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1. Introduction

This study conducts an empirical analysis to shed new light onto the impact of fiscal policies on
environmental quality within the European Union (EU). Examining the influence of fiscal variables
on the environment holds particular significance in Europe due to the ambitious goals set by the EU
for green transition and the substantial share of public spending compared to other global regions
(Dewan and Ettlinger, 2009). Over recent decades, the EU has solidified its global leadership in
climate policy, notably with the inception of the Green Deal in 2019. The EU aims to achieve a
substantial 55% reduction in greenhouse gas emissions by 2030 compared to 1990 levels and strives
for complete carbon neutrality across the continent by 2050!. Conversely, the tightening of fiscal
constraints integral to the European fiscal framework serves to control budget deficits and regulate
the debt-to-GDP ratio. However, this well-intentioned fiscal discipline may have unintended
consequences, potentially impacting the effectiveness of environmental policies. Regions with high
levels of debt or a significant deficit relative to GDP may face constraints on fiscal capacity, impeding
the implementation of robust environmental policies (Korinek ef al., 2023). For these reasons the EU

is currently involved in a complex process of reform of its economic governance framework?.

The motivation for this research stems from the scarcity of empirical evidence in existing

literature regarding the influence of public policies on air pollution and environmental sustainability

! To achieve the ambitious goals outlined in the Green Deal and RepowerEU, in July 2023 the European Commission has
estimated that an annual investment exceeding EUR 620 billion will be required. Additionally, the Net Zero Industry Act
mandates a total investment of EUR 92 billion within the 2023-2030 period (European Commission, 2023). Notably, the
EU has already allocated a substantial budget of EUR 578 billion, constituting at least 30% of its total budget, for climate-
related initiatives during the 2021-2027 period. While a substantial portion of the residual funds is expected to originate
from private sources, member states’ budgets will also be necessary in supporting this transition. For a deeper insight into
the issues concerning the EU strategies on Sustainable Development, see Spataro et al. (2023).

2 The European Commission, after conducting retrospective assessments of the economic governance framework (EGF)
in 2020 and 2021, initiated a public consultation leading to a November 2022 communication outlining “guidelines” and
principles for reforming the EGF. In April 2023, the Commission introduced a legislative proposal package that revises
the Stability and Growth Pact and the requirements for member states’ budgetary frameworks. With the anticipated
deactivation of the general safeguard clause of the Stability and Growth Pact by the end of 2023, member states and the
Commission must reach a consensus on the reform before the budget procedures of the member states. In the absence of
such consensus, existing legislation will apply.



in the EU. This gap is particularly evident in relation to the European fiscal framework and its
associated constraints on public finance. In contrast, a substantial body of literature focuses on fiscal
discipline, advocating for the reduction of public debt levels and emphasizing the need to enhance
budgetary balance for fiscal sustainability, especially within the Euro area. Economic literature
suggests that fiscal policy in both developed and developing countries tends to be procyclical for
various reasons, displaying expansionary tendencies during economic upswings and contractionary
characteristics during economic downturns. In the Euro area, this pattern seems influenced by the
stringency of fiscal rules (Carnazza et al., 2023). To address this knowledge gap, our study analyzes
the repercussions of the European fiscal framework on environmental quality within the EU,
considering a panel of 27 member countries with annual observations from 1995 to 2021. More
precisely, we examine the influence of two different policy indicators on overall CO, emissions per
unit of output: the implicit tax rate on energy (ITRE) as a proxy for energy taxes, and the degree of
stringency of the European economic fiscal framework interacted with debt-to-GDP ratio. While the
first indicator, unaffected by carbon emissions or changes in the tax base, offers an effective measure
of the average level of energy taxation, the second one stems from the evidence that the significance
of the debt-to-GDP ratio intensifies with the stricter implementation and supervision of supranational

fiscal rules in national law.

The rest of the work is organized as follows: Section 2 provides a theoretical overview of the
scrutinized issue, while Section 3 offers an empirical analysis of the situation in the European Union.
Section 4 outlines the variables used and the methodology applied in this study. Section 5 presents

and discusses the primary findings, and Section 6 provides concluding remarks.

