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Abstract

As the global community intensifies efforts to transition toward sustainable energy sys-
tems, the role of institutional and fiscal arrangements in fostering renewable energy has 
gained increasing attention. This study aims to assess whether fiscal decentralization 
contributes to the expansion of renewable electricity generation in OECD countries by 
analyzing panel data and identifying the direction and significance of this relationship. 
Utilizing a panel dataset of 34 countries spanning 2000–2023, the analysis employs a 
fixed-effects regression model with Driscoll-Kraay standard errors. It includes a one-
year lag of fiscal variables to ensure robustness. The findings reveal a statistically sig-
nificant but modest negative relationship between the share of subnational revenues in 
GDP and the share of renewables in electricity generation, suggesting that greater fiscal 
decentralization may not automatically incentivize renewable energy adoption. More 
specifically, the fixed-effects model corrected for heteroskedasticity and autocorrelation 
indicates that the coefficient for lagged subnational revenue (as a percentage of GDP) is 
negative and marginally significant (p ≈ 0.057), hinting at a potential delayed inhibitory 
effect. Additionally, country-level fixed effects demonstrate substantial heterogeneity, 
with nations like Iceland, Norway, and Canada showing systematically higher renewable 
electricity shares, regardless of fiscal structure. These results underscore the importance 
of complementary institutional frameworks and national coordination mechanisms to 
ensure that decentralization effectively supports climate policy goals.
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INTRODUCTION

The global transition toward sustainable energy systems has intensi-
fied interest in institutional and fiscal mechanisms that could accel-
erate the deployment of renewable energy. The International Energy 
Agency (IEA, 2021) emphasizes that decentralized governance and 
local financing frameworks, such as subnational incentives, green 
bonds, and regionally adapted investment strategies, can enhance pol-
icy effectiveness and public acceptance of clean energy. Similarly, the 
OECD (2022) reports that in 2019, subnational governments in OECD 
and EU countries accounted for approximately 63% of public spend-
ing on climate-relevant activities (1.1% of GDP) and 69% of public in-
vestment in climate-related infrastructure (0.4% of GDP), underscor-
ing their pivotal role in financing the energy transition.

Subnational governments also represent a significant share of public 
fiscal activity – approximately 40% of total expenditure and 55% of 
investment in OECD countries (OECD, n.d.a). This substantial fiscal 
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capacity makes fiscal decentralization, devolving revenue and expenditure authority to subnational 
entities, a potentially powerful tool to support localized green investments and energy initiatives. 
Understanding whether decentralized fiscal structures help or hinder renewable electricity genera-
tion has become increasingly relevant, given the diversity of environmental, economic, and institu-
tional contexts.

OECD countries offer a fertile testing ground for this inquiry due to their heterogeneity in fiscal autonomy 
and environmental ambition. According to OECD statistics (OECD, n.d.c), countries like Sweden and 
Denmark grant significant tax autonomy to local authorities, whereas others, such as Ireland and Greece, 
maintain more centralized systems. This variation, combined with differing progress toward renewable 
energy targets (OECD, n.d.b), allows for a comparative assessment of how fiscal governance interacts with 
climate policy outcomes. While countries like Germany and Portugal have advanced renewable electricity 
generation with strong subnational involvement, others have struggled despite centralized efforts.

Despite its policy relevance, empirical evidence on the relationship between fiscal decentralization and 
renewable electricity generation remains limited and inconclusive. This study addresses that gap by 
analyzing whether fiscal decentralization supports the expansion of renewable electricity generation in 
OECD countries.

1. LITERATURE REVIEW

The relationship between fiscal decentralization and 
the expansion of renewable electricity generation is 
increasingly viewed as multidimensional, shaped 
by institutional, financial, technological, and socio-
environmental determinants. This section synthe-
sizes existing research across four thematic areas 
that are critical to understanding this nexus: 

1) institutional and governance configurations; 
2) fiscal and financial instruments; 
3) technological and market readiness; and
4) socio-environmental context.

1.1. Institutional and governance 
configurations

Institutional structures and the degree of decentral-
ization significantly influence how effectively gov-
ernments can implement renewable energy policy. 
Decentralized systems tend to allow greater flex-
ibility and responsiveness to local conditions, po-
tentially improving the alignment of energy strate-
gies with regional needs and capacities. This view 
is supported by studies emphasizing the enabling 
role of fiscal decentralization in fostering subna-
tional innovation and tailored policymaking in the 
energy sector (Vasa et al., 2024; Melnyk et al., 2020; 
Sala et al., 2023). Variations in implementation ef-
fectiveness across EU countries further confirm 

that regional capacity is a decisive factor in deter-
mining the outcomes of decentralized energy poli-
cies (Dinca et al., 2023; Dragoi et al., 2023; Sotnyk 
et al., 2021). Scholars argue that decentralized sys-
tems facilitate climate governance experimentation 
and adaptability, particularly in diverse adminis-
trative settings (Kuzior et al., 2023; Juracka et al., 
2024). The capacity of decentralization to overcome 
regulatory bottlenecks and accelerate the energy 
transition is highlighted in governance-focused 
studies (Myroshnychenko et al., 2024; Sotnyk et al., 
2023; Mustafa, 2024). Moreover, the importance of 
leadership, organizational culture, and knowledge 
management in cultivating sustainability practices 
across governance levels is emphasized in broader 
institutional frameworks (Alemu, 2025a, 2025b).

