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Denys Smolennikov (Ukraine), Inna Tiutiunyk (Ukraine), Oleksandr Telizhenko (Ukraine)

REGIONAL BUDGET ALLOCATION
AND RENEWABLE ENERGY
DEVELOPMENT IN UKRAINE:
IMPLICATIONS FOR PUBLIC
EXPENDITURE MANAGEMENT

Abstract

Efficient regional public expenditure is critical for aligning decentralized economic
development with renewable energy, energy security, and reconstruction priorities.
This study aims to examine whether expenditure across selected regional budget pro-
grams is systematically associated with renewable energy development in Ukraine and
whether these relationships remain robust across alternative temporal, distributional,
and nonlinear specifications. The analysis uses a balanced panel of 25 Ukrainian re-
gions for 2018-2021 and applies program-specific two-way fixed-effects models with
CR2 standard errors, Benjamini-Hochberg adjustments, lagged and same-sample
specifications, wild-cluster-bootstrap inference, presence-intensity decomposition, al-
ternative transformations, winsorization, and formal quadratic tests. In the baseline
capacity growth models, expenditure from local target funds ( = 0.9152, p = 0.0192)
and electric transport measures (f = 0.1499, p = 0.0126) showed nominally positive
associations, but neither survived multiplicity adjustment (g = 0.1054). Wild-cluster-
bootstrap inference did not confirm these estimates, producing p-values of 0.4871
and 0.3597, respectively, while both programs were observed in only five region-year
cases across two regions. No program coefficient was significant at the 5% level in the
electricity production models; SME support produced the strongest negative estimate
(B =-0.2152, p = 0.0580, g = 0.5995), whereas installed renewable capacity remained
positively associated with production (f = 0.4108-0.4803, p = 0.0041-0.0220). Lagged,
presence—-intensity, transformed, winsorized, and nonlinear specifications provided no
multiplicity-robust evidence, with formal U-test g-values no lower than 0.5789.

Keywords energy transition, fiscal decentralization, subnational
governance, program-level expenditure, installed
renewable capacity, renewable electricity production,
panel data

JEL Classification H72, Q42, Q48, R58

INTRODUCTION

The transition toward renewable energy has become a major econom-
ic and public policy priority, driven by climate commitments, energy
security concerns, and sustainable growth objectives. International
organizations emphasize that public investment can accelerate this
transition by financing infrastructure, supporting innovation, reduc-
ing investment barriers, and encouraging private sector participation.
However, its effectiveness depends on expenditure composition, tar-
geting, coordination, and implementation quality, as poorly designed
spending may generate limited outcomes (Sakrak et al., 2022; World
Bank et al., 2023; European Commission, 2024).

Ukraine provides a relevant setting for examining these relationships.
Before the full-scale war, renewable energy capacity expanded through
national policies, private investment, and decentralized regional ini-
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tiatives. Still, development remained uneven due to regional differences in fiscal capacity, infrastructure,
economic conditions, and institutional capacity. Regional authorities influence this process through
programs related to economic development, environmental protection, energy saving, transport, entre-
preneurship, and infrastructure. The European Commission and the World Bank, therefore, stress the
importance of efficient public expenditure and stronger subnational governance in decentralized energy
transition systems (European Commission, 2024; World Bank et al., 2023).

This study focuses on 2018-2021, representing the last period for which the required regional fiscal and
renewable-energy indicators are publicly available on a sufficiently consistent and comparable basis
across all territorial units. Extending the panel beyond 2021 is constrained by wartime restrictions on
data disclosure, disruptions to statistical reporting, and changes in territorial and institutional condi-
tions following the full-scale Russian invasion. Rather than diminishing the relevance of the analy-
sis, this makes the 2018-2021 period an important pre-war benchmark against which the post-war ef-
fectiveness of regional expenditure management can later be assessed once comparable data become
available. The selected regional budget programs also retain policy relevance because the correspond-
ing expenditure categories remain embedded in Ukraine’s budgetary and regulatory framework and
continue to be implemented by regional and local authorities. Their pre-war performance therefore
provides evidence on how existing public-spending instruments were associated with renewable energy
development before the wartime shock and may help inform their subsequent redesign and prioritiza-
tion during reconstruction. This is particularly important because recovery policy will require public
expenditure to support energy security, infrastructure resilience, and decarbonization simultaneously,
while improving the targeting, coordination, and efficiency of scarce fiscal resources (IMF, 2023; World
Bank et al., 2023). Accordingly, this study examines whether selected regional budget-program expen-
ditures are systematically associated with annual renewable-capacity growth and renewable electricity
production, and whether these associations remain robust across alternative temporal, distributional,
and nonlinear specifications.

1. LITERATURE REVIEW

linked to energy security and resilience, partic-
ularly in Europe, where geopolitical risks have

Public expenditure is increasingly viewed as
an important component of the energy transi-
tion because it can support renewable energy
deployment, environmental protection, public
health, and broader socio-economic development.
Investments in cleaner energy systems may reduce
air pollution and associated health risks while also
contributing to more sustainable patterns of pro-
duction and consumption (Badreddine & Larbi
Cherif, 2024; Trinh, 2025). The effects of public
investment are nevertheless multidimensional, as
changes in government spending may influence
income, energy demand, and carbon emissions
simultaneously rather than affecting renewable
energy capacity alone (Binh & Nguyen, 2023).
This complexity has encouraged the development
of sustainable finance instruments and policy
frameworks intended to align public and private
capital with long-term decarbonization objec-
tives (Krause et al., 2024; Streimikiene et al., 2024).
Renewable energy expansion is also increasingly
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heightened the strategic importance of diversi-
fied, domestically available energy sources (Kuzior
et al.,, 2025; Vasylieva et al., 2025a; Zabojnik &
Branch, 2025).

A central issue in this literature is not simply
the volume of public spending but its composi-
tion, targeting, and institutional implementation.
Government expenditure can support renewable
energy investment and economic development,
though its effects vary by program structure, ad-
ministrative efficiency, and the broader fiscal en-
vironment (Fernandes et al., 2025; Okuneviciaté
Neverauskiené et al., 2025). Specific instruments,
including feed-in tariffs, power purchase agree-
ments, and fiscal incentives, may influence both
investment decisions and renewable electricity
generation by altering expected returns and re-
ducing financing risks (Lyeonov et al., 2025). The
effectiveness of such measures also depends on
how responsibilities and financial resources are
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distributed across levels of government, since de-
centralized fiscal systems can either improve pol-
icy responsiveness or create coordination and im-
plementation gaps (Lyeonov et al., 2025b; Filipova
et al., 2025). Governance quality, public financial
management, and institutional reform, therefore,
shape the extent to which budget allocations are
converted into completed projects and measur-
able energy outcomes (Ntuli et al., 2025; Hedau &
Malla, 2024).

The regional dimension is particularly important
because renewable energy projects are implement-
ed across territories that differ in infrastructure,
economic capacity, resource endowments, and ad-
ministrative capacity. Decentralization and the lo-
calization of energy systems can create more flex-
ible policy responses and allow investment priori-
ties to be adapted to local needs (Belgibayeva et al.,
2025). Evidence on biomass and other territorially
embedded energy initiatives also shows that re-
newable investment can produce region-specific
economic effects through local supply chains, em-
ployment, and demand (Nakamura et al., 2012).
However, regional outcomes depend not only on
available resources but also on the commitment
and policy behavior of local authorities, which of-
ten act as intermediaries between national strate-
gies and project-level implementation (Rakowska
& Ozimek, 2021). Public-private partnerships and
collaborative governance can strengthen this pro-
cess by combining public objectives with private
financing, technical expertise, and implementa-
tion capacity (Kuzior et al., 2023; Oe et al., 2025;
Topazly et al., 2025).

Complementary investments and institutional ca-
pabilities also condition regional renewable ener-
gy development. Smart grids, microgrids, digital
monitoring, and data-driven energy management
systems can improve system efficiency and facili-
tate the integration of distributed renewable gen-
eration (Gualandri & Kuzior, 2023; Wojciechowski
et al,, 2025; Zhu et al., 2026). Technological mod-
ernization alone, however, is insufficient when
infrastructure projects are weakly coordinated
or when public institutions lack the capacity to
plan, procure, and monitor investments effective-
ly (Tomczyk et al., 2025). Social spending, behav-
ioral interventions, and communication strategies
may additionally influence public acceptance and
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participation in sustainability policies (Yurchyk et
al., 2024; Rouillé, 2024; Bappayo & Adamu, 2025).
At the same time, innovation capacity and entre-
preneurial orientation determine how effectively
firms and regions respond to public incentives and
convert them into new renewable energy projects
(Fitriningrum et al., 2025).

These relationships are particularly relevant in
Ukraine, where pronounced regional heteroge-
neity, institutional constraints, and uneven eco-
nomic development have shaped both subna-
tional fiscal capacity and renewable energy de-
ployment. The shadow economy and weaknesses
in formal institutions may reduce available fiscal
resources and complicate the implementation of
development programs (Dobrovolska et al., 2024).
Broader structural and economic pressures have
also affected investment conditions and the ability
of public authorities to sustain long-term policy
priorities (Pecheniuk et al., 2024). The full-scale
war has further intensified these challenges by
disrupting infrastructure, investment flows, and
macroeconomic stability, while simultaneously
increasing the strategic importance of energy re-
silience and decentralized generation (Vasylieva
et al., 2025b). The choice of the 2018-2021 period
is therefore both data-driven and analytically jus-
tified, as it represents the last interval for which
regional fiscal and renewable-energy indicators
are publicly available on a sufficiently complete
and comparable basis before wartime restrictions,
territorial disruptions, and changes in statisti-
cal reporting substantially reduced cross-region-
al comparability. At the same time, the analyzed
budget-program categories remain embedded in
Ukraine’s public-finance framework and continue
to be implemented, making evidence on their pre-
war performance relevant for the future evalua-
tion, prioritization, and redesign of these instru-
ments during reconstruction, once comparable
post-war data become available.

Previous research indicates that public spending
can support renewable energy development, but
its contribution depends on expenditure compo-
sition, governance quality, territorial conditions,
and implementation capacity. Existing studies
mainly focus on national policies, individual fis-
cal instruments, or cross-country comparisons,
while paying less attention to differences among
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regional budget program categories and to wheth-
er program-level associations remain stable across
alternative specifications. This study addresses
that gap by examining how selected regional ex-
penditures relate to renewable-capacity growth
and renewable electricity production in Ukraine,
including whether the observed relationships are
robust to temporal, distributional, and nonlinear
tests. The examined expenditure categories differ
in their expected proximity to renewable energy
outcomes. Co-financing, energy saving, environ-
mental protection, and selected capital investment
programs may operate through relatively direct
infrastructure or project-support channels. SME
support, electric transport, and broader econom-
ic development programs are more likely to have
indirect or complementary relationships that de-
pend on program composition, recipient activi-
ties, grid conditions, and implementation quality.
Because the official categories combine heteroge-
neous activities, the analysis does not impose cat-
egory-specific directional hypotheses. Instead, it
treats the program-level tests as exploratory, with
false-discovery-rate control applied to each out-
come family.

This study aims to examine, from a regional public
management perspective, whether the allocation
of public expenditure across selected budget pro-
gram categories is systematically associated with
renewable energy development in Ukraine, as re-
flected in annual installed capacity growth and re-
newable electricity production, and whether these
associations remain robust across alternative tem-
poral, distributional, and nonlinear specifications.

2. METHOD

This study applies a quantitative panel-data ap-
proach to examine the relationship between re-
gional public expenditure and renewable energy
development in Ukraine. The balanced panel cov-
ers 25 Ukrainian territorial units (24 oblasts and
Kyiv City) over 2018-2021, resulting in 100 region-
year observations. The complete list of territorial
units and the treatment of territories with incom-
plete official reporting coverage are presented in
Appendix A, Table A6. Gross regional product and
capital investment in environmental protection
were obtained from the State Statistics Service of
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Ukraine (State Statistics Service of Ukraine, n.d.).
Regional budget expenditure by functional pro-
gram category was collected from the Ministry of
Finance of Ukraine’s “Budget for Citizens” portal
(Ministry of Finance of Ukraine, n.d.). Data on
renewable electricity production and installed re-
newable energy capacity were obtained from the
Energy Map database maintained by DiXi Group

(DiXi Group, n.d.).

The cleaned analytical dataset and supporting
documentation for data construction are publicly
available on Zenodo (Lyeonov et al., 2026). The
repository records the source indicators, origi-
nal measurement units, regional budget-program
classifications, territorial coverage, and treatment
of zero and missing observations. It also docu-
ments the conversion of monetary variables into
constant 2021 UAH, the filters and aggregation
rules applied to the Energy Map data, the cor-
rection of repeated monthly cumulative records
in the installed-capacity series, and the within-
region construction of one-year-lagged variables.
The deposited materials provide the data required
to reproduce the descriptive statistics and princi-
pal econometric estimates reported in the study.

