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Volcanoes Water Vapour Climate Change UPSC

Description

The Eartha??s climate system'is a complex interplay of various factors, encompassing atmospheric
composition, ocean currents, solar radiation, and-geological processes. Understanding these influences
is crucial for comprehending climate change, a phenomenon/that has garnered significant global
attention due to its widespread implications. While anthropogenic.activities are largely responsible for
the rapid warming observed in recent decades, natural forces have always played a role in shaping the
planeta??s climatic history.

Among the natural drivers, volcanic activity stands out as a geological force capable of altering
atmospheric conditions. These eruptions are known to inject vast quantities of gases and aerosols into
the atmosphere, leading to both short-term cooling and, more complexly, potential long-term warming
effects. One particular aspect that warrants detailed examination in this context is the release of water
vapour during volcanic events and its subsequent interaction with the global climate system.

For a comprehensive understanding, especially from a UPSC examination perspective, it is important to
differentiate between various volcanic emissions and their specific atmospheric consequences. The role
of volcanic water vapour, often overshadowed by the more immediate cooling effect of sulfates,
provides a deeper insight into the multifaceted ways in which Eartha??s internal processes can
influence its external environment and overall climate trajectory.

Climate Change: Natural and Human Causes

Climate change refers to significant and lasting changes in the statistical distribution of weather patterns
over periods ranging from decades to millions of years. It can manifest as a change in average weather
conditions or the distribution of events around that average. These changes are driven by both natural
forces and human activities.

Natural causes of climate change include variations in solar radiation, changes in Eartha??s orbital
parameters (Milankovitch cycles), oceanic circulation shifts, and volcanic eruptions. For instance, strong
volcanic eruptions can temporarily cool the planet by injecting reflective aerosols into the stratosphere.
Over geological timescales, tectonic movements also alter continent positions, affecting ocean currents
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and global heat distribution.

Human-induced, or anthropogenic, causes have become the dominant driver of current climate change.
The primary factor is the increased concentration of greenhouse gases (GHGSs) in the atmosphere
since the Industrial Revolution. These gases, such as carbon dioxide (CO2), methane (CH4), nitrous
oxide (N20), and fluorinated gases, trap heat, leading to a warming effect. Burning fossil fuels for
energy, deforestation, industrial processes, and agriculture are major contributors to these emissions.
This point needs attention: while natural factors have historically caused climate shifts, the current rate
and magnitude of warming are overwhelmingly attributed to human actions.

Volcanic Eruptions: A Factor in Climate Systems

Volcanic eruptions are powerful natural events that can significantly influence Eartha??s climate
system, albeit with varying effects depending on the eruptiona??s scale, location, and the composition
of the ejected material. The most immediate and widely recognized climatic impact of large, explosive
volcanic eruptions is a temporaty cooling of the Eartha??s surface.

This cooling primarily results from the injectioniof;sulfur dioxide (SO2) gas into the stratosphere. Once
in the stratosphere, SO2 reacts with water to form sulfuric acid aerosols. These tiny reflective particles
scatter incoming solar radiation back into space, reducing/the-amount of sunlight reaching the
Eartha??s surface. Notable examples include the 1991 eruption of Mount Pinatubo, which led to a
global average temperature drop of about 0.5A°C for roughly two years.

However, volcanoes also release greenhouse gases, including carbon dioxide and water vapour. While
volcanic CO2 emissions are generally far smaller than anthropogenic emissions on an annual basis,
their cumulative effect over geological timescales can be substantial. The role of volcanic water vapour,
however, is more nuanced and contributes to the greenhouse effect, though its impact is usually
considered less immediate than that of sulfate aerosols.

Volcanoes and Water Vapour Release Mechanism

Volcanoes release a wide range of gases into the atmosphere, collectively known as volcanic gases.
Water vapour (H20) is, by far, the most abundant component of these gases, typically making up 70%
to 99% of all gases released during an eruption or through passive degassing.

The water vapour originates from several sources. Much of it is a??magmatic water,a?+ which is
dissolved in the magma deep within the Eartha??s crust and mantle. As magma ascends and pressure
decreases, this dissolved water exsolves, forming gas bubbles that drive the explosive power of
eruptions. Magma itself is a complex solution of molten rock, dissolved gases, and suspended crystals,
and water is a critical volatile component.