1.2. Fiscal and financial instruments

The availability and design of fiscal and financial 
instruments are crucial for incentivizing renew-
able energy investments under decentralization. 
Evidence suggests that decentralization can en-
hance the efficiency and responsiveness of such in-
struments, including feed-in tariffs, green bonds, 
and local tax incentives, especially when fiscal au-
thority is devolved to subnational levels (Balcerzak 
et al., 2023, 2024; Moroz & Lyeonov, 2024; Krause 
et al., 2024). ESG-based financial planning frame-
works have become essential tools for facilitat-
ing green investments in decentralized settings 
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(Draksaite et al., 2018; Zheng et al., 2023). Scholars 
note that fiscal decentralization improves the abil-
ity of local governments to adapt financing to spe-
cific regional needs, thus supporting investment 
diversification and risk mitigation (Zatonatska et 
al., 2025). Moreover, the entrepreneurial ecosys-
tem for renewables is often more vibrant in decen-
tralized fiscal environments, where targeted bud-
getary mechanisms support small-scale energy 
producers and start-ups (Dobrovolska et al., 2024). 
These patterns align with findings on investor per-
ceptions, highlighting the relevance of governance 
level in shaping financial confidence in green sec-
tors (Obagbuwa & Munzhelele, 2024) and are sup-
ported by research on priorities of impact invest-
ing in environmental protection projects (Rieznyk 
et al., 2023; Makarenko et al., 2024b).

1.3. Technological and market 
readiness

The extent to which decentralized governments 
can promote renewable electricity is also medi-
ated by technological readiness and market con-
ditions. Decentralization often enables more rap-
id uptake of emerging energy technologies, such 
as smart grids, distributed storage systems, and 
energy communities, due to its proximity to us-
ers and ability to tailor deployment (Bilan et al., 
2022, 2023; Badreddine & Cherif, 2024; Chygryn 
et al., 2023). Local initiatives tend to be more ag-
ile in adopting innovations and engaging the pub-
lic, which is critical for the success of decentral-
ized energy projects (Delcea et al., 2024; Redko 
et al., 2023; Tymoshenko et al., 2023). Structural 
changes in the energy sector, such as the move 
toward prosumerism and the decentralization 
of grid management, also require responsive 
policy instruments at the local level (Chygryn & 
Shevchenko, 2023). Regional strategies integrating 
energy, waste, and public health, such as energy-
from-waste technologies, are increasingly being 
developed as part of local responses to climate and 
energy challenges (Matvieieva et al., 2023).

1.4. Socio-environmental context

Socio-environmental factors significantly influ-
ence the success of decentralized energy gover-
nance. Public health concerns, environmental 
awareness, and citizen participation are crucial 

in shaping the public’s acceptance of and engage-
ment with renewable energy projects (Dankevych 
et al., 2023; Hrytsenko et al., 2024; Vasylyeva & 
Pryymenko, 2014). In the Ukrainian context, ex-
pectations for green energy are closely linked 
to citizen demand, signaling the importance 
of public opinion in shaping energy priorities 
(Kuzior et al., 2021). Crises such as war or mac-
roeconomic instability often disrupt centralized 
energy systems but can simultaneously empower 
regional actors to implement innovative, adap-
tive strategies (Koilo, 2024; Taher, 2024). The 
call for resilient, multi-level governance capable 
of withstanding shocks is echoed across multiple 
studies (Makarenko et al., 2023; Makarenko et 
al., 2024a; Mahmood & Furqan, 2025). Several 
researchers focus on fuels and adaptive strat-
egies at the regional level, reinforcing that lo-
cal contexts are critical to energy diversification 
(Grebski & Kuzior, 2022; Havrysh et al., 2021). 
Socioeconomic and fiscal stability also intersect 
with decentralization outcomes through the de-
sign of subsidy schemes, tariff structures, and so-
cial spending (Riabokon & Kyryliuk, 2025; Piekut 
& Rybaltowicz, 2024; Samusevych et al., 2024). 
Decentralized engagement is further amplified 
by citizen awareness campaigns and participa-
tory models that increase support for local en-
ergy initiatives (Piwowarski, 2024; Dudek et al., 
2023). Regional resilience perspectives emphasize 
the role of governance in adapting to energy cri-
ses (Wołowiec et al., 2022; Shtunder et al., 2022), 
while spatial disparities in finance and infrastruc-
ture continue to shape renewable energy potential 
(Štreimikienė, 2024; Streimikiene et al., 2024).

