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This study examines the relationship between renewable energy consumption and prices, 
climate policy uncertainty, and CO₂ emissions in the U.S. using the QQ-KRLS approach. 
The results reveal that increasing climate policy uncertainty leads to higher renewable 
energy consumption and prices, both of which help reduce CO₂ emissions. These findings 
highlight the critical role of policy and green finance in achieving sustainability goals. 

I. Introduction   

Climate change stands as one of the most urgent chal
lenges of the 21st century, with far-reaching consequences 
for the global economy (Olasehinde-Williams, 2024; Olase
hinde-Williams & Saint Akadiri, 2025). The primary driver 
of this phenomenon is the increase in CO₂ emissions, 
largely due to growing energy demands and economies that 
still rely heavily on fossil fuels (Gozgor et al., 2018). CO₂ 
emissions play a major role in air pollution and the accel
eration of global warming. Addressing this problem has be
come a worldwide priority in pursuit of sustainability. 

A crucial solution lies in shifting from fossil fuels to re
newable energy sources. By increasing the use of renew
ables, carbon emissions can be reduced, helping to mitigate 
climate change (Anwar et al., 2021; Gozgor, 2018). To ad
dress environmental concerns, international initiatives 
such as the Paris Agreement, the European Green Deal, 
COP27, and carbon taxes have supported sustainability ef
forts and promoted green finance. These efforts encourage 
investment in environmentally friendly markets and high
light the role of green finance in reducing pollution (Yousfi 
& Bouzgarrou, 2024). 

However, changes in government policies—like adjust
ments in subsidies or environmental regulations—intro
duce uncertainty that can affect decisions made by con
sumers and investors (Bildirici et al., 2025; 
Olasehinde-Williams et al., 2023). Climate policy uncer
tainty (CPU) might actually have a positive impact on en
ergy demand (Shang et al., 2022). Specifically, CPU can af
fect energy demand and clean energy investments through 

two main theoretical pathways. The first is policy-induced 
precautionary investment, where companies and in
vestors—anticipating stricter regulations or carbon pricing 
in the future—redirect capital into renewable energy to 
hedge against regulatory risks. This approach demonstrates 
proactive, long-term planning in uncertain policy environ
ments. The second is risk-driven pricing effects, where in
creased uncertainty raises the perceived risk of conven
tional energy assets, resulting in higher risk premiums and 
making clean energy options comparatively more attrac
tive. 

This study investigates the relationship between renew
able energy consumption and prices, climate policy uncer
tainty (CPU), and CO₂ emissions in the U.S. by employ
ing the quantile-on-quantile kernel-based regularized least 
squares method. This advanced approach allows for the ex
ploration of complex and nonlinear relationships among 
the studied variables within the U.S. context. Unlike pre
vious research, this study illustrates how uncertainty can 
stimulate clean energy adoption and influence green pric
ing strategies. It bridges a critical gap in the literature 
by connecting policy-induced uncertainty to environmental 
outcomes through the lens of energy markets. The research 
underscores the dual importance of policy and green fi
nance as levers for advancing sustainability. Ultimately, it 
aims to inform more effective climate strategies that align 
economic behavior with environmental objectives. 

Sections II, III, and IV provide information on data and 
methodology, empirical findings, and conclusions, respec
tively. 
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Table 1. Summary statistics.   

CE REC CPU CO2 

Mean 0,274 0,325 0,483 -0,069 

Median 1,277 -0,312 -0,853 1,346 

Std. Dev. 8,293 5,529 35,650 7,705 

Skewness -0,776 0,337 0,135 -0,476 

Kurtosis 6,080 3,419 3,193 2,950 

Jarque-Bera 105,586*** 5,604** 0,979 8,061** 

Note: Here ** and *** indicates significance levels at 5% and 1%, respectively. 

II. Data and Methodology     

This analysis utilizes monthly U.S. data from November 
2006 to August 2024, focusing on four primary variables: 
clean energy prices (CE), sourced from NASDAQ OMX 
(https://indexes.nasdaqomx.com/Index/History/CELS); re
newable energy consumption (REC) and carbon dioxide 
emissions (CO₂), obtained from the U.S. Energy Informa
tion Administration (https://www.eia.gov); and climate 
policy uncertainty (CPU), derived from the Climate Policy 
Uncertainty Index (http://www.policyuncertainty.com/cli
mate_uncertainty.html). CPU serves as a proxy for shifts 
in government policies pertinent to environmental regula
tion. The U.S. was chosen as the study context due to the 
availability of comprehensive CPU data. The sample period 
is determined by the earliest availability of clean energy 
price data. 