Two indicators were used to represent renewable
energy development. The first is annual growth
in installed renewable energy capacity, calculated
as the first difference in the natural logarithm of
installed capacity. Because this transformation
requires the previous year’s value, the capacity
growth sample covers 2019-2021 and includes 75
observations. The second dependent variable is
renewable electricity production, transformed as
In(1+x) to accommodate zero values and reduce
distributional skewness; these models use the full
sample of 100 observations. The production speci-
fications additionally control for contemporane-
ous installed renewable capacity, meaning that
program coeflicients represent associations with
electricity generation conditional on the existing
scale of renewable assets rather than total effects
operating through capacity expansion.

The principal explanatory variables comprise 11
regional budget program categories related to
economic development, environmental protec-
tion, energy saving, entrepreneurship, transport,
and regional investment. Monetary variables were
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converted into constant 2021 UAH and expressed
in millions before transformation. Because expen-
diture distributions contained both zero values
and substantial right-skewness, program expen-
diture and environmental investment were trans-
formed using In(1+x). Gross regional product was
also expressed in real terms and logarithmically
transformed. Each program category was entered
into a separate model to avoid over-parameteriza-
tion and unstable estimates in the relatively small
regional panel.

The baseline specification is expressed as:

Y, = B,Programme,,, + 3, In(GRP, ) ()
1
+B,In(1+ Envinv, )+ 1, + 2, + €,

where Y, denotes renewable-capacity growth or
logged renewable electricity production in region
i and year t; Programmekit is logged real expen-
diture under program k; p. represents region fixed
effects; and A, represents year fixed effects. For
electricity production, logged installed renewable
capacity was included as an additional covariate.
Region fixed effects control for time-invariant
territorial characteristics, while year fixed effects
absorb common macroeconomic, regulatory, and
energy market shocks. The coeflicients, therefore,
identify conditional within-region associations
rather than causal program effects.

Statistical inference was based on CR2 cluster-
robust covariance matrices, clustered by region,
and on Satterthwaite-adjusted degrees of freedom.
This approach was selected because the panel con-
tains only 25 regional clusters and some expen-
diture categories exhibit limited within-region
variation. Since eleven program coeflicients were
assessed separately for each outcome, Benjamini-
Hochberg adjustments were applied within each
outcome-specific family to control the false dis-
covery rate. The analysis also included one-year-
lagged expenditure models, contemporaneous
models estimated on the same restricted sample,
and wild-cluster bootstrap inference to assess the
sensitivity of the findings to small-cluster asymp-
totics. Additional robustness checks used the in-
verse hyperbolic sine transformation, winsorized
expenditure measures, and alternative program-
presence and spending-intensity specifications.

http://dx.doi.org/10.21511/ppm.24(3).2026.18
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All lagged variables were generated after sorting
the panel by territorial unit and year and were cal-
culated strictly within each territorial unit, pre-
venting values from being carried across regional
boundaries.

To separate program activation from expenditure
intensity without estimating unstable decomposi-
tions for extremely sparse categories, eligibility for
the presence-intensity analysis was determined
through a common coverage screen applied to
the full 2018-2021 panel. A program was retained
only when zero expenditure accounted for at least
20% of observations, the category contained at
least 20 positive observations, positive expendi-
ture occurred in at least 10 regions, and at least
five regions switched between zero and positive
expenditure over time. The screen was applied
before estimating outcome-specific models, and
the same eligible program set was used for both
dependent variables. Five categories met these
requirements: contributions to authorized capi-
tal, energy saving measures, SME support, natu-
ral resource protection, and other environmental
activities. All five also retained sufficient positive
observations and regional variation in the 2019-
2021 capacity growth sample. For each eligible
program, a presence indicator was combined with
logged positive expenditure, centered on the mean
of positive observations. The presence coefficient,
therefore, represents the estimated difference be-
tween zero expenditure and program operation at
the reference positive spending level, while the in-
tensity coefficient captures variation across posi-
tive expenditure observations.

Nonlinear specifications were estimated only for
programs with sufficiently broad expenditure cov-
erage and variation. Eligibility required at least
60 positive region—year observations, positive ex-
penditure in at least 18 regions, at least 20 distinct
positive expenditure values, and at least eight re-
gions with three or more distinct expenditure lev-
els during 2018-2021. Seven categories satisfied
these criteria: co-financing of investment projects,
environmental measures under territorial devel-
opment programs, contributions to authorized
capital, other economic activity measures, energy
saving measures, SME support, and natural re-
source protection. The same set was used for both
outcomes to avoid outcome-dependent selection.
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For each eligible program, the nonlinear mod-
el included centered logged expenditure and its
squared term. Formal U-shape and inverted-U-
shape tests were conducted over the 5th-95th per-
centile interval of the transformed expenditure
variable. Evidence of a nonlinear relationship re-
quired appropriately signed endpoint slopes, a sta-
tistically significant formal U-test, a turning point
within the tested interval, and adequate empirical
support around that point. Support was consid-
ered sufficient only when at least 10 observations
and five regions were located on each side of the
estimated turning point. Where no numerical
U-test p-value was returned because the endpoint
slopes did not exhibit the required reversal, p =1
was assigned solely for the Benjamini-Hochberg
adjustment so that all seven screened hypotheses
remained in the same outcome-specific testing
family. Extrapolated turning points outside the
tested interval were not substantively interpreted.

3. RESULTS

3.1. Descriptive statistics

The descriptive statistics in Table Al cover a bal-
anced panel of 25 Ukrainian regions over 2018-
2021, yielding 100 region-year observations.
Public expenditures vary substantially across
both categories and regions. The highest aver-
age allocations were recorded for contributions
to authorized capital, other economic activi-
ties, electric transport, and project co-financing.
However, medians were far lower than means,
and standard deviations often exceeded average
values, indicating that a small number of excep-
tionally large allocations strongly influenced the
distributions.

Most expenditure variables are highly right-
skewed and heavy-tailed. Skewness ranged from
3.06 to 6.65, whilst excess kurtosis exceeded 40
for several categories. Local target funds, electric
transport, and other environmental activities had
median values of zero, showing that these pro-
grams were absent in at least half of the region-
year observations. Accordingly, these variables re-
flect both program participation and expenditure
intensity, which should be considered when inter-
preting the regression results.

252

Renewable energy indicators also differed mark-
edly across regions. Average renewable electricity
generation was 300.52 million kWh, compared
with a median of 89.68 million kWh and a maxi-
mum of 2,079.96 million kWh. Following the re-
vised data aggregation, average installed renewable
capacity was 246.83 MW, with a median of 105.16
MW and a maximum of 1,167.40 MW. Strong re-
gional disparities were also observed in gross re-
gional product and environmental investment.

The data are characterized by substantial hetero-
geneity, numerous zero observations, and influen-
tial upper-tail values. These features justify zero-
compatible transformations, including the natural
logarithm of 1 + x and the inverse hyperbolic sine
transformation, together with winsorized-spending
sensitivity checks. Sparse expenditure categories are
also examined using specifications that distinguish
between program presence and positive spending in-
tensity. The descriptive statistics alone, however, do
not confirm U-shaped or inverted-U-shaped rela-
tionships, which require formal testing of quadratic
terms, endpoint slopes, and turning points.

Table A2 reports substantial differences in the ter-
ritorial diffusion of regional expenditure catego-
ries. Co-financing of investment projects, other
economic activity measures, and environmental
measures under territorial development programs
were the most widely used, with positive spending
in 89-93 observations and 24 regions. By contrast,
electric transport measures and expenditures
from local target funds were recorded in only 5
observations and 2 regions, despite their presence
in all 4 years. Their very high zero shares of 95%
indicate that these variables are driven by a small
number of territorially concentrated allocations
and should therefore be interpreted cautiously.
Other environmental activities and environmen-
tal measures financed from target funds also ex-
hibit substantial zero inflation, with 51% and 49%
shares, respectively. Before calculating the pro-
gram coverage indicators, all monetary expendi-
ture values were adjusted for annual inflation and
converted into constant 2021 UAH. These patterns
suggest that the subsequent analysis should distin-
guish between program presence and expenditure
intensity, whilst quadratic specifications should be
avoided for expenditure categories with extremely
limited regional coverage.
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The correlation results in Tables A3 and A4 reveal
important differences between pooled cross-re-
gional relationships and within-region variation
over time. In the pooled Spearman matrix, most
expenditure categories are weakly or moderately
correlated. However, a strong association is ob-
served between local target-fund expenditure and
electric transport spending (p = 0.806), reflecting
their highly concentrated and overlapping territo-
rial coverage. Real GRP is also strongly correlated
with environmental investment (p = 0.771), whilst
renewable electricity production and installed ca-
pacity are closely related (p = 0.921). After remov-
ing time-invariant regional differences, most ex-
penditure correlations decline considerably and
remain below 0.45 in absolute value. In particular,
the correlation between real GRP and environ-
mental investment falls to 0.022, indicating that
their strong pooled relationship is mainly attribut-
able to persistent differences in regional economic
scale. However, the within-region correlation be-
tween renewable electricity production and in-
stalled capacity remains high at 0.822, supporting
the inclusion of installed capacity in the produc-
tion equation but also requiring subsequent mul-
ticollinearity diagnostics. Overall, the results fa-
vor parsimonious fixed-effects specifications over
models that include all expenditure categories si-
multaneously; the correlations remain descriptive
and do not imply causal relationships.

The multicollinearity diagnostics reported in
Table A5 indicate that the pooled specifications
are affected by severe collinearity between electric
transport expenditure and local target-fund ex-
penditure, with VIF values exceeding 43 and tol-
erances approaching 0.02 in both outcome models.
Real GRP also exhibits moderately high pooled
VIF values of 6.38-6.64, while environmental in-
vestment and several environmental expenditure
categories show moderate collinearity. However,
these problems largely disappear after the regres-
sors are residualized with respect to region- and
year-fixed effects. In the two-way fixed-effects
specifications, all VIF values fall below 2.6, and all
tolerance values exceed 0.39. This indicates that
the high pooled collinearity is mainly driven by
persistent cross-regional differences and the high-
ly concentrated territorial coverage of selected
programs rather than by within-region variation
over time. Multicollinearity is therefore unlike-
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ly to distort the preferred fixed-effects estimates
materially. However, electric transport and local
target-fund expenditure should still be interpret-
ed cautiously because each is observed in only two
regions.

3.2. Linear two-way fixed-effects
estimates

The linear two-way fixed-effects estimates are re-
ported in Tables 1 and 2. To reduce overparam-
eterization, each specification introduces one ex-
penditure category at a time, together with real
gross regional product, real environmental-pro-
tection investment, region fixed effects, and year
fixed effects. The production specifications addi-
tionally control for installed renewable energy ca-
pacity. Statistical inference is based on CR2 stan-
dard errors clustered by region and Satterthwaite-
adjusted degrees of freedom. As the expenditure
variables were transformed using the natural loga-
rithm of 1 + x, the coefficients should not be inter-
preted as exact elasticities, particularly for catego-
ries containing numerous zero or small values.

3.3. Installed renewable energy
capacity growth

Table 1 presents the results for the annual change
in logged installed renewable energy capacity. At
the conventional 5% significance level, positive as-
sociations are obtained for expenditures from lo-
cal target funds (B = 0.9152, p = 0.0192) and elec-
tric transport measures (p = 0.1499, p = 0.0126).
However, both categories were recorded in only
five region-year observations and two regions.
Their estimates, therefore, rely on extremely limit-
ed within-panel variation and should be regarded
as exploratory rather than as evidence of general
relationships across Ukrainian regions. Moreover,
neither coefficient remains statistically significant
after correcting for the 11 simultaneous program
tests, with both Benjamini-Hochberg adjusted g-
values equal to 0.1054.

None of the remaining expenditure categories
is significantly associated with annual capacity
growth. Their confidence intervals generally en-
compass both negative and positive values, indi-
cating considerable uncertainty about the direc-
tion of the associations. Real GRP and environ-
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Table 1. Linear two-way fixed-effects estimates for annual growth in installed renewable energy

capacity
Program B CR2 SE p-value 95% CI BH g-value | Within R?
_Co-financing of investment projects 700453 | 00868 : 06273 ! [-0.2800,0.1500] : 07667 0.005
Szzzggjr:f‘e':taggegf:‘:ses under territorial [-0.0978,0.1610] = 0.7667 0.006
0.2890,0.2030] | 07667 . 0.007
0.1670,16600] . 0.1054 .  0.007
[-0.2920,0.5000] | 07667 .  0.014
0.2140,0.5110] | 07667 . 0.016
9 . [-0.5240,0.4220] | 0799 .  0.004
©[0.0359,02640] . 0.1054 0004
::O.l920,::¢:.4080} 07667 . 0.029
o et : o | [-0.8230,0.8950] | 0.9074 0.003
“Other environmental activities 02094 | 0198 01322 . [-0.5040,0.0854] 04847 . 0033

Note: Each row represents a separate model. The dependent variable is the annual change in the natural logarithm of installed

renewable energy capacity. The estimation sample comprises 75

observations across 25 regions for 2019-2021. All models in-

clude logged real GRP, the natural logarithm of 1 + real environmental investment, region fixed effects, and year fixed effects.
Expenditures are measured in millions of constant 2021 UAH and transformed using the natural logarithm of 1 + x. Standard
errors are CR2 region-clustered standard errors with Satterthwaite degrees-of-freedom corrections. BH g-values apply the

Benjamini—Hochberg adjustment to the 11 program coefficients

mental investment are also statistically insignifi-
cant throughout the specifications. By contrast,
the year coefficients indicate that capacity growth
was substantially lower in 2020 and 2021 than in
2019. Although the models have overall R? values
of approximately 0.59-0.60, their within-R? values
range from 0.003 to 0.033. Most of the explana-
tory power, therefore, derives from persistent re-
gional differences and common-year effects rather
than from changes in the individual expenditure
categories.

