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Abstract. Achieving environmental Sustainable Development Goals is a central priority of global climate policy, yet
whether ambitious regulatory frameworks translate into measurable acceleration of environmental progress remains
empirically underexplored due to the lack of causal identification designs. The purpose of this study was to assess the
causal impact of the European Green Deal on the trajectories of four environmental SDGs in EU-27 member states
relative to non-EU European countries. A quasi-experimental difference-in-differences framework was applied to
a balanced panel of 39 European countries over the period 2010-2023, incorporating two-way country and year fixed
effects, country-clustered standard errors, and a set of time-varying controls. It was established that during 2020-2023
the European Green Deal did not generate statistically significant improvements in SDG 7 (Affordable and Clean
Energy), SDG 12 (Responsible Consumption and Production), or SDG 13 (Climate Action) relative to the control group.
A marginally significant deterioration was identified for SDG 15 (Life on Land), indicating a relative short-run decline
in biodiversity indicators within the EU. Heterogeneity analysis revealed that newer member states and lower-income
countries experienced significantly worse climate-action outcomes. The robustness of the findings was confirmed through
placebo tests, alternative control-group specifications, and COVID-19 sensitivity analysis. The results can inform climate-
policy practitioners and public administrators seeking to strengthen implementation mechanisms and financing for the
biodiversity and land-use components of EU policy

Keywords: policy impact evaluation; difference-in-differences; panel data; environmental performance; implementation
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Introduction

The European Green Deal (EGD), announced by the Eu-
ropean Commission (2021) in December 2019, represents
one of the most ambitious climate policy frameworks in
global history. With targets of a 55% reduction in green-
house gas emissions by 2030 and climate neutrality by
2050, the EGD was positioned as a transformational strat-
egy to decouple economic growth from resource use while

achieving sustainable development. The Fit for 55 legis-
lative package, comprising 13 revised laws and six new
proposals, was designed to translate these ambitions into
actionable policy measures across the energy, transport,
industry, and land-use sectors.

However, a growing body of evidence suggests a persis-
tent gap between the EU’s climate rhetoric and measurable
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outcomes (Hereu-Morales et al., 2024). The Europe Sus-
tainable Development Report 2025 reports that the pace
of SDG progress in the EU over the 2020-2023 period was
more than twice as low (+0.8 points) as over the 2016-2019
period (+1.9 points), raising fundamental questions about
policy effectiveness (Lafortune & Fuller, 2025). Critically,
environmental and biodiversity challenges remain acute,
with SDG 15 (Life on Land) showing particularly concern-
ing trends across European countries (Sachs et al., 2025).
This deceleration coincides precisely with the implementa-
tion period of the European Green Deal, warranting rigor-
ous empirical investigation.

Recent scholarship has increasingly documented this
disconnect between policy ambition and environmental
performance (Pollex & Lenschow, 2025). O. Liashenko et
al. (2026) identified a “policy plateau” in EU decarboni-
sation trajectories, demonstrating through hybrid ARI-
MA-Random Forest forecasting that current policy instru-
ments are insufficient to achieve 2030 targets. Similarly,
O. Pavlova et al. (2025) employed discourse analysis to re-
veal systematic misalignment between EU climate rhetoric
and national energy patterns, concluding that political com-
mitments often fail to translate into structural transforma-
tions. J. Hereu-Morales et al. (2024) provided a systematic
analysis that questions the environmental sustainability of
EGD’s transformational plans, noting that only seven of 30
goals under the preceding 7 Environmental Action Pro-
gramme were expected to be met by 2020. P. Koundouri et
al. (2024) applied machine-learning text mining to eval-
uate SDG integration across 74 EGD policy documents,
finding substantial alignment with clean energy (SDG 7),
climate action (SDG 13), and sustainable consumption
(SDG 12), but significant underrepresentation of social
and biodiversity dimensions. The Stockholm Environ-
ment Institute (2025) further highlights that capacity con-
straints and administrative burdens hinder member states
from effectively transposing and implementing the EGD.

Despite this accumulating evidence, the literature lacks
causal identification of EGD’s actual impact on environ-
mental SDG outcomes. Existing studies predominantly rely
on descriptive trends, policy document analysis, or com-
posite indices without establishing counterfactual baselines
(Ottomano Palmisano et al., 2025). The quasi-experimen-
tal evaluation of climate policies has proven valuable in
other contexts. K. Vrolijk & M. Sato (2023) systematically
reviewed difference-in-differences applications to carbon
pricing, and recent methodological advances by J. Roth et
al. (2023) have strengthened causal inference in staggered
policy settings. Yet, no study has applied these rigorous
methods to assess whether the EGD has accelerated envi-
ronmental SDG performance in EU member states relative
to comparable European economies.

This study addresed this gap by employing a differ-
ence-in-differences (DiD) framework to evaluate the
European Green Deal’s impact on four environmental
Sustainable Development Goals: SDG 7 (Affordable and
Clean Energy), SDG 12 (Responsible Consumption and

Production), SDG 13 (Climate Action), and SDG 15 (Life
on Land). A panel dataset was constructed of 39 European
countries over 2010-2023, treating EU27 member states as
the treatment group and 12 non-EU European countries
as the control group, with the treatment timing set at 2020.
The identification strategy relied on the parallel-trends as-
sumption, which is validated through pre-treatment statis-
tical tests and event-study analysis.

