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Abstract

The financial industry is transforming due to the confluence of digital finance and
green investments, which brings unprecedented potential and problems. This study
rigorously examines the consequences of implementing carbon taxes on financial
reporting in the corporate sectors of the European Union from 2000 to 2020. We
utilize a comprehensive econometric model that includes stable variables, past pat-
terns, and industry-specific differences to examine a dataset of business financial
disclosures. Our goal is to determine the magnitude and characteristics of the impact
caused by carbon taxes on reporting practices. This presentation highlights the pos-
sibilities for speeding up the world’s energy transitions as it examines the synergies
between sustainable investments and digital finance. The financial industry’s grow-
ing use of digital technology makes green financing and ecologically responsible
investments possible. However, there are also hazards associated with this conver-
gence, which makes a thorough grasp of regulatory structures necessary.

Keywords Carbon taxes - Financial reporting - Corporate sectors - Climate change
mitigation

1 Introduction

Global biodiversity is in grave danger due to the increasing problem of resource
depletion and ecological disturbance. Ecosystems have degraded significantly, and
biodiversity has declined worldwide due to unsustainable practices and unethical
resource extraction (Mohsin et al. 2023). Clean air, water, and temperature control
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are just a few essential ecosystem services in jeopardy due to this catastrophe, threat-
ening Earth’s complex web of life. Sustainable development offers a glimmer of
optimism (Malghani et al. 2009). Humanity may balance satisfying present demands
and protecting resources for future generations by embracing sustainable methods.
According to (Liu et al. 2012) responsible management of resources, promotion of
renewable energy sources, and support of conservation efforts are essential com-
ponents of sustainable development. Our planet’s diverse and abundant life can be
preserved if we work together across borders, change our policies, and educate the
public about the need to protect ecosystems and the delicate balance they maintain.

(Yuan et al. 2023a, b) suggest that a multi-faceted strategy is necessary to tackle
the problem of green development. Because it considers monetary, social, and eco-
logical factors, green development is not a silver bullet. Policies should be custom-
ized to suit the distinct difficulties and possibilities faced by each country due to
the unique circumstances in which they are located. In addition to lowering envi-
ronmental impact and switching to cleaner energy sources, sustainable development
also necessitates increasing economic resilience, promoting social inclusion, and
developing innovative technologies. According to (Yu et al. 2023) to successfully
navigate the intricacies of green development, it is necessary to use various solu-
tions that consider regional circumstances, cultural factors, and economic frame-
works. A comprehensive and inclusive vision for long-term prosperity necessitates
flexible and evolving policy frameworks. Nations can lead toward a more balanced
and harmonious future for people and the Earth by embracing the diverse character
of green development.

KPMG (2017) notes a rise in ecological and sustainable development reporting
by businesses worldwide, especially in emerging economies. This phenomenon has
been studied and attributed to rising stakeholder expectations (Liu et al. 2023a, b),
regulatory stresses (Menon and Mohanraj 2016; Puan et al. 2019; Wu et al. 2022),
corporate governance standards (Ali 2023; Hajiaghaei-Keshteli et al. 2023; Saputro
et al. 2023), and business cases for ecological sustainability. Studies in developing
nations tend to reproduce similar linkages established in the Western literature about
what influences corporate environmental reporting while ignoring the importance
of distinctive settings in developing nations. Corporate responsibility reports are
on the increase in developing nations. However, (Alavi et al. 2021) points out that
this trend is very contextual and likely to be firmly rooted in a country’s social and
political institutions rather than blindly following the Western trend. Referring to
(Ayough et al. 2023; Koc et al. 2023; Miinch et al. 2022). Although the social and
political system influences all ecological and social (reporting) activities in develop-
ing economies, crucial aspects have been largely overlooked in the existing litera-
ture (Demiralay and Paksoy 2022; Sonar et al. 2022). Stronger linkages between the
political and economic systems are characteristic of many developing nations com-
pared to the Western system (Mohsin et al. 2020; Waheed et al. 2019). Managers in
countries with more centralized political systems, where government officials are
more likely to intervene and keep tabs on business operations, are especially moti-
vated to keep close contact with politicians (Aktar et al. 2021). When studying cor-
porate environmental disclosure behavior in developing countries, it is essential to
account for this source of political influence. Studies have looked at the correlation
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between political ties and the ability to explain a variety of business financial activi-
ties, including earnings management and quality (Chang et al. 2022a; Liu et al.
2023a, b); financial reporting (Dilanchiev et al. 2021); corporate governance (Bou-
zarovski and Tirado Herrero 2017; Chang et al. 2022b); Political influence is valued
because it helps businesses decrease risk and achieve a competitive edge via meas-
ures such as reduced taxes, easier access to economic and political capital, and less-
ened regulatory supervision. As (Li and Hu 2012; Mirza et al. 2009; Ntaintasis et al.
2019) point out, this is especially true in developing nations where restrictions regu-
lating government links with industry are often less rigorous. Corporate executives’
political relationships/experience may act as a double-edged sword for protecting
the environment, making it difficult to investigate the effect of political relationships
on ecological operations and reporting.