3.4. Renewable electricity production

Table 2 reports the production specifications after
controlling for installed renewable capacity. None
of the 11 expenditure categories is statistically sig-
nificant at the 5% level. SME support has a nega-
tive coefficient and is weakly significant at the 10%
level (B = —0.2152, p = 0.0580), but its confidence
interval includes zero, and its adjusted g-value
is 0.5995. Consequently, the estimate should be
treated as suggestive rather than as evidence of a
systematic negative association. The other expen-
diture coefficients are imprecisely estimated, in-
cluding those for categories that showed nominal-
ly significant associations with capacity growth.

Installed renewable capacity is the only consis-
tently significant substantive predictor of electric-
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ity production. Its coefficient ranges from 0.4108
to 0.4803 across the 11 specifications, with CR2
p-values ranging from 0.0041 to 0.0220. For suf-
ficiently large positive values of production, the
estimates suggest that a 1% increase in installed
capacity is associated with an approximately 0.41-
0.48% increase in renewable electricity generation,
holding the remaining variables and fixed effects
constant. This result confirms the importance of
accounting for the existing generation asset base
when analyzing regional electricity production.

Real GRP and environmental investment re-
main statistically insignificant in all production
specifications. The 2019 year effect is insignifi-
cant, whereas the 2020 and 2021 coefficients are
consistently positive and significant relative to
2018, indicating common increases in renewable
production after accounting for installed capac-
ity and regional characteristics. Overall R? values
range from 0.978 to 0.980, largely reflecting the
explanatory contribution of installed capacity and
the fixed effects. The more informative within R?
values range from 0.257 to 0.333.

Further details of the baseline estimates are re-
ported in Appendix B, Tables Bl and B2. Table Bl
presents the complete program coefficients, CR2
standard errors, Satterthwaite-adjusted degrees
of freedom, confidence intervals, and model-fit
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. Installed- : P
Program :ProgramB: CR2SE : p-value :BH g-value: . i CR2SE : p-value : WithinR?
: : : : : capacity B : : :
Co-financing of investment _ qene 0517 | 02725 © 05995 04115 © 01339 | 0.0185 0.272
PIOJ S e h SO A S e
Environmental measures
under territorial -0.0114 0.0554 0.8398 | 0.9655 0.4235 0.1417 0.0220 0.258
E;:ittra'lbumnsm authorized + )50 . 00362 | 07305 = 09655 04203 | 01344 . 00176 0.259
Expenditures from local 0.0395 07463 | 09655 : 0.9655 04223 | 01342 | 00175 0.257
targetfunds T S S S
Other economic activity
0.0851 0.5715 0.9655 0.4108 0.1361 0.0183 0.262

BB OO OO SO OO OSSO OO SO S
_Energy-saving measures | -01495 : 00932 . 01396 . 05995 : 04219 : 01344 . 00177 . 0289
SMEsupport . .i.702152 : 00747 . 00580 : 05995 : 04803 : 01084 . 00041 : 0333
_Electric transport measures : -0.2695 : 01455 © 02533 : 05995 : 04692 : 01162 : 00059 : 0290
_Natural resource protection : 00039 : 00335 @ 09124 : 09655 : 04219 : 01342 : 00178 : 0257
Environmental measures 51051 1 51505 | 02096 | 05995 04295 | 01298 | 00142 0.273
financed from target fUnds & b
Sctg\’;;:v'ro”me”ta' 0.0235 0.0652 0.7297 0.9655 0.4189 0.1328 0.0174 0.258

Note: Each row represents a separate model. The dependent variable is the natural logarithm of 1 + renewable electricity
production. The sample comprises 100 observations across 25 regions for 2018-2021. All models include installed renewable
capacity, logged real GRP, the natural logarithm of 1 + real environmental investment, region fixed effects, and year fixed ef-

fects. Other definitions correspond to Table 1.

statistics for annual growth in installed renew-
able energy capacity. The results confirm that the
nominally positive estimates for local target-fund
expenditure and electric transport are exceptions
within an otherwise predominantly insignificant
set of program coeflicients. The within-R? values
are low across all capacity-growth specifications,
indicating that annual changes in the individual
expenditure categories explain only a limited pro-
portion of the variation remaining after regional
and year fixed effects are removed. Table B2 re-
ports the corresponding detailed estimates for
renewable electricity production. These specifica-
tions provide no statistically robust evidence of
direct program-level associations with produc-
tion, whereas installed renewable energy capacity
remains positive and significant in every model.
The stability of this coeflicient reinforces the con-
clusion that the existing regional renewable asset
base is the principal observable correlate of elec-
tricity generation during the analyzed period.

Table B3 summarizes the stability of the common
control variables and year effects across the sepa-
rate program specifications. Real GRP and envi-
ronmental investment remain statistically insig-
nificant for both dependent variables, suggesting
that short-term within-region changes in these
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controls are not systematically associated with re-
newable capacity growth or electricity production
after controlling for fixed effects. The year effects,
however, display clear temporal patterns. Capacity
growth is consistently lower in 2020 and 2021
than in 2019, whereas renewable electricity pro-
duction is higher in 2020 and 2021 than in 2018.
These contrasting patterns are compatible with a
period in which the rate of new capacity expan-
sion slowed while electricity generation from the
accumulated renewable asset base continued to in-
crease. Nevertheless, the year coefficients capture
all common national developments and should
not be assigned to any single policy, market, or in-
stitutional mechanism.

Finally, Table B4 evaluates the evidential strength
of the only program coeflicients reaching conven-
tional or marginal significance. Although local
target-fund expenditure and electric transport are
positively associated with capacity growth at the
unadjusted 5% level, both variables are observed
in only 5 region-year cases across 2 regions. Their
estimates consequently depend on a very narrow
evidence base and do not remain significant after
the Benjamini-Hochberg correction for multiple
testing. The negative SME-support coeflicient in
the production model is significant only at the 10%
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level and is likewise not robust to the multiple-test-
ing adjustment. Accordingly, these estimates are
treated as exploratory signals requiring sensitiv-
ity analysis rather than as confirmatory findings.
Across Tables B1-B4, the overall evidence there-
fore supports a cautious conclusion: selected bud-
get programs may coincide with renewable-energy
changes in particular regions and years, but the
baseline models do not establish broad, stable, or
causal effects of regional public expenditure on re-
newable energy development.

The baseline results provide little evidence of
broad and stable associations between annual re-
gional expenditure categories and renewable ener-
gy development. The two nominally significant ca-
pacity-growth estimates are based on exception-
ally sparse program coverage and do not survive
adjustment for multiple testing. In contrast, the
relationship between installed capacity and actual
renewable electricity production is positive and
consistent across all specifications. These findings
represent conditional associations and should not
be interpreted causally.

3.5. Lagged program-expenditure
specifications

Table 3 reports the one-year lagged expenditure
specifications. Across both renewable-energy out-
comes, none of the 11 lagged program coefficients
is statistically significant, even before multiple-
testing adjustments. For annual installed-capac-
ity growth, the smallest p-value is obtained for
other environmental activities (p = —0.1722, p =
0.1139), followed by SME support (f = —0.1828, p
=0.2718) and other economic activity measures (3
=—-0.2861, p = 0.2790). All confidence intervals in-
clude zero, and the Benjamini-Hochberg adjusted
g-values range from 0.8073 to 0.9510. The results
therefore provide no evidence that higher expen-
diture in the preceding year is systematically asso-
ciated with subsequent growth in regional renew-
able energy capacity.

Importantly, the previously observed contempo-
raneous positive associations between local target-
fund expenditure and electric transport do not per-
sist in the lagged specifications. Their lagged coef-
ficients become negative, at —0.9756 and —0.3110,
respectively, and are statistically insignificant. As
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shown in Tables B5 and B7, both estimates are also
highly imprecise, reflecting the extremely limit-
ed territorial and temporal coverage of these pro-
grams. The confidence interval for lagged target-
fund expenditure ranges from —17.3129 to 15.3617,
while the electric transport interval ranges from
-1.9069 to 1.2849. Consequently, the contempora-
neous positive coeflicients cannot be interpreted as
temporally robust relationships.

The lagged production results likewise provide no
statistically significant program-level associations.
The strongest negative estimate is observed for SME
support (B = —0.1068, p = 0.1030), but the corre-
sponding confidence interval includes zero, and
the adjusted g-value is 0.7489. Co-financing, energy
saving expenditure, electric transport, natural re-
source protection, and environmental measures fi-
nanced from target funds also have negative lagged
coefficients. In contrast, territorial environmental
programs, capital contributions, local target funds,
other economic measures, and other environmental
activities have positive coeflicients. However, none
of these estimates is sufficiently precise to distin-
guish the reported association from zero. Detailed
inference is presented in Table B6.

The common controls display different patterns
across the two outcomes, as summarized in Table
B8. In the capacity-growth models, real GRP and
environmental investment remain statistically in-
significant. At the same time, the 2020 coefficient is
consistently negative and significant, and the 2021
coeflicient is negative but varies between conven-
tional and marginal significance. In the lagged pro-
duction specifications, real GRP is consistently neg-
ative and statistically significant, with coeflicients
ranging from —3.0234 to —2.7191, whereas environ-
mental investment remains insignificant. Unlike in
the full-period contemporaneous production mod-
els, installed renewable capacity is not statistically
significant in the restricted 2019-2021 lagged sam-
ple. The positive, highly significant year effects for
2020 and 2021 nevertheless remain stable.

To distinguish temporal specification from sample
composition, the contemporaneous production
models were re-estimated over 2019-2021, match-
ing the sample used in the one-year-lagged mod-
els. As reported in Table B11, most program coefhi-
cients remain statistically insignificant under both
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Table 3. One-year lagged TWFE estimates for renewable energy development

Program Capacity growth:

p-value iBH g-value

‘Electrici ion:
:Electricity production:: p-value | BH g-value

B (CR2 SE) B (CR2 SE)

Co-financing of investment -0.0103 (0.1390) 09427 | 09510 -0.0560(0.0542) @ 0.3306 : 0.7489
PrOjeCts SO SOOI S S
Environmental measures
under territorial development -0.0185 (0.0886) 0.8406 0.9510 0.0218 (0.0343) 0.5446 0.7489
A= AN
g;’;itt;'r’“m”s toauthorized ~0.0224 (0.0687) 0.7675 09510 |  0.0425(0.0301)
fjsjsd'tures from local'target = _4 9756 (2.1070) 07100 | 09510 |  11851(1.2184)
Other economic activity -0.2861 (0.2490) 0.2790 0.8073 0.1038 (0.1060)
U S e

savi (0.2620) 0.8897 ‘
N SURROT 028 0.1225) 0.2718 . 08073 ..70.1068 (0.0390)
Electric transport measures -0.3110(0.1700) 0293 . 08073 . .:0.1040(0.0920)
_Natural resource protection 0.9510 ..0.9510 ..70.0139 (0.0458)
Environmental measures
financed from target funds %% o000 | o0 ¢ Coomlusn)  o7sss | Dee%
Other environmental activities i  -0.1722 (0.0904) 0.1139 0.8073 0.0169 (0.1251) ©0.8974 i 0.8974

Note: Each cell represents a separate two-way fixed-effects model. The capacity-growth dependent variable is the annual
change in logged installed renewable capacity. The production dependent variable is the natural logarithm of 1 + renewable
electricity generation. Expenditure is lagged by one year. All models include real GRP, real environmental investment, region
fixed effects, and year fixed effects. Production models additionally include contemporaneous installed renewable capacity. N
=75, regions = 25, and years = 3. CR2 standard errors are clustered by region and use Satterthwaite-adjusted degrees of free-
dom. BH g-values apply the Benjamini—-Hochberg correction separately across the 11 program coefficients for each outcome.

specifications. The principal exception under CR2
inference is contemporaneous expenditure from
local target funds (B = 1.1700, p = 0.0002, BH ¢
= 0.0021), whereas the corresponding lagged esti-
mate is imprecise and insignificant (p = 1.1851, p
= 0.4791). However, the contemporaneous result
is not corroborated by a wild-cluster-bootstrap
test based on 9,999 Rademacher replications (p
= 0.4687). Given that target-fund expenditure
is positive in only five region-year observations
across two regions, its CR2 significance appears
highly sensitive to sparse territorial variation and
should not be interpreted as a robust or general
association. SME support remains negative but
statistically insignificant in both the contempo-
raneous (f = —0.1390, p = 0.1300) and lagged (B
=-0.1068, p = 0.1030) same-sample specifications.
The lagged and same-sample results provide no
robust basis for causal claims concerning delayed
program effects.