The empirical approach incorporated several method-
ological safeguards following best practices in contempo-
rary DiD research of J. Roth et al. (2023). The estimation
employed two-way fixed effects (country and year) with
clustered standard errors at the country level to address
serial correlation. To mitigate multicollinearity in govern-
ance controls, a systematic variable selection was conduct-
ed based on variance inflation factor analysis, ultimately
selecting WGI Political Stability as the sole governance
indicator due to its lowest correlation with the other pre-
dictors. Robustness checks include placebo tests with alter-
native treatment timing (2016), alternative control-group
specifications (excluding Norway and Switzerland), a
COVID-19 sensitivity analysis (excluding 2020), and ran-
dom-effects estimation.

The findings contribute to the critical assessment of
the effectiveness of EU climate policy and speak directly
to ongoing debates about the “implementation gap” in en-
vironmental governance. By providing the first quasi-ex-
perimental evidence on EGD’s short-term SDG impacts,
the study offers policy-relevant insights as the EU enters
the decisive period leading up to the 2030 targets. The re-
sults also contribute to the emerging literature (Pavlova et
al., 2025; Liashenko et al., 2026) on the “policy plateau” and
“discourse versus action” in European sustainability tran-
sitions, providing quantitative benchmarks against which
future policy adjustments can be evaluated.

Materials and Methods

Research design

This study employed a Difference-in-Differences (DiD)
quasi-experimental design to estimate the causal effect of
the European Green Deal on environmental performance
indicators across European countries. The DiD approach
exploits the policy variation created by the implementation
of the European Green Deal in 2019-2020, which affected
EU member states (treatment group) but not other Europe-
an countries (control group). This methodology has been
widely applied in policy evaluation studies examining envi-
ronmental outcomes (Angrist & Pischke, 2009). The formal
specification of the DiD model is:

Y,=a +A +8(Post x Treat) + BX. +¢,, (1)

where Y, represents environmental outcome variables
(SDG scores) for country i in year £ «, captures country
fixed effects, A, captures time fixed effects; Post, is a binary
indicator equal to 1 for years > 2020; Treat, is a binary in-
dicator equal to 1 for EU27 member states; X, is a vector of
time-varying control variables, and ¢, is the error term. The
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coefficient § represents the DiD estimator capturing the
causal effect of the European Green Deal on environmental
SDG performance.

Sample, study period and data sources
The dataset comprises a balanced panel of 39 European
countries, observed annually from 2010 to 2023, yield-
ing 546 country-year observations. The treatment group
comprises all 27 EU member states subject to the Europe-
an Green Deal regulatory framework. The control group
comprises 12 European countries that are geographical-
ly proximate to the EU but not subject to the Green Deal
policy: Albania, Bosnia and Herzegovina, Georgia, Iceland,
Moldova, Montenegro, North Macedonia, Norway, Serbia,
Switzerland, Turkey, and Ukraine. The selection of control
countries was guided by the parallel trends assumption
underlying the DiD methodology. These countries share
geographic, cultural, and, to some extent, economic char-
acteristics with EU member states, making them suitable
counterfactuals. The study period 2010-2023 provides 10
years of pre-treatment data (2010-2019) and 4 years of
post-treatment observations (2020-2023), enabling robust
estimation of pre-treatment trends and treatment effects.
Data were compiled from multiple authoritative
sources to ensure reliability and comprehensive cover-
age. The dependent variables measuring environmental
SDG performance (SDG 7, 12, 13, and 15) were obtained
from the Sustainable Development Report 2025 backdated
SDG Index dataset (Sachs et al., 2025). This dataset pro-
vides harmonised SDG scores on a 0-100 scale, enabling
cross-country and temporal comparisons. Environmental
data, including CO, emissions, greenhouse gas emissions,
and energy consumption metrics, were obtained from Our
World in Data, which aggregates data from the Global Car-
bon Budget (Friedlingstein et al., 2024) and emissions data
from M. Jones et al. (2023). Economic indicators, including
GDP, population, unemployment rates, industry value add-
ed, urbanisation, and renewable energy consumption, were
sourced from the World Bank World Development Indica-
tors database (World Bank, 2024). Governance indicators
were obtained from the Worldwide Governance Indicators
(WGI) dataset (Kaufmann & Kraay, 2024), which provides
standardised measures of institutional quality across six di-
mensions for over 200 countries since 1996.

Treatment, dependent and control variables

The treatment structure is defined by three binary indica-
tors: Treat (equal to 1 for EU27 countries), Post (equal to 1
for years 2020 and onwards), and Treat x Post, the interac-
tion term representing the DiD estimator. The primary de-
pendent variables are the composite SDG scores for the four
environmental goals from the Sustainable Development Re-
port (Sachs et al., 2025): SDG 7 (Affordable and Clean Ener-
gy), SDG 12 (Responsible Consumption and Production),
SDG 13 (Climate Action), and SDG 15 (Life on Land). Each
score ranges from 0 to 100, with higher values indicating
better performance towards achieving the respective goal.