2. Overview of related literature
Governments possess a range of strategies to attain environmental protection objectives, offering

solutions to address market deficiencies or enhance the efficiency of existing markets. These



strategies typically involve the implementation of corrective (or emission) taxes, aimed to internalize
the external costs associated with environmental degradation, providing economic incentives for

businesses and individuals to reduce their negative impacts.’

From a theoretical point of view, a higher environmental tax levied on consumers (say energy
consumption) ought to reduce the consumption of the polluting good (if it is non-inferior). If
substitution effects are stronger than income effects, also the relative pollution (pollution per income)
would also fall. On the production side, if pollution stems from the use of a factor of production (say
energy), also the use of this factor would fall due to a higher environmental tax, and consequently
pollution. It is possible that a higher factor price (due to the tax) also causes an overall reduction in

production, however the pollution per production unit will always fall, see Renstrom et al. (2021).

There is empirical evidence that environmental taxes reduce emissions. The studies referred
to below take the quantity of CO, emissions as the dependent variable and proxies the environmental
taxes as total environmentally related tax revenue divided by GDP. They also control for GDP.
Morley (2012) documents the effect of environmental taxes on CO, emissions among EU member
countries for the period 1995-2006. Controlling for real GDP, capital formation, and total population,
the result is that a 1% increase in the environmental tax is associated with a 1% reduction in emissions.
Safi et al. (2021) investigate the effect of environmental taxes and public R&D expenditure on
consumption-based CO, emissions in the G7 economies over the time horizon 1990-2019. Both R&D
expenditure and environmental taxes reduce their CO, measure. Controlling for GDP and
imports/exports they find that (on average) the environmental taxes reduce consumption-based CO,

by 0.09% in the short run, and 0.189% in the long run. Dogan et al. (2022), using data for the G7

3 Common instruments encompass emissions taxes, tradable emissions allowances, subsidies for emissions reductions,
performance standards, mandates for adopting specific technologies, and incentives for research into innovative, "clean"
technologies. Each of these environmental policy instruments, in turn, varies in its capacity to meet significant evaluation
criteria, including cost-effectiveness, distributional equity, the ability to address uncertainties, and political feasibility.
For a comprehensive exploration of these policy instruments, particularly their mechanisms, effectiveness, and
implications, see Bovenberg and Goulder (2002).



economies 1994-2014, also find the environmental taxes reduce CO, emissions, when controlling for

per-capita GDP, energy renewable/non-renewable energy consumption, and natural resources rent.

On fiscal constraints and environmental policy there is less theoretical research. In principle,
second-best optimal environmental policy will depend on how tight the second-best constraint is. A
tighter second-best constraint will move the consumption possibilities frontier inwards, making all
goods, including the environment less affordable. If the environment is a normal good, tightening the
constraint would call for less consumption of the environment and thus weaker environmental policy.
Fiscal rules, if binding, would work in this way, therefore one would expect less strict environmental
policies in economies with stricter fiscal rules. On the other hand, fiscal rules are there for a reason,
to mitigate an incentive problem in policy making. If those rules work, and partially solve the
incentive problem, there would be a superior equilibrium, in the sense that the consumption
possibilities frontier moves outwards. This would work in the direction stricter environmental

policies.*

As for the EU, some authors have argued that the existing EU fiscal framework lacks the
necessary flexibility for member states to adequately prepare for the green transition by increasing
debt-financed green public investments (Korinek et al., 2023). However, until now we lack studies
providing empirically-founded estimates of the relationship between the EU policy framework, fiscal
policies and environmental improvement®. The ongoing reform of the EU fiscal rules presents an
opportunity to enhance the EU economic governance framework, ensuring critical investments to
address long-term challenges. However, an analysis based on empirically estimated parameters on

the consequences of such a reform, is still missing, raising concerns about whether member states

4 See Marsiliani and Renstrom (2000), where a majority elected policy makers choose taxes under the fiscal rule of tax
earmarking. The earmarking rule partially solves a commitment problem and induces an equilibrium with tighter higher
environmental policy.