3.6.Wild-cluster-bootstrap
robustness tests

Wild-cluster-bootstrap inference was used to as-
sess whether the program coefficients remained
statistically credible when inference was based on
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the empirical distribution generated by region-
al clusters rather than conventional asymptotic
critical values. The tests used 9,999 Rademacher
bootstrap replications, imposed the null hypoth-
esis, and clustered observations by the 25 regions.
Table B9 summarizes the results across the four
families of models, while the complete coefficient-
level results are reported in Table B10.

The bootstrap results provide little support for ro-
bust program-level associations with renewable
energy development. Among the contemporane-
ous capacity-growth specifications, only expendi-
ture on other environmental activities produced
a bootstrap p-value below 0.05 (B = —0.2094, p
= 0.0457). However, its Benjamini-Hochberg-
adjusted g-value was 0.5028, and the same coef-
ficient was not statistically significant under CR2
inference. The result should therefore be treated
as an isolated, inference-sensitive finding rath-
er than evidence of a stable negative association.
None of the remaining contemporaneous capac-
ity coefficients approached significance under the
bootstrap.

The bootstrap results also overturn the two posi-
tive contemporaneous capacity growth associa-
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tions initially identified using CR2 standard er-
rors. Local target-fund expenditure had a CR2
p-value of 0.0192, but its wild-bootstrap p-value
increased to 0.4871. Similarly, the coeflicient for
electric transport had a CR2 p-value of 0.0126
but a bootstrap p-value of 0.3597. Despite rela-
tively large bootstrap test statistics, the corre-
sponding p-values are high because inference
is based on the bootstrap reference distribution
rather than on conventional ¢-distribution criti-
cal values. These discrepancies are consistent
with the very limited regional support for both
expenditure categories and indicate that their
original statistical significance was not robust.

No one-year lagged capacity-growth coeflicient
was significant at the 5% level. Expenditure on
other environmental activities provided the
strongest lagged signal (f = —0.1722, p = 0.0659),
but its adjusted g-value was 0.7250. Thus, nei-
ther the contemporaneous nor the lagged capac-
ity models contain a program coefficient that
survives adjustment for multiple comparisons.

The contemporaneous production specifications
similarly produce no significant coefficient at
the conventional 5% level. SME-support ex-
penditure has the lowest bootstrap p-value (f =
-0.2152, p = 0.0980), followed by environmen-
tal measures financed from target funds (f =
-0.1721, p = 0.1092) and energy-saving expendi-
ture (B = —0.1495, p = 0.1604). These estimates

indicate possible negative associations, but
their high adjusted g-values and sensitivity to
the inference procedure preclude confirmatory
interpretation.

In the lagged production models, SME support is
the only coefficient significant at the unadjusted
5% level (p = —0.1068, p = 0.0163). Nevertheless,
the corresponding adjusted g-value is 0.1793,
exceeding both the 5% and 10% false-discovery
thresholds. Moreover, the coefficient was not
significant under the CR2 inference, with a p-
value of 0.1030. The apparent lagged association
is therefore method-sensitive and should be in-
terpreted as an exploratory signal rather than a
robust delayed effect of SME-support expendi-
ture on renewable electricity production.

As shown in Table B9, each family contains at
most one coefficient with an unadjusted boot-
strap p-value below 0.10, and no coefficient in
any family has an adjusted g-value below 0.10.
Table 4 further demonstrates that the find-
ings identified as nominally significant depend
strongly on the selected inference method. The
wild-cluster-bootstrap results reinforce the cen-
tral conclusion of the baseline analysis: the data
do not provide stable evidence that the exam-
ined regional expenditure programs were sys-
tematically associated with renewable capacity
growth or electricity production during the an-
alyzed period.

Table 4. Comparison of CR2 and wild-cluster-bootstrap inference for the principal findings

L Bootstra
Outcome and timing: Program B CR2 p-value 0 valuep BH g-value Assessment
Capacity growth, : Local target 0.9152 0.0192 0.4871 0.7596 : CR2 significance not
contemporaneous : funds : supported by bootstrap
Capacity growth, Electric 0.1499 0.0126 0.3597 0.7596 CR2 significance not
contemporaneous transport supported by bootstrap
Capacity erowth ‘ Other ‘ i Bootstrap-only nominal
pacity g ' " environmental | -0.2094 0.1322 0.0457 05028 i significance; not
contemporaneous : o : : S
activities H multiplicity-robust
) : Other ‘ )
C:;’flca'tyggowm'o”e’ “environmental | -0.1722 0.1139 0.0659 0.7250 Weakboit:fraps'g”a'
¥ g8 i activities i v
Production, SME support -0.2152 0.0580 0.0980 0.5824 Marginal under both
contemporaneous i procedures
Production, one-year Bootstrap-only
lassed ! 4 SME support -0.1068 0.1030 0.0163 0.1793 significance; not
g8 : multiplicity-robust

Note: The table includes coefficients attaining p < 0.10 under either CR2 or wild-cluster-bootstrap inference, together with the
two initially significant contemporaneous capacity coefficients. No listed result survives the Benjamini—-Hochberg adjustment

at g <0.10.
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3.7. Program presence and positive
spending intensity

Program eligibility for the presence-intensity de-
composition was determined using a common
rule-based screen applied to the full 2018-2021
panel before the outcome-specific models were es-
timated. A program was retained when it satisfied
all four conditions: a zero-observation share of at
least 20%, at least 20 positive region—year observa-
tions, positive expenditure in at least 10 regions,
and at least five regions switching between zero
and positive expenditure during the study period.
Five programs met these conditions: contribu-
tions to authorized capital, energy-saving mea-
sures, SME support, natural-resource protection,
and other environmental activities. The same set
of programs was used for both outcomes to avoid
outcome-dependent selection. All five retained
programs also exhibited sufficient positive obser-
vations and regional variation in the 2019-2021
capacity-growth sample.

Among these five eligible programs, the pres-
ence-intensity models reported in Table B12
provide no evidence that moving from zero ex-
penditure to program operation at the reference
positive-spending level, or that variation in posi-
tive-spending intensity, was systematically associ-
ated with annual renewable-capacity growth. All
coeflicients are statistically insignificant, all confi-
dence intervals include zero, and none survive the
Benjamini-Hochberg correction. Thus, the null
findings from the linear capacity models are not
explained by combining program participation
and expenditure intensity within a single loglp
variable.

For renewable electricity production, all estimat-
ed differences between zero expenditure and pro-
gram operation at the reference positive-spend-
ing level are statistically insignificant (Table B13).
Only SME-support intensity is nominally negative
(B = -0.278, p = 0.036; 95% CI [-0.526, —0.030]),
while program presence itself is insignificant.
However, this result does not survive multiple-
testing adjustment (g = 0.360) and is based on low
effective degrees of freedom. It should therefore
be treated as exploratory. Overall, separating pro-
gram presence from positive-spending intensity
does not alter the main conclusion: no multiplici-
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ty-robust program-level associations are identified
for either renewable capacity growth or electricity
production.

3.8.1HS-transformation robustness

The inverse hyperbolic sine specifications (Table
B14) closely reproduce the baseline loglp results.
For annual capacity growth, expenditure from lo-
cal target funds remains nominally positive and
significant (f = 0.912, p = 0.019), but it does not
survive the Benjamini-Hochberg adjustment (g =
0.211) and continues to rely on only five positive
observations across two regions. The positive elec-
tric transport coeflicient is not significant under
IHS inference (p = 0.150, p = 0.395), with an ex-
ceptionally low effective degree of freedom of 0.48,
confirming that inference for this sparse category
is highly unstable. No other capacity coefficient is
significant. For renewable electricity production,
SME support remains the strongest negative asso-
ciation (f = —0.175, p = 0.054), but it is only mar-
ginally significant and has a high adjusted g-val-
ue of 0.596. All other production coeflicients are
insignificant. Overall, changing the expenditure
transformation does not alter the principal con-
clusion: no program-level association is robust to
multiple-testing adjustment.

3.9.Winsorized positive spending
robustness

Winsorizing positive program expenditure while
retaining structural zeros yields estimates very
similar to the baseline results (Table B15). None of
the nine eligible expenditure categories is signifi-
cantly associated with annual renewable-capaci-
ty growth, and all adjusted g-values exceed 0.79.
For renewable electricity production, SME sup-
port remains the strongest negative association
(B = —0.220, p = 0.066), but it is only marginally
significant and does not survive the Benjamini-
Hochberg correction (g = 0.595). Energy sav-
ing expenditure and environmental measures
financed from target funds also retain negative
coefficients, although neither is statistically signif-
icant. Overall, limiting the influence of extreme
positive expenditure values does not materially
change coeflicient signs or the substantive conclu-
sion that no program-level association is robust to
multiple-testing adjustment.
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3.10. Formal quadratic and U-shape
tests

Formal nonlinear testing was restricted to the sev-
en programs satisfying the coverage and variation
criteria. Local target-fund expenditure, electric
transport measures, environmental measures fi-
nanced from target funds, and other environmen-
tal activities were excluded because they did not
provide sufficient positive observations, territorial
coverage, or within-program expenditure varia-
tion for credible quadratic estimation.

Among the seven eligible programs, the formal
nonlinear tests reported in Table B16 provide no
evidence of either a U- or an inverted-U-shaped
association with annual renewable-capacity
growth. None of the quadratic coefficients is sta-
tistically significant, with p-values ranging from
0.2777 to 0.9784. Numerical formal U-test p-val-
ues were returned for five specifications and range
from 0.2740 to 0.4135. For the remaining two
specifications, the endpoint slopes did not display
the reversal required for a formal U-shaped or in-
verted-U-shaped relationship; these cases were as-
signed p = 1 solely for the multiple-testing adjust-
ment. After applying the Benjamini-Hochberg
correction across all seven screened programs, the
five numerical tests have g = 0.5789, while the two
non-returned tests have g = 1.0000. Co-financing,
contributions to authorized capital, and energy
saving expenditure also fail the minimum support
criterion around their turning points. The capac-
ity growth results provide no support for nonlin-
ear program-level associations.

The production specifications lead to the same con-
clusion. None of the seven quadratic coefficients is
statistically significant. Four specifications return
numerical formal U-test p-values, ranging from
0.1086 to 0.4688, while three do not exhibit the
endpoint-slope reversal required for a formal test.
After assigning p = 1 to the latter cases solely for
the Benjamini-Hochberg adjustment, no adjusted
g-value is below 0.6988. The closest result is the
direction implied for environmental measures
under territorial development programs, but its
formal U-test remains insignificant (p = 0.1086;
q = 0.6988). The capital contribution specification
also fails the support criterion because only four
regions lie above its turning point. The nonlinear
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tests, therefore, indicate that the linear null find-
ings do not conceal systematic U- or inverted-U-
shaped relationships.

The regional dimension of the results is reflected
primarily in the territorial coverage and within-
region variation of the budget programs rather
than in separate oblast-specific coeflicients. The
analyzed panel comprises 24 oblasts and Kyiv City,
but program coverage differs substantially across
these territorial units. Co-financing of investment
projects, other economic activity measures, and
environmental measures under territorial devel-
opment programs was implemented in 24 regions,
whereas SME support covered 21 regions, natural-
resource protection covered 18 regions, and ener-
gy-saving measures covered 18 regions. By con-
trast, expenditures from local target funds and
electric-transport measures were recorded in only
two regions, which explains why their nominally
significant coefficients cannot be interpreted as
representative of Ukraine as a whole. The nonlin-
ear results likewise show heterogeneous territorial
support: for example, the estimated turning point
for contributions to authorized capital is sup-
ported by only four regions above the threshold,
whereas the co-financing specification has obser-
vations on both sides of the turning point across
a much broader set of regions. Thus, the empiri-
cal evidence should be interpreted as reflecting
heterogeneous regional implementation patterns
rather than uniform responses across Ukrainian
oblasts.

The nonlinear tests, therefore, indicate that the
linear null findings do not conceal systematic U-
or inverted-U-shaped relationships and that the
available evidence varies considerably in territori-
al support across Ukrainian regions. Importantly,
the absence of broad program-level relationships
does not imply identical outcomes across regions;
rather, the results point to substantial territorial
heterogeneity in program availability, spending
intensity, and empirical support.