Liashenko & Demianiuk

Time-varying control variables account for economic,
structural, and institutional factors that may influence the
relationship between the Green Deal and environmental
outcomes. Economic controls include the natural loga-
rithm of GDP per capita, GDP growth rate, industry val-
ue added as a percentage of GDP, and unemployment rate.
Structural controls include the urbanisation rate. Institu-
tional controls include WGI Political Stability (Kaufmann
& Kraay, 2024), selected as the sole governance indicator
following systematic variable selection based on variance
inflation factor (VIF) analysis with a conventional thresh-
old of 5 to reduce multicollinearity (Liashenko & Demia-
niuk, 2026).

Identification strategy

The validity of the DiD estimator relies on several key as-
sumptions. First, the parallel trends assumption requires
that, in the absence of treatment, the treatment and control
groups would have followed similar trajectories in envi-
ronmental outcomes. This assumption is assessed through
graphical inspection of pre-treatment trends and formal
parallel-trends tests, following J. Roth (2022). Second, the
stable unit treatment value assumption (SUTVA) requires
that the treatment of EU countries does not affect outcomes
in control countries through spillover effects. While some
spillover effects through trade and technology transfer are
possible, the control countries were selected to minimise
such concerns.

The inclusion of country and year fixed effects absorbs
time-invariant country characteristics and common time
shocks affecting all countries. The vector of time-varying
controls addresses potential confounding from economic
development, structural change, and institutional quality.
Standard errors are clustered at the country level, mean-
ing that the variance-covariance matrix allows for arbitrary
correlation of error terms across time periods within each
country (Bertrand et al., 2004). The country is chosen as the
clustering unit because treatment is assigned at the country
level, SDG scores exhibit strong serial correlation within
countries, and the sample comprises 39 countries-comfort-
ably exceeding the asymptotic minimum of 30-50 clusters.
To assess the robustness of the findings, several sensitivity
analyses were specified ex ante: (I) event-study specifica-
tions to examine dynamic treatment effects and pre-trends;
(II) placebo tests using alternative treatment dates; (III) al-
ternative control-group specifications excluding countries
with strong EU ties (e.g., Norway, Switzerland); and (IV) a
COVID-19 sensitivity analysis excluding 2020.

Robustness, sensitivity and statistical power analyses

Three sets of supplementary analyses were specified ex
ante as part of the research design. First, to address the
possibility that the identification strategy might spuriously
detect effects, a placebo test using 2016 as a pseudo-treat-
ment year was specified, and an alternative control-group
specification was constructed by excluding Norway and
Switzerland-the two non-EU members most closely
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integrated into EU regulatory structures. Second, to ad-
dress potential confounding from the COVID-19 shock,
a sensitivity analysis re-estimating the baseline model on
the subsample excluding 2020 was specified. Third, to sup-
port the interpretation of null or marginally significant
estimates, the minimum detectable effect (MDE) at 80%
power and the intra-class correlation coefficient (ICC)
were computed ex ante for each SDG outcome: the MDE
quantifies the smallest treatment effect that the design can
reliably detect, while the ICC captures the within-country
persistence of SDG scores that governs statistical power in
clustered panels. The corresponding estimates are reported
in the Results section.

Heterogeneity analysis

The research design further specified two heterogeneity
analyses to examine whether the effects of the European
Green Deal varied systematically across country groupings.
The first dimension was EU membership vintage, contrast-
ing EU-15 founding members with EU-12 post-2004 acces-
sion states; this split is motivated by well-documented dit-
ferences in institutional maturity, administrative capacity,
and environmental policy path dependence between older
and newer member states. The second dimension was in-
come level, contrasting countries above and below the 2019
median GDP per capita; this split is motivated by hetero-
geneous fiscal capacity to finance green-transition invest-
ments. For each dimension, the baseline DiD specification

was re-estimated on the relevant subsample, and the cross-
group differences were formally tested. The corresponding
subgroup estimates are reported in the Results section.

Results

Results of the econometric analysis

Descriptive statistics and sample characteristics. Table 1 re-
ported summary statistics for the full sample of 546 coun-
try-year observations from 39 European countries, cover-
ing 2010-2023. The environmental SDG scores exhibited
considerable variation across the sample, with mean values
ranging from 62.34 (SDG 12: Responsible Consumption
and Production) to 72.58 (SDG 7: Affordable and Clean
Energy). This variation reflected substantial heterogeneity
in environmental performance across European econo-
mies, providing sufficient statistical power for identifying
treatment effects.

The treatment group (EU27 member states, N = 378
observations) and control group (non-EU European coun-
tries, N = 168 observations) differed systematically on
several baseline characteristics. EU27 countries exhibited
higher average scores on SDG 7 (+5.31 points) and SDG
15 (+12.56 points), but lower scores on SDG 12 (-11.89
points) and SDG 13 (-5.78 points) relative to the control
group. These level differences underscored the importance
of using country fixed effects to control for time-invariant
heterogeneity, rather than relying on simple cross-sectional
comparisons.

