
Atmosphere

Description

Earthâ??s Atmosphere
The atmosphere, a blanket of gases enveloping Earth, acts as a protective shield from outer space. It is
crucial for the biosphere, allowing life to thrive on the surface of Earth. The atmosphere consists of
colorless, odorless, tasteless, and shapeless gases that are so well blended they act as one.

The gases currently found in the atmosphere are not directly left over from the Earthâ??s initial
formation. Rather, they have accumulated over time as a result of volcanic eruptions, geothermal
springs, the chemical decomposition of solids, and the cycling through the biosphere.
The atmosphere is vital for sustaining life on Earth, providing essential gases like oxygen for
humans and animals, and carbon dioxide for plants. It protects the Earth from harmful solar
radiation and acts as a greenhouse, permitting short-wave radiation from the Sun to penetrate
while retaining long-wave radiation emitted from the Earthâ??s surface.
Living organisms need particular temperature ranges and frequencies of solar radiation to perform
their biological functions. The atmosphere filters out certain frequencies of solar radiation while
permitting others to reach the Earthâ??s surface, thus controlling the amount of solar radiation
that arrives. Additionally, the atmosphere contributes to the stability of temperatures on the
Earthâ??s surface, averting drastic temperature changes from day to night.
The atmosphere acts as a shield, protecting us from extraterrestrial objects like meteors, which
disintegrate due to friction as they enter the atmosphere, particularly in the mesosphere.

Composition of the atmosphere

The atmosphere is composed of

Gases
Vapour
Particulates

Gases in the Atmosphere

The atmosphere is predominantly made up of nitrogen and oxygen, which together constitute
about 99% of clean, dry air. The remaining 1% is composed largely of inert gases. Oxygen,
despite comprising only 21% of the atmosphere, is vital for life on Earth. It is consumed by living
beings and participates in forming significant compounds like oxides, due to its reactive nature
with other elements. Additionally, oxygen is indispensable for combustion processes.
Nitrogen, the most plentiful gas in the atmosphere, makes up 78% of its volume. Despite being
relatively inactive, nitrogen is essential to all organic compounds. It primarily acts to control
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combustion by diluting oxygen and is involved in numerous oxidation reactions.
Carbon dioxide, while constituting merely about 0.038% of the dry atmosphere, is a crucial gas. It
emerges as a combustion byproduct and is utilized by plants for food production and other
biological processes via photosynthesis. Due to its effective heat-trapping properties, carbon
dioxide plays a significant role in climate dynamics. The escalation in fossil fuel combustion has
increased atmospheric carbon dioxide levels, potentially causing elevated temperatures in the
lower atmosphere and substantial climate alterations. Carbon dioxide and water vapor
predominantly exist up to 90 km above the Earthâ??s surface.
Argon is a significant gas, comprising about 0.93% of the Earthâ??s atmosphere. Ozone (O3),
which is an oxygen molecule with three atoms, makes up less than 0.00006% of the atmospheric
volume. It is predominantly found between 20 km and 25 km above the Earthâ??s surface, where
it is generated at higher altitudes and then transported downward. Ozone is crucial for absorbing
the sunâ??s harmful ultraviolet radiation.
In addition to the primary gases, the atmosphere also contains trace amounts of neon, helium,
hydrogen, xenon, krypton, and methane.

Water Vapour

Water vapor is a crucial element of the Earthâ??s atmosphere, constituting 0 to 5% of its total volume.
It is mainly derived from the evaporation of water from a variety of sources, including oceans, seas,
lakes, rivers, ponds, as well as from vegetation and soil.

The amount of water vapor in the atmosphere is closely linked to temperature, leading to a
decrease in water vapor concentration from the equator towards the poles. In tropical areas near
the equator, the air at the surface has approximately 2.6% water vapor, while at latitudes of 50
degrees and 70 degrees, the water vapor concentrations drop to 0.9% and 0.2%, respectively.
Moreover, the concentration of water vapor in the atmosphere generally diminishes with altitude.
Indeed, more than 90% of the atmospheric water vapor is located within the initial 5 kilometers
above the Earthâ??s surface.
Water vapor in the atmosphere leads to different types of condensation and precipitation,
including clouds, fog, dew, rain, frost, hail, ice, and snow. These events happen when
atmospheric moisture reaches a specific threshold and the temperature conditions are suitable.
A notable characteristic of water vapor is its transparency to incoming shortwave solar radiation,
allowing the sunâ??s electromagnetic waves to penetrate the atmosphere and reach the
Earthâ??s surface with minimal disruption from water vapor. Conversely, water vapor is more
opaque to outgoing longwave terrestrial radiation, which the Earthâ??s surface emits after
absorbing solar energy. Consequently, water vapor significantly contributes to the warming of the
Earthâ??s surface and lower atmosphere by absorbing and holding onto this terrestrial radiation.