4. DISCUSSION

The results provide a more cautious interpretation
of the role of regional public expenditure in renew-
able energy development than studies reporting
that government spending and fiscal support can
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stimulate green investment and renewable energy
expansion (Fernandes et al., 2025; Okuneviciaté
Neverauskiené et al., 2025). Although local tar-
get fund expenditure and electric transport mea-
sures were positively associated with annual ca-
pacity growth in the baseline models (f = 0.9152,
p = 0.0192 and B = 0.1499, p = 0.0126, respec-
tively), neither estimate survived the Benjamini-
Hochberg adjustment, with g = 0.1054 for both.
Moreover, wild-cluster-bootstrap p-values in-
creased to 0.4871 and 0.3597, while each category
was observed in only five region—year cases across
two regions. These findings do not demonstrate
that such expenditure is ineffective; rather, they
show that nominal budget allocations alone do
not provide stable evidence of renewable-capaci-
ty expansion when territorial coverage, multiple
testing, and inferential sensitivity are considered.
This interpretation is consistent with research em-
phasizing that the contribution of public spending
depends on program design, the quality of finan-
cial management, and the institutional capacity
to transform allocated resources into completed
investments (Ntuli et al., 2025; Hedau & Malla,
2024). It also supports the view that fiscal decen-
tralization may produce heterogeneous outcomes
because regional authorities differ in implemen-
tation capacity, infrastructure, and coordination
with national policy (Filipova et al., 2025).

The production results further indicate that the
existing renewable asset base was more closely as-
sociated with electricity generation than annual
changes in broad regional expenditure catego-
ries. None of the eleven program coefficients was
significant at the 5% level, whereas the installed
capacity coeflicient remained positive across all
specifications, ranging from 0.4108 to 0.4803, with
p-values between 0.0041 and 0.0220. This finding
is compatible with literature showing that renew-
able energy outcomes depend on infrastructure
deployment, technological integration, and the
operational capacity of regional energy systems
(Gualandri & Kuzior, 2023; Wojciechowski et al.,
2025; Zhu et al., 2026). By contrast, many of the
examined budget categories (such as SME support,
electric transport, and general economic develop-
ment measures) may influence renewable genera-
tion only indirectly, depending on whether fund-
ed activities are linked to renewable projects, grid
infrastructure, innovation, or energy-intensive
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enterprises. The weak negative estimate for SME
support in the baseline production model (f =
-0.2152, p = 0.0580, g = 0.5995) and the nominal-
ly negative intensity effect (f = —0.278, p = 0.036,
q = 0.360) should therefore not be interpreted as
evidence that entrepreneurship support reduces
renewable production. They may instead reflect
program composition, delayed effects, allocation
toward regions facing weaker economic condi-
tions, or the limited alignment of general SME
measures with renewable energy objectives. This
qualification is consistent with evidence that en-
trepreneurial and innovation capacity can support
green investment only when policy incentives, in-
stitutional conditions, and firm-level capabilities
are sufficiently aligned (Fitriningrum et al., 2025).

The robustness and nonlinear analyses reinforce
the conclusion that expenditure scale alone was
not systematically related to renewable-energy
outcomes during 2018-2021. Neither the lagged,
presence-intensity, IHS-transformed, nor win-
sorized specifications produced a program asso-
ciation that remained significant after multiplicity
adjustment, and the formal nonlinear tests yielded
no adjusted g-value below 0.5789. Consequently,
the data do not support the existence of general
expenditure thresholds, U-shaped relationships,
or diminishing-return patterns, despite the broad-
er literature stressing that sustainable finance ef-
fectiveness may depend on the scale, structure,
and coordination of funding (Krause et al., 2024;
Streimikiene et al., 2024). The absence of robust
program-level relationships is nevertheless com-
patible with research highlighting the importance
of local context, collaborative governance, and
territorially adapted implementation rather than
uniform expenditure responses (Belgibayeva et al.,
2025; Rakowska & Ozimek, 2021). Public-private
partnerships may also be necessary to complement
regional budgets with financing, technical exper-
tise, and project-management capacity (Kuzior et
al., 2023; Oe et al., 2025; Topazly et al., 2025). For
Ukraine, the findings imply that regional public-
expenditure management should prioritize the
connection between budget programs and mea-
surable implementation outputs, such as commis-
sioned renewable capacity, grid connections, com-
pleted infrastructure, and generated electricity,
rather than treating expenditure growth itself as
evidence of energy transition progress.
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CONCLUSION

This study examined whether the allocation of regional public expenditure across selected budget pro-
gram categories was systematically associated with renewable energy development in Ukraine and
whether any observed relationships remained stable across alternative temporal, distributional, and
nonlinear specifications.

The empirical results provide no robust evidence that higher expenditure under the analyzed regional
budget programs was systematically associated with either annual renewable-capacity growth or re-
newable electricity production. Although several program categories produced nominally significant
or marginal associations in individual specifications, these findings were sensitive to sparse territorial
coverage, the choice of statistical inference method, and adjustment for multiple testing. By contrast,
installed renewable capacity remained the most consistent correlate of renewable electricity generation,
highlighting the importance of the existing regional renewable-energy asset base. The lagged, same-
sample, presence-intensity, alternative-transformation, and winsorized specifications did not mate-
rially alter the overall findings. Likewise, the nonlinear analysis provided no support for systematic
U-shaped, inverted-U-shaped, or threshold-type relationships between program expenditure and re-
newable-energy outcomes.

From a public management perspective, these findings suggest that regional authorities should not as-
sume that larger allocations within broad budget categories will automatically translate into expanded
renewable energy. Budget programs should instead be linked to clearly defined implementation outputs,
including commissioned capacity, grid connection, project completion, electricity generation, and veri-
fied environmental benefits. Particularly sparse or territorially concentrated programs should initially
be implemented as monitored pilots with transparent eligibility rules, comparable reporting standards,
and ex-post evaluation requirements. The consistent relationship between installed capacity and elec-
tricity production further indicates that expenditure management should focus on overcoming practi-
cal barriers to asset deployment, such as project preparation, permitting, grid access, co-financing, pro-
curement, and implementation capacity, rather than relying solely on nominal expenditure increases.

The results are limited by the short four-year observation period, small number of regions, the extremely
sparse territorial coverage of several programs, and very low effective degrees of freedom in some speci-
fications. The observational fixed-effects design identifies conditional within-region associations rather
than causal program effects, whereas separately estimating expenditure categories may leave residual
confounding from correlated budget programs. Moreover, controlling for contemporaneous installed
capacity in the production models may absorb part of the pathway through which expenditure could
influence generation. Future research should extend the time horizon, use project- or municipality-
level data, distinguish committed from actually disbursed expenditure, and apply quasi-experimental
or event-study designs where credible policy discontinuities are available. Further work should also ex-
amine spatial spillovers, distributed lag structures, mediation through installed capacity, institutional
implementation quality, and differences between program availability, absorption capacity, and com-
pleted renewable energy investments.
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N APPENDIX A. Descriptive statistics and correlation analysis

o~
Table Al. Descriptive statistics
. . . . Excess
Variable : Unit i N | Mean SD i Median Min. i Max. : Skewness X
kurtosis
Co-financing of investment projects UAH million 91.69 17.30 0.00 631.03
Environmental measures under territorial development programs UAH million 53.09 13.12 0.00 287.57
Contributions to authorized capital ‘ UAH million 292.17 1.13 0.00 2,125.00
Expenditures from local target funds UAH million 100 11.68 57.88 0.00 0.00 319.21 4.72 20.76
Other economic activity measures UAH million 100 55.82 248.61 3.36 0.00 2,014.61 6.09 40.16
Energy-saving measures UAH million 100 5.86 16.94 0.35 0.00 138.96 5.50 36.84
SME support UAH million 100 1.68 5.38 0.65 0.00 44.29 6.65 45.65
Electric transport measures UAH million 100 44.50 243.44 0.00 0.00 1,771.29 5.86 34.86
Natural resource protection UAH million 100 10.24 23.37 0.89 0.00 116.20 3.26 10.49
Environmental measures financed from target funds UAH million
g Other environmental and natural-resource activities UAH million
° b
_Q' Renewable electricity generation million kWh
8. ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
0% Installed renewable energy capacity MW
3 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ =
5 Gross regional product UAH million
g e : o : : - : :
'g Capital investment in environmental protection i UAHthousand i 100 i 536,833.36 :1,170,819.76 : 78,304.60 6,864.90 :6,945,708.40 :
,'_E\ ; ; ; ; ; ; ;
< Note: The sample comprises 25 Ukrainian regional units observed annually from 2018 to 2021. Budget expenditure variables and gross regional product are expressed in millions of con-
§ stant 2021 UAH, while capital investment in environmental protection is expressed in thousands of constant 2021 UAH. SD denotes standard deviation, and kurtosis is reported as excess
o kurtosis. Installed renewable energy capacity reflects the corrected annual regional aggregation of the underlying Energy Map data.
oo
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Table A2. Zero observations and territorial coverage of regional expenditure programs
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° g ) ° - g 8§ =8§
N e > v 3 v 3
Electric transport measures 100 95 95 5 2 4 1,012.00 848.00
2 4 260.00 322.00
16 4 19.50 1.54
13 4 34.30 10.50
18 4 18.80 5.18
18 4 10.40 2.19
22 4 93.50 5.63
21 4 2.55 1.23
24 4 39.60 18.40
24 4 68.20 4.70
Co-financing of investment projects 100 : 7 : 7 : 93 : 24 : 4 : 49.10 : 20.00

Note: Monetary values are expressed in millions of constant 2021 UAH. Positive spending refers to region—year observations with expenditure greater than zero. The number of regions
with positive spending indicates territorial program coverage over the full 2018-2021 period.
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Table A3. Pooled Spearman correlation matrix

Panel A. Variables 1-8

No. Variable 1 2 4 5 6 7 8
1 Co-financing 1.000
2 §Territoria'lﬁt‘environmentaul measures 0243 1000
3 Capital cour'w‘tributions H .........
4 Local taréét funds i
5 Other ect;éomic act'ivityu ...........
6 Energyfsé;ing measuresﬂ ........... 1.000
7 SME supbgrt H H 0.193
8 Electric true'i‘nsport H 0.218 1.000
9 Natural ré;ource proteci‘ion ."—0.137 0.113
10 Environm;ntal target-fuad measures ' 0.295 0.244
11 Other en\'/‘i'l"onmental ac%ivities H 0.074 0.377
12 Real GRPW H 0.240 0.348
13 Environmé‘ntal investméﬁt H 0.192 0.298
14 E RES elect;iucity productioun T -0.070 -0.305
15 ilInstalled RES capacity 0% | -0005 . -0125 .  -02s57 . o181 . -0.137 -0.298
No. Variable 13 14 15
9 Natural resource protection
10 Environm'f;ntal target—fuhd measures . -0s3 . 1000
11 Other en\'/‘i'l"onmental aci;ivities 0.413 1.000
12 Real GRP H 0.428 1.000
13 Environm;ntal investméﬁt 0.172 0.771 1.000
14 E RES elect;iucity producti(;n -0.204 0.246 0.200
15 ilInstalled RES capacity H -0.206 0.201 H 0.197 1.000
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Note: The table reports Spearman rank correlations for the pooled sample of 100 region—year observations. All monetary variables were adjusted for inflation and expressed in constant
2021 UAH. Expenditure variables and environmental investment were transformed using the natural logarithm of 1 + x. GRP and installed renewable energy capacity were expressed in
natural logarithms, whilst renewable electricity production was transformed using the natural logarithm of 1 + x.
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Table A4. Within-region Pearson correlation matrix

Panel A. Variables 1-8

No. Variable 1 2 3 4 5 6 7 8
1 Co-financing 1.000
2 i Territorial em’/‘li‘ronmental measuur;s 0.210 1000
3 Capital contri'i:')‘u‘dons """ -0.024 0.063 1.000
4 Local target f'L‘J';"IdS """ 0.127 0.062 -0.008 1.000
5 Other econo%gc activity -0.082 -0.092 -0.086 0.076 1.000
6 Energy—saviné"measures """ 0.118 0.137 -0.216 0.126 0.150 1.000
7 SME supportw """ -0.055 -0.229 0.093 -0.344 -0.009 -0.011 1.000
8 Electric transupuort """ -0.043 -0.186 -0.115 0.338 0.129 0.040 0.449
9 Natural resoq‘r“ce protection 0.046 -0.046 0.125 0.357 0.056 0.151 -0.159
10 Environment;I‘target»fund mea's”L‘J'l"es 0.114 0.170 0.186 0.285 -0.039 0.185 -0.044
11 Other enviror;'r‘nental activities 0.001 -0.064 -0.143 -0.213 0.191 0.081 0.243
12 Real GRP - 0.053 0.077 0.110 -0.225 -0.154 -0.459 -0.035
13 Environment;I‘investment """ -0.003 -0.126 0.046 0.001 0.012 -0.223 -0.074
14 RES electricit'\‘/"production """ -0.007 -0.039 0.006 -0.193 -0.082 -0.464 -0.233
15 Installed RES Hc';'apacity """ 0.018 -0.083 -0.001 -0.175 0.005 -0.341 -0.039
Panel B. Variables 9-15
No. Variable 9 10 11 12 13 14 15
9 Natural resource protection
10 Environmentéﬁl‘targetffund mea;&es 1.000
11 Other enviror;rﬁental activities -0.073 1.000
12 Real GRP - -0.125 -0.116 1.000
13 Environmenté'l‘investment """ 0.028 -0.208 0.022 1.000
14 RES electricit'\‘/uproduction """ -0.223 -0.029 0.680 0.058 1.000
15 Installed RESHcHapacity """ -0.156 0.033 0.560 0.057 0.822

Note: The table reports Pearson correlations calculated after subtracting each region’s four-year mean from every transformed variable. The coefficients, therefore, represent within-region
co-movement over time rather than persistent differences between regions. Variable transformations and monetary units correspond to those reported in Table A3. The correlations are
descriptive and do not account for common year effects.
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Table A5. Multicollinearity diagnostics for pooled and two-way fixed-effects specifications

Variable

Pooled capacity

model: VIF

Pooled capacity
odel: tolerance!

