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The Year 2022 Hunga Tonga-Hunga Ha‘apai eruption stands as one of the most 
significant volcanic events in recent history. This underwater eruption in the 
South Pacific Ocean produced an explosive force comparable to a large nuclear 
detonation, resulting in the massive injection of approximately 150 million tons of 
water vapor into the stratosphere. This extraordinary event has profound 
implications for our understanding of global warming and atmospheric dynamics. 
Water vapor, a potent greenhouse gas, has the ability to absorb and re-emit 
infrared radiation, significantly influencing the Earth's radiative balance. Despite 
its substantial impact, the role of this water vapor injection in climate dynamics 
has been underreported in mainstream media, which often focuses on carbon 
dioxide (CO2) emissions. This paper aims to shed light on the significant yet 
overlooked effects of the water vapor from the Hunga Tonga-Hunga Ha‘apai 
eruption, emphasizing the need for comprehensive climate assessments that 
include natural events alongside anthropogenic contributions. By integrating 
these factors, we can enhance climate models, improve predictive capabilities, 
and inform more effective policy-making to address global warming. 
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Abstract 

The Hunga Tonga-Hunga Ha‘apai volcanic eruption in January 2022 was a 
monumental event, marked by its explosive force equivalent to a large nuclear 
weapon. This underwater eruption in the South Pacific launched an 
unprecedented 150 million tons of seawater into the atmosphere, reaching as 
high as the stratosphere. While the immediate physical destruction and tsunamis 
garnered significant media attention, the substantial atmospheric implications, 
particularly the injection of water vapor, have been largely overlooked in favor of 
more conventional narratives focusing on CO2 emissions and their impact on 
global warming. 

This paper explores the unique and critical role of the water vapor injected by the 
Hunga Tonga-Hunga Ha‘apai eruption. Water vapor, a potent greenhouse gas, has 
a significant infrared (IR) absorption capacity, which can contribute to global 
warming. Our analysis reveals that the water vapor injected by the eruption has 
an IR absorption effect equivalent to adding approximately 34.5 parts per million 
(ppm) of CO2 to the atmosphere. This finding is particularly striking given the 
current atmospheric CO2 concentration of around 420 ppm, indicating that the 
eruption's impact is equivalent to an 8.21% increase in CO2 levels. 

The overlooked significance of this water vapor injection in mainstream media 
underscores a critical gap in public discourse on climate change. By emphasizing 
CO2 while neglecting the substantial effects of other greenhouse gases like water 
vapor, the media and, by extension, public understanding, fail to capture the full 
complexity of factors influencing global warming. 

Key findings of this study include the detailed mechanisms by which the water 
vapor reached the stratosphere, the comparative analysis of water vapor and CO2 
in terms of IR absorption, and the broader implications for climate modeling and 
global warming predictions. This paper advocates for a more inclusive and 
comprehensive approach to climate change communication and policy-making, 
ensuring that all significant factors, including those from natural events like 
volcanic eruptions, are adequately considered. 
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Introduction 

Background on the Hunga Tonga-Hunga Ha‘apai Eruption 

The Hunga Tonga-Hunga Ha‘apai volcanic eruption, which occurred in January 
2022, stands as one of the most significant volcanic events in recent history. 
Located in the South Pacific Ocean, the eruption originated from an underwater 
volcano positioned between two uninhabited islands, Hunga Tonga and Hunga 
Ha'apai. The volcano had been exhibiting increased activity since December 2021, 
but the major explosive events on January 13 and 15, 2022, marked the climax of 
its activity. This eruption was so powerful that it was detected by sensors and 
satellites around the globe, registering an explosive yield comparable to a large 
nuclear weapon. 

Description of the Eruption’s Scale and Its Unique Underwater Characteristics 

The Hunga Tonga-Hunga Ha‘apai eruption was notable not only for its sheer force 
but also for its unique characteristics as an underwater volcanic event. The 
eruption generated a massive plume of ash, gas, and water vapor, which reached 
altitudes of up to 58 kilometers (36 miles) into the stratosphere. This was 
unprecedented for an underwater eruption, as the interaction between the hot 
magma and the seawater created an explosive reaction that significantly 
amplified the eruption's intensity. 

The eruption injected approximately 150 million tons (1.5 x 10^11 kg) of seawater 
into the atmosphere. This seawater, upon vaporizing, added a substantial amount 
of water vapor to the stratosphere. The presence of such a large quantity of water 
vapor in the upper atmosphere is unusual and has far-reaching implications for 
atmospheric chemistry and climate dynamics. 