Table 1. Descriptive statistics

Variable Mean Std. Dev. Min Max

SDG 7 Score 72.58 8.91 46.12 92.34
SDG 12 Score 62.34 14.26 31.45 89.67
SDG 13 Score 73.15 10.83 42.18 95.21
SDG 15 Score 70.42 11.57 38.76 93.48
In(GDP per capita) 10.12 0.78 8.21 11.89
GDP growth (%) 2.14 3.87 -14.83 25.16
Industry VA (% GDP) 23.45 6.12 8.34 3891
Unemployment (%) 9.87 5.43 2.01 27.47
Urbanisation (%) 68.34 13.21 42.56 98.07
WGI Political Stability 0.42 0.71 -1.86 1.76

Note: N =546 country-year observations (39 countries x 14 years). SDG scores measured on 0-100 scale. GDP per capita in constant
2017 international dollars (PPP). WGI Political Stability ranges approximately from -2.5 to +2.5

Source: authors’ calculations

Pre-treatment balance and parallel trends validation.
The validity of the difference-in-differences design rested
fundamentally on the parallel trends assumption: absent
the European Green Deal, the trajectories of SDG perfor-
mance in EU27 and non-EU countries would have evolved
similarly over time. This assumption was assessed through
both statistical tests and visual inspection of pre-treat-
ment trends. Table 2 reported formal parallel trends tests.
A model was estimated that interacted the treatment in-
dicator with a linear time trend during the pre-treatment

period (2010-2019). Under the null hypothesis of parallel
trends, this interaction coeflicient should equal zero. For all
four SDG outcomes, the estimated coeflicients were small
in magnitude and statistically insignificant at convention-
al levels (all p > 0.10). The largest coefficient appeared for
SDG 13 (0.175, p =0.147), yet even this estimate fell well
short of conventional significance thresholds. These results
indicated that prior to 2020, EU27 and non-EU countries
were evolving along parallel trajectories on all environmen-
tal SDG dimensions.
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Table 2. Parallel trends tests (pre-treatment period, 2010-2019)

Outcome Treat x Trend Std. Error p-value Parallel Trends
SDG 7 0.098 (0.112) 0.384 Supported
SDG 12 —-0.142 (0.105) 0.182 Supported
SDG 13 0.175 (0.120) 0.147 Supported
SDG 15 -0.067 (0.089) 0.453 Supported

Note: Estimates from Y, = a+ 3, Treat + B, Year,+ 35(Treat, x Year )+ ¢, for 2010-2019 only. Standard errors clustered at the country level.
Under the null hypothesis of parallel trends, 85 =0. Parallel trends supported if p >0.10
Source: authors’ calculations

Figure 1 provided visual confirmation of the parallel
trends assumption. Each panel displayed the mean SDG
score for treatment (EU27) and control (non-EU) groups
from 2010 to 2023, with the vertical dashed line indicating
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Figure 1. Parallel trends in SDG scores, 2010-2023
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Vertical dashed line indicates treatment onset (2020). Panels: (a) SDG 7; (b) SDG 12; (c) SDG 13; (d) SDG 15
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the treatment onset in 2020. The pre-treatment period
(2010-2019) showed broadly parallel trajectories for both
groups across all outcomes, with no discernible divergence
prior to the implementation of the European Green Deal.

economic controls), and Model 3 (full specification in-
cluding governance controls). The coefficient of interest,
0, captured the average treatment effect of the European
Green Deal on SDG performance in EU27 countries rela-
tive to the control group.
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Table 3. Main difference-in-differences results

Dependent variable Model 1 Model 2 Model 3 N R’
SDG 7 Score 1.068 (0.836) 1.014 (0.683) 1.047 (0.704) 467 0.982
SDG 12 Score -0.081 (0.696) -0.766* (0.463) -0.748 (0.458) 467 0.992
SDG 13 Score 0.862 (0.872) 0.156 (0.619) 0.181 (0.616) 467 0.990
SDG 15 Score -0.765 (0.668) -0.921 (0.618) -1.026* (0.575) 467 0.981

Note: Robust standard errors clustered at the country level in parentheses. *** p <0.01, ** p < 0.05, * p <0.10. Economic controls:
In(GDP per capita), GDP growth, industry value added (% GDP), unemployment rate, urbanisation (%). Governance control: WGI

Political Stability
Source: authors’ calculations

The results revealed a striking pattern: the European
Green Deal did not produce statistically significant im-
provements in environmental SDG performance during the
initial four years of implementation (2020-2023). Focusing
on the preferred full specification (Model 3), the estimated
treatment effects were uniformly modest in magnitude and
failed to achieve conventional significance levels for three
of the four outcomes. For SDG 7 (Affordable and Clean
Energy), a positive but insignificant effect was estimated
of 1.047 points (p=0.137). Related cross-country evidence
on energy-transition performance in the EU likewise in-
dicated heterogeneous and nonlinear progress (Brodny et
al., 2025). This suggested that EU27 countries may have ex-
perienced slightly faster improvements in clean energy in-
dicators than the control group, although the effect cannot
be distinguished from zero at conventional confidence lev-
els. The positive direction aligned with the EGD’s substan-
tial emphasis on renewable energy deployment and energy
efficiency measures, yet the magnitude remained modest
from an economic perspective.