5 To the best of our knowledge, the only works adopting a quantitative approach are Mang and Caddick (2023) and Van
den Noord (2023) according to which, even with the reformed rules of the economic governance framework, only few
member states are expected to have sufficient fiscal leeway to meet their public green investment needs. However,
projections based on empirical estimates are missing.



will have adequate incentives and flexibility to pursue these crucial investments. In this paper, we
aim at filling this gap, providing empirical estimates of the relationship between the European policy

rules, national fiscal policies and environmental quality.

3. Setting the issue in the European Union from an empirical point of view

The section provides a historical and descriptive overview of the energy landscape in the European
Union. Specifically, Paragraph 3.1 delves into Gross Available Energy (GAE) by source category,
highlighting the continued significant role of fossil fuels in the overall energy mix. Paragraph 3.2
explores the trend in greenhouse gas emissions and the associated proportion of carbon dioxide.
Paragraph 3.3 discusses environmental and energy taxes, along with the auctioning of emission

permits under the EU Emissions Trading Scheme (ETS).

3.1 Gross Available Energy (GAE) by source category

Since 1990, there has been a 12.8% reduction in the use of fossil fuels in the European Union (EU).
However, the EU still heavily depends on this energy source, constituting nearly 70% of Gross
Available Energy (GAE) in 2021, despite the increase in renewable energies (from 4.8% in 1990 to
17.2% in 2021). GAE is the overall supply of energy within a country. It is calculated as primary
production plus recovered products, net imports, and variations in stocks. In absolute terms, GAE
exhibited a quadratic trend, reaching its peak in 2006. Subsequently, the indicator gradually declined,

returning to the 1990 value by 2021.

Over time, the EU has seen a rise in its energy dependency rate (55.5% in 2021), reflecting
the region’s reliance on (net) energy imports from abroad. More than half of GAE consistently comes
from foreign countries, peaking at 60.5% in 2019. The observed decrease in the share of fossil fuels
in GAE is mainly attributed to a reduction in the use of solid fossil fuels, with a nearly 15% decrease.
In contrast, oil experienced a slight decline (-4.8%), while the utilization of natural gas increased

from 16.8% in 1990 to 23.3% in 2021 (Figure 1).



Figure 1 — Gross Available Energy (GAE) in the EU
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Source: own elaborations on Eurostat data

3.2 Greenhouse gas (GHG) and carbon dioxide (CO2) emissions

Carbon dioxide (CO,) stands as the primary greenhouse gas (GHG) responsible for global warming
and climate change. In 1995, CO, constituted around 82% of GHG emissions from EU countries.
Although there is a discernible decrease in both GHG and CO, emissions from European countries
over time, the proportional contribution of CO, to total GHG has steadily increased until stabilizing

in 2021 at the initial value (see Figure 2).



Figure 2 — Greenhouse gas (GHG) and carbon dioxide (CO;) emissions in the EU
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3.3 Environmental and Energy Taxes and EU ETS

Environmental taxes are categorized into four main types: (i) energy taxes, (ii) transport taxes, (iii)
pollution, and (iv) resource taxes. Given that energy taxes contribute to over three-quarters of EU
environmental tax revenue, our focus centers on this category (Figure 3). Energy taxes cover levies
on energy products like coal, oil products, natural gas, and electricity. CO, taxes are often included
in this category, imposed on energy products due to their carbon content.® Figure 3 also illustrates the
weight of environmental taxes and energy taxes as percentage of GDP (European average from 1995
to 2021). Both ratios display a consistent negative trend, progressively diminishing their already

limited role.

® While CO, taxes share characteristics of both energy and pollution taxes, they are classified as energy taxes in EU
statistics.