Pooled
production
model: VIF

Pooled
production

‘model: tolerance:

TWEFE capacity TWEFE capacity iTWFE productionfTWFE production

model: VIF

‘model: tolerance

model: VIF

‘model: tolerance

Co-financing of investment projects

Environmental measures under
territorial development programs

Environmental measures financed
from target funds

Installed renewable energy capacity

0.740

0.810

2.04 0.490
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 115 e 0867
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 127 e 0787
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 2 56 e 0391
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 231 JERRR

0.433

0.756
0.828
0.807

0.866

0.785

0.858

Note: VIF denotes the variance inflation factor. Tolerance is calculated as the reciprocal of the VIF. The pooled diagnostics are based on the transformed regressors before controlling for
fixed effects. The TWFE diagnostics are calculated after residualizing each regressor with respect to region- and year-fixed effects. Values of VIF above 5 indicate potentially problematic

multicollinearity, while values above 10 indicate severe multicollinearity. The capacity specification excludes installed renewable energy capacity, whereas the production specification

includes it as a control.
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Table A6. Territorial units included in the balanced panel

No. : Territorial unit Administrative status Treatment in the analysis

1 Vinnytsia Oblast Included

2 Oblast IncItJéIed .......
3 Oblast InclL;éed .......
4 I I‘ncluded according to ;He territori';l coverage available in ;he of‘ﬁciai ......

source data
> Oblast IncILJéIed .......
° oblast Inclt;aed .......
/ Oblast Inclqéed .......
8 Oblast IncIlJéed .......
9 oblast | Inclu'c‘iued separat;iy from Kylv ay
10 Oblast Incldéed -
11 I I‘ncluded according to ;He territori';l coverage available in ;he ofﬁciai ......
source data

12 Oblast IncILléed .......
13 éMykoIaiv Oblast Inclt;éed .......
14 E Odesa Oblast Incldéed .......
5 Oblast IncIlJ;Jed .......
16 éRivne oblast IncILIcﬁed .......
17 ?Sumy Oblast Inclt;aed .......
18 “"};rﬁr‘]opll Oblast Incldéed """""
19 “‘I.<‘.P‘1;rkiv oblast IncIlJéed .......
20 ml;%;rson oblast |nC|L'J“C‘1€d .......
21 i Khmelnytskyi Oblast |nC|l;é|ed """""
22 Cherkasy oblast |ﬂC|L;;jed .......
23 :.gf‘w';rnivtsi oblast IncIlJéed .......
24 jChernihiv Oblast Incldéed .......
25 wivcty City with special status Includ;(‘i asa sepa;z‘ate writorialunt

Note: The balanced panel comprises 24 oblasts and Kyiv City observed annually from 2018 to 2021. The Autonomous Republic
of Crimea and Sevastopol are excluded because comparable observations were unavailable across the data sources and study
period. Kyiv Oblast and Kyiv City are treated as separate territorial units. For Donetsk and Luhansk oblasts, the observations
correspond to the territorial reporting coverage available in the official statistical and administrative sources for each year; the
study does not reconstruct economic, budgetary, or energy activity outside the applicable reporting perimeter. The same ter-
ritorial structure was used when merging data from the State Statistics Service of Ukraine, the Ministry of Finance of Ukraine’s
Open Budget portal, and the Energy Map database.

http://dx.doi.org/10.21511/ppm.24(3).2026.18
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APPENDIX B

Table B1. Detailed CR2 inference and model-fit statistics: Annual growth in installed renewable energy capacity

p-value

Program B SE df 95% CI BH g-value R? % Adjusted Rz Within R? % RSE
Co-financing of investment projects -0.0453 i 0.0868 4.28 0.6273 [-0.2800, 0.1900] 0.7667 |
Enwronmentalmeasures under territorial development program;”é 0.0318 0.0588 1090 0.5992 ‘[—0.0978, 01610] 0.7667
Contrlbuhonstoauthorlzed sl -0.0430 0.0600 211 ..... 0.5444 t—0.2890, 02030] 0.7667
Expendlturesfromlocal wrgetfonds 0.9152 i 0.3573 1880 0.0192 ‘[OA167O, 16600] 0.1054
Othereconomlcachwty vesswes 0.1732 840 0.5635 t—0.2920, 0‘5“(')‘;)0] 0.7667
Energy-saving measures 0.1487 : 0.1580 8.23 0.3734 t—0.2140, 05110] 0.7667
Sl\/lEsupport """""""""" -0.0511 i 0.1304 245 0.7269 t—0.5240, 04220] 0.7996
CGecrctamsportmessres ouse | 00546 1980 00125 [00359,02640) | 0054
Naturalresourceprotectlon """ 0.1077 0.1017 347 0.3574 [-0.1920, 04080] 0.7667
Enwronmentalmeasures franced from target funds 0.0358 : 0.2857 334 0.9074 [-0.8230, 08950] 0.9074
Otherenwronmental e -0.2094 : 0.1198 587 0.1322 [-0.5040, 00854] 0.4847

Note: N = 75, regions = 25, and years = 3 in every model

. RSE denotes residual standard error. Region and year coefficients are not displayed.
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Table B2. Detailed CR2 inference and model-fit statistics: Renewable electricity production

Program

Program

SE

df Ep-value 95% ClI EBH g-value Capacity B SE

‘p-value :

95% CI

R? Adjusted R WithinR? = RSE

Co-financing of
investment projects

Environmental
measures under
territorial
development
programs

Contributions to
authorized capital

. -0.0114

Expenditures from
local target funds

Other economic
activity measures

£ 0.0517

£ 0.0554

£ 0.0932

£ 837 02725

11220 | 0.8398

Energy-saving -0.1495
measures
SME support -0.2152

Electric transport
measures

Natural resource

0.0747

protection ‘ ‘ ‘
Environmental

measures financed -0.1721 0.1205
from target funds

Other environmental 0.0235 0.0652

activities

£ 0.1339

 10.0935, 0.7295]

10978 |

£ 0.0220

 [0.0836,0.7634]

10978 |

0.968

- [0.0996, 0.7410]

10978 |

| [0.1012, 0.7434]

10978 |

1 [0.0921, 0.7295]

10978 |

 0.1001, 0.7437]

10979 |

[0.2172, 0.7434]

(01892, 0.7492]

0.980

10979 |

 0.1001, 0.7438]

10978 |

[0.1187,0.7403]

0.978

1[-0.1790,0.0576] | 0.5995 0.4115
[-0.1320,0.1090] | 0.9655 04235 | 0.1417
[-0.0963,0.1240] | 0.9655 04203 0.1344
[-7.1900,7.2600] | 0.9655 0.4223 0.1342
[-0.1380,0.2380] |  0.9655 04108 | 0.1361
[[-0.3570,0.0579] | 0.5995 0.4219
[-0.4430,0.0131] | 0.5995 0.4803
|[-1.2100,0.6710] | 0.5995 0.4692
[-0.0802,0.0879] |  0.9655 04219 | 0.1342
[-0.4770,0.1330] |  0.5995 04295 | 0.1298
[-0.1320,0.1790] = 0.9655 0.4189 | 0.1328

[0.1009, 0.7369]

0.978

0.258

| 0359

| 0362

Note: N = 100, regions = 25, and years = 4 in every model

. Region and year coefficients are not displayed.
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Table B3. Stability of common control and year effects across the parsimonious models

Outcome Variable Coefficient range CR2 p-value range Summary

Annual capacity growth Real GRP -0.740 to -0.512 0.689-0.799 Not statistically significant

Annual ;;pacity grc;;/vth Envirogrﬁental inv;stment -0.058 to —0002 0.631-0.984 H H Not sta"‘tisticallyusigniﬁc;r‘wt

Annual é;pacity gréWth WYear 2020" -0.899 to —0847 0.003-0.010 H H Cons'i‘stently 'r‘wegativew

Annual ;;pacity grc;;A/th WYear 2021" -1.080 to —0934 0.039-0.069 Neéa‘dve; s'i‘gniﬁcanuce varie; betwe;w 5% ar'wé 10% -
Electric'i‘t“y product‘i;)n Real GRP H -1.204 to —0334 0.315-0.723 H H Not sta"‘tisticallvusigniﬁc;r‘]t -
Electric'i‘t“y producﬁ;n Envirogr‘nental inv;stment -0.054 to —0022 0.472-0.776 H H Not stai‘isticallyusigniﬁc;%t

Electric}£;/ producﬁgn Insta;l'ied RES ca;;acity 0.411to 0480 0.004-0.022 H H Con;istentlyup)osiﬁveuu

Electric'i‘t“y product‘i;)n WYear 2019" 0.008 to 0151 0.513-0.965 H H Not sta"‘tisticallyusigniﬁc;r‘wt

Electric'i‘t“y producti(;n WYear 2020" 0.539to 0770 0.008-0.038 H H Congistently"positivew

Electric}£;/ producu’gn WYear 2021" 0.808 to 1157 0.009-0.048 H H Con;istentlyup)osiﬁve““

Note: The ranges show the lowest and highest coefficients and p-values across the 11 separate program specifications. Reference years are 2019 for the capacity-growth models and 2018
for the production models.

Table B4. Evidential status of the nominally significant or weakly significant program coefficients

CR2 Positive Regions with positive

p-value BH g-value observations | spending Evidential status

Outcome Program B

Expenditures from local

Annual capacity growth target funds

0.1054 5 2 Nominally significant but highly sparse; exploratory

Electric transport

measures 0.1054 5 2 Nominally significant but highly sparse; exploratory

Annual capacity growth

Weak nominal evidence; not robust to multiple-

Electricity production SME support -0.2152 testing adjustment

0.5995 74 21

Note: Benjamini—-Hochberg adjustments were calculated separately across the 11 program coefficients for each dependent variable. No expenditure coefficient has q < 0.10.
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Table B5. Detailed one-year lagged estimates for annual growth in installed renewable energy capacity

Program B CR2 SE Satterthwaite df p-value 95% Cl BH g-value
Co-financing of investment projects -0.0103 0.1390 7.62 0.9427 [-0.3336, 0.3130]
Environmental measures under territorial development programs -0.0185 0.0886 7.37 0.8406 [-0.2259, 041885‘]. :
Contributions to authorized capital -0.0224 0.0687 2.74 0.7675 [-0.2533, 0.208'!‘5.‘]. .
Expenditures from local target funds -0.9756 2.1070 1.27 0.7100 [-17.3129, 15.361%]. ............ 09510 ............
Other economic activity measures -0.2861 V 0.2490 9.68 0.2790 [-0.8434, 0.271;]. B 08073 ............
Energy-saving measures 0.0381 0.2620 5.34 0.8897 [-0.6227,0.6989] 0.9510
SME support -0.1828 0.1225 2.04 0.2718 [-0.7001, 0.3345‘]. R 08073 ............
Electric transport measures -0.3110 0.1700 1.15 0.2936 [-1.9069, 1.284éj ................ 08073 ............
Natural resource protection -0.0057 0.0885 4.77 0.9510 [-0.2366, 0.225';]. . ............ 09510 ............
Environmental measures financed from target funds -0.0848 0.2120 7.62 0.7000 [-0.5779, 0.4085‘]. L 09510 ............
Other environmental activities -0.1722 0.0904 5.10 0.1139 [-0.4032, 0.058'2‘3“]. . ............ 08073 ............

Note: N =75, covering 25 regions and the capacity-growth years 2019-2021. Each row represents a separate model. The dependent variable is the annual change in logged installed renew-
able energy capacity. All specifications include real GRP, real environmental investment, region fixed effects, and year fixed effects.

Table B6. Detailed one-year lagged estimates for renewable electricity production

Program B CR2 SE Satterthwaite df p-value 95% Cl BH g-value
Co-financing of investment projects : -0.0560 : 0.0542 : 8.18 : 0.3306 © [-0.1805,0.0685] : 9
vironmenf‘z'a‘lumeasuresmL‘mder terf&érial develuc;pment prgj'é‘rams 0.0218 0.0343 7.25 0.5446 [-0.0587, 0.1023
ntributiongéo authoriééd capital I 0.0425 0.0301 2.72 0.2620 [-0.0591, 0.144i
Expenditure;fﬂrom local éérget fund;m . 1.1851 1.2184 1.27 0.4791 [-8.3268, 10.697'0]
Other econour%ic act‘ivityur;r‘weasures """""""" 0.1038 0.1060 9.59 0.3515 [-0.1338, 0.3414] 0.748; -
“Eﬁ"ergy—saviH‘é"measuresw """""""" -0.0641 0.0748 5.41 0.4276 [-0.2521, 041235.] ............... 07489 ............
SI\/IE supporf """ S S -0.1068 0.0390 2.15 0.1030 [-0.2639, 0.0SO;] ............... 07489 ............
“Eiéctric tran;r‘J;th measu?es """""""" -0.1040 0.0920 1.22 0.4330 [-0.8757, 0.667%] ............... 07489 ............
ml.\‘l';tural reso'L‘JHrHce protecf‘i;)n """""""" -0.0139 0.0458 4.77 0.7741 [-0.1334, 0‘105(;] ............... 08652 ...........
“‘I.-Z‘;\'\‘/ironmenf‘é‘lumeasures“f"inanced from target f'L;ndS """ -0.0374 0.1332 7.58 0.7866 [-0.3475, 0.272;] ............... 08652 ...........
Other envirour'w‘r:nental act:i;}iﬁes """ - : 0.0169 : 0.1251 : 5.16 : 0.8974 ¢ [-0.3017, 0.33551“ ........... 08974 ...........