The unique underwater nature of the eruption played a crucial role in the volume 
and height of the water vapor plume. If the volcano had been shallower or 
deeper, the dynamics of the eruption and the amount of water vapor injected 
into the stratosphere would have been significantly different. The depth of 
approximately 490 feet underwater provided the ideal conditions for an explosive 
interaction between the magma and seawater. 
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Overview of the Study’s Aims to Assess the Impact of Water Vapor on Global 
Warming 

The primary aim of this study is to evaluate the impact of the water vapor 
injected into the stratosphere by the Hunga Tonga-Hunga Ha‘apai eruption on 
global warming. Water vapor is a potent greenhouse gas, and its sudden and 
substantial increase in the stratosphere can have significant climatic effects. 
Despite the immediate media focus on the physical destruction and tsunamis 
caused by the eruption, the broader atmospheric and climatic implications have 
not received adequate attention. 

This study seeks to bridge this gap by providing a comprehensive analysis of the 
following: 

1. Mechanisms of Water Vapor Injection: Understanding how the water 
vapor from the eruption reached the stratosphere and its subsequent 
distribution. 

2. Infrared Absorption Properties: Comparing the IR absorption 
characteristics of water vapor and CO2 to quantify the impact of the 
injected water vapor in terms of CO2 equivalence. 

3. Climate Modeling and Predictions: Integrating the effects of the water 
vapor injection into climate models to assess its potential contribution to 
global warming. 

4. Media Coverage and Public Perception: Analyzing the media's focus on 
CO2 emissions while largely neglecting the significant impact of water 
vapor, and discussing the implications for public understanding and climate 
policy. 

By addressing these areas, this study aims to provide a more nuanced and 
comprehensive understanding of the climatic effects of the Hunga Tonga-Hunga 
Ha‘apai eruption. The findings underscore the need for inclusive climate change 
communication and policy-making that considers all significant factors, including 
natural events, in the assessment of global warming drivers. 
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Volcanic Eruptions and Atmospheric Composition 

General Effects of Volcanic Eruptions on Atmospheric Chemistry 

Volcanic eruptions are significant natural events that can drastically alter 
atmospheric chemistry and dynamics. The primary emissions from volcanic 
eruptions include sulfur dioxide (SO2), carbon dioxide (CO2), water vapor (H2O), 
ash, and various other gases and particulates. These emissions can have both 
short-term and long-term effects on the atmosphere and climate. 

1. Sulfur Dioxide (SO2): When injected into the stratosphere, SO2 reacts with 
water vapor to form sulfate aerosols. These aerosols reflect sunlight back 
into space, causing a temporary cooling effect on the Earth's surface. This 
phenomenon, known as volcanic cooling, can lead to a decrease in global 
temperatures for several years following a major eruption. 

2. Carbon Dioxide (CO2): Volcanic eruptions release CO2, a potent 
greenhouse gas. Although the amount of CO2 released by volcanoes is 
relatively small compared to human activities, it still contributes to the 
overall greenhouse gas burden in the atmosphere. 

3. Water Vapor (H2O): Water vapor is the most abundant greenhouse gas, 
and its injection into the stratosphere can enhance the greenhouse effect, 
leading to warming. The extent of this impact depends on the quantity of 
water vapor and the altitude at which it is released. 

4. Ash and Particulates: Volcanic ash and particulates can block sunlight and 
cause cooling. They also provide surfaces for chemical reactions that can 
deplete the ozone layer, especially when combined with other volcanic 
gases. 

5. Chlorine and Bromine Compounds: These compounds can catalytically 
destroy ozone, leading to ozone layer depletion. Volcanic eruptions that 
release significant amounts of chlorine and bromine can thus have a 
detrimental impact on the ozone layer. 

Specifics of the Hunga Tonga-Hunga Ha‘apai Eruption: Dates, Magnitude, and 
Immediate Impacts 

The Hunga Tonga-Hunga Ha‘apai volcanic eruption occurred in two major 
explosive events on January 13 and January 15, 2022. The eruption's magnitude 
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was extraordinary, with the force comparable to a large nuclear explosion. Key 
specifics include: 

1. Dates and Magnitude: 
o January 13, 2022: The first major explosion, which set the stage for 

the more powerful event to follow. 
o January 15, 2022: The second and most powerful explosion, which 

reached a VEI (Volcanic Explosivity Index) of 5-6, indicating an 
exceptionally large and explosive eruption. 

2. Immediate Impacts: 
o Tsunamis: The eruption generated tsunamis that affected coastlines 

around the Pacific Ocean, causing widespread damage and loss of 
life. 

o Atmospheric Shockwaves: The explosion created atmospheric 
shockwaves that traveled around the globe, affecting atmospheric 
pressure and weather patterns. 

o Seawater Injection: Approximately 150 million tons of seawater 
were injected into the atmosphere, reaching altitudes of up to 58 
kilometers (36 miles) into the stratosphere. 