Figure 3 — Environmental and energy taxes in the EU
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Generally, energy taxes can be applied to any GHG, but the most common type is a carbon
tax, imposing charges on each unit of emitted CO, subject to taxation. CO, taxes, also termed carbon
taxes, target the carbon content in fossil fuels. Given that, differently from other taxes, CO, taxes
necessitate a specific tax base (carbon content), this kind of taxes typically promote the use of lower-
carbon fuels. In addition to country-specific charges, EU CO, taxes encompass government revenues
from auctioning emission permits within the EU Emissions Trading System (EU ETS). According to
the European System of Accounts 2010 (ESA 2010), earnings from the auctioning of emission
permits in the EU are categorized as taxation. With the cap-and-trade principle, governments
increasingly adopt emission trading systems to control CO, emissions.” As auctions commenced in
2013, the total allocated allowances gradually decreased, coupled with a sharp rise in the average

European Union Allowances (EUA) price from 2018 (Figure 4b).

7 The EU ETS, initiated in 2003, initially allocated allowances for free until 2012. Since the start of phase 3 (2013-2020)
of the ETS, auctioning has become the standard allocation method. In phase 4 (2021-2030), the total number of emission
permits will decrease, narrowing the free allocation to vulnerable sectors and phasing it out for less exposed sectors post-
2026.



Figure 4 — Emission allowances (Emissions Trading System — ETS) in the EU
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4. Data and methodology

We next outline all the variables used and the methodology employed. Descriptive statistics of
dependent (section 4.1) and main independent variables (sections 4.2 and 4.3) and their respective
sources are presented in Table 1. The methodology is elaborated on in section 4.4. Our analysis covers

27 countries within the EU with annual observations from 1995 to 2021.
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Table 1 — Descriptive statistics

Name Definition Unit of Obs Mean Std. Dev. Skewness Kurtosis Source
measure
. . Overall carbon intensity (carbon Eurostat and
CO2intensity emitted per unit of real GDP) toe per € 724 0.00051 0.00034 1.75 6.46 EEA
Implicit tax rate on energy (energy
ITRE tax revenue on final energy € per toe 724 185.33 82.08 0.84 3.97 Eurostat
consumption)
Fiscal Rules Index * debt-to-GDP
FRI_Debt scal Rules nr:;,‘o ebtto % 725 24.62 20.44 1.00 3.86 IMF
VAservicesGDP Services, value added (% of GDP) % 729 61.60 6.61 0.16 3.34 The World Bank
Renewables Renewables and biofuels on total % 729 9.99 6.79 057 2.60 Eurostat
final consumption - energy use
Net ital stock (at tant
netcapitalstockpe et capital stock (at constant |\ el 729 | 13970 91.11 0.24 1.64 AMECO

prices), per person employed

4.1 Overall Carbon Intensity

Following Jeffrey and Perkins (2015), our focus is on a specific measure of CO, emissions, namely

the overall carbon intensity (CO, intensity). This metric is our dependent variable and is defined as

metric tons of carbon dioxide (CO,) per unit of real GDP. We utilize overall carbon intensity as a

proxy for carbon emissions due to its significance in assessing a global measure of emissions. It

concurrently captures elements of both effectiveness (related to the carbon content of energy

consumed) and efficiency (related to the carbon content per unit of production). The decreasing trend

of overall carbon intensity is depicted in Figure 5.

11




Figure 5 — Overall carbon intensity in the EU (toe per €)
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4.2 Implicit Tax Rate on Energy

The implicit tax rate on energy (ITRE) is one of the primary regressors in our analysis, calculated as
the ratio of energy tax revenue to final energy consumption for a given calendar year. This indicator
reflects the implicit tax rate on energy in relation to energy tax revenues and final energy
consumption, summarizing — among other things — the degree to which a country is sensitive to
environmental issues. Both energy tax revenues (deflated with the implicit GDP deflator, prices of
the year 2015) and final energy consumption (measured in tonnes of oil equivalent, toe) contribute to
expressing ITRE in euros per tonne of oil equivalent (€ per toe). Thus, we proxy energy taxes with
ITRE, adhering to official guidelines that deem it an appropriate measure for analytical purposes due
to its straightforward interpretation. Importantly, ITRE is not influenced by carbon emissions or any
erosion in the tax base, providing an effective measure of the average level of energy taxation. The
overall linear increasing trend of this indicator is depicted in Figure 6, revealing distinct phases.