To summarize, water vapor is a crucial element of the Earthâ??s atmosphere, and its
concentration fluctuates based on temperature and geographic location. It is instrumental in
creating diverse weather patterns and significantly influences the Earthâ??s climate by
controlling the absorption and release of solar and terrestrial radiation.
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Solar radiation

Atmospheric Particulate Matter

The atmosphere is filled with solid particles, including sand from weathered rocks and volcanic
ash, pollen grains, microorganisms, soot, sea salts, and even remnants of meteors that have
disintegrated in the atmosphere. These particles are vital in absorbing, reflecting, and scattering
sunlight, which results in the stunning red and orange colors observed at sunrise and sunset.
The skyâ??s blue hue results from the selective scattering of solar radiation by atmospheric dust
particles. Salt particles also act as hygroscopic nuclei, facilitating the formation of water droplets,
clouds, and various forms of condensation and precipitation. A hygroscopic nucleus is a
minuscule particle, like sulfur dioxide, salt, dust, or smoke, which provides a surface for water
vapor to condense into droplets.

Structure of the Atmosphere

The atmosphere consists of different layers, each characterized by distinct composition, density,
pressure, and temperature variations.

In terms of composition, the atmosphere is generally categorized into two primary layers: the
homosphere and the heterosphere.

Earth Atmosphere

The homosphere is composed of three layers: the Troposphere, the Stratosphere, and the
Mesosphere. Although the composition of air is uniform across these layers, the density of air
decreases markedly as altitude increases.
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The Troposphere is the bottom layer of the atmosphere and is responsible for Earthâ??s
weather as it contains most weather conditions. The temperature decreases as altitude increases
in this region.
The Stratosphere is situated in the middle of the homosphere, while the Mesosphere is its
uppermost layer.
The heterosphere, on the other hand, contains two regions: the Thermosphere and the
Exosphere. These regions are considered part of outer space and have unevenly mixed gases.
The Ionosphere overlaps both the Mesosphere and the Thermosphere. The Thermosphere is the
lower region of the heterosphere, while the Exosphere is its uppermost region.
The homosphere stretches from the Earthâ??s surface to an altitude of 80 km. Despite the
atmosphereâ??s density decreasing sharply with altitude, the composition of gases remains
consistent within the homosphere. However, there are exceptions to this consistency, such as the
concentration of ozone (O3) in the stratosphere between approximately 19-50 km and the
fluctuations in water vapor and dust particles in the lower atmosphere. This consistent
composition was established around 600 million years ago.
The heterosphere starts at an altitude exceeding 80 km and stretches up to 10,000 km.
However, the atmosphereâ??s upper boundary is scientifically set at 480 km, where Earthâ??s
gravitational influence is minimal. Beyond this boundary lies the exosphere, which is composed of
isolated atoms of light gases like hydrogen and helium.

Based on Change in temperature

The atmosphere is composed of five distinct layers, each characterized by variations in temperature
and density. These layers include:

1. Troposphere: It is the atmosphereâ??s lowest layer, where all weather phenomena take place
and where the temperature typically decreases with altitude.

2. Stratosphere: Located above the troposphere, this atmospheric layer is characterized by a
temperature that rises with altitude and encompasses the ozone layer.

3. Mesosphere: In this atmospheric layer, the temperature decreases with altitude, and it serves as
the region where meteors incinerate upon entry into Earthâ??s atmosphere.

4. Thermosphere (Ionosphere): The temperature in this layer increases significantly due to the
absorption of solar radiation. This layer is also referred to as the Ionosphere, as it contains
charged particles which facilitate radio wave communication.

5. Exosphere: This layer is the atmosphereâ??s outermost region, where the temperature stays
consistent with altitude and the air particle density is exceedingly low.
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Changes of Temperature

Structure of the Atmosphere

Troposphere:

The troposphere, Earthâ??s atmosphereâ??s lowest layer, reaches up to 18 km at the equator,
13 km at mid-latitudes, and about 8 km at the poles. It holds roughly 90% of the atmosphereâ??s
total mass. All weather phenomena take place in this layer, including water vapor, dust particles,
and cloud formation.
Within the troposphere, the temperature typically drops as the altitude climbs. This average
temperature decline is known as the normal lapse rate, approximately 6.4 degrees Celsius for
every kilometer. Nevertheless, this rate varies across different regions, and the actual rate at
which temperature decreases in a specific area is known as the local lapse rate. The lowest
temperature observed in the troposphere can reach about -57 degrees Celsius.
The tropopause marks the upper limit of the troposphere, delineating it from the stratosphere
above. It is defined by a temperature that remains constant, serving as a transitional layer
between the two atmospheric levels.
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Atmosphere

Stratosphere

The stratosphere is a layer of Earthâ??s atmosphere located above the troposphere, stretching
up to 50 kilometers worldwide. Within this layer, temperatures increase with altitude, varying from
-57 to 0 degrees Celsius.
A distinctive characteristic of the stratosphere is the ozonosphere, which contains highly reactive
ozone molecules with three oxygen atoms. The ozone layer is crucial in absorbing high-frequency
ultraviolet (UV) radiation, resulting in a temperature increase in the stratosphere.
The absorption of energy by ozone molecules triggers chemical reactions that lead to the creation
of ozone gas. The ozone layer acts as a protective shield for all living beings, encompassing
plants, animals, and humans, by absorbing the harmful ultraviolet rays and safeguarding them
from the adverse effects of this radiation.