Comparison with Other Significant Volcanic Events 

To contextualize the Hunga Tonga-Hunga Ha‘apai eruption, it is useful to compare 
it with other significant volcanic events in terms of atmospheric impact: 

1. Mount Pinatubo (1991): 
o Magnitude: VEI 6. 
o Sulfur Dioxide Emissions: Released about 20 million tons of SO2. 
o Climate Impact: Caused a global temperature decrease of about 

0.5°C over the following two years due to sulfate aerosol formation. 
2. Krakatoa (1883): 

o Magnitude: VEI 6. 
o Immediate Impact: Generated tsunamis and atmospheric 

shockwaves. 
o Climate Impact: Resulted in global cooling and vivid sunsets due to 

the ash and sulfate aerosols in the atmosphere. 

 



7 
 

3. Eyjafjallajökull (2010): 
o Magnitude: VEI 4. 
o Immediate Impact: Disrupted air travel across Europe due to ash 

clouds. 
o Climate Impact: Minimal long-term climate effects but significant 

short-term atmospheric disruptions. 
4. Tambora (1815): 

o Magnitude: VEI 7. 
o Climate Impact: Led to the "Year Without a Summer" in 1816 due to 

massive SO2 emissions and resulting sulfate aerosols, causing 
widespread crop failures and climate anomalies. 

The Hunga Tonga-Hunga Ha‘apai eruption stands out due to its unique 
underwater characteristics, the massive injection of water vapor, and its 
unprecedented height of the plume. Unlike the predominantly sulfur dioxide-
driven impacts of other major eruptions, the primary atmospheric influence of 
this event comes from the substantial water vapor contribution, making it a 
unique case study for assessing volcanic impacts on global warming. 

 

Water Vapor Injection 

Detailed Account of the Water Vapor Injected into the Atmosphere 

The Hunga Tonga-Hunga Ha‘apai volcanic eruption of January 2022 was notable 
for its massive injection of water vapor into the atmosphere. It is estimated that 
approximately 150 million tons (1.5 x 10^11 kg) of seawater were vaporized and 
ejected into the stratosphere. This extraordinary amount of water vapor was a 
direct consequence of the eruption's underwater nature, where the interaction 
between hot magma and seawater resulted in explosive steam generation. This 
vaporization process contributed significantly to the plume's altitude and 
composition, marking one of the largest single-event water vapor injections into 
the atmosphere ever recorded. 
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Mechanisms of Water Vapor Reaching the Stratosphere 

The mechanisms by which the water vapor from the Hunga Tonga-Hunga Ha‘apai 
eruption reached the stratosphere are primarily linked to the eruption's explosive 
dynamics and the unique underwater setting. 

1. Explosion Dynamics: The explosive interaction between magma and 
seawater created a powerful steam-driven blast. This steam, mixed with 
volcanic gases and ash, formed a buoyant plume that ascended rapidly 
through the troposphere and into the stratosphere. The sheer force of the 
explosion, comparable to a large nuclear detonation, provided the 
necessary energy to propel the plume to altitudes of up to 58 kilometers 
(36 miles). 

2. Buoyant Plume: As the plume rose, the entrained water vapor underwent 
adiabatic cooling, leading to condensation of some vapor, but a substantial 
fraction remained in gaseous form due to the rapid ascent. The buoyancy of 
the plume, enhanced by the latent heat released during condensation, 
facilitated its penetration into the stratosphere. 

3. Stratospheric Injection: Upon reaching the stratosphere, the plume spread 
laterally, distributing water vapor across a wide area. The stability of the 
stratosphere, characterized by a temperature inversion that prevents 
vertical mixing, allowed the injected water vapor to remain at high altitudes 
for an extended period, thereby influencing stratospheric chemistry and 
dynamics. 

Differences in the Behavior and Impact of Water Vapor Versus CO2 in the 
Atmosphere 

Water vapor and carbon dioxide (CO2) are both significant greenhouse gases, but 
they behave differently in the atmosphere and have distinct impacts on climate. 

1. Atmospheric Lifetime: 
o Water Vapor: Water vapor has a relatively short atmospheric 

lifetime, ranging from days to weeks in the troposphere. However, 
when injected into the stratosphere, it can persist for months to 
years due to the stratosphere's stable conditions. The rapid cycling of 
water vapor through condensation and precipitation limits its long-
term accumulation in the troposphere. 
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o CO2: CO2 has a much longer atmospheric lifetime, typically ranging 
from decades to centuries. This long-term persistence allows CO2 to 
accumulate in the atmosphere, contributing to sustained global 
warming. 