Notably, from 1995 to 2008, a modest increase is observed, primarily attributable to constant energy

12



consumption (excluding peaks in the early 2000s) and a gradual rise in energy tax revenues.
Subsequently, energy taxes continue to rise over time (excluding a reduction in 2020), while final

energy consumption, despite fluctuations, shows a slight decrease.

Figure 6 — Implicit tax rate on energy in the EU
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4.3 Fiscal Rules Index
Among the EU countries, fiscal rules have gained in importance. The number of rules has tripled
since the adoption of the stability and growth pact in 1997, and doubled in the last 15 years (Manescu

et al., 2023). The stringency of fiscal rules become more important when the debt to GPD is larger

13



(Carnazza et al., 2023). In particular, when the public debt level is high, the government may adopt
a more restrictive fiscal policy in economic downturns to avoid being in breach of the 3% debt to

GDP reference value (Huart, 2013; Reuter, 2019).

To measure stringency, as in Gootjes et al. (2021), we use a fiscal-rules index based on the IMF
dataset (Davoodi ef al., 2022). The data set translates rule stringency into a numerical score for each
country and year for each dimension, a higher score implying more stringency. One dimension is
coverage, taking on 0 if no coverage, 1 if general government and 2 if wider. The second dimension
is legal basis, with 1 for political commitment, 2 for coalition agreement, 3 for statutory rule, 4 for
international treaty, 5 for constitutional rule. The third, supporting procedures, relates to the presence
of multi-year expenditure ceilings, fiscal responsibility law, and independent fiscal body in
monitoring, taking on 1 if present or 0 otherwise. The fourth is enforcement, taking on 1 if there is a
formal enforcement procedure, and 0 otherwise. The first two dimensions are normalised to lie

between 0 and 1.

We focus on two types of rules budget-balance rule (BBR) and debt rule (DR) at national and supra-
national levels. For j = 1 (BBR, national), 2 (BBR, supra-national), 3 (DR, national), 4 (DR, supra-

national), we calculate the fiscal sub index (FSI):

FSIi]:t = coveragei]:t + legal basisi{t + supporting proceduresi];t + enforcement{:t (1)

for country 7 and year ¢.

Our fiscal-rules index is then

4
FRI; ¢ = normalisationz FSIi]:t 2)
j=1

where the normalisation is such that FRI is between 0 and 1. Note that each component carries equal
weight. As mentioned earlier, the fiscal rules stringency is likely to matter when the public debt level
is high, so multiplying FRI by the debt to GDP ratio, we obtain the variable FRI_Debt.

14



Figure 7 displays the result of this interaction in our sample, while Figure 8 compares the
debt-to-GDP ratio with the maximum level of the interaction between this ratio and the Fiscal Rules
Index (FRI). Interestingly, the significant increase in the severity of fiscal regulations, which began

in 2011, has pushed the maximum value of FRI_Debt almost to coincide with the debt-to-GDP ratio.

Figure 7 — The FRI Debt variable in the EU
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Figure 8 — Debt-to-GDP ratio in the EU
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4.5 Methodology

In formal terms, for each country i, we have the following equation expressed at first differences (A):

Aln_CO2intensity; s = a + [1ETS; ¢ + fAln_ITRE; ; + B3AFRI_Debt;  + ¢'AV; + u; ¢ 3)

where ETS is a dummy variable that considers the membership in the EU ETS (it equals 1 if the
country participates in the EU ETS in the corresponding year)?, V represents a vector of control
variables (VAservicesGDP, renewables, and In_netcapitalstockpe), and u;; includes country
fixed-effects y; (to control for unobserved time-invariant country characteristics), time fixed-effects
A¢ (to deal with possible exogenous shocks common to all countries in a specific year) and the error
component &;.° The three control variables are defined and justified as follows. First,
VAservicesGDP is the valued added produced by the service sector as a percentage of GDP. In this
way, we take into account the distribution between service sector and industrial sector which, by
definition, requires more energy consumption. Secondly, renewables represents the consumption of
renewables and biofuels as a percentage of final energy consumption. The share of renewable energy
used in total energy needs describes the energy mix available to a country and the dependence on
fossil fuels. Finally, netcapitalstockpe denotes net capital stock (at constant prices) per person
employed so as to take into account the relative weight between capital and labour within each

country.

