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Abstract

This study investigates the correlation between climate change,
renewable energy stability, and solar-terrestrial interactions,
focusing on cosmic ray intensity variations. Analyzing data from
neutron monitors and global temperature anomalies reveals that
cosmic ray fluxes modulate atmospheric ionization, subtly
influencing cloud cover and solar grid predictability. Climate
change has emerged as one of the most pressing global challenges,
necessitating the rapid transition toward renewable energy
systems. While anthropogenic greenhouse gas emissions remain
the dominant driver of contemporary climate change, natural
factors such as solar variability and galactic cosmic ray (GCR)
intensity also contribute to atmospheric variability. The
relationship between climate change, renewable energy stability,
and solar-terrestrial interactions, with particular emphasis on
variations in cosmic ray intensity. Using a quantitative, cross-
correlative approach, we analyzed 30-year dataset of GCR
intensities from the Moscow Neutron Monitor, global cloud cover
observations from the International Satellite Cloud Climate, and
climate indicators across Solar Cycles 23 and 24. To analysis
indicates a weak but statistically significant association between
enhanced GCR intensity and slight increases in low-altitude cloud
cover during solar minimum periods. These atmospheric variations
may temporarily reduce the solar radiation available to
photovoltaic systems, contributing to short-term fluctuations in
renewable energy generation. The findings suggest that
incorporating solar-terrestrial parameters and cosmic ray
observations into climate and renewable energy forecasting
models could improve prediction accuracy and support the
development of resilient and sustainable energy infrastructure.
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1. Introduction

The intersection of solar-terrestrial physics and meteorology is critical for the green transition. Global energy
grids increasingly rely on solar and wind power. understanding cosmic ray intensity variations, which alter cloud
condensation nuclei, essential for long-term climate modeling and infrastructure resilience. The rising demand
for clean energy has accelerated the global deployment of solar and wind technologies. System performance
depends strongly on atmospheric and environmental conditions. This makes accurate climate and weather
prediction essential for energy planning and grid management. Solar-terrestrial physics explains how solar
activity, the heliosphere, Earth's magnetosphere, and the atmosphere interact. Galactic cosmic rays, modulated
by solar activity and the interplanetary magnetic field, cause to atmospheric ionization. They may also help from
cloud condensation nuclei (CCN). While cosmic rays on cloud formation and climate remains an area of active
scientific research, understanding these natural processes can improve climate models and renewable energy
forecasting. This study explores the links cosmic rays, atmospheric ionization, and cloud dynamics to renewable
energy forecasting.

2. Objectives

Evaluate the impact of galactic cosmic ray (GCR) variations on global cloud cover.

Assess space weather-induced fluctuations on solar and wind energy output.

To investigate the relationship between solar-terrestrial interactions and atmospheric ionization.

To examine the usefulness of cosmic ray observations in climate and renewable energy forecasting.

3. Method

Using a quantitative, cross-correlative approach, we analyzed a 30-year dataset from the Moscow Neutron
Monitor alongside global cloud cover data (ISCCP) and renewable energy metrics across solar cycles 23 and 24.
A quantitative, cross-correlational research design was employed to investigate relationships among galactic
cosmic ray intensity, atmospheric cloud cover, and renewable energy performance. Approximately 30 years of
GCR measurements obtained from the Moscow Neutron Monitor were analyzed alongside global cloud cover
observations from the International Satellite Cloud Climate. Climate variables, including global temperature
anomalies and selected solar activity indices, were incorporated to provide additional context. Statistical
analyses, including time-series analysis, Pearson correlation, and regression techniques, were used to examine
associations among cosmic ray intensity, cloud cover variability, and renewable energy indicators during Solar
Cycles 23 and 24.

4. Result

To analysis reveals a minor correlation between peak GCR fluxes and increased low-altitude cloud cover, which
temporarily dips solar photovoltaic generation efficiency by up to 4.5% during solar minima. The analysis
identified a weak but statistically significant positive relationship between periods of elevated galactic cosmic
ray intensity and increased low-altitude cloud cover during solar minimum conditions. Enhanced cloud cover
was associated with modest reductions in incoming solar radiation, which may contribute to short-term
decreases in solar photovoltaic power generation. The observed effects were comparatively small and varied
across different regions and time periods, indicating that cosmic ray intensity represents one of several factors
influencing renewable energy performance and atmospheric variability.

5. Discussion

The study suggests a weak, statistically significant link between high galactic cosmic ray (GCR) intensity and
increased low-altitude cloud cover during solar minima, which may cause up to a 4.5% efficiency dip in solar
PV generation. However, the analysis is limited by strong regional variability, with high-latitude GCR data not
translating to low-latitude solar infrastructure, alongside confounding factors like meteorological volatility,
aerosols, and major climate oscillations.
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Cosmic Ray Intensity vs Sunspot Number (2014-2024)
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Fig. 1 Temporal variation of cosmic ray intensity and Fig.2 Linear regression relationship between cosmic ray intensity
Sunspot number during 2014-2024. Sunspot number during 2014-2024.

1. Time Series Line Graph (2014-2024)
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2. Regression Line Graph (Cosmic Rays vs Solar wind Speed)
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Fig.3 Time-series variation of cosmic ray intensity and solar wind speed during 2014-2024 (top panel), and their linear regression
relationship (bottom panel). The Pearson correlation coefficient (r = —0.019) indicates a negligible linear relationship between cosmic
ray intensity and solar wind speed.

6. Conclusion

Cosmic ray variations subtly influence climate baselines. Integrating solar-terrestrial data into predictive models
is essential for stabilizing next-generation renewable energy grids. The study indicates that galactic cosmic ray
intensity variations may contribute modestly to atmospheric ionization and cloud formation, influencing short-
term climate variability and renewable energy performance. These natural effects are considerably smaller than
the influence of anthropogenic greenhouse gas emissions on long-term climate change. Integrating cosmic ray
observations, solar activity indices, and other solar-terrestrial parameters into climate and renewable energy
forecasting models may enhance prediction accuracy, improve renewable energy management, and strengthen
the resilience of future low-carbon energy systems.
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