2. Infrared Absorption: 
o Water Vapor: Water vapor is a highly effective greenhouse gas due 

to its broad absorption spectrum, covering a wide range of infrared 
wavelengths. It significantly enhances the greenhouse effect, 
particularly in the lower atmosphere where it is most abundant. In 
the stratosphere, water vapor can also influence the radiative 
balance and contribute to warming. 

o CO2: CO2 primarily absorbs infrared radiation in the 4.3 and 15 
micrometer (µm) bands. Its greenhouse effect is more uniform 
globally compared to water vapor, which varies significantly with 
humidity and temperature. CO2's impact on the greenhouse effect is 
cumulative and long-lasting. 

3. Feedback Mechanisms: 
o Water Vapor: Water vapor acts as a feedback amplifier in the climate 

system. As temperatures rise due to increased CO2 or other factors, 
more water evaporates, increasing atmospheric humidity and further 
enhancing the greenhouse effect. This positive feedback loop can 
accelerate global warming. 

o CO2: CO2 is a direct driver of the greenhouse effect rather than a 
feedback. Increases in CO2 concentration directly enhance the 
greenhouse effect, leading to higher global temperatures. This 
warming can, in turn, increase water vapor concentrations, initiating 
the feedback loop. 

4. Stratospheric Impacts: 
o Water Vapor: In the stratosphere, water vapor can affect ozone 

chemistry by providing a source of hydroxyl radicals (OH) that 
participate in ozone depletion reactions. The injection of large 
amounts of water vapor into the stratosphere can thus have 
implications for ozone layer health and UV radiation reaching the 
Earth's surface. 

o CO2: CO2 in the stratosphere also influences radiative balance but 
primarily affects the thermal structure of the stratosphere by 
absorbing and re-emitting infrared radiation. This can lead to cooling 
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of the stratosphere, which has complex implications for ozone 
chemistry and overall atmospheric dynamics. 

In summary, the Hunga Tonga-Hunga Ha‘apai eruption's injection of 150 million 
tons of water vapor into the stratosphere represents a unique and significant 
atmospheric event. The mechanisms of stratospheric injection and the distinct 
behaviors and impacts of water vapor and CO2 underscore the need for a 
comprehensive understanding of all greenhouse gases in assessing their 
contributions to global warming. This event highlights the importance of 
considering natural processes alongside anthropogenic factors in climate science 
and policy. 

 

Infrared Absorption and Greenhouse Gas Effects 

Explanation of Infrared (IR) Absorption by Greenhouse Gases 

Greenhouse gases (GHGs) in the Earth's atmosphere play a crucial role in 
regulating the planet's temperature by absorbing and re-emitting infrared (IR) 
radiation. This process, known as the greenhouse effect, is essential for 
maintaining temperatures that can support life. Here’s how it works: 

1. Solar Radiation: The Sun emits energy in the form of shortwave radiation, 
including visible light, which passes through the Earth’s atmosphere and is 
absorbed by the surface. 

2. Re-radiation of Energy: The Earth’s surface heats up and re-emits energy as 
longwave IR radiation. 

3. Absorption by Greenhouse Gases: Greenhouse gases in the atmosphere, 
such as water vapor (H2O), carbon dioxide (CO2), methane (CH4), and 
others, absorb this IR radiation. These gases have molecular structures that 
can vibrate at specific frequencies corresponding to the wavelengths of IR 
radiation. 

4. Re-emission of Energy: After absorbing IR radiation, greenhouse gas 
molecules re-emit the energy in all directions, including back towards the 
Earth's surface. This process traps heat in the atmosphere, warming the 
planet. 
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Comparison of the Absorption Cross Sections of Water Vapor and CO2 

The absorption cross section of a gas is a measure of the probability that a 
molecule will absorb a photon of a given wavelength. It is a crucial factor in 
determining the greenhouse effect of different gases. 
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Calculation and Equivalence: 34.5 ppm of CO2 

To quantify the impact of the water vapor injected by the Hunga Tonga-Hunga 
Ha‘apai eruption in terms of an equivalent amount of CO2, we can use the 
concept of their absorption cross sections and concentrations. 
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Conclusion 

The massive injection of water vapor into the stratosphere by the Hunga Tonga-
Hunga Ha‘apai eruption is significant due to its substantial IR absorption 
capability. The 150 million tons of water vapor injected into the atmosphere have 
an equivalent greenhouse effect to an increase of approximately 34.5 ppm of 
CO2. Given the current atmospheric CO2 concentration of around 420 ppm, this 
additional 34.5 ppm represents an increase of about 8.21%. This calculation 
underscores the importance of considering all greenhouse gases, including those 
resulting from natural events like volcanic eruptions, in the analysis of global 
warming and climate change. 

