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VOLCANO ERUPTIONS AND THEIR IMPACT ON EARTH’S 

CLIMATE CHANGE 

 
Summary. The features of the behavior of the anomaly of the global 

average temperature of the Earth's surface under the influence of such a natural 

climate-forming factor as volcanic eruptions are considered. Data are provided 

to deepen the understanding of the possibility of the impact of volcanic activity 

on the Earth's climate. 
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Issues of climate security of the Earth are very relevant. Climate change 

on the planet, global warming is approaching a critical state [1-5]. The global 

average temperature of the Earth's surface is influenced by many climate-
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forming factors, which include, firstly, anthropogenic greenhouse gas emissions, 

and secondly, the influence of fluctuations in opposite extreme values of water 

temperature and atmospheric pressure (Southern Oscillation El Niño), but is a 

phenomenon on a planetary scale and directly or indirectly affects the climate of 

a significant part of the Earth, and thirdly, volcanic eruptions also affect the 

climate. 

Let's consider the factor of the influence of volcanic eruptions on global 

warming. 

During the period of modern global warming, there are some atypical 

manifestations of the influence of climate-forming factors on the anomaly of the 

average temperature of the Earth. For example, the eruption of underwater 

volcanoes leads to the release of large amounts of water vapor, among other 

products, and then to an increase in the indicated temperature. Although most 

eruptions that produce ash, dust, soot, aerosols, etc. usually reduce it. This leads 

to the need to conduct special studies of such atypical manifestations of climate-

forming factors and analyze the scale of their consequences. 

The purpose of the work is to analyze the development of ideas about the 

physical aspects of climate change and study the behavior of the global average 

surface temperature anomaly in the context of the action of such a climate-

forming factor as volcanic eruptions. 

The energy basis of the phenomenon of global climate change in the form 

of warming is made up of low-potential energy flows. The exception is 

volcanoes; their eruptions, although high-temperature, are short-lived and of low 

frequency. According to [6], the most powerful eruption in the last ≈10.0 

thousand years occurred about 200 years ago. The volume of pyroclastic 

material from the Tambora volcano (1815) is estimated at 2800 km³. Then 

climate anomalies covered large parts of the Northern Hemisphere, in particular 

Western Europe and North America. Crops and livestock were destroyed, 

leading to the greatest famine of the 19th century. In Europe, 1816 was called 
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“the year without summer.” The last eruption of the highest class VEI=8 

(volcanic explosiveness index) occurred 72 thousand years ago on the island 

Sumatra (Tobo volcano). 

Products of volcanic activity that influence climate change are known to 

be gases, smoke, ash, dust, soot, aerosols, including sulfate aerosols. Part of 

them, located in the atmosphere in a suspended, very small state, blocks solar 

radiation. Therefore, most eruption products usually provide a cooling effect, 

theoretically up to a state of so-called “nuclear winter”. Water vapor and carbon 

dioxide, also products of volcanic activity, as greenhouse gases, on the contrary, 

lead to a warming effect. Typically, greenhouse gases from volcanic eruptions 

constitute a relatively small amount of global emissions and are two orders of 

magnitude lower in intensity than modern anthropogenic radiation forcing. In 

most cases, the net net effect of volcanic emissions is temporary (up to several 

years) cooling. However, in some situations, “volcanic” cooling can lead to an 

increase in ice, followed by a positive feedback: an increase in the ice surface 

area reduces the Earth’s absorption of energy, and therefore leads to a further 

increase in the zone with a large area of glaciation and, as a result, a decrease in 

the average temperature of the Eart and so on. 

In Fig. 1 on the time axis shows single and group volcanic eruptions with 

the volcanic explosiveness index VEI = 3...6. In the time period, the end of the 

20th – the beginning of the 21st century, the eruption of large volcanoes 

(Pinatubo, VEI=6, 1991; Cordon Caule, VEI=5, 2011; Hunga Tonga, VEI=5, 

2022) and volcanoes with lower volcanic explosiveness indices (VEI≤4) are 

correlated by local descending segments of broken line 3 in Fig. 1 annual 

anomalies ΔtmEarth. Apparently, the duration of the noticeable influence of 

volcanic eruptions is relatively short and is limited to one or two years. 
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Fig 1. Time change in the intensity of the oceanic Niño index ONI (Oceanic Niño Index) 

(1 – winter, 2 - summer), anomalies of the global average temperature of the Earth's surface 
ΔtmEarth (3) and its trend lines (4) and chronology of volcanic eruptions �, �, �, � with 
volcanic explosiveness index VEI= 3; 4; 5; 6; arrows and braces indicate large volcanoes 

(VEI³5) and small ( VEI£4), but with increased eruption frequency  

Initial data sources: [6; 7; 8] 
 

Understanding of the possible influences of volcanic activity on the 

Earth's climate is deepening with new data regarding volcanic eruptions. Thus, 

the eruption of the relatively large VEI≈5.8 submarine volcano Hunga Tonga-

Hunga Ha'apai (hereinafter Hunga) in January 2022 drew attention to the effect 

of significant warming that can be caused by such volcanoes [9-11]. 

The Hunga eruption released large amounts of water vapor into the 

stratosphere, among other volcanic products. The total mass of evaporated water 

according to satellite and ground-based observations and the results of modeling 

the atmospheric transport of volcanic masses is estimated in a wide range of 

50...146 Teragram. Along with this, the aerosol load in the stratosphere 

increased 5 times, the influence of which nevertheless did not change the nature 

of the final effect of volcanic heating [9-11]. For the Earth's climate system, the 

Hunga eruption and the formation of water vapor determines a large disturbance 

with a positive energy imbalance of the Earth. This eruption likely increased the 

net radiation forcing factor. As a result, the likelihood of temporary exceeding 
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the Paris Agreement norm of 1.5°C has increased over the coming years of the 

next decade. The corresponding assessment of the significance of the Hung 

radiation factor is indirectly confirmed by the 2023 summer temperature (JJA-

June, July, August - meteorological summer of the Northern Hemisphere) 

indicator. That is, the indicated fact of reaching a record temperature this year 

may be evidence of the influence of the Honggu eruption as one of the reasons 

for the abnormally hot summer. It should be noted that this temperature record 

was set despite the cooling effect of triple La Niña - a natural regional 

phenomenon of a cyclical nature with an irregular (up to 7 years) period of 

change in sea surface temperature in the eastern tropical Pacific Ocean, directly 

affecting the climatic and weather conditions of most of the tropics and 

subtropics and indirectly affecting the entire climate system of the earth. Second 

phase of this phenomenon, La Niña corresponds to a cooling of ocean 

temperatures. 

Conclusions. An analysis of the behavior of the anomaly of the global 

average temperature of the Earth's surface under the influence of volcanic 

eruptions was performed. Analyzed the features of volcanic activity and climate 

change in the format of modern global warming. During this phase of climate 

change, in most cases the net effect of volcanic emissions is a temporary 

decrease in the average temperature of the Earth. The issues of deepening the 

understanding of the possible influence of volcanic activity on the Earth's 

climate are considered. Evidence is provided of the January 2022 eruption of the 

relatively large submarine volcano Hunga, which resulted in the effect of a 

temporary increase in the average temperature of the Earth in 2023, which is 

associated with the release of large amounts of water vapor among other 

volcanic products. 
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