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Abstract 
Solar activity, characterized by phenomena such as sunspots, solar flares, and variations in solar 

irradiance, has a significant impact on Earth's climate and weather patterns. This review examines the 

mechanisms through which solar activity influences climate and weather, synthesizes findings from 

recent studies, and compares historical and contemporary research. We explore the direct and indirect 

effects of solar irradiance and ultraviolet radiation on global temperatures, atmospheric circulation, and 

regional climate patterns. Our analysis highlights the importance of incorporating solar variability into 

climate models to improve the accuracy of long-term climate predictions and weather forecasts. 

Understanding these influences is crucial for developing effective climate adaptation and mitigation 

strategies. 
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Introduction 
Solar activity, encompassing phenomena such as sunspots, solar flares, and variations in 

solar irradiance, plays a crucial role in influencing Earth's climate and weather patterns. The 

sun, as the primary source of energy for Earth's climate system, undergoes periodic changes 

that can lead to significant alterations in both short-term weather events and long-term 

climate variations. Historically, scientists have observed correlations between solar activity 

and climatic changes, but the precise mechanisms and extent of this influence remain 

subjects of ongoing research. 

Understanding the relationship between solar activity and climate is essential for improving 

climate models and weather forecasts. Variations in solar irradiance, particularly during the 

11-year solar cycle, directly affect Earth's energy balance, influencing global temperatures 

and atmospheric circulation patterns. Additionally, fluctuations in ultraviolet (UV) radiation 

impact the stratosphere's ozone layer, which in turn affects atmospheric dynamics. 

Recent advancements in satellite technology have enabled continuous monitoring of solar 

activity, providing detailed data on solar irradiance, UV radiation, and other solar 

phenomena. These data have been instrumental in advancing our understanding of how solar 

activity influences climate and weather. However, despite significant progress, gaps remain 

in comprehending the precise mechanisms and quantifying their impacts. 

This review aims to synthesize findings from various studies to provide a comprehensive 

understanding of the impact of solar activity on climate and weather patterns. By comparing 

historical and contemporary research, we seek to identify areas that require further 

investigation and highlight the importance of integrating solar variability into climate 

models. Understanding these influences is crucial for developing effective climate adaptation 

and mitigation strategies and improving the accuracy of weather and climate predictions. 

 

Main objective 

The main objective of this review is to comprehensively analyze the impact of solar activity 

on climate and weather patterns. 

 

Solar activity 

Solar activity refers to the various phenomena on the Sun that change over time, including 

sunspots, solar flares, and variations in solar irradiance. Sunspots are dark, cooler areas on  
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the Sun's surface caused by magnetic activity. These 

sunspots follow an approximately 11-year cycle, known as 

the solar cycle, where the number of sunspots increases to a 

peak (solar maximum) and then decreases to a minimum 

(solar minimum). This cycle affects the amount of solar 

energy, or solar irradiance, that reaches Earth. 

The study of solar activity and its influence on Earth has 

been ongoing for centuries. Early observations, such as 

those made during the Maunder Minimum (1645-1715), a 

period of significantly reduced sunspot activity, coincided 

with the Little Ice Age, a time of cooler global temperatures. 

This historical correlation suggested a potential link 

between solar activity and climate, prompting further 

investigation into the mechanisms underlying this 

relationship. 

Recent advancements in satellite technology have provided 

more precise measurements of solar irradiance and 

ultraviolet (UV) radiation. These measurements have shown 

that solar irradiance varies with the solar cycle, with higher 

irradiance during solar maxima and lower irradiance during 

solar minima. For example, Lean and Rind (1998) [1] found 

that changes in solar irradiance were responsible for a 

portion of the temperature variability observed in the 20th 

century. Similarly, Solanki et al. (2004) [12] demonstrated 

that solar activity significantly contributed to climate 

variations over the past 11,000 years. 

The impact of solar activity on Earth's climate is not limited 

to direct radiative forcing. UV radiation, which also 

fluctuates with the solar cycle, affects the stratosphere's 

ozone layer. Increased UV radiation during solar maxima 

enhances ozone production, leading to changes in 

stratospheric temperatures and subsequently influencing 

atmospheric circulation patterns, such as the jet streams and 

Hadley cells. Haigh (1996) [8] and Shindell et al. (2006) [9] 

highlighted the role of solar UV radiation in driving these 

atmospheric changes, which can propagate to the 

troposphere and affect weather patterns. 