As specified, each variable is expressed at first differences to address the issue of stationarity,
avoiding the possibility of spurious regressions. Non-stationary variables, while independent, could
be highly correlated only because of their trend (Granger and Newbold, 1974). Stationarity for panel
data is addressed with two unit root tests: the Fisher-type Augmented Dickey Fuller (ADF) test and

the cross-sectional ADF (CADF) test proposed by Pesaran (2007). Based on these tests, all variables

8 Since the ETS program begins in 2005 (see Paragraph 3.3), this dummy variable includes the information related to the
late entry of some member states.
° Natural logarithm is applied when variables are not expressed as an index or percentage.
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are found to be stationary at first differences (Table 2). The pairwise correlation matrix between all

variables at first differences shows the absence (or negligible presence) of correlation relationships.

Table 2 — Panel unit-root tests

Im-Pesaran-Shin test Fisher-type tests
no trend trend ADF PP
Aln_CO2int ok Kk Kok .
Aln_ITRE ok *kk Kok .
AFRI_Debt *kk *kk Kok -
AVAservicesGDP *okok * Kk koK ok
Arenewables *kk *kk *kk ok k
Aln_netcapitalstockpe *okk *kok ok k kx

Note: *** ** * denote significance at 1%, 5% and 10% level, respectively. If the variable is
significant, this implies stationarity.

Table 3 — Pairwise correlation matrix

Aln_CO2int Aln_ITRE AFRI_debt  AVAservicesGDP  Arenewables Aln_netcapitalstockpe
-0.1569 0.0138 -0.0853 -0.1140 -0.0099
Aln_CO2intensity
(0.000%**) (0.7179) (0.0243*%) (0.0026***) (0.7934)
-0.1569 0.0636 -0.0084 0.0299 0.0340
Aln_ITRE
(0.000%**) (0.0944%) (0.8255) (0.4307) (0.3699)
0.0138 0.0636 0.0292 0.0351 0.1014
AFRI_Debt
(0.7179) (0.0944%) (0.4287) (0.3259) (0.0065***)
-0.0853 -0.0084 0.0292 0.0264 0.1081
AVAservicesGDP
(0.0243*%) (0.8255) (0.4287) (0.4688) (0.0037***
-0.1140 0.0299 0.0351 0.0264 0.0894
Arenewables
(0.0026***) (0.4307) (0.3259) (0.4688) (0.0162**)
-0.0099 0.0340 0.1014 0.1081 0.0894
Aln_netcapitalstockpe
(0.7934) (0.3699) (0.0065***) (0.0037%**) (0.0162*%)

Note: p-values are given in parentheses. ***, ** * denote significance at 1%, 5% and 10% level, respectively.

We rely on a Generalised Least Squares (GLS) estimator controlling for panel specific
autocorrelation structure (AR1) and heteroskedastic and correlated error structure. A standard
assumption in panel data models is that the error terms are independent across cross-sections. In the

worst case, cross-sectional dependence can lead to endogeneity and therefore to inconsistent
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estimates. In this context, the previous estimator allows us to deal with cross-sectional dependence in

the error term.

5. Main results
Table 4 presents the key findings concerning the relationship between carbon intensity and energy

taxes, as well as the interaction between fiscal rules and the debt-to-GDP ratio.