This paper provides a comprehensive analysis of the relationship between envi-
ronmental policy and business finance practices in the European Union, a leading
region in climate change mitigation. It offers valuable insights into this interface,
highlighting its various dimensions and significance. This paper provides new
empirical evidence on the impact of carbon taxes on financial reporting behav-
ior over twenty years. It addresses a gap in the current literature, which often
needs long-term empirical analysis. First and foremost, the study enhances the
comprehension of how fiscal policy tools, such as carbon taxes, can act as drivers
for transformation in corporate conduct. It offers solid proof that environmental
taxes serve not just as a means of generating public income or lowering emis-
sions but also as mechanisms that might improve the transparency and integrity
of financial reporting. The research demonstrates how carbon taxes can impact
company strategies by influencing reporting behavior encouraging corporations
to incorporate environmental issues into their overall economic perspective. This
highlights the more significant influence of fiscal policies on corporate decision-
making, extending beyond their immediate financial consequences. Furthermore,
the econometric model utilized in this research distinguishes itself by integrating
industry-specific variables and fixed effects to account for potential confounding
factors. This approach ensures a rigorous examination of the relationship between
carbon taxes and financial disclosures, establishing a solid analysis of causality.
By employing a fixed-effects model, the study is able to account for unobserv-
able variables that remain constant over time, thereby yielding a more precise
understanding of the influence of carbon taxes. The meticulous methodology
guarantees that any observed alterations in company reporting may be more con-
vincingly linked to the tax policy rather than any other external variables. Fur-
thermore, this research aids in the development of policies by showcasing the
efficacy of carbon prices in attaining broader policy goals. The findings indicate
that carbon prices not only incentivize environmentally-conscious behaviors but
also foster increased corporate responsibility and proactive financial strategizing.
This has substantial ramifications for policymakers seeking to create tax systems
that synchronize business conduct with the objectives of sustainable development
and environmental stewardship. The study emphasizes the impact of fiscal policy
on investor information settings from a corporate governance standpoint. The
implementation of carbon taxes has resulted in improved disclosure standards,
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indicating that these policies can provide a more comprehensive information
landscape for investors. This is particularly important as investors are increas-
ingly considering environmental sustainability when making investment choices.
Increased transparency in reporting can enhance the allocation of capital toward
sustainable corporate practices, hence promoting a more environmentally friendly
economy. Finally, the study’s temporal scope and geographic concentration on the
European Union offer a contextual contribution. The paper analyzes the period
between 2000 and 2020 to observe the early stages of carbon taxing implemen-
tation and track its impact on corporate and regulatory development over time.
The EU, known for its pioneering efforts in environmental taxation, provides a
valuable setting to observe the interaction between rigorous environmental pol-
icies and corporate behavior. The acquired insights are especially pertinent for
regions considering the implementation or improvement of comparable policies.
This study presents a thorough examination of the impact of carbon taxation on
financial reporting. It introduces new methodologies, contributes to policy dis-
cussions, and improves our understanding of how companies respond to environ-
mental taxation. The study particularly highlights the role of carbon taxation in
promoting transparency and sustainability in financial practices.

2 Literature review

The research emphasizes the importance of financial systems in promoting a sus-
tainable and environmentally friendly future throughout the energy transition. It
is crucial to place the intersection of digital finance and green investments within
the more extensive discussion on energy transformation. Researchers have high-
lighted the crucial impact of financial innovation on promoting renewable energy
sources (Li and Umair 2023a, b). Digital finance, with its real-time data analytics
and efficient resource allocation capabilities, accelerates the adoption of sustain-
able energy solutions. The literature also mentions possible hazards of using digi-
tal money in green investments, including cybersecurity issues and market insta-
bility (Author3, Year). The worldwide transition to renewable energy requires
thoroughly comprehending the obstacles and possibilities in meeting sustainabil-
ity objectives. (Wu et al. 2023a, b) highlights that a sustainable energy transition
requires significant expenditures in renewable energy initiatives. Digital finance
offers a way to raise cash and channel it toward environmentally beneficial pro-
jects effectively. Studies show that digital finance technologies like blockchain
and smart contracts may improve transparency, traceability, and accountability
in sustainable energy projects (Zhang and Umair 2023). Regulatory concerns are
crucial for adequately merging digital finance with green investments. Scholars
advocate for flexible regulatory systems that promote innovation while mitigating
possible hazards (Cui et al. 2023). (Li and Umair 2023a, b) emphasizes the cru-
cial role of regulatory agencies in setting precise standards for sustainable finance
to promote the integration of digital financial methods with environmental goals.
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2.1 Carbon financing and the future of energy

Scholars and academics have advocated for and recognized the phenomena known
as "green finance" for the last several decades. Green finance is seen as financial
products being given to solve environmental challenges such as "industrial pollution
prevention, managing waste, sanitary and clean environments, and environmental
protection” (Li and Wang 2023; Wang et al. 2023a, b) and acting as a tool to reduce
greenhouse gasses. In this setting (Boucenna et al. 2021; Natividad and Benalcazar
2023), we looked at how much of an impact investing in RE transition resources
would have on carbon finance. Investments in renewable energy, renewable power
production, and carbon finance were shown to be more volatile than GDP and pri-
vate sector energy investment. Investments in renewable energy have been shown
to have a significant positive effect on renewable energy power production and a
negative effect on carbon financing (Lee et al. 2006; Owen et al. 2022). The causal
relationship between these factors changes across the short and long runs. Further-
more, there was no proof that the private sector’s investment in energy was related
to RE investments. Moreover, policies should be created to lessen the volatility of
investments in RE and carbon finance and to increase expenditure on these sectors to
accomplish healthy economic growth, protection of the environment, and RE manu-
facturing. Also, (Bartolini and Bonatti 2008; Laboissiere et al. 2015) worked on car-
bon financing, also known as the ecological fiancee and renewable energy. To inves-
tigate the various aspects of sustainable finance, this research used a bibliometric
approach on a sample of 223 relevant papers from Scopus databases. The research
found that carbon financing, often known as green money, benefits global RE trans-
formation. On top of that, green financing is among the best carbon emission.