Mesosphere

The mesosphere, a layer of Earthâ??s atmosphere, extends from 50 to 80 kilometers above the
surface. In this layer, temperatures decrease with altitude, averaging lows around -90Â°C, though
this can fluctuate.
This layer belongs to a homogeneous region reaching up to the mesosphere. At the
mesosphereâ??s upper boundary, a layer of charged particles, known as ions, extends into the
subsequent atmospheric layer. This layer of ions is significant for reflecting radio waves, essential
for telecommunications.

Thermosphere

The thermosphere extends from 80 km to 480 km above Earthâ??s surface. In this layer, the
ionosphere operates because of the abundance of charged particles. The temperature in this
region can soar dramatically, potentially up to 1200Â°C, as gas molecules absorb shortwave solar
radiation.
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Despite the high temperatures in the thermosphere, it doesnâ??t feel hot due to the extremely low
air density in this layer, which diminishes its capacity to transfer energy. As a result, one does not
experience the sensation of heat as in areas with denser air.

Ionosphere

The ionosphere is a layer of Earthâ??s atmosphere, stretching from the upper mesosphere into
the lower thermosphere, roughly 60 to 400 kilometers (40 to 250 miles) above the Earth. It is
populated with charged particles, or ions, formed through the absorption of cosmic rays, gamma
rays, X-rays, and ultraviolet rays of shorter wavelengths.
The ionosphere plays a vital role in long-distance communication by reflecting radio waves back
to Earth, which allows signals to cover extensive areas. Additionally, it is the ionosphere that
facilitates the stunning auroral phenomena, like the â??northern lights.â?• This spectacle happens
when the Earthâ??s magnetic field captures charged solar particles near the poles, and these
particles then energize nitrogen and oxygen molecules in the ionosphere, leading them to glow
similarly to a neon lamp.
Ascending through the ionosphere, atomic oxygen is more abundant above altitudes of 480
kilometers (298 miles). At higher levels, helium is more prevalent, eventually giving way to a
dominance of hydrogen atoms. A significant occurrence in the ionosphere is the heating of
incoming space vehicles and meteorites, caused by friction with the charged particles.

Exosphere

The exosphere represents the outermost layer of the atmosphere, characterized by a very thin
distribution of gases, a result of the weak gravitational pull at such altitudes.
Consequently, the air density in this region is considerably lower than in other layers of the

atmosphere. 

Conclusion

The Earthâ??s atmosphere is a multifaceted and vital element of the biosphere, acting as a protective
shield and sustaining life. It consists of a mix of gases, water vapor, and particles, and is stratified into
distinct layers characterized by their composition, temperature, and density. These layers are integral to
preserving thermal equilibrium, protecting the planet from detrimental radiation, and facilitating weather
patterns and long-range communication. Grasping the atmosphereâ??s architecture and roles is
imperative for tracking and tackling issues like climate change and environmental degradation.
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Frequently Asked Questions (FAQs) of Atmospheric Circulation

What are the primary gases that make up Earthâ??s atmosphere?

The primary gases that constitute Earthâ??s atmosphere are nitrogen (78.1%), oxygen (20.9%), argon
(0.93%), and carbon dioxide (0.04%). Additionally, the atmosphere contains trace amounts of other
gases.

What is the importance of the ozone layer in Earthâ??s atmosphere?

The ozone layer is a critical component of Earthâ??s atmosphere, serving as a shield that absorbs 97%
to 99% of the sunâ??s harmful ultraviolet radiation (UV-B). This protection is vital for preventing
damage to living organisms, as excessive UV-B radiation can disrupt DNA and lead to health issues.

How does the atmosphere contribute to the Earthâ??s overall climate?

The Earthâ??s atmosphere plays a crucial role in shaping the planetâ??s climate. It acts as a blanket,
trapping heat and maintaining the Earthâ??s temperature range that supports life. The atmosphere
contains greenhouse gases like carbon dioxide, which trap heat from the sun and prevent it from
escaping back into space. This natural greenhouse effect is vital for keeping the planet warm enough to
sustain ecosystems and human life. However, human activities have increased the levels of these
gases, enhancing the greenhouse effect and leading to global warming. The rising levels of
atmospheric carbon dioxide, now 50% higher than pre-industrial levels, are a significant contributor to
climate change, causing temperature rises, melting glaciers, and other environmental impacts.

How does the ionosphere enable long-distance communication?

The ionosphere facilitates long-distance communication by reflecting radio waves back towards the
Earth. This reflection allows radio signals to travel vast distances, even to the opposite side of the
planet.

What is the difference between the homosphere and the heterosphere in Earthâ??s
atmosphere?

The homosphere and heterosphere are two distinct layers of Earthâ??s atmosphere. The homosphere
is the lower layer, extending up to about 60 miles above the Earthâ??s surface, where the composition
of gases remains relatively uniform. In contrast, the heterosphere is the upper layer, situated above the
homosphere, where the gas composition varies significantly with altitude.
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