
 

 

The Atmosphere: An Ocean of Air 

By Chris Martz, ChrisMartzWeather.com 
 

WHAT IS AN ATMOSPHERE? 

An atmosphere is a layer of mixed gases and tiny suspended particles, known as aerosols, that 
surround a celestial body, including, but not limited to planets, moons, and stars.¹ ² ³ ⁴ ⁵ It’s 
essentially an ocean of air. Every planet within our solar system, the sun, and even several 
moons, have atmospheres.⁶ We are all well acquainted with the fact that Earth’s atmosphere 
(Figure 1) is home to the weather, however, you may be surprised to learn that any planet that 
has an atmosphere will also have weather of some kind. For example, Jupiter’s Great Red Spot 
has been theorized to be part of a large storm, dust storms rage across the surface of Mars, and it 
rains sulphuric acid on Venus due to its dense cloud cover and elevated surface temperatures.¹ 

 
Figure 1. The layered structure of Earth's atmosphere is visible from the I.S.S.  

- ISSAL, NASA Johnson Space Center. 

Some planetary atmospheres are incredibly thin due to a lack of air molecules; Mercury’s 
atmosphere is almost indistinguishable from the vacuum of outer space; while the gas giants of 
Jupiter, Saturn, Uranus [insert your favorite joke 😉], and Neptune have incredibly dense and 
deep atmospheres.⁶ With the exception being Mercury, all of the rocky terrestrial planets － 
Venus, Earth, and Mars － have relatively moderate atmospheres compared to the gas giants.⁶  

While most moons, including Earth’s, have very thin atmospheres, Saturn’s moon Titan is an 
exception.⁶ The atmosphere is so dense on Titan, that its mean surface air pressure － a measure 



 

of the amount of force being exerted over a surface － is higher than Earth’s,⁶ which is 1,000 
millibars (mb). 

Meanwhile, the dwarf planets Pluto and Ceres also have extremely thin atmospheres.⁶ Pluto’s 
atmosphere is seasonal and is composed of nitrogen (N₂), methane (CH₄), and carbon monoxide 
(CO).⁶ Ceres’ is thought to be composed of water vapor (H₂O).⁶ 

 

THE EARTH’S ATMOSPHERE 

Earth’s atmosphere is unique in several ways, perhaps most importantly because it is habitable 
for living organisms, as it provides a sufficient amount of diatomic oxygen (O₂) molecules － 
often referred to as air － for respiration.² ³ ⁴ ⁵  

The overwhelming presence of nitrogen (N₂) dilutes oxygen and prevents Earth’s surface from 
rapidly burning up, as oxygen is required for combustion.⁵  

While some people can’t seem to comprehend this, another crucial gas for life on Earth is carbon 
dioxide (CO₂), which when coupled with water and solar radiation, allows for photosynthesis 
and plant growth, the basis for food chains.² ⁵  

The atmosphere also shields us from harmful ultraviolet (UV) radiation from the sun.² ³ ⁴ A 
chemical known as ozone (O₃),¹ ² which is commonly found at altitudes of 4 to 12 miles (6.4 to 
19.3 kilometers) above Earth’s surface, absorbs a large portion of that radiation preventing it 
from reaching the surface.¹ ² ⁴ 

The Importance of Water (H₂O) 

It may sound counterintuitive, but Earth is both warm and cool enough for water to exist in all 
three phases; solids, liquids, and gases.⁴ Other planets are either too hot or too cold for all three 
phases to coexist. Earth’s atmosphere is relatively moderate in temperature because it is not too 
thick and it’s not too thin; there are enough air molecules floating around at incredible velocities 
to transfer considerable amounts of thermal energy from one molecule to the other on a global 
scale. The abundance of liquid water on the surface by means of oceans, rivers, lakes, streams, 
etc. is crucial for our survival. We need to ingest water in order to remain hydrated.  

Water, however, plays an even larger role.  