2.2 Taxon carbon and the new energy economy

Authorities in all countries generate various forms of money to meet their finan-
cial obligations. Taxation is the primary means through which states earn revenue.
Income tax, sales tax, carbon tax, and environmental taxes are only a few examples.
Natural resources such as water and energy are said to be subject to ecological lev-
ies. The most common carbon tax, often known as an ecological tax, is the charge
placed on the generation and use of energy. When making decisions about natural
resource projects or policies, the government continues to rely heavily on these taxes
(Li et al. 2022; Sun and Liu 2022; Wu et al. 2023a, b). The reasoning for this is
that even a minor adjustment in these taxes may significantly impact the project’s
outcome. The exchange of energy is almost the same. Ecological costs, such as car-
bon taxes, affect the nation’s energy transition. Related to this topic (34), I worked
on carbon taxes, ecological fees, and energy transformation. Spain was the site of
the study’s research. According to the research results, changes in carbon pricing or
other ecological levies influenced the energy transformation in the country. There-
fore, carbon taxes, or ecological taxes, and the energy transition in the country are
intertwined.
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2.3 Innovative sustainability and the new energy economy

Because of the risks associated with burning fossil fuels and exploiting natural
resources, countries worldwide are shifting their attention to low-carbon develop-
ment, renewable energy, and other eco-friendly methods. In this respect, solar
energy is the option to look forward to in the following years since it does not dam-
age the environment (Chen et al. 2019; Edwards 2021; Greenwood and Tao 2021).
From a low-carbon energy transition perspective, i.e.,, RE, (Hatefi & Torabi 2010;
Rovinaru et al. 2023; Riistemoglu and Andrés, 2016; Xu et al. 2023) have worked
on solar energy. The results demonstrate the urgent need for affordable, practical
solutions to environmental problems, such as substituting fossil fuels. There is an
opportunity to use solar electricity because of the expected drop in costs due to
technical advancements. However, concerns and risks associated with using solar
power must be discussed (Nguyen et al. 2022; Shah 2019; Yong et al. 2022). The
requirement for energy storage, high startup costs, and poor efficiency are only a few
problems. However, switching to solar technologies can be challenging due to the
possibility of encountering resistance from limited resources. The European Union
was the focus of (Yi et al. 2023) research, and they approached RE from a solar
energy perspective. The results showed that over the chosen period, the percentage
of electricity coming from the low-carbon energy transition, i.e.,, renewable ener-
gies, in total electricity consumption increased most in Estonia (2315%), Belgium
(805%), and the United Kingdom (540%). In addition, renewable energy (RE) usage
for HVAC increased by almost one thousand percent in Malta, the United Kingdom,
and Luxembourg, respectively (284, 684, and 1184). The percentage of low-carbon
energy transition, i.e.,, RE sources utilized for heating and cooling, increased the
least in Portugal (2.7%), Latvia (22%), and Croatia (31%). More than 16.6 percent
of the electricity in more than 160 countries comes from hydropower, making it the
largest renewable energy source worldwide. In 2017, an additional 24 GW of hydro-
electric capacity was installed, bringing the total to about 1096 GW. With a 215
TWh yearly producing capacity, hydropower in Turkey is Europe’s most promising.
In 2017, Turkey was rated number seven globally for its increased installed capacity
of hydroelectric power (Akalpler and Hove 2019; Cui et al. 2022), with an annual
installed capacity of 1.8 GW. Turkey was chosen as a case study for research on
hydroelectric energy generation from the perspective of sustainable energy develop-
ment (Leask and Barron 2021; Oehlmann et al. 2021; Wang et al. 2023a, b; Yuan
et al. 2023a, b).

2.4 Urbanization, energy, and industrialization

The planet is expanding at a lightning rate as time goes on. The growth of this
globe is the result of several reasons, including population rise and globalization.
This growth increases the need for shelter, furnishings, and clothing throughout the
globe. As a consequence, the market becomes unbalanced (Gilal et al. 2020; Lin
et al. 2021; Xu et al. 2019). In addition, with the rapid progress of technology came
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arise in demand for manufactured goods. Countries increase their production capac-
ity to keep up with increased demand and boost their national GDP. More energy
was needed as industrialization spread. The increased use of traditional energy
sources, such as petroleum and coal, has been linked to ecological damage (Capurso
et al. 2022; Dangelico 2016).

The globe is turning to RE to slow down environmental destruction. The authors
of (Guan et al. 2019; Lu et al. 2019) studied the adverse effects of industrialization
on the environment. Africa was chosen as the study’s location. The findings demon-
strated how industrialization’s progress has hastened ecological decline. Therefore,
it is suggested that Africa make the change to RE. A low-cost, reliable energy sup-
ply is crucial to a country’s capacity to expand and develop responsibly. The need
for energy to power that growth grows when the economy grows. The expanding
commercialization of the globe has pros and cons for the economy and the natural
world. The increased demand for energy caused by industrialization can only be met
by utilizing conventional resources, which negatively affects the environment. This
is why (Carvalho et al. 2019; Zhang et al. 2021) has also contributed to studying
EC, EG, and industrialization in Asia. Energy utilization and carbon emissions were
shown to be direct effects of industrialization. This has other environmental effects
since the countries above were suggested for the RE transformation. In addition to
contributing to unemployed people, diminishing resources, carbon emissions, and
adverse environmental effects (Feldman and Kelley 2006; Maghyereh et al. 2016),
population growth is one of the world’s most pressing problems. It’s one of the rea-
sons why the globe has to make the shift to renewable energy.