Additionally, some volcanic water vapour can be a??hydrothermal water,a?+ derived from groundwater
or seawater that has seeped into the ground, been heated by the magma, and then expelled during an
eruption or through fumaroles and hot springs. During an eruption, especially explosive ones,
superheated steam is violently ejected into the atmosphere, often reaching the upper troposphere or
even the stratosphere, depending on the eruption columna??s height. This mechanism ensures that a
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significant amount of water vapour, often in the form of steam, is directly introduced into various layers
of the atmosphere.

Atmospheric Water Vapour: Role in Global Climate

Water vapour is the most powerful natural greenhouse gas present in the Eartha??s atmosphere.
Unlike other major greenhouse gases like carbon dioxide and methane, which are primarily regulated
by geochemical cycles or human emissions, the concentration of water vapour in the atmosphere is
largely controlled by temperature and the hydrological cycle.

As a greenhouse gas, water vapour absorbs and re-emits infrared radiation, effectively trapping heat
within the atmosphere. This process contributes significantly to the natural greenhouse effect, which
keeps the Earth warm enough to sustain life. Without atmospheric water vapour and other greenhouse
gases, the planeta??s average temperature would be much colder.

Water Vapour Feedback-Loop

A critical aspect of atmospheric water vapoura??s role is its involvement in a positive feedback loop. As
the Eartha??s temperature rises due to other factorsi(e.g.,/incieased CO2 from human activities), more
water evaporates from oceans, lakes, and land surfaces. Thisiincreased water vapour in the
atmosphere then further enhances the greenhouse effect, leading to additional warming. This, in turn,
causes even more evaporation, creating a powerful amplifying effect on initial temperature changes.
This becomes important when considering any additional sources of atmospheric water vapour.

Impact of Volcanic Water Vapour on Climate

The impact of volcanic water vapour on global climate is complex and generally considered less
significant than the short-term cooling effect of sulfate aerosols or the long-term warming from
anthropogenic CO2 emissions. However, its role is not negligible, especially in specific contexts.

When volcanoes inject large amounts of water vapour into the stratosphere, where it normally exists in
very low concentrations, it can potentially act as a greenhouse gas at that altitude, contributing to
warming. Stratospheric water vapour has a longer residence time than tropospheric water vapour,
meaning it stays in the atmosphere for a longer duration, potentially exerting a sustained warming
influence. However, the exact magnitude of this warming is debated and depends on the eruptiona??s
characteristics and the amount of water reaching the stratosphere.

A critical analytical observation here is that while volcanoes release substantial amounts of water
vapour, most of it remains in the troposphere. Tropospheric water vapour has a short residence time,
typically days to weeks, as it quickly cycles out of the atmosphere through precipitation. Therefore,
direct, sustained climate warming from tropospheric volcanic water vapour is generally limited. The
stratospheric injection is key, but large-scale stratospheric water vapour injections are less common
than stratospheric sulfate injections.

Another point to consider is the relative scale. Even major volcanic eruptions release far less water
vapour into the stratosphere than the total amount of water vapour already present in the troposphere.
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Furthermore, human activities, particularly the burning of fossil fuels, are now releasing CO2 at a rate
that dwarfs the annual CO2 emissions from all volcanoes combined. Consequently, the direct,
persistent warming effect of volcanic water vapour, while present, is typically overshadowed by the
more dominant radiative forcing mechanisms, both natural (like strong solar cycles) and especially
anthropogenic greenhouse gas emissions.

UPSC Perspective

The topic of volcanoes, water vapour, and climate change is highly relevant for the UPSC Civil Services
Examination, touching upon geography, environment, and general science.

Prelims Focus:

e Key Greenhouse Gases: Identify water vapour as the most potent natural GHG and its
percentage contribution to volcanic gases.

¢ Volcanic Emissions: Distinguish between cooling agents (SO2 leading to aerosols) and warming
agents (CO2, H20).

e Atmospheric Layers: Knowledge of troposphere, and stratosphere, and the residence time of
gases in each.

e Feedback Loops: Understanding the positive feedback mechanism of water vapour.