Note: N = 75, covering 25 regions and the production years 2019-2021. Each model includes contemporaneous installed renewable capacity, real GRP, real environmental investment,
region fixed effects, and year fixed effects.
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Table B7. Comparison of contemporaneous and one-year lagged program estimates

Program

Capacity: contemporaneous 8 (p)

Capacity: lagged B (p)

Production: contemporaneous f (p)

Production: lagged B (p)

Co-financing of investment projects

-0.0453 (0.6273)

-0.0103 (0.9427)

-0.0608 (0.2725)

Environmental measures under
territorial development programs

-0.0114 (0.8398)

Contributions to authorized capital -0.0430 (0.5444) -0.0224 (0.7675) 0‘0136“(0.7305)"“
Expendi£ﬁres from I';acal targetul"‘unds 049152'”‘('(‘)':'(5;92) —0.9756‘('(‘)“.;1"00) 040395“(0.9655)““
Other eg‘onomic act%vity measﬁ;es 0.1041'”@:5'6"35) —0.286{(6‘.'2%‘90) ‘ 0.0497"(0.5715)““
Energy-us'éving measures 0.1487'“(6:“35‘34) 0.0381'16:55'3‘97) —O.1495H(O.1396)W
SME suﬁ;p‘)ort H —O.OSli"('(‘JH.'%é‘69) —0.1825‘('6‘.5‘7“18) —0.2152"(0.0580)””
Electric'ﬂ'ansport n';‘easures 0.1499”(6:'(‘)1‘26) —0.3116"('6‘.{9“36) —0.2695'”(‘0.2533)““
Naturalijr::esource pr})tection 0.107%‘(6‘.55‘74) —O.OOS%H(&églO) 0.0039:(10.9124)::

Environmental measures financed

from target funds

-0.1721 (0.2096)

Other environmental activities

-0.2094 (0.1322)

-0.1722 (0.1139)

0.0235 (0.7297)

-0.0560 (0.3306)

0.0425 (0.2620)

1.1851 (0.4791)

0.1038 (0.3515)

0.4276

-0.0641

)
-01068(0.1030)
)
)

-0.1040 (0.4330

|
©
o
[
w
[\e}

0.7741

0.0169 (0.8974)

Note: Contemporaneous production estimates are based on 100 observations from 2018-2021, whereas the lagged production estimates are based on 75 observations from 2019-2021.
The columns are therefore not strictly the same sample comparisons. Because the contemporaneous and lagged production columns in this table use different estimation periods, Ap-
pendix Table B11 provides the preferred same-sample comparison for 2019-2021.

Table B8. Stability of controls and year effects in the lagged specifications

Outcome

Variable

Coefficient range

CR2 p-value range

Interpretation

Annual capacity growth

Real GRP

-0.8278 to -0.5139

0.6750-0.8005

Not statistically significant

Annual capacity growth

Not statistically significant

Annual capacity growth Year 2020 -0.9278 to -0.8410 0.0038-0.0088 Consistently negative
Annual capacity growth Year 2021 -1.0844 to -0.9994 0.0456-0.0622 Negative; significance varies
Real GRP -3.0234 to0 -2.7191 0.0038-0.0210

Electricity production

Consistently negative

Electricity production

Not statistically significant

Electricity production

Positive but not statistically significant

Electricity production

Consistently positive

Electricity production

Year 2021

1.3970 to 1.4896

<0.001 in all models

Consistently positive

Note: Coefficient and p-value ranges are calculated across the 11 separate program specifications. The reference year is 2019 for the capacity-growth models and 2019 for the restricted

lagged production sample, with the reported year coefficients comparing 2020 and 2021 against that reference.
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Table B9. Summary of wild-cluster-bootstrap inference by model family

Minimum bootstrap

Outcome Timing p-value Coefficients with p < 0.05 Coefficients with p < 0.10 Coefficients with BH q < 0.10
Anr}‘ual capacity'g‘ruowth """ Contemporaneous 0.0457 1 1 0
nnual capacitygﬂr’pwth """ One-year Iaggedﬁ 0.0659 0 1 0
_Renewable electricity production Contemporaneous 0.0980 0 1 0
Renewable electricity production One-year lagged 0.0163 1 1 0

Note: Wild-cluster-bootstrap tests use 9,999 Rademacher replications, impose the null hypothesis, and cluster observations by region. Benjamini—-Hochberg adjustments are calculated

separately across the 11 program coefficients within each outcome—timing family.

Table B10. Wild-cluster-bootstrap inference for program—expenditure coefficients

Panel A. Annual capacity growth: contemporaneous expenditure

Program Bootstrap statistic Bootstrap p-value BH g-value N

investment projects 596 75

Environmental measures under territorial 75

development programs

75

s

75

s

75

75

s

sures financed from target funds : 1297 i 186 75

Other environmental activities -0.2094 : -1.9716 : 0.0457 0.5028 75

Panel B. Annual capacity growth: one-year lagged expenditure

Program B ' Bootstrap statistic ' Bootstrap p-value N

Co-financing of investment projects : 75

Environmental measures under territorial e
development programs

75

s

75

75

s

75

75

s

Other environmental activities 75
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Table B9 (cont.). Summary of wild-cluster-bootstrap inference by model family

Panel C. Renewable electricity production: contemporaneous expenditure

Program Bootstrap statistic :|  Bootstrap p-value BH g-value N
Co-financing of investment projects ; ; ; 100
Environmental measures under territorial oo
development programs
horized capital 100
ocal target funds 100
100
100
100
100
100
100
Other environmental activities 100
Program N
Co-financing of investment projects e
Environmental measures under territorial 75
development programs
s
75
s
75
75
s
75
75
Other environmental activities 75

Note: Wild-cluster-bootstrap inference is based on 9,999 Rademacher replications, with the null hypothesis imposed and clustering by region. All specifications contain 25 regional clusters.

Capacity-growth models contain 75 observations. Contemporaneous production models contain 100 observations, while one-year lagged production models contain 75 observations. BH
g-values are calculated separately within each panel across the 11 program coefficients. The bootstrap statistic should be interpreted together with its bootstrap p-value, rather than

compared directly with conventional t-distribution critical values. A separate focal wild-cluster-bootstrap test for the restricted-sample local target-fund coefficient produced p = 0.4687.

Contemporaneous production bootstrap results are based on the original 2018-2021 sample and therefore do not assess the restricted-sample estimates reported in Table B11.
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Table B11. Same-sample comparison of contemporaneous and one-year-lagged program estimates for renewable electricity production, 2019-2021

Contemporaneous 8 A One-year-lagged

Program (CR2 SE) CR2 p-value BH g-value B (CR2 SE) CR2 p-value BH g-value Sign change

Co-financing of investment projects -0.0013 (0.0428) 0.9780 0.9970 -0.0560 (0.0542) 0.3306 0.7489 No
Itzenrvriirt(())rr]ir:Iednet\ilegs::;f;:;;rearms 0.0170 (0.0390) E 0.6720 E 0.9510 E 0.0218 (0.0343) | 0.5446 E 0.7489 E No
“g;)ntribu;i‘ons to a"uthorizé‘d capita;lk‘ -0.0001 (0.0338) 0.9970 ;)'.‘9970 0.04;5 (0.0301)'“‘ 6;2620 ;)'.‘7489 Yes
“‘I'-Z‘;(pendit;‘res frorT; local ta;rget funut'J‘s 1.1700 (0.2560) 0.0002 ;)'.‘0021 1.18; (1.2184)'”‘ 6:4791 '(‘)'.‘7489 No -
“E)cher ec'(‘DHnomic auctivity n'w‘easuresw 0.0032 (0.0752) 0.9670 ;)'.‘9970 O.lOé;é (0.1060)'”‘ '(‘J'.‘3515 ;)'.‘7489 No N
ml;r‘]ergy—saving me;"asures -0.0384 (0.0934) 0.6920 '(‘>'.‘951o —o.os@ (0.0748)'”‘ 6:4276 '(‘)'.‘7489 No N
SME support -0.1390 (0.0615) 0.1300 6'.‘7130 —0.10;3 (0‘0390)'“‘ 'C‘)'.‘103O '(‘)'.‘7489 No N
“‘I'-Z‘i‘ectric £;énsport measures 0.2290 (0.0407) 0.2320 6.‘7780 —0.10'1‘1;) (0.0920)'”‘ 6'.‘4330 ;;7489 Yes
ml;lkétural—'r‘t'e‘source ';‘)rotecti;n 0.0490 (0.0483) 0.3760 '(‘)'.‘7780 —0.0l;’:é (0.0458)'“‘ 5:7741 6'.‘8652 Yes
f;é;??rnzztal measures financed from 0.1290 (0.1420) 0420 0.7780 00374 (0.1332) | 0.7866 E 0.8652 E Yes
“gther en;ironmer;tal acti\'/‘ities 0.0547 (0.0631) 0.4200 '(‘)'.‘7780 0.01;3"9 (0.1251)'“‘ 6:8974 '(‘)'.‘8974 No N

Note: Each coefficient is obtained from a separate two-way fixed-effects model. Both contemporaneous and lagged specifications use the same 75 observations covering 25 regions over
2019-2021. All models include contemporaneous installed renewable capacity, logged real GRP, the natural logarithm of 1 + real environmental investment, region fixed effects, and year
fixed effects. CR2 standard errors are clustered by region and use Satterthwaite-adjusted degrees of freedom. Benjamini—Hochberg corrections are applied separately across the 11 pro-
gram coefficients within each timing specification. Sign changes are descriptive and do not constitute formal tests of differences between coefficients. The contemporaneous local target-
fund coefficient was additionally assessed using 9,999 Rademacher wild-cluster-bootstrap replications, with the null hypothesis imposed and clustering by region. The resulting bootstrap
p-value was 0.4687, indicating that its CR2 significance is not robust.
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Table B12. Program-presence and positive-spending-intensity models for annual growth in installed renewable energy capacity

Reference
. ositive spending,
Program Component B CR2 SE : Satterthwaitedf : CR2 p-value 95% ClI BH g-value P - P &
‘ ‘ million constant
2021 UAH
Program presence -0.4700 0.4750 6.54 0.3580 [-1.6100, 0.6700] 0.6650 8.01
CONTIIDUTIONS 1O e s
authorized capital itive- i
P Positive-spending 0.0592 0.0724 2.64 0.4810 (~0.1900, 0.3090] 0.6680 8.01
intensity
Program presence 0.1870 0.3030 513 0.5630 (-0.5860, 0.9600] 0.6680 3.48
Energy-saving ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
measures Positive-spending 0.1650 0.1630 10.90 0.3330 [~0.1940, 0.5240] 0.6650 3.48
intensity
Program presence 0.1900 0.3740 6.25 0.6290 [-0.7160, 1.1000] 0.6680 6.68
NGEUIAI FESOUICE b
tecti itive- i
protection Positive-spending 0.1160 0.1260 5.21 0.3980 [-0.2040, 0.4360] 0.6650 6.68
intensity
Program presence -0.3600 0.3780 373 0.3990 (-1.4400, 0.7210) 0.6650 3.45
Other envn«onmental 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
activities itive- i
Positive-spending -0.1890 0.1310 5.87 0.1990 [-0.5110, 0.1330] 0.6650 3.45
intensity
Program presence -0.4080 0.2480 337 0.1880 [-1.1500, 0.3330] 0.6650 1.38
Mt soport P 444444 A U ,,,,,, d ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ost Ir‘]’tee;‘;is ing 0.0879 0.1900 3.97 0.6680 [~0.4420, 0.6180] 0.6680 1.38

Note: Each pair of rows represents a separate two-way fixed-effects model in which program expenditure is decomposed into a program-presence indicator and centered positive-spending
intensity. Reference positive spending is the back-transformed mean of logged expenditure among positive observations and is expressed in millions of constant 2021 UAH. Accordingly, the
program-presence coefficient represents the estimated difference between zero expenditure and program operation at this reference positive-spending level, holding the other covariates
and fixed effects constant; it should not be interpreted as an unconditional program-activation effect. The dependent variable is the annual change in the natural logarithm of installed re-
newable energy capacity. All models include logged real GRP, the natural logarithm of 1 + real environmental investment, region fixed effects, and year fixed effects. The sample contains 75
observations across 25 regions for 2019-2021. Benjamini—Hochberg adjustments are calculated separately within each outcome across the ten presence and positive-intensity coefficients.
Program eligibility was assessed using the full 2018—-2021 panel. Eligible categories were required to have a zero share of at least 20%, at least 20 positive observations, positive spending
in at least 10 regions, and at least five regions switching between zero and positive expenditure. The same five-program set was used for both outcomes to avoid outcome-dependent
selection. The capacity-growth models themselves use the 2019-2021 sample.
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Table B13. Program-presence and positive-spending-intensity models for renewable electricity production

Reference
Satterthwaite ositive spendin
Program Component B CR2 SE CR2 p-value 95% Cl BHg-value  POSIHVespending,
df million constant
2021 UAH

Contributions to Progrﬂa?‘rﬂﬁr“esence 00308 01510 8.99 04843“0 [:‘(?13120, 0.3730] ) 0.8470 so1
authorized capital Positive-spending intensity 0.0133 0.0432 3.69 0.7750 [-0.1110, 0.1370] 0.8470 8.01
£ . Program presence -0.2670 0.1890 6.65 0.2030 [-0.7190, 0.1850] 0.6780 3.48

DO By S AV I [T S OO SOuTEOssUTUOT: SOTO TS T OO O s SO

measures e . . .