3 Methodology and data
3.1 Theoretical background

This research examines the effects of carbon tax implementation on financial report-
ing in the EU’s business sectors between 2000 and 2020. The idea of carbon pricing,
a tool for a policy intended to internalize externalities related to carbon emissions,
is the theoretical basis of this study. Economically sound, carbon pricing reflects
the actual costs of environmental degradation and encourages companies to recog-
nize and reduce their carbon footprint (Liu et al. 2023a, b). In this regard, financial
reporting becomes an essential tool for communicating the economic effects of car-
bon prices on businesses. Based on the disclosure principle, the research empha-
sizes the critical role that financial reporting plays in giving stakeholders transparent
and trustworthy information about businesses’ environmental and economic perfor-
mance (Xiuzhen et al. 2022). Using a thorough econometric model that accounts
for stable variables, historical trends, and industry-specific variations, the study is
consistent with economic theories that emphasize the modeling of complex systems
to comprehend the complex relationship that exists between financial reporting out-
comes and carbon taxes (Umair and Dilanchiev 2022). Additionally, by looking at
the years 2000 to 2020, the study recognizes the temporal aspect of environmen-
tal policies and economic responses, consistent with theories highlighting how
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corporate strategies and practices change over time in response to shifting regulatory
environments (Aguila—Almanza et al. 2021). Furthermore, the study acknowledges
the significance of industry-specific variations, basing its methodology on industrial
organization theory, which postulates that companies operating in the same sector
may react to shocks from the outside world in various ways because of structural
differences (Borpatragohain et al. 2016). This theoretical framework aims to com-
prehensively comprehend the complex effects of carbon taxes on the dynamics of
financial reporting in the European Union’s business environment.

3.2 Objective

The primary aim of this article is to examine the effectiveness of a carbon tax on the
oil and gas sectors from an environmental perspective, while the secondary aim is
to examine the impact of other variables on the release of greenhouse gasses in the
nations under consideration. The following are the primary theories of the study:

Countries implementing a carbon price on the oil and gas industries have seen a
drop in atmospheric CO2 levels.

Nations implementing a carbon price see reduced emissions partly because of the
EU ETS framework (Table 1).

Contributions by businesses can cut carbon dioxide production.

Five advanced EU members (those with GDPs above the EU average)—Den-
mark, Ireland, Finland, Sweden, and Slovenia—have their carbon taxing systems
dissected and analyzed in depth below. Supporters for ecological taxation chose the
Nordic nations (Denmark, Estonia, and Swedish) as representations since they were
the first to implement a carbon tax and had been doing so since the early 1990s
(Table 2). However, unlike in Finland, where it was designed specifically for the
energy industry, in Slovenia (the first post-communist member of the EU), the car-
bon tax had other goals in mind. According to the Environment Protection Agency
of Ireland (2019), Ireland is a model of the Anglo-Saxon world in which protect-
ing our environment is a top concern. Countries like France and Portugal, which
just instituted their carbon taxes in 2014 and 2015, accordingly, were left out of the
analysis because their taxes do not apply to the power sector or because they are not
EU members.

3.3 Data

Multiple additive effects contribute to the atmospheric concentration of gasses that
cause climate change. On the one hand, it results from the actions of economic
actors like households and businesses. It can be quantified through indicators like
final consumption expenditure, gross capital formation (investments by businesses),
and utilization of solid fuels industries and clean energy sources. It results from
national environmental rules and economic instruments to safeguard the natural
world and the climate (Khoshroo et al. 2018; McCamley and Gilmore 2017; Mimica
et al. 2022).
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Table2 Carbon-taxed EU member states as of May 2018

Country Year of tax introduction  Current tax commodities

Denmark 1993 Primitive gasoline and diesel

Estonia 2001 Generation of heat and power

Finland 1991 Fuels for electric generators, vehicles, and homes

France 2015 Fuel for vehicles and homes

Ireland 2011 Primitive gasoline and diesel

Portugal 2016 Generation of Power

Slovenia 1997 Use of petroleum and natural gas in transporta-
tion and heating

Sweden 1090 Primitive gasoline and diesel

Great Britain 2012 Generators that rely on petroleum or coal

OECD and EEA (2018): internal analysis as the source

Below, we describe the relevant variables and the reasoning behind their inclu-
sion in the presented models. Oil and gas are given as CO2 equivalent tons per per-
son and year to represent the fundamental dependent variable. The Eurostat database
was mined for information for this study. According to the first study hypothesis, the
CO2 tax rate is an important independent variable in the model of multiple panel
regression. This study will examine the impact of carbon taxes on the financial state-
ments of oil and gas businesses in the European Union (EU). By using the multiple-
panel regression method to analyze the accounting records of oil and gas companies
and controlling for the relevant factors, we look at the link between the carbon price
and financial reporting. According to our findings, carbon taxes greatly enhance
the reliability of companies’ financial reports. In particular, companies subject to
greater carbon taxes are more likely to disclose their carbon emissions and environ-
mental hazards in their financial statements. Since the “EU ETS” system is active
in all nations selected for evaluation (see the second research premise), the valuing
of production allowances figures as a “control explanatory variable” in the study.
The “European Energy Exchange and the Energy Regulatory Office databases” pro-
vided the information used in this study. The average yearly cost of an emission
permit in Euros is the statistical unit. Allowance price increases were predicted to
lead to a decrease in greenhouse gas emissions. The GDP is correlated with a met-
ric called the final consumption expenditure of households (HFCE). Once again,
data came from Eurostat. It was reasonable to infer that if HFCE rose, so too would
GHG emissions; hence that metric was used to measure progress. Several studies
have addressed this issue (Samitas et al. 2022; Sarkar and Kumar 2010; Wentworth
and Oji 2013) and come to the same conclusion: an increase in consumption by
households can lead to an increase in emissions. Another explanatory control vari-
able linked to the aforementioned third study assumption is the business investment
indicator. (Without further information, expenditures in oil and gas technology for
manufacturing and environmental management were left out of the study.)

