they know the penalty for doing so is minimal. This aligns with the research of [28,32,34],
and opposed to the studies of [3,11,31].

Fourth, the interaction between DOMC and GENT lowers ECOL. This means that
green entrepreneurs’ access to funding benefits the environment by allowing them to
innovate, conduct R and D, and develop environmentally friendly goods that tackle envi-
ronmental issues. Furthermore, the interaction of DOMC and GRIN decreases ECOL in the
short run while worsening the environment in the medium and long term, validating the
previously reported rebound effect.

In summary, because Turkey is a country that is highly dependent on fossils, the
country’s ecological problems motivate green entrepreneurs to design products, services,
and processes that can solve these problems. More specifically, one important factor that
can facilitate this positive transition is the country’s developing institutional strength,
which encompasses ecological regulation and green finance mechanisms, which facilitate
the growth and diffusion of green entrepreneurial activities. It is also important to state
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that the various degrees of strength across frequencies in the short, medium, and long term
can be ascribed to some bottlenecks faced by the Turkish economy, such as developing a
green finance ecosystem and liquidity constraints of the SMEs.

5. Conclusions, Policy Recommendations, and Research Limitations
5.1. Conclusions

This research investigates how green entrepreneurship (GENT), green innovation
(GRIN), and access to finance, proxied by domestic credit to the private sector (DOMC),
contribute to environmental sustainability in Turkey, from 1990 to 2022. Environmental
sustainability is proxied by ecological footprint (ECOL). The methods used include Wavelet
Quantile Regression (WQR) and Wavelet Quantile Correlation (WQC). In addition, this
study also added an interaction variable of DOMC on GENT and GRIN to ascertain if
environmental sustainability can occur, using the Multivariate Wavelet Quantile Regression
(MWQR). The WQR and WQC outcomes confirm that GENT reduces ECOL across all
quantiles and periods; GRIN reduces ECOL in the short and medium term, while in the
long term, it increases ECOL, and DOMC increases ECOL across all quantiles and periods.
The MWQR demonstrates that the interaction of GENT and DOMC spurs environmental
sustainability, while the interaction of GRIN and DOMC reduces ECOL in the short-term,
but it becomes positive in the medium and long term.

5.2. Policy Recommendations

Strengthening of financial support mechanisms: One of the ways GENT can continue
to drive ecological sustainability is for the government or concerned stakeholders to intro-
duce targeted subsidies, low-interest green loans, and tax incentives. This will empower
the green entrepreneurs to overcome initial high costs and longer payback periods. This
will reduce financial constraints and encourage start-ups to enter environmentally friendly
sectors such as clean energy, etc. The Turkish government can also introduce a manda-
tory credit allocation guideline for commercial banks to ensure that financial resources
are directed towards ecological sustainability projects. This is a government-led policy
design and incentive-based framework. In terms of financial sector intervention, a favor-
able interest rate should be applied to verified green investment projects, while a higher
capital requirement or lending restrictions should be applied to carbon-intensive sectors.
In terms of firm-level responsibilities, a mandatory ESG disclosure requirement should
be enforced to improve transparency in ecological performance. Secondly, to reduce the
rebound effect of GRIN in Turkey, the government should implement policies that will limit
overconsumption on both the demand and supply sides. This is a dual-policy framework.
Policies such as carbon pricing, higher charges for excessive energy use, and promoting
responsible consumer behavior. More specifically, monetizing the carbon footprint through
carbon trading can create economic incentives for reducing emissions, although its effec-
tiveness depends on the balance between supply and demand in the market, as well as
regulatory measures. Lastly, if DOMC is harming the quality of the environment, then it
means financial resources are moving towards pollution-intensive activities rather than
sustainable ones. Therefore, a key solution is to promote green finance by directing credit
toward environmentally friendly projects through incentives, such as lower interest rates,
green bonds, etc. In conclusion, the combination of these policies will move Turkey towards
achieving its net-zero emissions goal of 2053. It is also important to note that innovation
has a role to play in facilitating ecological sustainability in Turkey by facilitating the devel-
opment and adoption of cleaner production processes, energy-efficient technologies, and
clean energy solutions. In Turkey, innovation has been supported through clean energy
incentive schemes such as Renewable Energy Resource Areas (YEKA), Renewable Energy
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Sources Support Mechanisms (YEKDEM), and R and D support for clean energy activities.
These measures have contributed to clean energy use, energy efficiency improvements, and
the adoption of ecologically friendly practices, thereby helping to reduce carbon emissions
and ecological degradation.

5.3. Research Limitations and Directions for Future Research

Despite the theoretical and methodological contributions of this study, several limita-
tions should be acknowledged. First, this research employed domestic credit to the private
sector (DOMC) as a proxy for financial development. Although this variable captures an
important dimension of financial intermediation, it may not fully reflect the multidimen-
sional nature of financial development. Future studies may therefore consider utilizing a
comprehensive financial development index that incorporates various dimensions of the
financial system, including financial institutions, financial markets, access, efficiency, and
depth, in order to provide a broader understanding of the finance-environment nexus.

Second, environmental sustainability was proxied by the ecological footprint (ECOL),
which offers a comprehensive measure of environmental pressure arising from human
activities. Nevertheless, future research may employ alternative indicators of environmental
sustainability, such as the load capacity factor, environmental quality index, or carbon
efficiency indicators, to provide additional insights into the ecological consequences of
green entrepreneurship and green innovation. In particular, the load capacity factor may
offer a more balanced perspective by simultaneously capturing the demand and supply
dimensions of ecological systems.

Furthermore, this study focused exclusively on Turkey, which may limit the gener-
alizability of the findings to other economies with different institutional, financial, and
environmental structures. Future research could extend the analysis to panel data settings
involving emerging or developed economies to provide comparative evidence and improve
external validity.

Lastly, although the wavelet quantile-based approaches employed in this study effec-
tively capture nonlinearities, asymmetries, and time-frequency dynamics, future studies
may complement these techniques with alternative advanced econometric methods, such
as quantile connectedness approaches, machine learning frameworks, or spatial econo-
metric models, to further explore the complex interactions among green entrepreneurship,
green innovation, financial development, and environmental sustainability. Furthermore,
other metrics of green entrepreneurship (green entrepreneurship activity index), green
innovation (R&D intensity, green patent grants, and technology commercialization rate),
and domestic credit (green credit and brown credit) should be employed by other studies.
As a control variable, institutional quality can also be included. In addition, other metrics of
environmental sustainability (environmental performance index (EPI)) and CO, emissions
should be employed. In addition, a provincial-level analysis across the region of Turkey
can be employed in further studies. Lastly, accounting for shocks in the model, such as the
COVID-19 shocks, will make further studies more robust.
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