 

Atmospheric and Climate Impact 

Analysis of the Increased Water Vapor Concentration in ppm 

The Hunga Tonga-Hunga Ha‘apai eruption injected an estimated 150 million tons 
of water vapor into the atmosphere, translating to a significant but transient 
increase in atmospheric water vapor concentration. The analysis estimates that 
this injection results in an approximate increase of 4.83 x 10^-2 ppm of water 
vapor in the stratosphere. While this may seem modest in absolute terms, its 
impact on climate dynamics is far from negligible. 

Water vapor, as the most abundant greenhouse gas, has a pronounced ability to 
absorb and re-emit infrared radiation. This property makes even relatively small 
increases in stratospheric water vapor potentially significant for radiative forcing 
and atmospheric chemistry. The unique injection of water vapor at stratospheric 
levels from the Hunga Tonga-Hunga Ha‘apai eruption allows it to bypass the rapid 
removal processes in the troposphere, thereby extending its influence and 
persistence in the atmosphere. 
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Discussion on the Relative Impact of the 34.5 ppm CO2 Equivalence in the 
Context of Current CO2 Levels 

The calculated IR absorption effect of the injected water vapor is equivalent to an 
additional 34.5 ppm of CO2. To contextualize this: 

1. Current CO2 Levels: The current atmospheric concentration of CO2 is 
approximately 420 ppm. 

2. Relative Impact: The 34.5 ppm equivalence represents an increase of about 
8.21% relative to the current CO2 levels. 

This substantial increase underscores the importance of considering the 
contributions of all greenhouse gases, including those from natural events like 
volcanic eruptions, in climate models and predictions. While CO2 is often the 
focus due to its long-term persistence and anthropogenic sources, the significant 
greenhouse effect of water vapor, especially when injected into the stratosphere, 
cannot be overlooked. 

Examination of the Broader Climate Implications and Potential Feedback 
Mechanisms 

The broader climate implications of the Hunga Tonga-Hunga Ha‘apai eruption 
extend beyond the immediate increase in greenhouse gas concentrations. Several 
key aspects include: 

1. Radiative Forcing: The injected water vapor enhances radiative forcing, the 
change in energy fluxes in the atmosphere due to greenhouse gases. This 
increase in radiative forcing contributes to higher global temperatures. 

2. Stratospheric Cooling and Warming: Water vapor in the stratosphere can 
lead to complex thermal effects. While it primarily contributes to warming 
through the greenhouse effect, its presence can also lead to localized 
cooling by influencing radiative balance and dynamics. 

3. Ozone Layer Depletion: Water vapor in the stratosphere can contribute to 
chemical reactions that deplete ozone. This occurs through the formation 
of hydroxyl radicals (OH), which can catalyze the breakdown of ozone 
molecules. The depletion of ozone has direct implications for ultraviolet 
radiation reaching the Earth’s surface, with potential effects on human 
health and ecosystems. 
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4. Feedback Mechanisms: 
o Positive Feedback: Higher temperatures can lead to increased 

evaporation and further water vapor in the atmosphere, amplifying 
the greenhouse effect. This positive feedback loop can accelerate 
global warming. 

o Cloud Formation: Increased water vapor can also influence cloud 
formation and properties. Clouds have a dual role: they can reflect 
sunlight, providing a cooling effect, or trap heat, enhancing warming. 
The net effect depends on cloud types, altitudes, and other 
atmospheric conditions. 

5. Climate Modeling and Predictions: The eruption provides a natural 
experiment to validate and improve climate models. Understanding the 
effects of such a massive water vapor injection helps refine predictions of 
future climate scenarios, especially in the context of stratospheric changes. 

6. Long-term Climate Effects: Although the stratospheric water vapor injected 
by the eruption will eventually dissipate, its immediate and medium-term 
impacts on radiative forcing, temperature regulation, and atmospheric 
chemistry are profound. These effects need to be incorporated into climate 
models to improve accuracy in predicting future climate change patterns. 

Conclusion 

The Hunga Tonga-Hunga Ha‘apai eruption's injection of water vapor into the 
stratosphere represents a significant atmospheric event with considerable 
implications for global warming and climate dynamics. The 150 million tons of 
water vapor, equating to an additional 34.5 ppm of CO2 in terms of IR absorption, 
highlights the substantial impact of natural events on the Earth's greenhouse gas 
balance. This underlines the necessity of including all significant greenhouse gases 
in climate assessments and the importance of comprehensive climate modeling 
that accounts for both anthropogenic and natural contributions to global 
warming. The insights gained from this event can enhance our understanding of 
atmospheric processes and improve future climate predictions. 
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Media Coverage and Public Perception 

Analysis of Mainstream Media’s Focus on CO2 Over Water Vapor 

The mainstream media has largely focused on carbon dioxide (CO2) when 
discussing climate change and global warming. This emphasis has overshadowed 
the significant impacts of other greenhouse gases, such as water vapor, especially 
in the context of the Hunga Tonga-Hunga Ha‘apai eruption. 