¢ Volcanic Types: Basic knowledge of eruption types (e.g., explosive vs. effusive) and their gas
release characteristics.

e Examples: Major eruptions like Pinatubo and their immediate climate effects.

Mains Focus:

¢ Interlinkages: Analyze the complex relationship between geological processes (volcanoes),
atmospheric composition (water vapour), and climate dynamics.

e Natural vs. Anthropogenic Drivers: Discuss the relative contribution of natural factors like
volcanic activity versus human-induced emissions to climate change, especially in the context of
warming. This allows for a nuanced answer.

e Climate Modelling Challenges: How factors like stratospheric water vapour injection from
volcanoes are incorporated into climate models and the uncertainties involved.

e Impact Assessment: Evaluate the short-term and long-term impacts of volcanic activity on global
climate, distinguishing between cooling and warming effects.

e Geographical Distribution: Relate volcanic activity to plate tectonics and major volcanic belts,
understanding regional impacts.

¢ Disaster Management: Though not directly about climate, understanding volcanic impacts
contributes to a broader view of natural hazards.

Common Student Confusion

A common misunderstanding among students is to equate the immediate, noticeable cooling effect of
large volcanic eruptions (due to sulfate aerosols) with all volcanic impacts on climate. Students might
then erroneously conclude that volcanoes are primarily a cooling force and therefore counter global
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warming, or they might overlook the greenhouse gas contributions.

Correction: While explosive eruptions do cause short-term cooling primarily via SO2-derived aerosols,
volcanoes also continuously emit greenhouse gases, predominantly water vapour and CO2. On
geological timescales, volcanoes are a significant source of CO2, contributing to long-term warming
trends. For short-term climate, the cooling from sulfates dominates. For water vapour specifically, while
it is the most abundant volcanic gas and a potent greenhouse gas, its climate impact is limited due to
short residence time in the troposphere and less frequent/significant injection into the stratosphere
compared to the scale of other climate forcings. Thus, the overall impact is a combination of competing
forces operating on different timescales.

Short Revision Points

¢ Volcanoes release large amounts of water vapour (70-99% of gases).

e Water vapour is the most potent natural greenhouse gas, causing warming.

e Major volcanic eruptions-inject sulfate aerosols (from SO2) into the stratosphere, causing short-
term global cooling.

¢ Volcanic water vapour usually ‘has/limited sustained climate warming impact due to its short
residence time in the troposphere.

e Stratospheric injection of volcanic water vapour can contribute to warming but is less impactful
than anthropogenic GHGs.

¢ On geological timescales, volcanic CO2 and water vapour contribute to long-term climate
regulation.

e Current human-induced GHG emissions far outweigh annual volcanic GHG emissions.

FAQS

1. Do all volcanic eruptions cause global cooling?
No, only large, explosive eruptions that inject significant amounts of sulfur dioxide into the
stratosphere cause temporary global cooling. Effusive eruptions or smaller explosions have
localized effects.

2. Is volcanic water vapour a major contributor to current global warming?
No, while volcanic water vapour is a greenhouse gas, its direct contribution to the rapid global
warming observed today is minimal compared to human-emitted greenhouse gases like carbon
dioxide and methane.

3. How much water vapour do volcanoes release compared to human activities?
Volcanoes release vast amounts of water vapour, but most stays in the lower atmosphere with a
short residence time. Human activities do not directly emit significant amounts of water vapour as
a climate-forcing agent; rather, human-induced warming increases natural evaporation, which
then acts as a feedback.
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Understanding the intricate relationship between volcanoes, water vapour, and climate change is
essential for a holistic grasp of Eartha??s systems. For those preparing for the UPSC examination, a
clear distinction between the various effects and their scales is critical. To build such a robust
understanding and excel in this challenging examination, dedicated guidance is paramount. SHRI RAM
IAS is regarded as the best IAS coaching in Delhi, providing aspirants with the clarity and depth
required to navigate complex topics like volcanic vapour and its climatic implications.
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