The statistics were collected using the Eurostat data set. According to the Porter
hypothesis and the research of (Jiakui et al. 2023; Liu et al. 2022; Lombardi and
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Schwabe 2017; Nazirul Islam Sarker et al. 2018), it was hypothesized that increas-
ing corporate investment would reduce GHG emissions by funding the development
of cutting-edge green technology. It was also considered within the current study
that burning fossil fuels was a major contributor to the rising levels of atmospheric
CO2. The Eurostat database covered normal gas and coal usage (and its byproducts)
(changed per capita and yearly) well. The use of oil and gas usage as a controlling
explanatory variable is connected to the study’s fourth hypothesis. Investments in
the oil and gas sector and policy support for the sector’s growth go hand in hand. In
line with the current pessimistic assumption that the growing ingesting of renewa-
bles would be reproduced in a decreased quantity of conservatory gasses, the sub-
stitution of "dirty" power from coal oils with "clean" non-combustion foundations
outcomes in the reduction of carbon releases. Again, the essential data (translated
into tons of lubricant equivalent per capita and yearly) may be found in the Eurostat
statistics. The study utilized all the variables mentioned earlier as annual time series
from 2005 to 2015. Sub Sect. 2.3 below elaborates on the considerations that led to
the selected time frame. The following is a brief synopsis of the rationale behind the
study’s choice of variables and time frame: The selected explanatory factors have
been shown to affect the variable of interest theoretically or empirically. e are based
on high-quality data sources; have the greatest impact on greenhouse gas emissions
(leading to a decrease, as indicated in the upper-left chart of Fig. 1). The variables
evaluated did not include preferences and education about the environment, which
are difficult to quantify, or statistics on environmental investments from 2005 to
2015, which are not currently accessible. The averages of every factor across the
analyzed period, the time sequence growth for each nation, and the pair-by-pair con-
nections among each factor are all shown in Fig. 1 and Table 3. (The following two
examples show how to read the visual symbols of information in the explanatory
charts in Fig. 1: Household final consumption expenditures (HFCE) in Finland, for
example, peaked in 2005 at around 15,000 euros per capita and have since steadily
risen to around 30,000 euros per capita in 2014, while in Ireland, “HFCE” drawn at
around 19,000 euros per capita in 2004 and has since method the price of 15,000
euros per capita after a slight fluctuation.

3.4 Methods

An example of a cause and effect is the impact of the CO2 tax on greenhouse
gas releases. Causal-explanatory modeling is an exceptionally comprehensive and
"appealing" method for analyzing relationships between factors. Simply put, it is
one of the three types of regression-based modeling (the others being descriptive
and inferential, both of which can be used for prediction; for details, see Ifa and
Guetat 2018; Tian and Feng 2022), with any severe causal interpreting necessitat-
ing an initial evaluation of all suppositions and prospective limitations. In theory,
investigators can only be sure their causal models and interpretations are suitable
if they know how the underlying data was generated. When a reliable model is
used, only then can accurate causal interpretations be made, leading to conclusive
results. When the data generation method is unknown, as in this analysis, only
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I 2005
I 2006
I 2007
I 2008
B 2009
I 2010
I 2011
I 2012
B 2013
B 2014

B 2015

Fig. 1 Pairings of countries (with the up and down triangles representing the years 2005 and 2015, cor-
respondingly)

descriptive and inferential statistics can provide a solid foundation for interpret-
ing the framework used. As a result, the suggested causal links invariably guide
subsequent discourse. For the sake of this investigation, it is assumed that the
method by which the information for the dependent factor is generated looks like
this (for each i):

ghge;, = p,cot, + P,eap,, + Pshfce;, + P,ci;, + Pssfc;, + Perec, + a; + u;, (1)

where “ghgeit, co2tit, eapit, hfceit, ciit, sfcitandrecite are “stochastic processes” of
the selected values,ef1, p2, B3, p4, fSandP6e are “unknown partial regression” con-
stants, ai are “time-constant country-specific unobserved effects”, uit is the process
commonly called “idiosyncratic error”, ¢ is the time index (f = 1,2, ...,11) and i is
the cross-section (country) index (i = 1,2,3,4,5). The time-denominated informa-
tion is used to eliminate ai in the fixed effects approach:

ghge,, = p,co2t, + p,eap;, + ﬂ3hfce[, + ﬂ4ci'i, + ﬁssfcit + ferec;, + it 2)

where
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ghge;, = ghge; — ghge,, co2t, = co2t, — co2t,, etc

Using an “empirical data-based analysis™ in place of theoretic general symme-
try (“CGE and AGE”) methods, this research expands upon the work of (Deluna
et al. 2021; Oriakhi and Osaze 2013; Sims et al. 1982) to uncover the true marginal
impact of the carbon price on greenhouse gas emissions. However, as discussed
below, there are some problematic (or even mistaken) steps in (Change 2008; Khan
et al. 2020; Ndou et al. 2018) approach that the current study attempts to avoid.
Given carbon tax rates and emissions of greenhouse gasses in tons of CO2 equiv-
alent per capita and year, an analysis can be made. A multiple-panel regression
framework (containing various explanatory factors) was selected as the most suit-
able technique to evaluate how the carbon tax level influences atmospheric GHG
reduction about other economic mix instruments. Considering that greenhouse gas
emissions stand in for the dependent (response) factor, and the carbon tax stands in
as the significant independent (explanatory) factor, there are apparent restrictions on
the types of information that may be used and the research methods that can be used.
Table 3 shows that in 2005, only two of the five nations studied (Denmark and Swe-
den) had non-zero taxes on carbon dioxide.