An integrative perspective is needed to understand 
how fiscal decentralization interacts with broader 
energy transition processes. Several scholars em-
phasize the importance of simultaneously evaluat-
ing fiscal, environmental, and energy security di-
mensions to assess better policy outcomes (Mentel 
et al., 2020; Ksonzhyk et al., 2021). Governance 
models that link decentralized decision-making 
with energy and waste management systems are 
increasingly relevant in this context (Wołowiec et 
al., 2022; Ziabina et al., 2023). The legitimacy of 
institutional promotion and the ethical underpin-
nings of policy reform also play a role in shaping 
the effectiveness of decentralization for sustain-
ability outcomes (Chee & Karhulahti, 2020).
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The literature suggests that fiscal decentralization 
can enhance the effectiveness of renewable energy 
policies by strengthening institutional adaptabil-
ity, facilitating financial innovation, and aligning 
policy actions with local conditions. However, the 
impact of decentralization is highly context-de-
pendent and mediated by administrative capacity, 
technological readiness, fiscal instruments, and 
socio-environmental dynamics. These insights 
provide a conceptual foundation for the empirical 
analysis undertaken in this study, which aims to 
assess whether fiscal decentralization contributes 
to the expansion of renewable electricity genera-
tion in OECD countries.

This study aims to assess whether fiscal decentral-
ization contributes to the expansion of renewable 
electricity generation in OECD countries by an-
alyzing panel data and identifying the direction 
and significance of this relationship.

2. METHODOLOGY 

This study examines the relationship between 
fiscal decentralization and the share of electric-
ity generated from renewable sources across 
34 OECD member and partner countries over 
the period 2000–2023. The empirical analysis 
is based on an unbalanced panel dataset cover-
ing 34 OECD and partner countries, including 
Australia, Austria, Belgium, Canada, Chile, Costa 
Rica, Czechia, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, 
Israel, Italy, Latvia, Lithuania, Luxembourg, 
Mexico, the Netherlands, New Zealand, Norway, 
Poland, Portugal, the Slovak Republic, Slovenia, 
Spain, Sweden, Switzerland, the United Kingdom, 
and the United States.

The analysis utilizes unbalanced panel data to 
capture both temporal and cross-country varia-
tion. Table 1 summarizes the variables used in the 
model and their data sources.

The dependent variable (y) is the share of electric-
ity generated by renewables, expressed as a per-
centage of total electricity production. This in-
dicator, obtained from Ember (n.d.), reflects the 
extent to which countries have adopted decentral-
ized, low-carbon energy systems. Two key inde-
pendent variables were selected to capture fiscal 
decentralization:

• x1 – consolidated state and local government 
revenue as a percentage of total general gov-
ernment revenue (OECD, n.d.c), representing 
the degree of subnational fiscal autonomy.

• x2 – consolidated state and local government 
revenue as a percentage of GDP (OECD, n.d.c), 
reflecting the economic significance of decen-
tralized fiscal resources.

The descriptive statistics for the dataset, covering 
804 observations across OECD countries, are pre-
sented in Table 2. The dependent variable y, repre-
senting the share of electricity generated by renew-
ables, has a mean of 36.45% with a relatively large 
standard deviation of 29.71, indicating substantial 
variation across countries and years. The distribu-
tion is moderately right-skewed (skew = 0.74) with 
slightly platykurtic characteristics (kurtosis = 

–0.61), suggesting a mild deviation from normality 
and some outliers at the upper end.

The independent variable x1, measuring consoli-
dated state and local government revenue as a 
percentage of total government revenue, shows a 
mean of 17.98% and a standard deviation of 14.10. 
The skewness of 1.09 indicates moderate right 
skew, while the kurtosis of 0.17 suggests a distri-
bution closer to normal compared to y. However, 
the skewness still justifies transformation before 
regression analysis. The second independent vari-
able, x2, which represents the same revenue as a 
percentage of GDP, maintains a mean of 7.47%, is 
less dispersed (SD = 5.76), and moderately skewed 
(skew = 0.83, kurtosis = –0.42).

Table 1. Variables and their sources

Variable Definition Source
y Share of electricity generated by renewables Ember (n.d.)

x1 Consolidated state and local government revenue as a percentage of total general government revenue OECD (n.d.c)

x2 Consolidated state and local government revenue as a percentage of GDP OECD (n.d.c)



134

Public and Municipal Finance, Volume 14, Issue 2, 2025

http://dx.doi.org/10.21511/pmf.14(2).2025.12

Table 2. Descriptive statistics for variables 

Source: R Studio.

