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2.2 Physical Chemical Characteristics  & Vertical structure of the atmosphere 

Physical Characteristics: 

Pressure: 

Atmospheric pressure decreases with increasing altitude. The pressure at sea level 

is approximately 101.3 kilopascals (kPa) or 1 atmosphere. As one ascends through 

the atmosphere, pressure decreases, leading to lower air density. 

Density: 

Air density is the mass of air molecules per unit volume. Density decreases with 

altitude, meaning that the air is less dense at higher altitudes. This has implications 

for aerodynamics, aviation, and the behavior of gases. 

Temperature: 

Temperature varies with altitude and location. In general, temperature decreases 

with altitude in the troposphere, remains relatively stable in the stratosphere, 

decreases again in the mesosphere, and increases in the thermosphere. The 

exosphere is characterized by extremely high temperatures. 

Humidity: 

Humidity refers to the amount of water vapor present in the air. It varies with 

location, weather conditions, and altitude. The troposphere typically contains the 

highest humidity levels, contributing to cloud formation and precipitation. 
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Wind Patterns: 

Atmospheric circulation creates various wind patterns. Jet streams, trade winds, 

and prevailing westerlies are examples of large-scale wind patterns that influence 

weather systems. Wind speed and direction vary with altitude and latitude. 

Chemical Characteristics: 

Major Components: 

Nitrogen (N2) and oxygen (O2) are the primary components of the atmosphere, 

making up approximately 99% of its volume. Other gases, such as argon (Ar), 

contribute to the remaining 1%. 

Trace Gases: 

While present in trace amounts, gases like carbon dioxide (CO2), methane (CH4), 

ozone (O3), and water vapor (H2O) play critical roles in climate, weather, and 

atmospheric chemistry. Their concentrations can vary due to natural processes and 

human activities. 

Greenhouse Gases: 

Certain gases, such as carbon dioxide, methane, and water vapor, contribute to the 

greenhouse effect. They absorb and emit infrared radiation, trapping heat in the 

atmosphere. Human activities, especially the burning of fossil fuels, have increased 

the concentrations of these gases. 

Ozone Layer: 

The ozone layer, primarily located in the stratosphere, is composed of ozone (O3). 

Ozone absorbs and scatters UV radiation, protecting life on Earth from harmful 



 ROHINI COLLEGE OF ENGINEERING AND TECHYNOLOGY 

  CLIMATE CHANGE AND ADAPTATION 

effects. Ozone concentration can be affected by human-made substances, leading 

to ozone layer depletion. 

Aerosols and Particulate Matter: 

Aerosols are tiny solid or liquid particles suspended in the atmosphere. They 

include dust, pollutants, and natural particles. Aerosols influence climate, air 

quality, and play a role in cloud formation. 

Interactions and Dynamics: 

Chemical Reactions: 

Various chemical reactions occur in the atmosphere, such as the formation of 

ozone, photochemical smog, and reactions involving greenhouse gases. These 

reactions are influenced by factors like sunlight, temperature, and atmospheric 

composition. 

Vertical Structure: 

The atmosphere is divided into layers with distinct characteristics, including the 

troposphere, stratosphere, mesosphere, thermosphere, and exosphere. The vertical 

structure influences weather patterns, atmospheric circulation, and the behavior of 

different gases. 

Understanding the physical and chemical characteristics of the atmosphere is 

crucial for addressing environmental challenges, predicting weather and climate 

patterns, and developing sustainable practices for the future. Ongoing research 

helps enhance our understanding of these complex interactions. The Earth's 

atmosphere can be divided into several layers based on the vertical distribution of 

temperature, pressure, and composition. Each layer has distinct physical and 



 ROHINI COLLEGE OF ENGINEERING AND TECHYNOLOGY 

  CLIMATE CHANGE AND ADAPTATION 

chemical characteristics. The vertical structure of the atmosphere, from the Earth's 

surface outward, includes the following major layers: 

Troposphere: 

Altitude Range: 0 to approximately 8-15 kilometers (0 to 5-9 miles) 

Temperature Profile: Temperature decreases with altitude. 

Characteristics: 

The layer closest to the Earth's surface where weather events occur. 

Contains approximately 75% of the atmosphere's mass. 

Temperature inversion may occur, trapping pollutants and leading to the formation 

of clouds and precipitation. 

Tropopause marks the boundary with the stratosphere. 