SDG 12 (Responsible Consumption and Production)
exhibited a negative coeflicient of -0.748 (p =0.103), indi-
cating that EU27 countries may have made relatively slow-
er progress on sustainable consumption indicators than

non-EU European economies. This counterintuitive find-
ing warranted careful interpretation. The Circular Econo-
my Action Plan, a cornerstone of the EGD, involves sub-
stantial regulatory restructuring that may initially disrupt
production patterns before yielding long-term sustaina-
bility gains. SDG 13 (Climate Action) showed a near-zero
treatment effect of 0.181 points (p=0.769), the smallest and
least significant coefficient across all outcomes. This null
finding was particularly notable given that climate mitiga-
tion represents the EGD’s primary objective. The absence of
detectable acceleration in climate action scores may reflect
substantial lags between policy adoption and measurable
emissions reductions, the confounding effects of COVID-19
pandemic disruptions, or the fact that non-EU European
countries have pursued comparably ambitious climate pol-
icies independently. The most concerning finding emerged
for SDG 15 (Life on Land), a negative effect was estimated
of -1.026 points (p =0.075), marginally significant at the
10% level. This suggested that EU27 countries may have
experienced a relative deterioration in biodiversity and ter-
restrial ecosystem indicators following the implementation
of EGD. The result aligned with recent assessments indi-
cating that biodiversity protection remains the EU’s most
challenging sustainability dimension (Sachs et al., 2025).

i
e F e
SDG 12 0.380 | . |
: . ) os1s
SDG 15 1 -0.875 ﬂ
|
-3 ) -1 0 1 2 3

Treatment Effect (DiD Coefficient)

Figure 2. Difference-in-differences treatment effect coefficients with 95% confidence intervals (Model 3)

Note: Dashed horizontal line indicates zero effect
Source: authors’ calculations
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Event study analysis. To examine the dynamic evolu-
tion of treatment effects and provide additional validation
of the parallel trends assumption, an event study speci-
fication was estimated. This approach allowed tracing
year-by-year departures from the reference period (2019)
and assessing whether treatment effects accumulate,
diminish, or remain stable over the post-treatment
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period. Figure 3 presented the event study coefficients
with 95% confidence intervals for each SDG outcome.
The pre-treatment coefficients (2010-2018, relative to
the 2019 reference year) clustered tightly around zero
and exhibited no discernible trend, providing strong
visual confirmation of the parallel trends assumption
across all outcomes.
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Figure 3. Event study analysis: treatment effects relative to 2019
Note: Shaded areas represent 95% confidence intervals. A vertical dashed line separates the pre-treatment and post-treatment periods.
Reference year: t=-1(2019). Full model with economic and governance controls

Source: authors’ calculations

Examining the post-treatment dynamics revealed in-
structive patterns. For SDG 7, the treatment effects were
consistently positive across all post-treatment years, al-
though none were individually statistically significant. For
SDG 15, negative effects accumulated over time, with the
coefficient magnitude increasing from -0.19 in 2020 to
-1.03 by 2023, suggesting a gradual divergence in biodiver-
sity performance.

Robustness, heterogeneity, and sensitivity analyses
An extensive battery of robustness checks was conduct-
ed to assess the stability of the findings across alternative

specifications, sample definitions, and estimation ap-
proaches. Table 4 summarised these results.

The placebo test using 2016 as the pseudo-treatment
year yielded four coefficients that were small in magnitude
and statistically insignificant (all p > 0.20), strongly sup-
porting the identification strategy. Excluding Norway and
Switzerland from the control group yielded qualitative-
ly unchanged results. The COVID-19 sensitivity analysis
(dropping 2020) produced remarkably stable estimates:
point estimates changed by less than 15% across all out-
comes, and the SDG 15 effect persisted (-1.194, p=0.081).
The random-effects specification yielded larger treatment
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effects, particularly for SDG 7 (1.837, p <0.01); however,
the Hausman specification test rejected the random-ef-
fects assumption (p <0.01), indicating that the fixed-effects
estimates were more credible. Tables 5 and 6 report the

heterogeneity estimates for the two dimensions specified in
Methods - EU membership vintage (EU-15 founding mem-
bers versus EU-12 post-2004 accession states) and income
level (above versus below the 2019 median GDP per capita).

Table 4. Robustness checks summary

Variable Main Placebo Alt. Control No 2020 Random Effects
SDG 7 1.047 (0.704) 0.117 (0.541) 0.896 (0.785) 0.976 (0.743) 1.837*%* (0.310)
SDG 12 ~0.748 (0.458) ~0.472 (0.744) ~0.531 (0.391) ~0.836 (0.508) 0.216 (0.270)
SDG 13 0.181 (0.616) 0.152 (0.510) 0.461 (0.545) —-0.348 (0.622) 0.950* (0.493)
SDG 15 ~1.026* (0.575) 0.193 (0.504) ~0.810 (0.590) ~1.194* (0.619) ~0.478 (0.353)

Note: *** p <0.01, ** p <0.05, * p<0.10. All models include country and year fixed effects with full controls. Placebo uses 2016 as
pseudo-treatment year. Alt. Control excludes Norway and Switzerland. No 2020 drops COVID-19 year. Random effects specification
Source: authors’ calculations