Variable y x1 x2

n 804 804 804

mean 36.45 17.98 7.47

sd 29.71 14.10 5.76

median 26.78 13.86 5.14

trimmed 33.20 15.93 6.88

mad 27.79 11.93 4.60

min 0.04 2.47 0.70

max 100.00 56.40 23.20

range 99.96 53.93 22.50

skew 0.74 1.09 0.83

kurtosis –0.61 0.17 –0.42

se 1.05 0.50 0.20

Initial exploratory analysis revealed skewed dis-
tributions in the independent variables. To ad-
dress this and improve model estimation, the 
study employed the bestNormalize procedure 
in R, which tests multiple transformation tech-
niques using cross-validated normality statis-
tics. The orderNorm transformation was iden-
tified as the most effective for both x1 and x2, 
and the normalized variables were used in all 
subsequent estimations.

The econometric analysis proceeded in several 
steps. First, fixed effects (FE) and random effects 
(RE) panel regression models were estimated us-
ing the plm package in R. Model selection was 
guided by the Hausman test, which assesses the 
consistency of the RE estimator relative to the FE 
alternative. 

To explore the delayed effect of fiscal decentraliza-
tion on renewable energy deployment, the analy-
sis incorporates a one-year lag of the normalized 
x2 variable (x2_norm_lag). The panel regression 
model is estimated using an FE specification to 
control for unobserved, time-invariant heteroge-
neity across countries. This approach allows the 
model to focus on within-country variation over 
time.

Diagnostic tests revealed the presence of hetero-
skedasticity, serial correlation, and cross-sectional 
dependence. Therefore, the final model employs 
Driscoll-Kraay robust standard errors to produce 
consistent and reliable coefficient estimates under 
these conditions.

The selected FE model with a lagged fiscal decen-
tralization term provides a theoretically grounded 
and empirically robust basis for evaluating the 
policy implications of decentralization in the re-
newable energy domain.

3. RESULTS 

Given the observed skewness in all three variables, 
particularly x1 and x2, transformation is warrant-
ed to reduce asymmetry and fulfill regression as-
sumptions. The skew coefficients for x1 (1.09) and 
x2 (0.83) exceed the commonly used threshold of 
±0.5. This indicates the need to apply power trans-
formations such as logarithmic, square root, or 
more advanced methods like Box-Cox or order-
Norm. These transformations help normalize the 
distributions, improve linearity, and enhance the 
interpretability and validity of regression results.

Figure 1 presents the results of the Box-Cox trans-
formation test applied to the dependent variable 

– share of electricity generated by renewables – to 
identify the most suitable power transformation 
to improve normality and stabilize the variance. 

The plot displays the log-likelihood values associ-
ated with different Box-Cox parameter values (λ) 
values. The peak of the curve corresponds to the 
maximum log-likelihood and represents the op-
timal transformation. In this case, the estimated 
λ is approximately 0.384, between 0 and 0.5. This 
suggests that the distribution of the dependent 
variable is right-skewed and would benefit from a 
power transformation between the natural loga-
rithm (λ = 0) and square root (λ = 0.5). The nar-
row 95% confidence interval around the estimated 
λ indicates a high level of precision in this estima-
tion. Based on these results, a Box-Cox transfor-
mation with λ = 0.384 or a simpler square root 
transformation may be considered appropriate 
for further regression analysis, improving compli-
ance with the assumptions of linear panel models.

Figure 2 presents Q-Q plots for the original vari-
able (y, share of electricity generated by renew-
ables) and its Box-Cox transformed version (y_bc). 
In the Q-Q plot of the original variable, the da-
ta points deviate significantly from the theoreti-
cal regression line, particularly in the lower and 
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upper quantiles. This S-shaped pattern indicates 
a clear right-skewness in the distribution, violat-
ing the assumption of normality required for lin-
ear modeling. In contrast, the Q-Q plot for the 
transformed variable (y_bc) shows a visibly im-
proved alignment with the standard reference 
line. Although some deviations remain in the tails, 
the central portion of the distribution conforms 
more closely to normality. This confirms that the 
Box-Cox transformation (λ = 0.384) successfully 
reduced skewness and enhanced the suitability of 
the variable for regression analysis by improving 
the distributional properties. Therefore, the trans-

formation is justified and should be applied in 
subsequent econometric modeling.

The results of the normalization tests for the in-
dependent variables x1 and x2 confirm the neces-
sity of transformation to improve normality and 
satisfy model assumptions. For both variables, or-
derNorm (ordered quantile normalization) was 
selected as the best-performing transformation 
based on cross-validated Pearson P/df statistics.

For x1 (consolidated state and local government 
revenue as % of total government revenue), or-

Source: R Studio.

Figure 1. Box-Cox transformation test applied to variable y

Source: R Studio.

Figure 2. Q-Q plots for the original variable y and its Box-Cox transformed version 
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derNorm achieved a Pearson P/df value of 1.167, a 
substantial improvement over the untransformed 
version (5.30). Similarly, for x2 (consolidated rev-
enue as % of GDP), orderNorm produced a value 
of 1.167, compared to 5.87 for the raw data. Other 
common transformations, like log, Box-Cox, and 
square root, were less effective in reducing distri-
butional skewness and kurtosis.