Solar activity also interacts with oceanic and atmospheric 

circulation systems. For instance, the El Niño-Southern 

Oscillation (ENSO) and the North Atlantic Oscillation 

(NAO) are known to be influenced by solar variability. 

Meehl et al. (2009) [6] found that periods of high solar 

activity were associated with warmer sea surface 

temperatures in the tropical Pacific, potentially intensifying 

ENSO events. Similarly, Ineson et al. (2011) [7] showed that 

solar activity modulated the NAO, affecting winter climate 

variability in the Northern Hemisphere. 

Despite these advances, there are still challenges in fully 

understanding and quantifying the impact of solar activity 

on climate. The interactions between solar activity and other 

climate drivers, such as greenhouse gas concentrations and 

volcanic activity, add complexity to the system. 

Additionally, while solar activity can explain some of the 

natural variability in climate, it is essential to consider 

anthropogenic factors when evaluating long-term climate 

trends. In summary, solar activity, through variations in 

solar irradiance and UV radiation, plays a significant role in 

influencing Earth's climate and weather patterns. Historical 

and contemporary studies have demonstrated correlations 

between solar cycles and temperature changes, as well as 

impacts on atmospheric and oceanic circulation systems. 

Continued research and advancements in observational 

technology are crucial for further elucidating the 

mechanisms by which solar activity affects our climate and 

for improving the accuracy of climate models and 

predictions. 

 

Sunspot number and global temperature anomalies 

The relationship between sunspot numbers and global 

temperature anomalies has been a focal point of climate 

research for decades. Sunspots, which are dark, cooler 

regions on the Sun's surface caused by intense magnetic 

activity, follow an approximately 11-year cycle. This cycle, 

known as the solar cycle, features periods of maximum 

sunspot activity (solar maxima) and minimum activity (solar 

minima). The influence of these cycles on Earth's climate is 

an area of active investigation. Historically, there has been 

notable interest in periods like the Maunder Minimum 

(1645-1715), a time of significantly reduced sunspot activity 

that coincided with the Little Ice Age, a period characterized 

by cooler global temperatures. This historical coincidence 

suggested a potential causal link between low solar activity 

and cooler climate conditions, laying the foundation for 

subsequent scientific inquiry into the relationship between 

sunspot numbers and global temperature anomalies. 

Modern empirical studies have leveraged long-term datasets 

to examine this relationship in greater detail. One seminal 

study by Lean and Rind (1998) [1] utilized historical sunspot 

records and temperature data to explore correlations 

between solar irradiance and global temperature changes. 

Their findings indicated that solar irradiance variations 

associated with the sunspot cycle accounted for a modest 

but significant portion of the temperature variability 

observed in the 20th century. During periods of high 

sunspot activity, the Earth received more solar energy, 

which contributed to higher global temperatures. 

Conversely, periods of low sunspot activity corresponded 

with cooler global temperatures. 

Further extending this line of inquiry, Solanki et al. (2004) 
[12] conducted a comprehensive analysis over a much longer 

timeframe, examining solar activity over the past 11,000 

years using various proxies, including sunspot numbers. 

Their research confirmed that periods of high solar activity 

generally coincided with warmer climatic conditions, while 

low solar activity periods were associated with cooler 

climates. This study provided robust evidence supporting 

the influence of solar variability on long-term climate 

trends. 

Modern satellite observations have enhanced our 

understanding of the link between sunspot numbers and 

global temperature anomalies. Satellites equipped with 

sophisticated instruments have allowed for precise 

measurements of solar irradiance and its variations over 

time. These measurements have confirmed that solar 

irradiance indeed varies with the sunspot cycle, with higher 

irradiance levels observed during solar maxima and lower 

levels during solar minima. 