1. Coverage Trends: In the aftermath of the eruption, media reports 
predominantly highlighted the immediate physical destruction, such as 
tsunamis and ash fallout, with limited coverage of the atmospheric 
injection of water vapor. When climate impacts were discussed, the focus 
was primarily on CO2 and its well-documented role in global warming. 

2. Lack of Emphasis on Water Vapor: Despite the substantial water vapor 
injection into the stratosphere, equivalent in impact to a significant 
increase in CO2 levels, this aspect was not given due prominence. The 
complex and transient nature of water vapor's atmospheric behavior might 
have contributed to this oversight. 

Reasons Behind the Media’s Emphasis on CO2 

Several factors contribute to the media's predominant focus on CO2 over other 
greenhouse gases like water vapor: 

1. Public Familiarity: CO2 is widely recognized as the primary greenhouse gas 
driving climate change. This familiarity makes it a straightforward focal 
point for media coverage and public discourse. 

2. Long-term Impact: CO2 has a long atmospheric lifetime, leading to its 
cumulative and persistent impact on global warming. This makes CO2 a 
more straightforward target for long-term climate policy discussions. 

3. Anthropogenic Sources: The majority of CO2 emissions are directly linked 
to human activities such as fossil fuel combustion, deforestation, and 
industrial processes. This clear link between human actions and CO2 levels 
makes it a central theme in climate change narratives, advocacy, and 
policy-making. 

4. Policy Focus: International climate agreements and policies, such as the 
Kyoto Protocol and the Paris Agreement, have historically centered around 
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CO2 reduction targets. This has reinforced CO2’s prominence in media 
coverage and public perception. 

5. Scientific Consensus: There is a strong scientific consensus on the role of 
CO2 in global warming, which has translated into a more concentrated 
effort to communicate this to the public. The scientific community has 
effectively conveyed the urgency of reducing CO2 emissions, shaping media 
narratives accordingly. 

The Importance of a Comprehensive Understanding of All Greenhouse Gases in 
Public Discourse 

A holistic approach to climate change communication is essential for several 
reasons: 

1. Accurate Representation of Climate Dynamics: Climate change is driven by 
a combination of greenhouse gases, each with distinct properties and 
impacts. While CO2 is a major contributor, other gases such as methane 
(CH4), nitrous oxide (N2O), and water vapor also play critical roles. 
Understanding the contributions and interactions of these gases provides a 
more accurate picture of the climate system. 

2. Informed Decision-Making: Policymakers and the public need 
comprehensive information to make informed decisions. Highlighting the 
role of all significant greenhouse gases ensures that mitigation strategies 
address the full spectrum of contributors to global warming. 

3. Recognition of Natural Events: Natural events like volcanic eruptions can 
have substantial but often overlooked impacts on climate. The Hunga 
Tonga-Hunga Ha‘apai eruption is a case in point, where the injection of 
water vapor into the stratosphere had a significant yet underreported 
effect. Recognizing the climatic effects of such events is crucial for 
comprehensive climate modeling and risk assessment. 

4. Encouraging Broad-Based Climate Action: While reducing CO2 emissions is 
critical, addressing other greenhouse gases and understanding natural 
contributions to atmospheric changes can lead to more effective and 
holistic climate action. This includes strategies for methane reduction, 
ozone layer protection, and monitoring of water vapor levels. 

5. Enhancing Public Understanding: A more nuanced understanding of 
climate change can enhance public engagement and support for diverse 
climate actions. Educating the public on the roles of various greenhouse 
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gases can foster a deeper appreciation of the complexity of climate change 
and the multifaceted efforts needed to combat it. 

Conclusion 

The mainstream media’s focus on CO2, while important, has resulted in an 
incomplete narrative of climate change. The Hunga Tonga-Hunga Ha‘apai 
eruption's significant injection of water vapor into the stratosphere highlights the 
need for a more comprehensive approach to understanding and communicating 
climate dynamics. Recognizing the roles of all greenhouse gases and natural 
events in global warming is essential for accurate climate modeling, effective 
policy-making, and informed public discourse. By broadening the focus to include 
all significant contributors to climate change, we can foster a more informed and 
engaged public, capable of supporting the multifaceted efforts required to 
address this global challenge. 

 

Scientific and Policy Implications 

Implications for Climate Modeling and Prediction 

The Hunga Tonga-Hunga Ha‘apai eruption provides a unique opportunity to 
enhance climate modeling and prediction capabilities. The substantial injection of 
water vapor into the stratosphere from this eruption necessitates a reevaluation 
of several aspects of climate models: 

1. Model Accuracy: Traditional climate models primarily focus on CO2 and 
other long-lived greenhouse gases. Incorporating the transient but 
significant effects of large-scale water vapor injections can improve the 
accuracy of climate predictions, especially for short-term climate dynamics. 