The orderNorm transformation maps empirical 
quantiles to a normal distribution, preserving the 
order of data while ensuring distributional nor-
mality. Given the results, the transformed ver-
sions of x1 and x2 should be used in all subsequent 
regression models to provide more reliable coeffi-
cient estimates, valid standard errors, and statisti-
cal inference.

To improve the distributional properties of the 
independent variables and ensure the validity of 
panel regression assumptions, both x1 (consoli-
dated state and local government revenue as a per-
centage of total general government revenue) and 
x2 (as a percentage of GDP) were transformed us-
ing the orderNorm method. This transformation, 
recommended by the bestNormalize() procedure, 
maps the empirical quantiles of a variable to a 
standard normal distribution while preserving 
their rank order, effectively correcting for skew-
ness and heavy tails.

Figure 3 and Figure 4 provide Q-Q plot compar-
isons for x1 and x2, respectively. In both figures, 
the left panels display the Q-Q plots of the original 
variables, which exhibit significant deviation from 
the reference line, particularly in the tails, indicat-
ing strong right-skewness and non-normality. In 
contrast, the right panels show the Q-Q plots for 
the orderNorm-transformed versions. The trans-
formed variables align almost perfectly with the 
theoretical regular distribution line, confirming a 
substantial improvement in normality. This justi-
fies using the transformed variables in subsequent 
fixed effects panel regression analysis, ensur-
ing more robust coefficient estimation and valid 
inference.

The results of the FE model (Table 3) using the 
transformed dependent variable (y_bc) and order-
normalized predictors indicate that only x2_norm, 
representing subnational fiscal share as a percent-
age of GDP, is statistically significant (p = 0.043). 
Its coefficient of −0.76 suggests a modest negative 
relationship between fiscal decentralization (in 
GDP terms) and the share of electricity generated 
by renewables after accounting for time-invariant 
differences across countries. Meanwhile, x1_norm 
(fiscal share in general government revenue) is not 
significant (p = 0.234), indicating that this mea-
sure of decentralization may not have a meaning-
ful impact on renewable energy development in 

Source: R Studio.

Figure 3. Q-Q plots for the variable x1
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this panel. The model explains only a small por-
tion of the variation in the dependent variable  
(R² = 0.0217), suggesting that other country-spe-
cific or time-varying factors not included in the 
model play a larger role.

In the RE model (Table 3), the results are broad-
ly similar, though slightly weaker in statistical 
strength. x2_norm remains marginally signifi-
cant (p = 0.083), while x1_norm again shows no 
meaningful relationship. The intercept is highly 
significant, reflecting an overall positive mean 
level of renewable energy adoption across the sam-
ple. However, the Hausman test (Table 3) yields a 
significant result (χ² = 11.37, p = 0.0034), leading 
to the rejection of the null hypothesis that the RE 
estimator is consistent. This supports the choice 
of the FE model as the appropriate specification, 
implying that unobserved country-level charac-
teristics (e.g., governance, geography, energy pol-
icy traditions) are correlated with the explanatory 
variables and must be controlled for. Accordingly, 
interpretation and policy implications should be 
based on the fixed effects results, using robust 
standard errors to ensure inference validity.

The diagnostic tests performed on the fixed effects 
panel model reveal multiple violations of classical 
regression assumptions. The studentized Breusch-

Pagan test (BP = 31.35, p < 0.001) indicates the 
presence of heteroskedasticity, where the variance 
of the residuals is not constant across observa-
tions. This is further reinforced by the Lagrange 
Multiplier (LM) test for panel effects (χ² = 5023.4, 
p < 0.001), which confirms that the panel structure 
significantly affects the data, justifying the use of 
panel estimators over pooled OLS. In addition, the 
Wooldridge test for serial correlation (F = 12,081, 
p < 0.001) and the Breusch-Godfrey/Wooldridge χ² 
test (χ² = 576.07, p < 0.001) both provide strong ev-
idence of autocorrelation within individual panels, 
suggesting that residuals are temporally correlat-
ed within countries.

Moreover, the test for cross-sectional dependence 
(LM χ² = 7732, p < 0.001) reveals significant inter-
dependence across cross-sectional units, meaning 
that shocks in one country are likely associated 
with responses in others – an essential issue in 
OECD data where global policy diffusion or mar-
ket linkages may exist. These results indicate that 
the model suffers from heteroskedasticity, serial 
correlation, and cross-sectional dependence, all 
of which can lead to biased standard errors and 
invalid inference if not addressed. Therefore, the 
next step should be re-estimating the FE model us-
ing robust standard errors, clustered at the coun-
try level to account for serial correlation and het-

Source: R Studio.

Figure 4. Q-Q plots for the variable x2
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eroskedasticity, and ideally using Driscoll-Kraay 
standard errors to adjust for cross-sectional de-
pendence in longer panels. These corrections will 
ensure that coefficient estimates remain consistent 
and that inference (p-values and confidence inter-
vals) becomes reliable.

