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2.3 Atmosphere Atmospheric stability & temperature profile of the 

atmosphere 

Composition of the Atmosphere: 

Nitrogen (N2): 

Percentage: Approximately 78% of the atmosphere. 

Role: Essential for life, a major component of proteins and nucleic acids. 

Oxygen (O2): 

Percentage: About 21% of the atmosphere. 

Role: Critical for respiration in many organisms, supports combustion. 

Argon (Ar): 

Percentage: Approximately 0.93% of the atmosphere. 

Role: A noble gas, chemically inert. 

Carbon Dioxide (CO2): 

Percentage: Approximately 0.04% (variable due to human activities). 

Role: Greenhouse gas, crucial for photosynthesis. 

Neon (Ne), Helium (He), Krypton (Kr), Xenon (Xe), and others: 

Percentage: Trace amounts. 

Role: Inert gases, contribute to atmospheric stability. 
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Water Vapor (H2O): 

Percentage: Variable, typically less than 1%. 

Role: Key component for weather patterns, part of the water cycle. 

Trace Gases (Methane, Ozone, etc.): 

Percentage: Very small amounts. 

Role: Influence climate, contribute to atmospheric chemistry. 

Atmospheric Stability: 

Adiabatic Processes: 

Rising Air: When air rises, it expands and cools due to decreasing pressure. This is 

adiabatic cooling. 

Descending Air: Conversely, descending air compresses and warms due to 

increasing pressure. This is adiabatic warming. 

These processes contribute to the stability or instability of the atmosphere. 

Lapse Rate: 

The rate at which temperature changes with altitude is known as the lapse rate. The 

standard lapse rate is around 6.5°C per kilometer in the troposphere. 

A lapse rate greater than the standard suggests instability, while a rate less than the 

standard indicates stability. 
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Temperature Inversion: 

In certain atmospheric conditions, temperature may increase with altitude, creating 

an inversion layer. 

Temperature inversions can trap pollutants near the Earth's surface and influence 

weather patterns. 

Atmospheric Instability: 

Convective Lifting: The sun heats the Earth's surface, causing warm air to rise. 

This convective lifting can lead to the development of clouds and precipitation, 

indicating atmospheric instability. 

Stability and Weather Conditions: 

Unstable Atmosphere: Promotes vertical motion, cloud formation, and 

precipitation. Common in warm, moist air masses. 

Stable Atmosphere: Suppresses vertical motion, inhibiting cloud formation. 

Common in cool, dry air masses. 

Temperature Profile of the Atmosphere: 

Troposphere: 

Temperature: Generally decreases with altitude. 

Role: Location of weather events, where temperature variations influence 

convection and cloud formation. 
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Stratosphere: 

Temperature: Generally increases with altitude due to the absorption of UV 

radiation by ozone. 

Role: Houses the ozone layer, providing a stable environment. 

Mesosphere: 

Temperature: Decreases with altitude. 

Role: Location of the mesopause, where the atmosphere transitions to the 

thermosphere. 

Thermosphere: 

Temperature: Increases significantly with altitude. 

Role: Experiences high-energy solar radiation, leading to high temperatures. 

Location of the auroras. 

Exosphere: 

Temperature: Gradual transition to the vacuum of space. 

Role: Outermost layer where atmospheric particles are sparse. 

Understanding the composition, stability, and temperature profile of the 

atmosphere is crucial for predicting weather patterns, studying climate dynamics, 

and addressing environmental challenges. 

Ozone Layer and Ultraviolet Protection: 

Within the stratosphere, the ozone layer plays a vital role in absorbing and 

blocking harmful ultraviolet (UV) radiation from the Sun. Ozone molecules absorb 
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UVB and UVC rays, preventing them from reaching the Earth's surface. This 

protective layer is essential for the well-being of life on Earth, preventing adverse 

health effects such as skin cancer, cataracts, and immune system suppression. 

Trace Gases and Climate Influence: 

While trace gases such as methane and nitrous oxide make up a small percentage 

of the atmosphere, they have a disproportionate impact on climate. Methane, for 

instance, is a potent greenhouse gas with a much higher heat-trapping capacity per 

molecule than carbon dioxide. Understanding the role of trace gases is crucial for 

assessing and mitigating the impacts of anthropogenic activities on climate change. 

Atmospheric Stability and Weather Patterns: 

Temperature Inversion and Air Quality: 

Temperature inversions, where temperature increases with altitude, can have 

significant effects on air quality. In urban areas, pollution sources release 

pollutants near the surface. During temperature inversions, the warm air aloft acts 

as a lid, trapping pollutants close to the ground. This phenomenon is often 

associated with smog events and degraded air quality, highlighting the importance 

of understanding atmospheric stability for environmental management. 

Atmospheric Instability and Severe Weather: 

Atmospheric instability plays a crucial role in the development of severe weather 

phenomena. Thunderstorms, tornadoes, and hurricanes often occur in atmospheres 

with high instability, where warm, moist air near the surface rapidly rises. 

Understanding the stability of the atmosphere helps meteorologists predict and 

monitor the conditions conducive to severe weather events, enhancing early 

warning systems and disaster preparedness. 
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In summary, the composition, stability, and temperature profile of the atmosphere 

are interconnected aspects that influence climate, weather patterns, and the overall 

dynamics of the Earth's environment. Continuous research and monitoring are 

essential to grasp the complex interactions within the atmosphere and their 

implications for the planet's health and well-being. 

 

 

 

 

 

 

 

 

 

 

 

 