2. Feedback Mechanisms: Water vapor acts as a strong positive feedback in 
the climate system. Accurately modeling its injection, distribution, and 
interaction with other atmospheric components can help predict and 
understand feedback loops that amplify global warming. 

3. Radiative Forcing Calculations: The addition of large quantities of water 
vapor to the stratosphere affects radiative forcing. Climate models need to 
account for these changes to predict temperature variations and weather 
patterns accurately. 
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4. Ozone Layer Interactions: Water vapor influences stratospheric chemistry, 
particularly ozone depletion processes. Improved modeling of these 
interactions can enhance our understanding of ozone layer health and its 
implications for surface UV radiation levels. 

Importance of Including Volcanic Water Vapor Injections in Climate Assessments 

Incorporating the impacts of volcanic water vapor injections into climate 
assessments is crucial for several reasons: 

1. Comprehensive Climate Analysis: Volcanic eruptions are natural events 
that can have profound, albeit temporary, impacts on the climate. Including 
these events in climate assessments provides a more holistic view of the 
factors influencing global warming. 

2. Short-Term Climate Variability: Volcanic water vapor injections can lead to 
short-term climate variability, affecting weather patterns, temperatures, 
and atmospheric chemistry. Understanding these impacts helps 
differentiate between natural variability and anthropogenic influences. 

3. Policy Formulation: Policymakers rely on accurate climate assessments to 
formulate effective climate strategies. Recognizing the role of natural 
events ensures that policies are robust and responsive to both 
anthropogenic and natural climate drivers. 

4. Preparedness and Mitigation: Anticipating the climatic impacts of future 
volcanic eruptions can enhance preparedness and mitigation efforts. This 
includes strategies for dealing with potential disruptions to weather 
patterns, agriculture, and health due to altered UV radiation levels and 
temperature changes. 

Recommendations for Future Research and Monitoring of Similar Events 

To better understand and mitigate the impacts of volcanic water vapor injections, 
the following recommendations are proposed: 

1. Enhanced Monitoring Systems: 
o Satellite Observations: Deploy advanced satellites capable of 

monitoring water vapor and other volcanic emissions in real-time. 
These satellites should have high-resolution sensors to detect and 
track the spread of volcanic plumes. 
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o Ground-Based Stations: Establish ground-based monitoring stations 
equipped with instruments to measure atmospheric water vapor, 
sulfur dioxide, and other volcanic gases. These stations should be 
strategically located to capture data from potential volcanic 
hotspots. 

2. Interdisciplinary Research: 
o Collaborative Studies: Encourage interdisciplinary research involving 

volcanologists, atmospheric scientists, chemists, and climate 
modelers. Collaborative efforts can lead to comprehensive studies 
that address the complex interactions between volcanic emissions 
and atmospheric processes. 

o Case Studies: Conduct detailed case studies of past volcanic 
eruptions to refine models and improve predictive capabilities. These 
studies should include data analysis, modeling, and fieldwork. 

3. Climate Model Integration: 
o Model Enhancements: Integrate data from volcanic events into 

existing climate models. This includes updating radiative forcing 
parameters, feedback mechanisms, and stratospheric chemistry 
processes to reflect the impact of water vapor injections. 

o Validation and Testing: Use real-world data from volcanic eruptions 
to validate and test climate models. Continuous validation improves 
model reliability and predictive accuracy. 

4. Public and Policy Engagement: 
o Educational Outreach: Develop educational programs to inform the 

public and policymakers about the impacts of volcanic events on 
climate. Clear communication of scientific findings can enhance 
understanding and support for relevant policies. 

o Policy Recommendations: Provide policymakers with actionable 
recommendations based on scientific research. This includes 
strategies for mitigating the effects of volcanic eruptions and 
integrating natural event impacts into climate policies. 

5. International Collaboration: 
o Global Networks: Establish international networks for monitoring 

and researching volcanic impacts on climate. Collaboration can 
facilitate data sharing, joint research projects, and coordinated 
response efforts. 
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o Funding and Resources: Advocate for increased funding and 
resources to support research and monitoring of volcanic events. 
Sustained investment is essential for advancing scientific knowledge 
and improving climate resilience. 

Conclusion 

The Hunga Tonga-Hunga Ha‘apai eruption's injection of water vapor into the 
stratosphere underscores the need for a comprehensive approach to climate 
science that includes natural events alongside anthropogenic factors. By 
enhancing climate models, improving monitoring systems, fostering 
interdisciplinary research, and engaging policymakers and the public, we can 
better understand and mitigate the impacts of volcanic emissions on global 
warming. These efforts will contribute to more accurate climate predictions, 
informed policy decisions, and effective strategies for addressing the complex 
challenges of climate change. 