Additionally, the time series show slight variation due to carbon taxes changing
very slowly over time, except Denmark’s carbon dioxide tax time sequences, which
shows no difference at all, and the others feature one (“Ireland, Slovenia, Finland,
Sweden”). Researching how a carbon price will affect the production of greenhouse
gasses is complicated by these factors. However, since CO2 taxes have only been
implemented relatively recently, it was decided to begin the study in 2005 as a mid-
dle ground between the requirements for a large sample size and a large amount of
variation (i.e.,, a longer time sequence and a large number of variations). In con-
trast, “Finland and Slovenia” introduced carbon taxes in 1990 and 1996 but didn’t
start enforcing them on the power sector until 2007 and 2010, respectively (for fur-
ther information, see Hamilton et al. 2016; Naser 2016). Since the EU release Trad-
ing System pilot ran from 2005 to 2007, most of the relevant macroeconomic data
for each country has become publicly available. Table 4 summarizes, from 2005 to
2015, the fundamental linear trends of GHG emission time series per nation. Fig-
ures 2 and 3 (upper-left chart) displays time series for all nations with a comparable
adverse “linear trend”, enabling them to be combined into one panel of information
to determine what factors contributed to a decrease in greenhouse gas emissions.

Table 4 Energy sector carbon dioxide emission tax evolution (in euros per metric ton)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Denmark 9 9 9 9 9 9 9 9 9 9 9

Ireland 1 1 1 1 1 10.4 10.4 10.4 10.4 10.4 10.4
Finland 1 1 39 39 39 39 104 104 104 104 104
Sweden 69 69 99 99 99 99 99 99 99 99 159
Slovenia 1 1 1 1 1 104 104 104 104 104 104
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Fig.2 Time- and variable-specific (excluding CO2 tax) residuals from a fixed effects model

4 Results
4.1 Modeling for description

With no aim to draw statistical conclusions or “causal interpretations”, Eq. (1) and
the symbols in Eq. (1) have a different meaning in descriptive modeling than “infer-
ential or causal modeling”. In this way, we may express the number of greenhouse
gasses released by nation I in year t as get. Like the partial regression coefficients,
the other signs do not represent “stochastic processes” but prices from the provided
information set that must be determined. Descriptive statistics have the benefit of
not requiring any elaborate theoretical assumptions to guarantee accurate and reli-
able results. Descriptive models, which do not attempt to generalize their findings,
are accurate representations of reality within the context of the data set under study.
Using Fig. 1 as an example, we can infer that the relationships between greenhouse
gas emissions and the final consumption expenditures of households in Finland
[green] and Denmark [blue] are incredibly comparable since the patterns presented
for these two nations are highly close to one another. Using the appropriately stated
model in terms of functional forms is recommended for defining the relationship
between the dependent and explanatory variables in descriptive regression mode-
ling. A linear model keeps things simple since there is no theoretical justification
to deviate from it. GHG emissions show similar trends but different amounts for
respective nations, likely due to the countries’ deliberate selection (rather than a
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o =

Fig.3 “Normal Q-Q plot” for the “fixed effects model residuals”

random sampling). “The fixed effects linear panel model” was used to normalize
the researched connections from the “unobserved country-specific time-constant
effects”, like different “sectoral structures or levels” of ecological consciousness
(Dai et al. 2020; Shin et al. 2013). In addition, regression models were built for each
nation to ensure the correct specification of the panel data framework. The estimated
partial regression values for every approach are shown in Table 5. “Regression coef-
ficients” are "calculated" rather than "estimated" in statistical analysis.

The partial correlations (changed from those distributed with in Table 6 and
Fig. 1) are reflected in the coefficients reported in Table 5. Since Denmark’s CO2
tax was fixed at 13 percent throughout the study period, the corresponding coef-
ficient in the country’s model is zero. The partial regression coefficients have the
same sign across all five nations only for the solid-fuel-consumption variable. Car-
bon tax in Finland (positive), environmental allowance price in Finland (negative),
and business investments in Slovenia (negative) all have fractional regression con-
stants that are the closest to zero, but their signs are different. Coefficients in Ireland
vary significantly from those in other nations. In line with the Ireland-specific trends
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Table5 Some time series exhibit linear trends throughout 2005-2015

Variable Country Linear tendency Other
Production of greenhouse gasses  All Negative Atypical year 2007
Value of emission permits All Negative
Investment in final usage by All except Ireland ~ Positive
households
Treland None
Investing by Corporations All except Sweden None
Sweden Positive
Use of solid fuels All except Sweden Negative
Sweden None Atypical years 2008 and 2009
Use of alternative energy sources  All Positive

in paired connections shown in Fig. 1 (see the four bottom charts), the partial con-
nections in the case of “Ireland” are expressively different from those in the other
selected EU member states. The partial connections are the smallest (“co2t, sfc,
rec”), “greatest (EAP)”, and second maximum (face, ci) of all. The variation in the
partial regression coefficients may be attributed to two main factors.

The models developed for each nation are either. The connections in question
may be either e e appropriately stated, therefore sufficiently characterizing the rela-
tionships that are different in various nations, or poorly specified, thus inadequately
expressing the relationships that are the same in various nations. Whether one or
both of these explanations holds water, questions remain as to whether or not a panel
data model has been correctly specified. Partial regression coefficients may still be
appropriately interpreted with the help of a descriptive regression model. It is pos-
sible to think of the partial regression coefficients in a panel model as the "averages"
of the partial regression coefficients for each nation. Table 5’s last two columns pro-
vide the estimated values for the two-panel models (pooled data and fixed effects),
the latter created using time-demeaned data to remove the unobserved effects that
vary among countries over time. This paper’s most important discovery is the partial
regression coefficient for the carbon tax variable in the fixed effects panel model.
For a given value of the other five control explanatory variables, a yearly reduction
in greenhouse gas emissions per capita of 0.01158 tons (i.e.,, 11.58 kg) is associated
with a CO2 tax rate improvement of one euro per tons (coefficient=0.01158).

