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Description
Global warming is one of the most pressing environmental 

challenges of the 21st century, with far-reaching consequences for 
ecosystems, weather patterns and human societies. At the core of this 
issue lies the science of Greenhouse Gases (GHGs), a group of gases 
that retain heat in the earth's atmosphere and contribute to the warming 
of the planet. Understanding the role of these gases is fundamental to 
atmospheric science, as it provides valuable information into the 
mechanisms causing climate change and informs strategies for 
reducing its impacts. Greenhouse gases, such as Carbon dioxide (CO₂), 
Methane (CH₄), Nitrous oxide (N₂O) and water vapor, play a vital role 
in maintaining earth’s climate by regulating the planet’s temperature. 
However, human activities, especially since the industrial revolution, 
have significantly increased the concentration of these gases in the 
atmosphere, amplifying the natural greenhouse effect and leading to 
global warming.

The greenhouse effect is a natural process that allows the earth to 
maintain a stable, life-supporting temperature. Without this effect, the 
planet would be too cold to support most forms of life. When solar 
radiation from the sun reaches the earth, some of it is absorbed by the 
surface and the rest is reflected back into space. Greenhouse gases in 
the atmosphere retain some of this outgoing heat and re-radiate it back 
towards the earth's surface, keeping the planet warm enough to sustain 
ecosystems and human activities. The most abundant GHG, water 
vapor plays a vital role in maintaining the earth's temperature. It acts as 
a feedback loop, where warmer temperatures lead to more evaporation, 
which increases water vapor and amplifies warming.

Carbon dioxide present in smaller amounts than water vapor, CO₂ is 
essential for regulating earth’s temperature. It absorbs heat and stays in 
the atmosphere for decades to centuries, making it a long-term 
contributor to the greenhouse effect. Methane (CH₄) is a more potent 
GHG than CO₂, trapping much more heat per molecule although it has 
a shorter atmospheric lifetime. Methane is released naturally from 
wetlands and also through human activities like agriculture and fossil 
fuel extraction. Nitrous oxide (N₂O) this gas is released from soil and 
water through microbial processes and is also emitted from agricultural 
activities, particularly from fertilizers. Like methane, nitrous oxide are 

more effective at trapping heat than CO₂. Ozone (O₃) although 
beneficial in the stratosphere, where it protects life from harmful 
ultraviolet radiation, ozone in the troposphere (the lowest part of the 
atmosphere) acts as a greenhouse gas.

The combustion of fossil fuels, such as coal, oil and natural gas for 
energy production and transportation is the largest source of CO₂ 
emissions. Additionally, deforestation and land-use changes release 
stored carbon in trees and soils into the atmosphere. The atmospheric 
concentration of CO₂ has increased by over 50% since the pre-
industrial era, from around 280 Parts Per Million (ppm) to over 420 
ppm today. This increase is the primary driver of global warming. 
Methane emissions have also surged due to human activities, 
particularly in agriculture (such as livestock farming and rice 
cultivation), waste management (landfills) and the oil and gas industry 
(through leakage during extraction and transport). Although methane 
exists in smaller concentrations than CO₂, its Global Warming 
Potential (GWP) is more than 25 times greater over a 100-year period.

The use of synthetic fertilizers in agriculture is a significant source 
of nitrous oxide emissions. N₂O has a GWP nearly 300 times that of 
CO₂, making it a potent contributor to global warming. Nitrous oxide is 
also released from industrial processes and the combustion of fossil 
fuels. As the concentration of GHGs increases, more heat is trapped in 
the earth's atmosphere, leading to a rise in global temperatures a 
phenomenon known as global warming. This warming is not uniform 
across the planet and has triggered a series of changes in the earth’s 
climate system, collectively referred to as climate change. The earth’s 
average surface temperature has increased by approximately 1.2°C 
(2.2°F) since the late 19th century. While this may seem small, even a 
slight increase in global temperatures can have profound effects on 
weather patterns and ecosystems.

Warmer temperatures are causing glaciers and polar ice sheets to 
melt, contributing to rising sea levels. Rising seas threaten coastal 
communities, ecosystems and infrastructure increasing the risk of 
flooding. Increased CO₂ in the atmosphere also leads to higher 
concentrations of CO₂ being absorbed by oceans, causing ocean 
acidification. This change in ocean chemistry threatens marine 
ecosystems, particularly coral reefs and shellfish. Atmospheric science 
plays a key role in understanding the behavior of greenhouse gases and 
their impact on climate. Experts use a variety of methods to measure, 
monitor and predict changes in GHG concentrations and their effects 
on the atmosphere.

Conclusion

Greenhouse gases play a central role in the earth’s climate system 
by trapping heat and maintaining the planet’s temperatsure. However, 
human activities have disrupted the natural balance of GHGs, leading 
to an enhanced greenhouse effect and global warming. Atmospheric 
science helps us understand how greenhouse gases contribute to 
climate change and provides the tools to monitor, predict and reduce 
their impact. As the world struggles with the effects of global warming, 
reducing GHG emissions and transitioning to sustainable practices are 
essential to safeguarding the environment and ensuring a stable climate 
for future generations. By advancing clinical understanding and 
implementing effective solutions, one can address the growing threat of 
climate change and develop a more sustainable future.
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