Table 4 — Main results

Dependent variable Aln_CO2int
Model (1) (2) (3) (4) (5) (6)
Estimator FE GLS GLS FE GLS GLS
Aln_ITRE -0.09016 *** -0.07472 *** -0.08713 *** -0.08572 *** -0.07225 *** -0.08667 ***
AFRI_Debt 0.00127 *** 0.00117 *** 0.00128 *** 0.00119 *** 0.00106 *** 0.00142 ***
AVAservicesGDP -0.00074 -0.00058 -0.00278 ***
Arenewables -0.00339 -0.00505 *** -0.00335 ***
Aln_netcapitalstockpe 0.18558 0.18999 ** 0.24468 ***
Constant Yes Yes Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes Yes
Time dummies Yes Yes Yes Yes Yes Yes
ETS dummies Yes Yes Yes Yes Yes Yes

Heteroskedastic and
uncorrelated error No Yes No No Yes No
structure

Heteroskedastic and
correlated error No No Yes No No Yes
structure

Panel-specific AR1

autocorrelation No Yes Yes No Yes Yes
structure
Numb f
um e‘t N 693 693 567 693 693 567
observations
Number of countries 27 27 27 27 27 27
Time period 1995 - 2021 1995 - 2021 2002 - 2021 1995 - 2021 1995 - 2021 2002 - 2021
Wald chi? - skokok skokok - skokok skokok

Note: in models (3) and (6), the heteroskedastic and correlated error structure requires the panel to be closely balanced. Due to missing
observations, this implies that our estimates are performed from 2002 to 2021. *** **_* denote significance at 1%, 5% and 10% level,
respectively. FE = Fixed Effects (robust standard errors); GLS = Generalised Least Squares (controlling for panel-specific ARI
autocorrelation structure, heteroskedastic but uncorrelated error structure, and heteroskedastic and correlated error structure).

As previously mentioned, the impact of energy taxes is assessed by estimating ITRE, while the
interaction is evaluated by multiplying the Fiscal Rules Index (FRI) with the debt-to-GDP ratio

(FRI_Debt). The coefficients associated with the two main regressors (5, for Aln_ITRE and 35 for
18




AFRI_Debt —see also equation 3) are consistently significant at the 1% level across all specifications,
whether employing Fixed Effects or Generalized Least Squares. The analysis controls for a panel-
specific ARI1 autocorrelation structure, heteroskedastic but uncorrelated error structure, and
heteroskedastic and correlated error structure. The results also remain robust when introducing the

three control variables.

As expected, 8, is negative, indicating that an increase in ITRE reduces the amount of CO,
contained per unit of real GDP. In contrast, f; is positive, suggesting that the interaction between
the European fiscal framework (approximated by FRI) and the evolution of the debt-to-GDP ratio
plays a crucial role in shaping overall carbon intensity. In other words, considering that the
significance of a specific level of the debt-to-GDP ratio increases in proportion to the strictness of the
implementation and monitoring of supranational fiscal regulations incorporated within national
legislation (see also Paragraph 4.3), a positive change in FRI_Debt is associated with an increase in
the CO, content per unit of real GDP. This significant result may be explained by recognizing that
policy makers, especially in highly debt-burdened countries with very restrictive fiscal rules, are often
confronted with the urgency of fiscal consolidation. This implies the need to reshape the public budget
by reducing spending items that are less attractive to voters and less rigid. Unfortunately,
environmental protection expenditures often exhibit both characteristics. Along these lines, many
countries may not have enough fiscal space to cover the costs of climate-related expenditure.!? This
result emphasizes even more the conclusion reached by Carratu et al. (2019), pointing out the
existence of a trade-off between the role of EU as a regulator aiming to mitigate environmental

pollution (e.g., the EU ETS) and its role within the Stability and Growth Pact.

10 From this perspective, although energy taxes have increased in absolute terms (Figure 6 — panel a), we have also
observed that their share in GDP is not only low but has also decreased over time. Similar considerations can be made
regarding public spending on environmental protection (Figure A3 in the Appendix).
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Finally, the three control variables show a predictable impact on the change in overall carbon
intensity (see the column 6 in Table 4): firstly, a production structure that relies more on services than
manufacturing results in lower CO, emissions contained per unit of real GDP; secondly, renewable
energy improves environmental pollution; thirdly, the utilization of more capital per unit of labor

results in higher carbon intensity.