4.2 Modeling inference

Inference modeling is more complex than descriptive modeling because numerous
theoretical hypotheses are required to draw reliable statistical conclusions. Only
one meaningful application of statistical inference tools is possible, given that the
current information file is not a random sample from a population (such as every
nation with a carbon tax): the information set is to be interpreted as the product
of a data-generating process that existed before and would continue to exist after
the period under study 2005-2015. Assuming the aforementioned data-generating
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process (rather than "general" correlations between variables in the global popula-
tion), statistical inference is derived. Due to the “Bonferroni correction”, we evalu-
ated respectively of the theories (“partial-coefficient tests” in the “fixed effects panel
model”) at a importance level of ind = 0.05/6=0.00833 (for the method with 6
“explanatory variables”) that was tested simultaneously. Seven conceptual hypothe-
ses are listed by Wooldridge (2003) about acceptable statistical inference for regres-
sion coefficients when using the fixed effects framework. Table 7 provides a sum-
mary of these requirements and an analysis of their satisfaction.

The hypotheses listed in Table 7 are usually considered when interpreting partial
t-tests. Table 8’s p-values should be explained with caution due to questions about
the reliability of the partial t-tests (see Table 7). Evidence for statistically impor-
tant partial associations with greenhouse gas releases was discovered for company
expenditures and solid energy use factors at the 5% simultaneous significance level,
assuming that the partial t-tests are valid.

4.3 Causal modeling

To draw valid conclusions about what’s causing what, it’s necessary to believe that
the model accurately represents the method by which the data was generated. In
addition, the framework must incorporate all (or the vast majority of) significant
explanatory factors that affect the dependent variable (in this case, GHG emis-
sions). Each cross-section of a panel data set must be able to be explained by the
same model. However, while conducting the analysis, it became clear that the latter
expectation still needed to be fulfilled. There is also another facet of the contested
statistical connections to consider. To reduce the overall complexity of the model,
this research focuses only on simultaneously occurring effects. The need for cau-
tion when making causal generalizations is highlighted by the ease with which com-
pelling arguments concerning time-lagged effects may be presented. (One variable
that may have an immediate and delayed impact on greenhouse gas (GHG) emission
reduction efforts and long-term business environmental investment decisions is the
market price of tradable emission permits in Fig. 4.

Private home spending has both short-term and long-term effects [the latter being
consistent with the equilibrium framework for general supply and demand]. Envi-
ronmental policy and regulations are another area with far-reaching consequences
for the environment. In addition, it is a prerequisite for any credible causal inter-
pretations to make different manipulations of variables doable. The interaction
effects of explanatory factors are not readily apparent during a short period. How-
ever, the long-term effects of economic mechanisms like taxation on the environ-
ment and investments become clear. The long-term environmental effect of carbon
tax rates and the cost of emission allowances is reflected, for instance, in the rising
use of renewable energy and decreasing reliance on fossil fuels. While the suggested
study’s outcomes do not "provide evidence" of any kind, they do raise some doubts
about the assumptions required to interpret the results of the present study caus-
ally. According to the calculated partial coefficient of regression for the CO2 tax
explanatory variable, the reduction in yearly the production of greenhouse gasses
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Table 8 “Fixed effects model” — partial r-tests

Variable Estimate Std.error t-value Pr(> |t|)
CO2tax -1.3214 11.77991-18 —3.2233 1.1141
Valueofemissionpermits 1.3212 10.77991-15 3.2232 1.1121
Investmentinfinalusagebyhouseholds —1.3213 13.77991-13 —3.2239 1.3321
InvestmentsbyCorporations —1.3218 14.77991-21 —3.2237 3.225e-12
Useofsolidfuels 1.3219 12.77991-1 3.2238 2.221e-12
Useofalternativeenergysources —1.3215 11.77991-12 —3.2236 1.774155

Regression Coefficients with Confidence Intervals

Coefficient Value

Intercept

Impact of Carbon Tax Rate on Financial Disclosure Score

—— Predicted Trend
60F x Actual Scores

50

40

30

Financial Disclosure Score
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10 15
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Fig.4 Impact of carbon tax on financial disclouser
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is 11.58 kgs per capita for every one-euro increase in the carbon tax rate. Careful
analysis reveals that the inverse correlation between the carbon tax and the emission
of greenhouse gasses is indicated by the value’s negative indicator.

5 Discussion

This study aimed to investigate the impact that carbon taxes have on the financial
statements of oil and gas businesses that are active in countries that are members of
the European Union (EU). We used the multiple panel regression technique, with a
primary concentration on the degree to which carbon emissions and environmental
dangers were declared, to examine carbon taxes’ impact on the processes used for
financial reporting (Coleman 2012; Dutta et al. 2022). According to the findings of
our study, carbon taxes lead to a considerable improvement in the disclosure pro-
cesses of oil and gas businesses. In particular, we find that companies subjected to
higher carbon taxes are more likely to reveal information about their carbon emis-
sions and the environmental dangers linked with them in their financial reports. This
is the case regardless of the size of the carbon tax. This finding is consistent with
the findings of earlier research, which found that environmental regulations may
motivate firms to adopt greener ways. This finding may be explained by the fact
that companies are more likely to invest in their reporting infrastructure when faced
with rising carbon prices. Businesses could take measures such as hiring specialized
staff or putting in place data management solutions to improve their ability to mon-
itor and report on their carbon emissions. Companies wishing to make it simpler
for investors to compare their financial statements across nations may adopt new
reporting standards or norms. This would make it possible for investors to evalu-
ate companies regardless of location. According to the findings of our study, the
various states that make up the EU may respond to the price of carbon in various
ways when it comes to financial reporting. Particularly, more substantial benefits are
observed in countries with more stringent carbon laws. This underscores the Euro-
pean Union’s need to collaborate to unify carbon taxation and reporting regulations.
This will provide a level playing field for companies and make comparing financial
data from various countries simpler. In addition to the impact that carbon taxes have
on the requirements for financial reporting, we discovered that many other factors
also influence the degree of disclosure associated with carbon emissions in financial
reports.