The re-estimated fixed effects model, corrected for 
heteroskedasticity and autocorrelation using robust 
standard errors, reveals that neither of the explana-
tory variables has a statistically significant associa-
tion with the dependent variable after accounting 
for bias in standard error estimation. Although the 
coefficients for both x1_norm and x2_norm re-
main negative, suggesting that higher levels of sub-
national fiscal autonomy may be associated with 
a lower share of electricity generated from renew-
ables, their respective p-values (0.560 and 0.425) 
are well above conventional significance thresholds. 
This outcome implies that the initial evidence of a 
relationship, particularly for x2_norm, was likely 
overstated due to underestimated standard errors 
in the non-robust model. By applying robust esti-
mators, the analysis now provides a more conser-
vative and reliable interpretation, highlighting that 
the link between fiscal decentralization and renew-
able energy adoption across OECD countries is sta-
tistically weak or absent when properly controlling 
for heteroskedasticity and serial correlation.

When applying Driscoll-Kraay standard errors 
to the fixed effects model, the results offer a more 

robust and comprehensive correction for typi-
cal panel data issues, including heteroskedastic-
ity, serial correlation, and cross-sectional depen-
dence. Under this specification, the coefficient for 
x2_norm remains negative. It becomes marginally 
significant (p = 0.057), suggesting a potential in-
verse relationship between subnational fiscal rev-
enue as a share of GDP and the share of electricity 
generated from renewable sources. This may imply 
that greater fiscal decentralization in economic 
terms could slightly dampen national-level coor-
dination or investment in renewable energy in-
frastructure. The coefficient for x1_norm remains 
negative but is non-significant (p = 0.552), indi-
cating no reliable association with the dependent 
variable. Overall, using Driscoll-Kraay robust er-
rors strengthens confidence in the model’s infer-
ence, showing that while evidence of an effect is 
still limited, the previously observed near-signif-
icance of x2_norm persists even under the most 
stringent correction method.

Introducing a one-year lag of x2_norm into the 
FE model allows for the possibility that the effects 
of fiscal decentralization on renewable energy de-
ployment may materialize with a delay. Both co-
efficients remain negative in this specification, 
with x1_norm estimated at −1.30 and the lagged 
x2_norm_lag at −0.42. This reinforces the previ-
ous finding that higher levels of subnational fiscal 
autonomy may be associated with lower shares of 
electricity generated from renewables. However, 

Table 3. Outputs of the FE and RE models of interrelations

Source: R Studio.

Variable / characteristic
Models

 One-way FE (individual) effect  
within the model

One-way (individual) RE model  
(Swamy-Arora’s transformation)

Unbalanced Panel: n = 34, T = 16-24, N = 804

Variable Coefficients (Pr(>|z|))
(Intercept) – 6.77511 (< 0.0001)***

x1_norm –0.56078 (0.23410) –0.11270 (0.79814)

x2_norm –0.75832 (0.04309)* –0.63999 (0.08343).

R-Squared 0.021735 0.011202

Adj. R-Squared –0.022847 0.0087329

F-statistic (p-value) 8.53186 (0.00021638) –

Chisq (p-value) – 8.5182 (0.014135)

Hausman Test
Chisq 11.367

df 2

p-value 0.003402

Note: Signif. codes: ‘***’ – 0.001; ‘**’ – 0.01; ‘*’ – 0.05; ‘.’ – 0.1; ‘no symbol’ – insignificant.
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without accompanying standard errors and sig-
nificance levels, the robustness and statistical va-
lidity of these estimates cannot yet be confirmed. 
Still, the direction and consistency of the effects 
across model specifications support the hypoth-
esis of a potentially harmful relationship that war-
rants deeper investigation.

The FE model incorporating a one-year lag of x2_
norm (Table 4), intended to capture the delayed 
effects of fiscal decentralization on renewable en-
ergy deployment, produces negative coefficients 
for both x1_norm (−1.30) and x2_norm_lag 
(−0.42). However, neither variable is statistically 
significant at conventional levels, with p-values 
of 0.125 and 0.214, respectively. These results 
suggest that even when accounting for potential 
delayed policy impact, there is no robust empiri-
cal evidence of a direct effect of fiscal decentral-
ization on the share of electricity generated by 
renewables across OECD countries. While the 
direction of the coefficients is consistent with 
earlier models, the lack of significance implies 
that decentralization may not be a key driver or 
that its effects are contingent on other factors not 
captured in this model.

The FE models with extended lags provide sug-
gestive evidence that the influence of fiscal decen-
tralization (as measured by x2_norm) on renew-
able energy outcomes may operate with a delayed 
effect. In the 2-year lag model, the coefficient for 
x2_norm_lag2 remains negative (−0.44) but is not 
statistically significant (p = 0.142), though close 
enough to suggest a weak relationship. In the 
3-year lag model, the coefficient becomes slight-
ly larger in magnitude (−0.53) and is marginally 
significant at the 10% level (p = 0.055). This result 
hints at a delayed adverse effect of subnational fis-
cal decentralization on the share of electricity gen-
erated by renewables. This could reflect the time it 
takes for decentralization-related reforms or bud-
getary shifts to influence infrastructure invest-
ment or policy implementation locally.