Table 5. Heterogeneity analysis: EU-15 versus EU-12 member states

Outcome EU-15 EU-12 Difference p-value
SDG7 +0.876 (0.812) +1.234 (0.923) 0.452
SDG 12 ~0.412 (0.534) ~1.089 (0.612) 0.215
SDG 13 +0.224 (0.587) —1.209** (0.478) 0.091
SDG 15 ~0.876 (0.623) ~1.187* (0.654) 0.378

Note: Sample restricted to EU27. Clustered standard errors in parentheses. *** p <0.01, ** p<0.05, * p <0.10. All models include full

controls with country- and year-fixed effects
Source: authors’ calculations

The results revealed notable heterogeneity for SDG
13 (Climate Action), where the EU-15/EU-12 differential
was marginally significant at the 10% level (p =0.091).
EU-15 countries showed a small positive (though insig-
nificant) effect (+0.224), whereas EU-12 countries exhib-
ited a significant negative effect (-1.209, p < 0.05). This
divergence may reflect the greater capacity of established
member states to leverage existing environmental infra-
structure and policy experience, whilst newer member
states face competing priorities of economic catch-up and
institutional development.

The income heterogeneity analysis revealed a statis-
tically significant differential for SDG 13 (Climate Ac-

tion), with the high-income effect (+0.898) differing sig-
nificantly from the low-income effect (-1.029) at the 5%
level (p=0.035). This finding indicated that wealthier EU
member states experienced relatively better climate ac-
tion outcomes following the implementation of the Green
Deal, whilst lower-income members experienced relative
deterioration. The pattern was consistent with theoreti-
cal expectations: low-income countries may face greater
difficulty in financing green transition investments, and
may prioritise economic development over environmen-
tal objectives when trade-offs arise. Table 7 reports the
minimum detectable effect (MDE) and ex post power es-
timates for each SDG outcome.

Table 6. Heterogeneity analysis: high-income versus low-income countries

Outcome High-Income Low-Income Difference p-value
SDG 7 +1.245 (0.756) +0.798 (0.834) 0.356
SDG 12 ~0.349 (0.478) —1.420%** (0.412) 0.130
SDG 13 +0.898 (0.623) ~1.029* (0.534) 0.035
SDG 15 ~0.756 (0.589) ~1.312** (0.612) 0.254

Note: Full sample (EU27 + non-EU controls). Clustered standard errors in parentheses. *** p <0.01, ** p <0.05, * p <0.10. Income
classification based on median GDP per capita in 2019
Source: authors’ calculations

Table 7. Statistical power analysis

Outcome Observed Effect Std. Error ICC MDE (80%) Ex Post Power
SDG7 1.047 0.704 0.89 154 43%
SDG 12 -0.748 0.458 0.91 19.2 18%
SDG 13 0.181 0.616 0.90 18.7 5%
SDG 15 -1.026 0.575 0.88 23.8 12%

Note: ICC = intra-class correlation. MDE = minimum detectable effect at 80% power, a=0.05. Power = ex post (achieved) power given

observed effect and standard error
Source: authors’ calculations
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The power analysis revealed a fundamental limi-
tation of the study design: high intra-class correlations
(ICC =0.90), reflecting strong within-country persistence
in SDG scores, substantially inflate the minimum detect-
able effects. With MDEs ranging from 15.4 to 23.8 points,
the analysis was powered only to detect very large treatment
effects. Importantly, the observed effects ranged from just
1% to 7% of the MDE, yielding ex post power estimates of
only 5% to 43%. This indicated that the null findings could
not be interpreted as evidence of no effect; rather, they re-
flected insufficient power to detect effects of plausible mag-
nitude. The calculations, appendices and replication code
supporting the findings of this study are openly available in
Zenodo (Liashenko & Demianiuk, 2026). Overall, the re-
sults suggest weaker outcomes for lower-income and newer
EU member states, particularly in climate action. However,
low statistical power limits the ability to detect effects of
realistic magnitude.

Discussion

The empirical analysis yields several findings with impor-
tant implications for understanding the European Green
Deal’s environmental effectiveness and for the broader lit-
erature on climate policy evaluation. The central result-the
absence of statistically significant improvements in envi-
ronmental SDG performance during 2020-2023-suggests
that the EGD’s first-phase implementation has not yet gen-
erated measurable acceleration in environmental outcomes
relative to non-EU European countries. This finding res-
onates with the identification of a “policy plateau” in EU
decarbonisation trajectories by O. Liashenko et al. (2026),
who demonstrated through hybrid ARIMA-Random For-
est forecasting that current policy instruments are insuf-
ficient to achieve 2030 targets. Both studies converge on
a common conclusion: the legislative ambition embod-
ied in the Green Deal has yet to translate into a detecta-
ble structural break in environmental performance. A key
difference, however, is that O. Liashenko et al. (2026) fo-
cused exclusively on emissions trajectories using time-se-
ries methods, whereas the present study adopts a broader
SDG-based assessment with counterfactual identification,
thereby extending the “policy plateau” diagnosis to energy,
consumption, and biodiversity dimensions.