Positive-spending intensity -0.1300 0.0940 13.20 0.1910 [-0.3320, 0.0733] 0.6780 3.48
Program presence -0.0427 0.1570 6.50 0.7940 [-0.4200, 0.3350] 0.8470 6.68

Natural-resource I T N I

protection " - )

Positive-spending intensity 0.0160 0.0555 8.11 0.7800 [-0.1120, 0.1440] 0.8470 6.68
. Program presence -0.0251 0.1260 7.08 0.8470 [-0.3210, 0.2710] 0.8470 3.45

Other environmental i e B T A T
activities : Positive-spending intensity 0.0498 0.0799 6.88 0.5530 [-0.1400, 0.2390] 0.8470 3.45
Program presence 0.0211 0.0745 5.76 0.7870 [-0.1630, 0.2050] 0.8470 1.38

SME support B il St I S
Positive-spending intensity -0.2780 0.0890 3.96 0.0360 [-0.5260, -0.0296] 0.3600 1.38

Note: Each pair of rows represents a separate two-way fixed-effects model in which program expenditure is decomposed into a program-presence indicator and centered positive-spending
intensity. The dependent variable is the natural logarithm of 1 + renewable electricity production. All specifications include contemporaneous installed renewable capacity, logged real

GRP, the natural logarithm of 1 + real environmental investment, region fixed effects, and year fixed effects. The sample comprises 100 observations across 25 regions for 2018-2021.

Benjamini—Hochberg adjustments are calculated separately within each outcome across the ten presence and positive-intensity coefficients. Program eligibility was determined using the
same full-panel coverage criteria reported in Table B12, and the same five-program set was retained for both outcomes.

Table B14. IHS-transformation robustness estimates for regional program expenditure

Panel A. Annual growth in installed renewable energy capacity

Program IHS B CR2 p-value BH g-value N

Co-financing of investment projects -0.0380 0.6270 0.7670 75
0.0263 0.6160 0.7670 75

‘‘‘‘‘‘‘‘‘‘‘‘‘‘ s 05330 07670 75

0.0192 0.2110 75

05620, 0.7670. s

SME support 0.7740 0.8430 75
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Table B14 (cont.). IHS-transformation robustness estimates for regional program expenditure

""""""""""" 0.1500 0.3950 0.7670 75
0.3890 0.7670 75
ironmental measures ﬁnanced from targe::t:funds 08430 08430 75
-0.1680 0.1420 0.7670 75
Panel B. Renewable electricity production
Program IHS B | CR2SE | Satterthwaite df CR2 p-value BH g-value N
Co-financing of investment projects ; ; ; 771 0.2420 0.6650 100
11.90 0.9160 0.9970 100
55 o610 03540 100
1.14 0.9970 0.9970 100
11.10 0.5630 0.9370 100
i 01310 06650 100
3.71 0.0542 0.5960 100
146~ 01960 06650 100
5.56.. 0.9180 0.9970 100
4.30 0.3090 0.6800 100
Other environmental activities 656 """ 05960 09370 100

Note: Each row represents a separate two-way fixed-effects model. Program expenditure is measured in millions of constant 2021 UAH and transformed using the inverse hyperbolic sine
function. Capacity-growth models include real GRP, real environmental investment, region fixed effects, and year fixed effects. Production models additionally control for contemporaneous
installed renewable capacity. CR2 standard errors are clustered by region and use Satterthwaite-adjusted degrees of freedom. Benjamini—Hochberg adjustments are calculated separately
across the 11 program coefficients within each outcome. IHS coefficients are not directly comparable in magnitude with the baseline loglp coefficients; robustness should be assessed
primarily through coefficient signs, statistical significance, and the resulting substantive conclusions.

Table B15. Winsorized positive-spending robustness estimates

Panel A. Annual growth in installed renewable energy capacity

Program Winsorized B CR2 SE | Satterthwaite df |  CR2 p-value BH g-value N
-0.0469 0.0875 ' 4.23 ' 0.6190 0.7960 75
10,0308 10,0588 1080 106120 107960 75
-0.0430 0.0600 2.11 0.5440 0.7960 75
01080 01810 s 05670 07960 s
10.1600 10.1610 791 103500 10.7960 s
-0.0512 0.1300 2.45 0.7260 0.8160 75
01080 01020 Csa 03580 07960 s
10.0384 10.2850 332 10.9010 10.9010 s
Other environmental activities -0.2100 0.1200 5.86 0.1320 0.7960 75
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Table B15 (cont.). Winsorized positive-spending robustness estimates

Panel B. Renewable electricity production

Program ' Winsorized B | CR2 SE | Satterthwaite df | CR2p-value @ BHg-value N

: -0.0619 ‘ 0.0526 : 8.39 : 0.2710 : 0.6100 : 100

00126 10,0559 1210 10.8260 10,9100 100

0.0138 0.0362 3.31 0.7270 0.9100 100

::0‘0501: :10.0874:: 10.40 ::0.5790: ::0.9100: 100

-0.1540 10.0960 977 101410 106100 100

-0.2200 0.0817 3.36 0.0661 0.5950 100

:10‘0039: :10,0335: 5.44 :10.9100: ::0‘9100: 100

-0.1700° 10.1200 524 10.2130 106100 100

Other environmental activities : 0.0265 : 0.0640 : 6.66 : 0.6920 : 0.9100 : 100

Note: Each row represents a separate two-way fixed-effects model. Positive program-expenditure values were winsorized at the 1st and 99th percentiles, while zero observations were
retained unchanged. Local target-fund expenditure and electric-transport measures were excluded because each contains only five positive observations, making percentile-based win-
sorization inappropriate. Expenditure is expressed in millions of constant 2021 UAH and transformed using the natural logarithm of 1 + winsorized expenditure. Capacity-growth models
include real GRP, real environmental investment, region fixed effects, and year fixed effects. Production models additionally control for contemporaneous installed renewable capacity. CR2
standard errors are clustered by region and use Satterthwaite-adjusted degrees of freedom. Benjamini—-Hochberg adjustments are calculated separately across the nine eligible program
coefficients within each outcome.

Table B16. Formal quadratic and U-shape tests for regional program expenditure

Panel A. Annual growth in installed renewable energy capacity

’

@ o g g o === ° c g g e
c3e @ o 23 . 2 -y S = < S - ) w o S
(] B = B © « O + O - 9 -_— o =) »n © =] c O ﬂ)
ET O c = B c 8 g% 9% 0 3 ] o 9 2 ®® o ® £
Program oL 5 w 15 = T 2 35 ] -] : 25 P z2> T 2
(<] c o c 2 o c 2 c L2 o =] Q5 53 o 3 4
5 €32 =] S ER) =3 3 2 a T £= o= bR -] a
1 L2 o []
o o 2 < @ e E £ [SIR-) o <
Co-financing of i Inverted i Insufficient support
& : © -0.0608 0.7101 0.0989 | -0.1728 557 i Yes 9/66 5/24 Suppof
: : around turning point

investment projects i U-shaped
Environmental :

measures under . .
:Required endpoint-slope

territorial [ Inverted 100311 00012 | 09784 0.0372 - i10000 i - i - - -

i U-shaped : : : : : : : : reversal absent
development H H H H H H H H H H
programs

Contributions to
authorized capital

Other economic i Inverted
activity measures i U-shaped

Insufficient support

-sh 01041
U-shaped § OO around turning point

{Required endpoint-slope
reversal absent

. 0.1021

Insufficient support

Energy-saving Inverted 0.2333
.measures Ushaped e 2rOUNd turning point
SME support | Inverted 1 h7gg 0.5789 181 | Yes | 60/1s | 24j9  onlinearrelationship

U-shaped not supported
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Table B16 (cont.). Formal quadratic and U-shape tests for regional program expenditure

Panel A. Annual growth in installed renewable energy capacity

’

i w o o
: > [-% o 9 g_ g ) E T g c > > €
§2 ¢ @ 2 5 2 L O L O o 9 3 5 23 28 2 B @
5T c 5 © c 8 [T [T 92 [ > L 2 © © o® £
Program g 25 . o 5 S & ERC] ] 2 8 d e 5 P 2 WS> 2
S c® c = @ S e 5 c S 3 =2 0 e 5 3 ¥ 3 4]
5 E32 pr 5 g & 3 3 o T £ = 5 = 22 x © @
= g 5 3 3 = SE E 83 E g
Natural-resource U-shaped | -0.0669 | 00771 | 03999 @ -0.2444 | 03738 : 02740 @ 05789 | 3388 Yes 52/23 20/11 | Nonlinear relationship
protection ; ; ; ; : : : : not supported
Panel B. Renewable electricity production
. Direction : : : : : Turning inside | Regions
Program ; implied l?y i Linear iQuadraticB: Quadratic Lower- H U-test {BHg-value | point, | tested EObserva‘uonsg below/ : Assessment
quadratic H iCR2 p-valueibound slop i p-value P . i below/above :
o H million UAH: interval i above

Co-financing of
investment projects

Environmental
measures under

Ushaped @ -0.0277 | 00374 '@ 0.2646 . 01997 | 06988 | 2577 . Yes | 62/38 | 20/14 | \onlinearrelationship

Inverted i Nonlinear relationship

territorial i -0.0376 : -0.0369 | 0.1395 -0.2263 : 0.1086 i 06988 : 696 i  Yes i 30/70 i 14/23
U-shaped : : : : : : : : : not supported
development H H H H H H H H H
programs B
Contributions to Inverted Insufficient support
authorized capital U-shaped i 00465 05290 07170 around turning point

Other economic
activity measures

Energy-saving
measures

SME support U-shaped -0.2237

Natural-resource
protection

i equired endpoint-slope

U-shaped | 00504 @ 00015 @ 09579
OO SO SO reversal absent

© 10000

{Required endpoint-slop'é“

U-shaped | -0.1806 !
S reversal absent

0.0289 = 03636 | 10000 i - - - Eo-

: equired endpoint-slope

0.0046 | 0.9317
[ SO reversal absent

-0.2297 -0.2135 1.0000

i Nonlinear relationship
: not supported

U-shaped = -0.0020 | 00028 = 09162 : -00090 | 00124 = 04688 | 0.8203 Yes | 66/34 | 20/12

Note: Each row represents a separate two-way fixed-effects model containing centered loglp program expenditure and its squared term. Nonlinear specifications were estimated only
for programs with at least 60 positive region—year observations, positive expenditure in at least 18 regions, at least 20 distinct positive expenditure values, and at least eight regions ex-
hibiting three or more distinct expenditure levels in the full 2018-2021 panel. The same seven-program set was used for both outcomes. Formal U-shape tests were conducted over the
5th—95th percentile interval of the transformed expenditure variable. Capacity-growth models include logged real GRP, the natural logarithm of 1 + real environmental investment, region
fixed effects, and year fixed effects. Production models additionally control for contemporaneous installed renewable capacity. CR2 covariance matrices are clustered by region. The direc-
tion implied by the quadratic sign is descriptive only: a positive squared coefficient indicates a potential U-shaped direction, whereas a negative squared coefficient indicates a potential
inverted-U-shaped direction. This classification does not independently establish a nonlinear relationship. Support requires endpoint slopes with the appropriate signs, a significant formal
U-test, a turning point within the tested interval, and at least 10 observations and five regions on each side of the estimated turning point. Rows failing either coverage threshold are clas-
sified as having insufficient support around the turning point. Benjamini-Hochberg g-values are calculated separately within each outcome across all seven screened program hypotheses.
Where the formal U-test returned no numerical p-value because the endpoint slopes did not exhibit the required reversal, p = 1 was assigned solely for the multiple-testing adjustment;
the corresponding U-test p-value is displayed as a dash. Turning points and support counts are reported only when the turning point lies within the tested interval and a numerical formal
U-test result is available.
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