While this study is centered on the U.S., its broader 
applicability to other countries should be considered cau
tiously. Climate policy uncertainty and energy market dy
namics vary internationally, influenced by factors such as 
institutional stability, regulatory transparency, market 
structures, and the degree of policy integration. For exam
ple, emerging economies with weaker institutions or incon
sistent policy environments might experience more pro
nounced adverse effects of policy uncertainty, whereas 
nations with strong policy credibility may see such effects 
diminished or delayed. 

All variables undergo transformation into logarithmic 
first differences for analysis. Table 1 provides the summary 
statistics: CE, REC, and CPU have positive means, whereas 
CO₂ displays a negative mean. Results from the Jarque-Bera 
test show that all series depart from normality, with the ex
ception of CPU. 

This study uses a new econometric approach, the Quan
tile-on-Quantile kernel-based regularized least squares 
(QQ-KRLS), recently introduced by Adebayo et al. (2024). 
This innovative method combines the quantile-on-quantile 
(QQ) approach of Sim and Zhou (2015) with the kernel-
based regularized least squares (KRLS) technique developed 
by Hainmueller and Hazlett (2014). KRLS, a machine learn
ing method, is highly regarded for its flexibility in regres

sion analysis, as it avoids rigid parametric assumptions. 
It employs Gaussian kernels to estimate the best-fitting 
function, thereby minimizing bias resulting from incorrect 
model specifications. Specifically, KRLS quantifies the in
fluence of an independent variable X on a dependent vari
able Y as follows: 

The average of the pointwise marginal effects of the in
dependent variable on the dependent variable is expressed 
as , where  and  represent individual obser

vations and the sample size, respectively. Moreover, the 
QQ-KRLS technique allows for the evaluation of statistical 
significance across the entire distributions of both the inde
pendent and dependent variables1. This approach enables 
a nuanced exploration of complex or asymmetric relation
ships between variables, providing a comprehensive analy
sis of their interconnections. The final combined QQ-KRLS 
model is illustrated as follows: 

The average pointwise marginal effect of the conditional 
-th quantile of the independent variable on the condi

tional -th quantile of the dependent variable is expressed 

as . Here,  and  represent the -th and 

-th conditional quantiles of the dependent and indepen
dent variables, respectively. However, it is important to em
phasize that the QQ-KRLS method reveals patterns of de
pendence; therefore, the findings do not imply causality. 

III. Empirical Findings    

Figures 1 and 2 illustrate the dependence structure 
among the analyzed variables, displaying the mean point
wise marginal effect coefficients via color bars. These vi
sualizations offer detailed insights into the nonlinear re
lationships identified in the study. Figure 1a depicts the 
quantile dependence between REC and CPU. The strength 
of this dependence ranges from 0 to over 0.6, as shown 

For more details about the QQ-KRLS method, please see Adebayo et al. (2024). 1 
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Figure 1. QQ-KRLS dependence between U.S. renewable energy consumption (REC), clean energy prices (CE), and              
climate policy uncertainty (CPU).     
Note: The green color highlights a positive linkage across most quantiles between the REC–CPU and CE–CPU pairs. A robust association exceeding 0.4 is observed around the upper 
quantiles. Light colors indicate insignificant and weaker linkages between variables. * and ** denote significance levels at 10% and 5%, respectively. 

by the color scale. Results indicate a robust positive asso
ciation across most quantiles of both variables, with par
ticularly strong dependence—exceeding 0.6—at the upper 
quantiles (around the 60% and 70% levels) of both CPU 
and REC. This suggests that as climate policy uncertainty 
rises, renewable energy consumption also increases, likely 
reflecting anticipatory behavior by firms and investors in 
response to future regulatory risks. In most other quantiles, 
dependence lies between 0.2 and 0.6, indicating a positive 
but less intense association. However, weaker and largely 
insignificant dependence (below 0.2) is observed when REC 
is at its highest quantiles (85% to 95%) while CPU is low 
(5% to 15%), and vice versa. These nuances highlight asym
metric effects across distributions and suggest the relation
ship is strongest when both variables are elevated. 

Similarly, Figure 1b shows the relationship between CE 
and CPU, with dependence values ranging from 0 to over 
0.4. Like REC, CE exhibits a positive association with CPU 
across most quantiles, with particularly strong dependence 
(above 0.4) when both variables are at their upper quantiles 
(approximately 60% to 80%). Weaker and insignificant as
sociations (below 0.2) occur when CE is low (5% to 45%) 
across various CPU quantiles, or when CPU is low (5% to 
15%) and CE is high (80% to 95%). Moderate positive as
sociations (0.2 to 0.4) are seen in the remaining quantiles. 
These findings support the idea that climate policy uncer
tainty boosts demand for clean energy assets, as such un
certainty increases the risks associated with fossil fuel in
vestments and elevates the relative appeal of clean energy 
alternatives. The increase in CE prices during periods of 
heightened uncertainty may also reflect a shift in capital 

toward green finance markets by environmentally aware in
vestors. 