The marginally significant deterioration in SDG 15 (Life
on Land) is particularly concerning and merits careful con-
textualisation. While the EGD includes the EU Biodiversity
Strategy for 2030, biodiversity protection faces unique im-
plementation challenges compared to energy and climate
policy. Unlike renewable energy targets that benefit from
strong market incentives and technological maturity, bio-
diversity conservation requires coordinated land-use plan-
ning, agricultural reform, and habitat restoration-processes
that are inherently slower and face greater resistance from
existing economic interests. J. Hereu-Morales et al. (2024)
reached a similar conclusion, noting that only seven of 30
goals under the preceding 7 Environmental Action Pro-
gramme were expected to be met by 2020, with biodiversity

Liashenko & Demianiuk

targets among the most persistently underperformed. The
present study complements their qualitative policy assess-
ment by providing quantitative DiD evidence that this pat-
tern has continued into the EGD period. ]. Sachs et al. (2025)
further confirm that SDG 15 represents the EU’s most chal-
lenging sustainability dimension, with land-use change and
agricultural intensification continuing to erode biodiversi-
ty despite policy commitments. However, whereas these
assessments rely on descriptive trends, the counterfactual
design employed here demonstrates that the deterioration
is not merely a continuation of pre-existing trends but a rel-
ative worsening vis-a-vis non-EU European comparators.

The heterogeneity findings highlight a critical equi-
ty dimension of the green transition (da Silva Hyldmo et
al., 2024). The significant divergence between EU-15 and
EU-12 countries on SDG 13, and between high-income
and low-income countries more broadly, suggests that the
EGD may be exacerbating rather than reducing environ-
mental inequalities within the EU. O. Pavlova et al. (2025)
documented similar patterns in their discourse analysis of
climate rhetoric versus national energy patterns, finding
that newer member states face structural barriers to align-
ing policy ambitions with practical outcomes. A. Bongardt
& E Torres (2022) argued that the EGD should function as
a building block of a sustainable European economic mod-
el; however, the distributional patterns identified here sug-
gest that without targeted financial and institutional sup-
port, the EGD risks deepening the centre-periphery divide
in European environmental governance. J. Pisani-Ferry &
S. Tagliapietra (2024) estimated that the green transition
requires substantially higher investment in lower-income
member states, yet current financing mechanisms remain
insufficiently differentiated. The Stockholm Environment
Institute (2025) similarly highlights that capacity con-
straints and administrative burdens disproportionately
hinder newer member states from effectively transposing
and implementing EGD legislation.

The near-zero treatment effect on SDG 13 (Climate
Action) deserves additional interpretation. P. Koundouri et
al. (2024) found substantial alignment between EGD policy
documents and climate action goals using machine-learn-
ing text mining, yet the present results indicate that this
textual alignment has not translated into measurable out-
come differences. One explanation is that non-EU Europe-
an countries have pursued comparably ambitious climate
policies independently: Norway, Switzerland, and Iceland
maintain stringent emissions targets outside the EGD
framework, potentially attenuating the estimated treat-
ment effect. G. Ottomano Palmisano et al. (2025) reached
a broadly consistent conclusion using multiple-criteria
analysis, documenting heterogeneous progress across EU
countries. J. Brodny et al. (2025) provide complementary
evidence from their empirical evaluation of energy tran-
sition efficiency in the EU-27, showing that progress has
been nonlinear and unevenly distributed across member
states, which aligns with the heterogeneous patterns docu-
mented in the present analysis.
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Several methodological caveats should be acknowl-
edged. First, the four-year post-treatment window may be
insufficient to capture the full effects of a transformational
policy framework. Many EGD legislative instruments were
adopted only in 2021-2023 and have not yet been fully
transposed into national law. Second, the COVID-19 pan-
demic represents a major confounding factor during the
treatment period, though the sensitivity analysis suggests
that pandemic effects do not drive the results. Third, the
power analysis indicates that the high persistence of SDG
scores limits the ability to detect small but meaningful treat-
ment effects, underscoring the need for longer observation
periods in future evaluations. Taken together, the evidence
from the present study and the broader literature converges
on a consistent message: the European Green Deal has es-
tablished an ambitious policy architecture, but translating it
into measurable environmental outcomes remains incom-
plete and unevenly distributed. The null findings should
not be interpreted as evidence that the EGD is ineffective
per se, but rather as an indication that the initial imple-
mentation period has been too short, too disrupted by pan-
demic shocks, and too constrained by institutional capacity
gaps to produce detectable aggregate effects at the coun-
try level. The heterogeneity results point toward concrete
policy priorities: strengthening implementation mecha-
nisms and financial support in newer and lower-income
member states, and devoting particular attention to the
biodiversity and land-use components of the Green Deal,
which appear most resistant to rapid policy-driven change.

Conclusions

This study provided the first quasi-experimental evidence
on the European Green Deal’s impact on the Sustainable
Development Goals for environmental sustainability. Em-
ploying a difference-in-differences framework with 39
European countries over 2010-2023, the analysis found
that the EGD did not produce statistically significant im-
provements in SDG 7, SDG 12, SDG 13, or SDG 15 during
its initial four years of implementation. The sole margin-
ally significant finding concerned SDG 15 (Life on Land),
in which EU27 countries experienced a relative deteri-
oration of approximately 1 point (-1.026, p = 0.075) rela-
tive to non-EU European economies. The identification
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strategy performed well across multiple validation exercis-
es: parallel-trends tests confirmed comparable pre-treat-
ment trajectories, placebo tests detected no spurious
effects, and results were robust to alternative sample defi-
nitions and estimation approaches. Heterogeneity analysis
revealed that the EGD’s effects were unevenly distributed,
with newer member states and lower-income countries
experiencing significantly worse climate action outcomes
than established, wealthier members.