Stratosphere: 

Altitude Range: 8-15 kilometers (5-9 miles) to approximately 50 kilometers (31 

miles) 

Temperature Profile: Temperature increases with altitude. 

Characteristics: 

Contains the ozone layer, which absorbs and scatters ultraviolet (UV) radiation 

from the Sun. 

Relatively stable, with fewer weather disturbances. 

Commercial jet aircraft typically fly in the lower stratosphere. 
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Mesosphere: 

Altitude Range: 50 kilometers (31 miles) to approximately 85 kilometers (53 

miles) 

Temperature Profile: Temperature decreases with altitude. 

Characteristics: 

Coldest layer of the atmosphere. 

Mesopause marks the boundary with the thermosphere. 

Meteoroids burn up in this layer, creating "shooting stars." 

Thermosphere: 

Altitude Range: 85 kilometers (53 miles) to the upper boundary of the atmosphere 

(varies) 

Temperature Profile: Temperature increases significantly with altitude. 

Characteristics: 

Extremely thin air, but temperatures can be very high due to absorption of high-

energy solar radiation. 

Auroras (northern and southern lights) occur in this layer due to interactions with 

charged particles. 

Satellites and the International Space Station (ISS) orbit in the lower thermosphere. 
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Exosphere: 

Altitude Range: Upper boundary of the atmosphere (varies) to several hundred 

kilometers 

Temperature Profile: Gradually transitions into the vacuum of space. 

Characteristics: 

Very low density of air particles. 

Molecules are so sparse that they can travel hundreds of kilometers without 

colliding. 

Transition to the outer space environment. 

Other Important Features: 

Ozone Layer: Primarily located in the stratosphere, the ozone layer plays a crucial 

role in absorbing and blocking harmful ultraviolet radiation from the Sun. 

Ionosphere: Found in the upper mesosphere and thermosphere, it contains 

electrically charged particles (ions and free electrons) and is involved in the 

reflection and transmission of radio waves. 

Understanding the vertical structure of the atmosphere is essential for various 

scientific disciplines, including meteorology, climatology, and space science. The 

characteristics of each layer influence weather patterns, climate dynamics, and the 

behavior of objects in Earth's orbit. 
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zone Layer Depletion: 

The ozone layer in the stratosphere, primarily found at an altitude of 15 to 35 

kilometers, has been subject to human-induced depletion. Certain human-made 

substances, such as chlorofluorocarbons (CFCs), have been responsible for 

breaking down ozone molecules. This depletion has significant implications, as a 

weakened ozone layer allows more harmful UV radiation to reach the Earth's 

surface, leading to increased risks of skin cancer, cataracts, and impacts on 

ecosystems. 

Atmospheric Circulation: 

The vertical structure of the atmosphere plays a crucial role in global atmospheric 

circulation patterns. The differential heating of the Earth's surface by the Sun leads 

to the creation of large-scale circulation cells, such as the Hadley, Ferrel, and Polar 

cells, influencing weather and climate across the globe. The troposphere, being 

closest to the Earth's surface, is particularly instrumental in shaping these 

circulation patterns. 

Stratospheric Jets: 

Within the stratosphere, jet streams are fast-flowing air currents that circulate from 

west to east. The most well-known is the polar jet stream, located near the 

boundary between the troposphere and stratosphere. These jet streams influence 

weather systems and play a role in the development and movement of storms. 

Thermospheric Expansion and Contraction: 

The thermosphere experiences significant expansion and contraction due to 

variations in solar activity. During periods of high solar activity, the thermosphere 

expands, leading to increased drag on satellites in low Earth orbit. Understanding 
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these variations is crucial for satellite operations and the accuracy of global 

positioning systems (GPS). 

 

Space Weather and Ionospheric Effects: 

The upper layers of the atmosphere, including the thermosphere and exosphere, are 

influenced by space weather phenomena such as solar flares and coronal mass 

ejections. These events can cause disturbances in the ionosphere, affecting 

communication and navigation systems that rely on the reflection and transmission 

of radio waves. 

In summary, the vertical structure of the atmosphere is a complex and dynamic 

system with wide-ranging implications for climate, weather, and technological 

operations. Ongoing research and monitoring of atmospheric processes contribute 

to our understanding of Earth's atmosphere and its interactions with the broader 

solar-terrestrial environment. 

 

 

 

 