6. Conclusions and policy implications
In this paper we have empirically explored the interplay between European policy rules,

national fiscal policies, and environmental quality in 27 Member countries of the European Union.

Examining a period from 1995 to 2021, providing stationarity of all variables under
consideration and considering cross-sectional dependence, we investigate the impact of two different
indicators on the overall carbon intensity, i.e. the emission of CO, per monetary unit of real GDP. On
the one hand, our results confirm the role of energy taxation in reducing environmental pollution. In
this regard, energy taxes are proxied using the implicit tax rate on energy (ITRE), which is not
influenced by carbon emissions or any erosion in the tax base and then provides an effective measure
of the average level of energy taxation. This outcome should encourage policy makers to increase the
relative weight of environmental taxation on national GDP over time in order to reduce the CO,
content per unit of product. On the other hand, we wonder whether the increase in public debt has
fostered more environmentally sustainable growth. In doing so, we decide to consider not the debt-
to-GDP ratio, but its interaction with the evolving stringency of the European fiscal framework. The
idea behind this decision is that the debt-to-GDP ratio’s significance intensifies with the stricter
implementation and supervision of supranational fiscal rules in national law. The coefficient
associated with this indicator is significantly positive, implying that an increase in the stringency of
European fiscal framework and/or debt-to-GDP ratio was linked to a rise in carbon intensity. From a

policy point of view, this seems to suggest that the expansion of public debt and the progressive
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increase in the rigidity of fiscal rules have not been fully compatible with environmentally sustainable
development. As a consequence, a greater attention on decoupling environmental spending from the
fiscal restraint imposed by the European framework could represent an important and recommendable

step forward.

The evolving shift towards sustainable practices presents substantial challenges for future
research at the intersection of the green transition, economic growth, and fiscal sustainability. Firstly,
a critical aspect involves analyzing the productivity dynamics associated with investments aimed at
reducing reliance on fossil fuels. This raises questions about whether such investments, while
beneficial for environmental quality, result in immediate productivity gains or introduce obstacles to
short-term enhancements. Secondly, with the zero-emission target propelling rapid changes, scholarly
attention should be directed towards the immediate and prospective impacts on goods and labor
markets. Regarding the latter, inquiries should concentrate on the likelihood of labor market
contractions and the challenges faced by industries in securing skilled workforces. Third, within the
societal sphere, the green transition prompts inquiries into economic inequalities. This necessitates a
meticulous examination of governmental measures, with transfers and subsidies emerging as crucial
instruments to alleviate the fiscal burden, particularly for lower-income groups contending with
substantial costs associated with transitioning to green technologies. However, these interventions,
though necessary, pose fiscal challenges as they strain state budgets. The challenge lies in exploring
ways through which governmental bodies can navigate the delicate balance between mitigating
societal impacts and meeting the fiscal demands imposed by the green transition. A specific concern
is the expected reduction in tax receipts, particularly stemming from levies on fuel and gasoline, due
to the shift to renewable energies. For instance, in the UK, projections by the Office for Budget
Responsibility suggest that the share of tax revenue derived from these levies, constituting
approximately 1.2% of GDP, is anticipated to halve by 2030, ultimately becoming obsolete by 2050.
Therefore, the central issue is how governments in the future will finance such interventions in

scenario of decreasing fiscal resources. This scholarly endeavor extends beyond mere academic
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inquiry; it serves as a guiding compass for policymakers and stakeholders, navigating them through

the evolving landscape of this transformative epoch.
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Figure A1l — Gross Available Energy in the EU-27
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Figure A2 — Import dependency in the EU-27
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Note (1): the import dependency is the ratio of net imports (imports minus exports) to
GAE.

Note (2): the dotted line represents the linear trend.

Source: own elaborations on Eurostat data
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Figure A3 - Government expenditure on environmental protection in the EU27
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