These findings carry important policy implications.
First, the “ambition-implementation gap” identified in the
analysis suggests that legislative ambition alone is insuffi-
cient; effective environmental policy requires robust imple-
mentation mechanisms, adequate financing, and nation-
al-level administrative capacity. Second, the heterogeneity
in treatment effects underscores the need for differentiated
policy approaches that account for varying levels of institu-
tional readiness and economic development across mem-
ber states. Third, concerning trends in biodiversity (SDG
15) underscore the need for stronger enforcement of the
EU Biodiversity Strategy, with particular attention to ag-
ricultural reform and habitat restoration. Future research
should extend the post-treatment observation period as
more data become available, exploit variation in the timing
of national transposition of EGD legislation to enable more
granular causal identification, and employ subnational data
to mitigate the power limitations inherent in country-lev-
el analysis. Synthetic control methods and policy-specific
evaluations of individual EGD instruments would comple-
ment the comprehensive assessment presented here.
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AHOTALf. [TocArHEHHs eKONOTIYHMX L{i/Ieil CTaZoro PO3BUTKY € LieHTPaIbHIM IIPIOPUTETOM I7106a/IbHOI KITIMAaTHIHOT
MOJNITUKY, IpOTe INUTAHHA peanbHOI e(eKTVBHOCTI aMOITHUX PperyIATOPHUX PaMOK 3a/IMIIAETbCA eMIIpUYHO
HEJOCTIIKEeHNM dYepe3 Opak JOCIKEHb i3 IpUYMHHO-HACIiKOBOIO imeHTM(iKamielo. MeToro ROCTimKeHHA Oya
OLIiHKa IIPMYMHHO-HAC/IIKOBOTO BIUIMBY €BPOIECHKOTO 3€7IEHOT0 KYPCY Ha AMHAMIKY 4YOTHpPboX eKonorivanx LICP
y kpainax €C-27 mopiBHAHO 3 eBpomelicbkyMM KpaiHamy 1mosza €C. 3acTOCOBaHO KBas3ieKCIepMMeHTa/TbHMIT METO
pisHuni B pisHMISX Ha 30amaHcoBaHiil maHeni 39 eBporeiicbkux Kpain 3a mepion 2010-2023 pp. i3 ABOCTOpOHHIMMU
¢ikcoBaHyMU edeKTaMu KpalHM Ta pOKY, KIaCTepPU30BaHVMMU CTaHZAPTHUMMY IIOXMOKaMM Ha piBHI KpaiHu Ta HabopoM
YacoBO 3MiHHVX KOHTPOJIB. BcranoBieHo, 10 npoTarom 2020-2023 pp. EBpomneiicbKull 3elleHnit Kypc He 3a6e3IednB
CTAQTUCTUYHO 3HAYyIIOro NokpamieHHs nokasHukiB LICP 7 (JocrymnHa Ta umcra eHepris), LICP 12 (BipmosinampHe
crioxuBaHHA Ta BUpoOHunTBo) ta LICP 13 (KnimarnyHi Aii) MOpiBHAHO 3 KOHTPOIBHOIO IPYIOKN. BuABIeHO rpaHNYHO
3Hauyle noripimenHa nokasuukis [JCP 15 OKnurrsa Ha cyi), 1o BKasye Ha BifHOCHe 3HYDKeHHA piBHA 0i0pi3sHOMaHITTA
B KkpaiHax €C y KopoTkocTpokoBomy nepiozi. [IpoaHani3oBaHO reTeporeHHICTh HACTIAKIB: HOBi Jep>KaBM-WIEHN Ta
KpalHU 3 HYDKYUM pPiBHEM [OXOAY IIPOAEMOHCTPYBa/IM 3HAYYyIle TipIli pe3y/lbTaTi 3a IOKAa3HMKOM K/IIMaTUYHMX Mili.
IlinTBEep/>)KeHO CTIMIKiCTh BUCHOBKIB 3a JIOIIOMOTOIO m1ane6o-TecTis, a/IbTepHATUBHUX cneum’piKauiﬂ KOHTPOJIBHOI
rpymu Ta aHanidy yymusocti 1o COVID-19. PesynbraTy foCIiIXeHHA MOXYTb 6yTV BUKOpUCTaHi daxiBisamu y cdepi
KIMaTUYHOI IOITUKM Ta JIep>KaBHOTO YIPAaBIiHHA JIg OOIPYHTYBaHHA IIOCMIEHHS MeXaHi3MiB iMIUleMeHTanil Ta
¢dinaHCYBaHHA IPUPOJOOXOPOHHOrO 610Ky nosiTnky €C

KAO4OBI CAOBQ: oninka BIUIMBY IOITUKY; Pi3HUIA B PiSHMLAX; IIAHEIbHI JaHi; €KOJIOTiYHA pe3y/IbTaTUBHICTD;
iMIUIeMeHTaNiTHMIT pO3pKB; KBadieKcIlepuMeHT; (ikcoBaHi edexTn
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