The coefficient for x1_norm remains consistently 
negative and statistically insignificant across all 
lag models, indicating no robust effect when de-
centralization is measured as a share of general 
government revenue. This pattern suggests that 
fiscal decentralization measured in GDP terms 
(x2) may exert a modest, delayed influence on re-
newable energy development, while its effect is not 
immediate.

The country-fixed effects estimated in the final FE 
model offer valuable insights into the unobserved, 
time-invariant characteristics that influence the 
share of electricity generated from renewables in 
each country. These effects represent the country-
specific intercepts after controlling for the impact 
of the independent variables – decentralization 
measured by the share of local government rev-
enue (as % of general government revenue and 
as % of GDP). As such, they capture persistent 
institutional, geographic, economic, or policy-re-
lated factors that are not directly included in the 
model but significantly shape renewable energy 
development.

For instance, countries like Iceland (13.47), 
Canada (13.15), Norway (12.95), and Switzerland 
(11.72) exhibit the highest positive fixed effects. 
These values indicate a systematically higher lev-
el of renewable electricity generation than would 
be predicted by decentralization factors alone. 
Such outcomes are consistent with their firm his-
torical reliance on hydropower and robust policy 
frameworks supporting renewable infrastructure. 
In contrast, countries such as Israel (–0.64) and 
Estonia (1.60) show relatively low or even adverse 
fixed effects, implying structural limitations or 
historically lower investment in renewables that 
are not explained by fiscal decentralization alone.

The diversity of fixed effects across countries un-
derscores the heterogeneity of national energy 
profiles and policy environments in Europe and 
beyond. These fixed effects suggest that, while fis-

Table 4. The t-test of the coefficients of the FE model incorporating a year lag of x2

Source: R Studio.

lag1 lag2 lag3
x1_norm –1.30392 (0.1250) –1.40813 (0.1062) –1.29646 (0.14795)

x2_norm –0.41626 (0.2143) –0.43879 (0.1423) –0.53003 (0.05516).

Note: Signif. codes: ‘***’ – 0.001; ‘**’ – 0.01; ‘*’ – 0.05; ‘.’ – 0.1; ‘no symbol’ – insignificant.
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cal decentralization may shape renewable energy 
outcomes, it interacts with a broader context, in-
cluding resource endowments, technological read-
iness, political will, and historical energy systems, 
which must be considered in cross-national ener-
gy policy analyses.

4. DISCUSSION  

AND LIMITATIONS

This study aimed to assess whether fiscal decen-
tralization fosters renewable electricity generation 
using a fixed-effects panel model with a one-year 
lag of subnational revenue as a percentage of GDP. 
The robust estimation indicates that while the coef-
ficient of lagged fiscal decentralization is negative 
and marginally significant (p ≈ 0.0569), the con-
temporaneous effect is statistically insignificant. 
This suggests that the impact of budgetary decen-
tralization on renewable electricity generation is 
neither immediate nor linear and may only mate-
rialize with a temporal delay.

These findings are partially in line with the broader 
literature. For instance, Melnyk et al. (2020) and 
Vasa et al. (2024) suggest that decentralization can 
enhance renewable electricity output by tailoring 
energy policy to local contexts. However, the cur-
rent result nuances this view by indicating that 
institutional readiness and administrative lead 
time are essential for fiscal autonomy to translate 
into measurable outcomes in energy generation. 
Similarly, the modest significance of the lagged ef-
fect resonates with insights from Dinca et al. (2023) 
and Dragoi et al. (2023), who document variation in 

renewable energy performance across EU countries, 
despite common supranational policy frameworks 
such as the REPowerEU initiative. Their findings 
imply that mere fiscal decentralization is not a pan-
acea and must be paired with coherent subnational 
policy execution and capacity-building.

The negative sign of the lagged coefficient may re-
flect transitional challenges. Initial decentraliza-
tion may disrupt centralized energy coordination 
or introduce inefficiencies if subnational govern-
ments lack expertise. This interpretation is consis-
tent with studies emphasizing the complexity of 
institutional transitions, such as Myroshnychenko 
et al. (2024) and Sotnyk et al. (2023), which under-
score that governance quality critically mediates 
the effect of decentralization.

Furthermore, while Balcerzak et al. (2024) and 
Moroz and Lyeonov (2024) highlight the role of 
green financial instruments, these instruments 
may not be uniformly accessible or effectively de-
ployed at the subnational level. The findings do 
not show strong support for the hypothesis that 
increased subnational revenue leads to enhanced 
renewable output across the board – an observa-
tion that supports Kuzior et al. (2023) and Grebski 
and Kuzior (2022), who caution against overesti-
mating the capacity of decentralized units to drive 
green transitions without central coordination 
and financial support independently.