Conversely, Figure 2a investigates the dependence be
tween REC and CO₂ emissions, where a significant negative 
association is found across a broad range of quantiles. The 
strength of this negative dependence ranges from 0 down to 
below -0.5, with the most pronounced inverse association 
(below -0.5) appearing at high REC quantiles (90% to 95%) 
and lower CO₂ quantiles (about 20% to 40%). This strong, 
negative relationship confirms that greater renewable en
ergy consumption is linked to decreased carbon emissions. 
For other quantile combinations, the negative dependence 
remains, ranging from -0.1 to -0.5, revealing a persistent 
yet variable inverse association. Insignificant dependence 
is mainly observed at the extremes—when both REC and 
CO₂ are either very high or very low. Overall, the results 
affirm the environmental benefits of expanded renewable 
energy consumption, especially in effectively reducing CO₂ 
emissions at high consumption levels. 

Figure 2b focuses on the link between CE and CO₂ emis
sions, revealing a significant negative association with de
pendence ranging from 0 to below -0.6. The strongest neg
ative dependence (exceeding -0.6) occurs when CE is at its 
lowest quantile (5%) and CO₂ emissions are relatively high 
(around the 65th quantile). Another strong inverse rela
tionship, ranging from -0.4 to -0.6, is found when CE is 
low (5% to 15%) and CO₂ is moderately high (50% to 70%). 
Across other quantiles, the negative dependence decreases 
gradually (from -0.2 to -0.4). Some combinations yield in
significant results, especially at the extremes of each vari
able. Nevertheless, the overall findings demonstrate that 
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Figure 2. QQ-KRLS dependence between U.S. renewable energy consumption (REC), clean energy prices (CE), and              
CO2 emissions (CO2).    
Note: The red color indicates a negative linkage across most quantiles between the REC–CO₂ and CE–CO₂ pairs. A strong inverse association exceeding -0.5 is observed around the 
higher (lower) quantiles of REC (CE) and the lower (upper) quantiles of CO₂. Light colors indicate insignificant linkages between variables. * and ** denote significance levels at 10% 
and 5%, respectively. 

increases in clean energy prices are associated with reduc
tions in CO₂ emissions, likely because rising green prices 
steer markets away from high-emission energy sources, 
capture the rising demand for sustainable options, and en
courage a shift in investment behavior. 

IV. Conclusion   

This study examines the relationships among U.S. data 
on renewable energy consumption and prices, climate pol
icy uncertainty, and CO₂ emissions. The findings reveal sig
nificant positive associations between climate policy uncer
tainty and both renewable energy consumption and clean 
energy prices, particularly at higher quantiles. This sug
gests that increased climate policy uncertainty drives up 
both renewable energy consumption and clean energy 
prices, underscoring the influence of policy uncertainty on 
the demand for renewable energy and green finance assets. 
In contrast, both renewable energy consumption and clean 
energy prices show a strong negative association with CO₂ 
emissions, highlighting their important role in reducing 
environmental pollution. These insights provide valuable 
guidance for policymakers and investors seeking to align 
climate policy, energy market dynamics, and sustainability 
goals. 

The results further uncover a somewhat counterintuitive 
but clear positive relationship between rising climate policy 

uncertainty and increases in renewable energy consump
tion and clean energy prices. Two main factors explain 
these findings: precautionary investment and risk-driven 
pricing. Firms and investors may ramp up clean energy in
vestments to hedge against future regulatory changes or 
to benefit from subsidies. However, such reactive strategies 
can sometimes lead to higher costs and strain supply 
chains. Additionally, elevated uncertainty can discourage 
long-term institutional investment, ultimately weakening 
systemic decarbonization efforts. 

As such, climate policy uncertainty (CPU) should not be 
considered a deliberate policy tool, but rather a sign of 
an unstable policy environment. To effectively reduce CPU, 
policymakers should focus on creating stable, long-term 
regulatory frameworks, providing consistent tax credits and 
investment incentives, and offering proactive support mea
sures—such as advancing complementary technologies and 
streamlining permitting processes. These steps are crucial 
for cultivating a predictable, low-risk investment climate 
that is essential for strategic, large-scale, and cost-effective 
decarbonization. 
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