The study by Lockwood and Frohlich (2007) [4] highlighted 

the complexity of this relationship by showing that recent 

trends in solar activity and global temperatures have 

sometimes moved in opposite directions. While solar 

activity has shown a slight decline in recent decades, global 

temperatures have continued to rise, primarily due to 

anthropogenic factors such as increased greenhouse gas 

emissions. This finding underscores the importance of 

considering multiple drivers of climate change when 

interpreting the influence of solar activity on global 
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temperatures. Gray et al. (2010) [5] further investigated the 

mechanisms through which solar activity influences climate, 

focusing on the impact of solar UV radiation on the 

stratosphere and subsequent effects on atmospheric 

circulation. Their study demonstrated that changes in solar 

UV radiation, linked to the sunspot cycle, could influence 

stratospheric ozone levels, thereby affecting the temperature 

and dynamics of the stratosphere. These changes can 

propagate to the troposphere, altering weather patterns and 

contributing to climate variability. 

Ineson et al. (2011) [7] provided additional insights into the 

regional impacts of solar activity, particularly focusing on 

the North Atlantic Oscillation (NAO). Their research 

showed that solar variability modulated the NAO, 

influencing winter climate variability in the Northern 

Hemisphere. Periods of high solar activity were associated 

with a positive NAO phase, leading to milder winters in 

Europe and North America, while low solar activity 

corresponded with a negative NAO phase and harsher 

winter conditions. 

Despite the clear evidence of a link between sunspot 

numbers and global temperature anomalies, it is essential to 

recognize the multifaceted nature of climate change. While 

solar activity plays a significant role in natural climate 

variability, it operates alongside other factors, such as 

volcanic activity, greenhouse gas concentrations, and 

human-induced changes in land use. Recent climate models, 

incorporating both natural and anthropogenic factors, have 

improved our ability to disentangle these influences and 

predict future climate trends. 

In conclusion, the relationship between sunspot numbers 

and global temperature anomalies is well-established, with 

numerous studies confirming the influence of solar activity 

on climate. Historical data, empirical studies, and modern 

satellite observations all point to a significant, though 

complex, connection. Continued research is necessary to 

refine our understanding of this relationship and to integrate 

solar variability more effectively into climate models, 

ultimately enhancing our ability to predict and mitigate the 

impacts of climate change. 

 

Solar irradiance and temperature change 

Solar irradiance, the power per unit area received from the 

Sun in the form of electromagnetic radiation, is a critical 

driver of Earth's climate system. Variations in solar 

irradiance can have significant impacts on global 

temperatures, influencing both short-term weather patterns 

and long-term climate trends. This relationship has been the 

subject of extensive research, aiming to quantify the 

influence of solar irradiance changes on Earth's climate. 

The Total Solar Irradiance (TSI) varies over different 

timescales, with the most prominent being the 11-year solar 

cycle. During solar maxima, increased sunspot activity leads 

to higher levels of solar irradiance, while during solar 

minima, decreased sunspot activity results in lower levels of 

irradiance. These variations in TSI can directly affect 

Earth's energy balance, leading to temperature changes. 

Lean and Rind (1998) [1] conducted a pivotal study that 

examined the influence of solar irradiance on global 

temperatures during the 20th century. They used historical 

data on sunspot numbers and TSI measurements to analyze 

their impact on temperature records. Their findings 

indicated that variations in TSI could explain a significant 

portion of the observed temperature changes. Specifically, 

periods of high TSI corresponded with warmer global 

temperatures, while periods of low TSI were associated with 

cooler temperatures. This study underscored the importance 

of solar irradiance as a driver of climate variability. 

Expanding on this work, Solanki et al. (2004) [12] explored 

solar activity and its influence on climate over the past 

11,000 years. They utilized various proxies, such as tree 

rings and ice cores, to reconstruct past TSI levels. Their 

research demonstrated that long-term variations in solar 

irradiance had a substantial impact on climate. For example, 

they found that periods of high solar activity, and 

consequently higher TSI, were generally warmer, while 

periods of low solar activity were cooler. This long-term 

perspective provided robust evidence for the role of solar 

irradiance in shaping Earth's climate history. 

Modern satellite observations have further refined our 

understanding of the relationship between solar irradiance 

and temperature change. Satellites equipped with 

radiometers have provided precise and continuous 

measurements of TSI since the late 1970s. These data have 

confirmed the cyclic nature of TSI variations and their 

alignment with the solar cycle. Studies using satellite data, 

such as those by Frohlich and Lean (2004), have reinforced 

the link between TSI and global temperatures, highlighting 

that even small variations in TSI can have measurable 

impacts on Earth's climate. 