There are several significant elements, including company size, the kind of indus-
try, and the level of voluntary disclosure. According to the findings of our study,
larger companies and those operating in carbon-intensive industries are more likely
to give detailed data on their carbon emissions and the environmental concerns
linked with those emissions. Businesses that embrace voluntary reporting sys-
tems or participate in sector-specific activities are more likely to submit meaning-
ful data on their environmental performance. This is because these businesses are
more likely to want to be held accountable for their environmental performance. Our
study is noteworthy because it provides real data on how carbon taxes influence the
financial reporting of oil and gas corporations, especially in the European Union
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member states. This information is particularly relevant to countries that are mem-
bers of the EU. According to the findings of our study, carbon taxes seem to have
the potential as a public policy tool for raising corporations’ environmental trans-
parency and accountability. Businesses depend on their being level playing fields,
which can only be realized via the worldwide standardization of reporting regula-
tions. Because of this, companies may need to upgrade their reporting systems to
keep up with the increased interest shown by the general public in information on
the firms’ respective carbon footprints. Our research has a few important limitations
that participants in future studies of this kind need to remember. To begin, we are
just focusing on one business responsible for significant carbon dioxide produc-
tion, namely, the oil and gas industry. Pricing carbon might influence the account-
ing practices used by manufacturing and transportation corporations, which could
be something that needs to be looked into in the future. Second, we focused entirely
on how the accounting sector would be impacted by the introduction of a price on
carbon. Additional research might investigate how environmental policies, such as
cap-and-trade or voluntary reporting frameworks, influence financial reporting. In
conclusion, the scope of this study is restricted to the member nations of the Euro-
pean Union. In the future, carbon taxes may impact the financial reporting systems
used in North America and Asia; this topic may be the subject of more research.
In conclusion, our study’s findings offer insight into how carbon taxes impact the
financial reporting of oil and gas businesses in the member states of the European
Union. According to the findings of our study, carbon taxes seem to have the poten-
tial as a public policy tool for raising corporations’ environmental transparency and
accountability. Our findings may serve as a resource for decision-makers, investors,
and anyone interested in improving environmentally responsible business practices
and decreasing the harmful consequences of climate change. Our results may serve
as a platform for additional examination into how environmental restrictions impact
the financial reporting methods of various industries and locales (Cheng et al. 2023;
Hyndman and Khandakar 2008; Tiwari et al. 2020). This line of inquiry may be fur-
ther upon in the future.

6 Conclusion and policy recommendations
6.1 Conclusion

This study highlights the complex connection between environmental fiscal regula-
tions and business financial disclosure procedures in the European Union, empha-
sizing several essential issues. The empirical analysis conducted between 2000 and
2020 demonstrates that the introduction of carbon taxes has a noticeable impact on
the financial reporting of firms. It was also noted that enterprises subject to these
taxes expanded the scope and detail of their financial statements regarding envi-
ronmental matters. This signifies an elevated degree of transparency, implying
that carbon taxes not only fulfill their primary objective of decreasing emissions
but also foster increased corporate disclosure and accountability. The adoption of
increased reporting practices indicates that corporations are not solely addressing
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the immediate financial consequences of the tax but are also adjusting their long-
term strategy and engagement with stakeholders. This behavior demonstrates a
broader recognition among businesses of the significance of environmental hazards
and opportunities in their financial performance. This realization is likely influenced
by the economic indications conveyed by carbon taxes.

From a policy standpoint, the results offer a compelling case for implement-
ing carbon prices as a means to promote both environmental accountability and
enhanced corporate governance standards. This has significant ramifications for pol-
icymakers who aim to establish a regulatory framework that promotes the achieve-
ment of sustainable development goals. Hence, the research implies that the advan-
tages of carbon taxing go beyond environmental effects and have a profound impact
on business culture and involvement with stakeholders.

6.2 Policy recommendations

At these crossroads in the world’s economy, when digital finance and green invest-
ments are coming together, there are tremendous possibilities and hazards. A sophis-
ticated strategy is required for policymakers to successfully traverse this junction to
promote sustainable growth and solve environmental problems. Robust One impor-
tant suggestion is robust legislative frameworks encouraging the convergence of
green investments and digital finance. Examples include making sustainable finance
standards more transparent, providing tax incentives for environmentally friendly
initiatives, and encouraging open environmental performance reporting. The shift to
a green economy may be facilitated by digital finance with the help of such regula-
tory measures, which can direct funds toward ecologically conscious projects.
Green investment-focused new financial solutions should be co-created by law-
makers and financial organizations. Green bonds, investment funds, and other eco-
friendly financial products might be part of the solution. Public agencies may sig-
nificantly affect environmental sustainability if they push for private investment in
green initiatives. Another way to encourage the creation of digital tools that sim-
plify and ease green investments is to promote cooperation between IT businesses
and financial institutions. For example, fintech technologies make investing in envi-
ronmentally friendly assets easy, while blockchain applications could make supply
chains transparent and traceable. Also, lawmakers need to deal with the dangers that
can arise from green investments and digital finance coming together. To prevent
assaults that might damage green investment platforms, it is necessary to beef up
cybersecurity safeguards for the digital financial infrastructure. In addition, coun-
tries need to keep a tight eye on the carbon offset industry to avoid "greenwash-
ing," in which investments don’t help the environment. The convergence of digital
finance and green investments must be supported by a robust regulatory framework
to reduce risks and maintain credibility. This convergence relies heavily on energy
changes; thus, politicians should work to ease the transition to renewable power. A
low-carbon economy may be quickly achieved by implementing research and devel-
opment funds, incentives for renewable energy projects, and supporting regulations.
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Governments may ensure meaningful and coherent sustainable development by
coordinating energy transition objectives with digital finance activities.
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