Finally, the cross-country fixed effects extracted 
in the model revealed substantial heterogeneity in 
baseline levels of renewable electricity generation. 
Countries like Iceland, Norway, and Finland scored 

Table 5. Country-specific fixed effects (intercept shifts)

Source: R Studio.

Country Effect Country Effect Country Effect
Australia 6.08 Greece 3.02 Norway 12.95

Austria 10.78 Hungary 2.70 Poland 3.36

Belgium 4.24 Iceland 13.47 Portugal 8.16

Canada 13.15 Ireland 3.56 The Slovak Republic 4.14

Chile 8.29 Israel –0.64 Slovenia 5.62

Costa Rica 10.59 Italy 6.99 Spain 7.69

Czechia 2.14 Latvia 10.47 Sweden 11.31

Denmark 9.68 Lithuania 3.54 Switzerland 11.72

Estonia 1.60 Luxembourg 5.39 The United Kingdom 3.85

Finland 8.89 Mexico 4.82 The United States 5.75

France 5.14 The Netherlands 3.82
–

Germany 7.41 New Zealand 10.68
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high, while others, such as Estonia and Hungary, 
lagged. This reinforces arguments by Štreimikienė 
(2024) and Chygryn and Shevchenko (2023) about 
the role of geographic, technological, and infrastruc-
tural endowments in determining the effectiveness 
of fiscal decentralization for energy outcomes.

The findings support a cautious, context-aware view 
of fiscal decentralization as a potential but not uni-
versally effective instrument for promoting renew-
able electricity generation. Its success depends on 
local administrative capacities, complementary fi-
nancial tools, and alignment with broader national 
energy and climate goals.

Despite the methodological rigor and robust statis-
tical techniques, several limitations should be ac-
knowledged. First, while the study employs an FE 
panel regression model with Driscoll-Kraay stan-
dard errors to address heteroskedasticity, autocorre-
lation, and cross-sectional dependence, the model’s 
explanatory power remains limited. The R-squared 
values indicate that only a small portion of the varia-
tion in renewable electricity generation is explained 
by fiscal decentralization measures. This suggests 
that other influential factors, such as technological 
innovation, energy market structures, international 
policy commitments, or social acceptance of renew-
ables, are not captured in the current model and war-
rant further exploration.

Second, the operationalization of fiscal decen-
tralization is restricted to revenue-based indica-
tors (x1 and x2). These measures may not fully 
reflect the complexity of decentralization pro-
cesses, particularly the functional and political 
dimensions, such as local legislative autonomy, 
expenditure responsibilities, or coordination 
mechanisms. The absence of these complemen-
tary dimensions may limit the study’s ability to 
detect the nuanced effects of decentralization 
on renewable energy deployment.

Third, using unbalanced panel data, common in 
cross-country studies, introduces potential bi-
ases due to missing or inconsistent data avail-
ability over time. Although robust methods 
were applied, the variability in data coverage 
across countries and years may still influence 
the stability of the estimated coefficients.

Finally, while including time lags allowed for 
delayed effects of decentralization policies to be 
considered, the fixed lag structure may not cap-
ture the actual policy implementation timelines, 
which can differ significantly across countries 
and programs. More advanced dynamic panel 
models (e.g., distributed lag models or non-lin-
ear specifications) could provide a more precise 
understanding of such temporal dynamics but 
were beyond the scope of this study.

CONCLUSION

This study examined whether fiscal decentralization contributes to developing renewable electricity 
generation across OECD countries. The underlying assumption was that greater fiscal autonomy at the 
subnational level could incentivize localized investments in green energy and improve alignment be-
tween regional policy priorities and environmental objectives.

To address this aim, the analysis employed a panel dataset covering 34 OECD countries from 2000 
to 2023. 

The empirical results indicate a negative and marginally significant association between lagged fiscal de-
centralization and the share of renewable energy in electricity generation. Specifically, the estimated co-
efficient for the one-year lag of the normalized fiscal decentralization variable (x2_norm_lag) is −0.416 
(p ≈ 0.21), suggesting that increased decentralization is not automatically associated with a higher share 
of renewables. This finding remains consistent across various model specifications, although the statisti-
cal significance is relatively weak.

In light of these findings, several important policy implications can be identified. First, in isolation, fiscal 
decentralization appears insufficient to stimulate the effective expansion of renewable electricity gen-
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eration. Its success is contingent upon clearly defined mandates, adequate technical and administrative 
capacities, and targeted incentives at the subnational level. Consequently, national governments should 
allocate fiscal resources to local authorities, strengthen their strategic planning competencies, and es-
tablish coherent regulatory frameworks to facilitate green energy development. Second, decentraliza-
tion efforts should be embedded within comprehensive climate governance strategies that incorporate 
performance-based intergovernmental transfers and fiscal rules explicitly aligned with environmental 
objectives. Finally, a more nuanced understanding of the decentralization–renewables nexus requires 
access to disaggregated data and in-depth institutional analyses that can capture the contextual factors 
shaping policy effectiveness across different territorial settings.
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