However, the relationship between solar irradiance and 

temperature change is complex and influenced by multiple 

factors. For instance, Lockwood and Frohlich (2007) [4] 

noted that while there has been a slight decline in TSI in 

recent decades, global temperatures have continued to rise. 

This apparent disconnect is primarily attributed to the 

overwhelming influence of anthropogenic factors, such as 

greenhouse gas emissions, which have become the dominant 

drivers of recent climate change. Their study emphasized 

that while solar irradiance variations contribute to natural 

climate variability, human activities are currently the 

primary forces driving global warming. 

The work of Gray et al. (2010) [5] explored the mechanisms 

by which solar irradiance variations influence climate. They 

focused on the role of ultraviolet (UV) radiation, a 

component of TSI that varies significantly with the solar 

cycle. Changes in UV radiation affect the stratosphere's 

ozone layer, leading to alterations in stratospheric 

temperatures and atmospheric circulation patterns. These 

stratospheric changes can propagate to the troposphere, 

influencing weather and climate. This research highlighted 

the indirect pathways through which solar irradiance can 

impact climate, beyond direct radiative forcing. Ineson et al. 

(2011) [7] provided further insights into the regional impacts 

of solar irradiance changes. Their study showed that 

variations in TSI could modulate atmospheric circulation 

patterns, such as the North Atlantic Oscillation (NAO), 

thereby affecting regional climate conditions. During 

periods of high solar activity, a positive phase of the NAO 

was more likely, leading to milder winters in Europe and 

North America. Conversely, low solar activity was 

associated with a negative NAO phase, resulting in harsher 

winter conditions. This regional perspective underscored the 

importance of solar irradiance variations in shaping local 

climate phenomena. Despite the clear evidence linking solar 

irradiance variations to temperature changes, it is crucial to 

recognize the multifaceted nature of Earth's climate system. 

Solar irradiance is one of many factors influencing climate, 

https://www.geojournal.net/


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 226 ~ 

alongside volcanic activity, greenhouse gas concentrations, 

and land use changes. Climate models that incorporate both 

natural and anthropogenic forcings have been instrumental 

in disentangling these influences. For instance, the models 

used by Shindell et al. (2006) [9] successfully simulated past 

climate variations by including solar irradiance data 

alongside other climate drivers. 

 

Impact of solar activity on regional climate patterns 

Solar activity, characterized by variations in sunspots, solar 

flares, and overall solar irradiance, has a well-documented 

impact on global climate. However, its influence on regional 

climate patterns is equally significant and multifaceted, 

manifesting in distinct ways depending on geographical and 

climatic contexts. This discussion delves into the intricate 

relationship between solar activity and regional climate, 

drawing on key studies to elucidate these effects. One of the 

most studied regional impacts of solar activity is its 

modulation of the North Atlantic Oscillation (NAO). The 

NAO is a key driver of winter climate variability in the 

Northern Hemisphere, particularly affecting Europe and 

North America. Ineson et al. (2011) [7] demonstrated that 

solar variability significantly influences the phase of the 

NAO. During periods of high solar activity, a positive NAO 

phase is more prevalent, characterized by milder, wetter 

winters in Northern Europe and warmer conditions in the 

eastern United States. Conversely, low solar activity tends 

to favor a negative NAO phase, leading to colder, drier 

winters in these regions. This study underscores the role of 

solar activity in driving regional climate variability, with 

direct implications for weather patterns and seasonal 

forecasts. In Asia, the Indian and East Asian monsoon 

systems are crucial climatic phenomena influenced by solar 

activity. Meehl et al. (2009) [6] explored the relationship 

between solar cycles and monsoon intensity. Their findings 

indicate that increased solar activity enhances monsoon 

rainfall due to higher sea surface temperatures in the Indian 

Ocean and the associated atmospheric circulation changes. 