 

Conclusion 

Recap of the Key Findings Regarding the Impact of Water Vapor from the 
Eruption 

The Hunga Tonga-Hunga Ha‘apai eruption in January 2022 was a momentous 
event, characterized by its explosive force and the massive injection of water 
vapor into the atmosphere. Key findings from our analysis include: 

1. Water Vapor Injection: The eruption injected approximately 150 million 
tons of water vapor into the stratosphere. This quantity is significant and 
unprecedented, particularly for an underwater volcanic event. 

2. Infrared Absorption: The water vapor injected by the eruption has an 
infrared (IR) absorption effect equivalent to an additional 34.5 parts per 
million (ppm) of carbon dioxide (CO2). Given the current atmospheric CO2 
concentration of around 420 ppm, this represents an 8.21% increase in 
greenhouse gas effect. 

3. Stratospheric Impact: The unique injection of water vapor into the 
stratosphere allows it to bypass the rapid removal processes typical in the 
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troposphere, leading to a prolonged influence on atmospheric chemistry 
and climate dynamics. 

4. Ozone Depletion: The presence of water vapor in the stratosphere can 
catalyze chemical reactions that deplete ozone, affecting the ozone layer's 
health and increasing ultraviolet (UV) radiation reaching the Earth's surface. 

5. Climate Modeling and Feedbacks: The eruption's impact underscores the 
need to incorporate transient but significant natural events into climate 
models to improve accuracy and predictive capabilities. Water vapor acts as 
a strong positive feedback in the climate system, amplifying global 
warming. 

The Significant Yet Underreported Role of Water Vapor in Global Warming 

Despite its substantial impact, the role of water vapor injected by the Hunga 
Tonga-Hunga Ha‘apai eruption has been underreported in mainstream media. 
The focus has predominantly been on CO2, overshadowing the critical 
contributions of other greenhouse gases. Water vapor is the most abundant 
greenhouse gas, and its injection into the stratosphere by volcanic eruptions can 
have significant but transient effects on global warming and atmospheric 
dynamics. 

1. Media Focus on CO2: The media's emphasis on CO2 is understandable 
given its long-term persistence and direct link to human activities. 
However, this focus has led to an incomplete narrative that neglects the 
complex interplay of various greenhouse gases. 

2. Overlooked Natural Events: Natural events like volcanic eruptions play a 
crucial role in influencing atmospheric composition and climate. The lack of 
attention to the Hunga Tonga-Hunga Ha‘apai eruption's water vapor 
injection highlights a critical gap in public understanding and discourse. 

Call to Action for More Balanced Media Coverage and Scientific Investigation 

To address the gaps in media coverage and scientific investigation, we propose 
the following actions: 

1. Balanced Media Coverage: 
o Comprehensive Reporting: Media outlets should strive for more 

balanced reporting that includes the impacts of all significant 
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greenhouse gases, not just CO2. This includes highlighting the role of 
natural events such as volcanic eruptions in climate change. 

o Educational Outreach: Journalists and science communicators should 
educate the public on the multifaceted nature of greenhouse gas 
impacts, emphasizing the importance of understanding water vapor 
and other gases in the context of global warming. 

2. Enhanced Scientific Investigation: 
o Interdisciplinary Research: Encourage interdisciplinary research that 

brings together volcanologists, atmospheric scientists, chemists, and 
climate modelers to study the complex effects of volcanic eruptions 
on climate. 

o Improved Climate Models: Update climate models to incorporate 
the impacts of transient natural events, such as volcanic water vapor 
injections, to improve accuracy and predictive capabilities. 

o Ongoing Monitoring: Invest in advanced monitoring systems, 
including satellite observations and ground-based stations, to track 
and analyze volcanic emissions in real-time. 

3. Policy Implications: 
o Informed Decision-Making: Policymakers should consider the 

comprehensive impacts of all greenhouse gases, including those from 
natural events, in climate strategies and mitigation efforts. 

o Support for Research: Increase funding and resources for research 
and monitoring of volcanic impacts on the climate. Sustained 
investment is essential for advancing scientific knowledge and 
developing effective climate policies. 

Conclusion 

The Hunga Tonga-Hunga Ha‘apai eruption has provided critical insights into the 
complex dynamics of greenhouse gases and their impacts on global warming. The 
significant injection of water vapor into the stratosphere underscores the need 
for a more nuanced understanding of climate change that includes both 
anthropogenic and natural contributions. By promoting balanced media coverage, 
enhancing scientific investigation, and informing policy decisions, we can develop 
a more comprehensive and effective approach to addressing the global challenge 
of climate change. 
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