During periods of high solar activity, the monsoon seasons 

tend to be stronger and more reliable, which is vital for 

agricultural productivity and water resources in these 

regions. In contrast, low solar activity periods correlate with 

weaker monsoons, potentially leading to drought conditions 

and adverse impacts on food security. The impact of solar 

activity on the Polar Regions has also been a focus of 

research. Solar-induced changes in the stratosphere, 

particularly variations in ultraviolet (UV) radiation, can 

influence the polar vortex a large area of low pressure and 

cold air surrounding the poles. Gray et al. (2010) [5] 

highlighted that during periods of high solar activity, 

increased UV radiation strengthens the polar vortex, leading 

to more stable and colder conditions in the polar 

stratosphere. This stabilization can have downstream effects 

on mid-latitude weather patterns, potentially leading to 

colder winters in certain regions of the Northern 

Hemisphere. Conversely, during solar minima, a weaker 

polar vortex can lead to more variable and milder 

conditions. In the tropical Pacific, the El Niño-Southern 

Oscillation (ENSO) is a dominant climate driver with 

significant global impacts. Studies such as those by White et 

al. (1997) [10] and Lean and Rind (2008) [11] have examined 

the influence of solar activity on ENSO variability. These 

studies suggest that periods of high solar activity are 

associated with an increased likelihood of El Niño events, 

characterized by warmer sea surface temperatures in the 

central and eastern Pacific. El Niño conditions can lead to 

widespread climatic effects, including increased 

precipitation in the southern United States and Peru, and 

droughts in Australia and Indonesia. Low solar activity 

periods, on the other hand, may be more conducive to La 

Niña events, with opposite climatic impacts. Regional 

climate responses to solar activity are also evident in 

precipitation patterns. Shindell et al. (2004) investigated the 

influence of solar variability on global rainfall distribution. 

Their research indicates that solar maxima can lead to 

enhanced precipitation in the tropics and subtropics, driven 

by intensified atmospheric convection and moisture 

transport. This finding is particularly relevant for regions 

dependent on seasonal rainfall, such as the Sahel in Africa, 

where solar-induced changes in precipitation can 

significantly impact water availability and agriculture. 

Furthermore, the relationship between solar activity and 

regional climate patterns extends to the modulation of 

extreme weather events. Lockwood et al. (2010) [5] explored 

how solar activity influences the frequency and intensity of 

extreme weather phenomena, such as hurricanes and 

typhoons. Their study suggests that high solar activity can 

enhance the atmospheric conditions favorable for hurricane 

development in the Atlantic, potentially leading to more 

active hurricane seasons. Conversely, during periods of low 

solar activity, the likelihood of intense hurricane activity 

may decrease. 

 

Conclusion 

The impact of solar activity on climate and weather patterns 

is a complex and multifaceted area of study that has 

garnered significant scientific attention. This review has 

demonstrated that variations in solar activity, including 

changes in sunspot numbers and solar irradiance, have 

notable effects on both global and regional climate systems. 

Historical correlations, such as the Maunder Minimum and 

the Little Ice Age, provide early evidence of these 

influences, while modern empirical studies and satellite 

observations have further elucidated the mechanisms at 

play. Solar irradiance variations, particularly those linked to 

the 11-year solar cycle, directly affect Earth's energy 

balance and global temperatures. Empirical studies, such as 

those by Lean and Rind (1998) [1] and Solanki et al. (2004) 
[12], have shown that periods of high solar activity 

correspond with warmer global temperatures, while periods 

of low activity are associated with cooler conditions. These 

findings highlight the importance of solar irradiance as a 

driver of natural climate variability. Beyond global impacts, 

solar activity significantly influences regional climate 

patterns. Studies on the North Atlantic Oscillation (Ineson et 

al., 2011) [7], the Indian and East Asian monsoons (Meehl et 

al., 2009) [6], the polar vortex (Gray et al., 2010) [5], and 

ENSO (White et al., 1997; Lean and Rind, 2008) [10, 11] 

underscore the diverse ways in which solar variability 

modulates regional climates. These regional effects manifest 

in altered precipitation patterns, monsoon intensities, and 

the frequency and intensity of extreme weather events. 

Despite the robust evidence linking solar activity to climate 

variability, it is essential to recognize the dominant role of 

anthropogenic factors in recent global warming trends. 

While solar activity contributes to natural climate 

fluctuations, the unprecedented rise in greenhouse gas 

emissions over the past century has become the primary 
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driver of global climate change. This complexity 

necessitates continued research to disentangle the 

interactions between natural and human-induced climate 

drivers. 
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