From satellite pictures, you can see beautiful white clouds consisting of both aerosols and liquid 
water droplets hovering above the blue oceans and green landmasses. It is for Earth’s very active 
hydrologic cycle that we have clouds floating around.¹ Our active water cycle is largely a result 
of the fact that Earth has an abundance of liquid water on its surface and temperatures warm 
enough in the lower atmosphere to allow considerable evaporation to occur, thereby allowing for 



 

condensation (clouds) and precipitation as air is lifted high into the atmosphere, creating a 
continuous cycle of evaporation, condensation, and precipitation at the basic level. 

The abundance of water also plays an important energetic role in Earth’s atmosphere; it’s a key 
component to the weather as we know it.¹ Because of the atmosphere’s chemical composition, 
incoming solar radiation is able to easily pass through and become absorbed by the surface.¹ 
Earth’s energy budget along with the hydrologic cycle allow for sensible heat and moisture 
fluxes to distribute water vapor and heat throughout the atmosphere, whereby evaporation of 
water removes heat and condensation aloft releases it into the upper levels of the atmosphere.¹ 
This latent heat release is what powers storm systems.¹ 

Heat Retention & Greenhouse Effect 

Planets like Mercury and Mars exhibit incredible surface temperature variations from day to 
night because their atmospheres are incredibly thin with few air molecules able to transfer heat to 
each other. Mars’ atmosphere is some 100 times thinner than Earth’s.⁷  

According to Space.com, daytime temperatures on Mercury can reach a boiling 800°F (426.7°C), 
while the side facing away from sunlight can cool down to a bone-chilling -290°F (-178.9°C).⁸ 
On Mars, temperatures during a summer’s day can top a comfortable 70°F (21.1°C) at the 
equator, while they can dip down to a frigid -195°F (-126.1°C) at the poles during winter.⁷ 
Venus, on the other hand, has an average surface temperature of 864°F (462.2°C) and it does not 
change from day to night because of its very thick cloud cover, dense atmosphere, and elevated 
greenhouse effect.⁹ 

Earth too has a natural greenhouse effect that keeps the lower atmosphere warmer than it 
otherwise would be without gases like water vapor (H₂O) and carbon dioxide (CO₂) being 
present, by about 59°F (32.8°C), while the upper atmosphere remains colder.² ³ ⁴ This heat 
retention also prevents an extreme diurnal temperature variation.² ³ ⁴ 

Sound, Optics & Sense of Smell 

The atmosphere and its chemical constituents also provide non-life essential things such as sound 
propagation, beautiful optical phenomena like rainbows and sun halos, and our sense of smell.² 
Sound doesn't travel through empty space; sound waves require a medium to pass through.² 

Compositions, Layers & Structure 

While the atmosphere is, in total, composed of aerosols － which include things like dust, pollen, 
spores, sea spray, salt, sand, cloud droplets, and volcanic ash² ³ － and gases like nitrogen (N₂), 
78%; oxygen (O₂), 20%; water vapor (H₂O), 0.4%; argon (Ar), 0.93%; and carbon dioxide 
(CO₂), 0.04%,³ ⁴ ⁵ its chemical makeup, among other characteristics like temperature 
stratification and air density change drastically with increasing altitude.¹ ³ ⁴ As such, scientists 
have identified five distinct layers where these characteristics materialize.³ ⁴ From bottom to top, 



 

these layers are the troposphere (where almost all weather occurs² ³ ⁴), the stratosphere, the 
mesosphere, the thermosphere, and the exosphere.¹ ³ ⁴ 

Before there was aircraft and space travel, it was unknown just how high the atmosphere 
extended. While one would think that the atmosphere of Earth extends far into the vertical 
direction, you may be surprised to find out that it is relatively thin compared to the solid planet 
itself.² If you were to lay a piece of paper over an ordinary beach ball, that would be roughly 
proportionally equivalent to the thickness of the overlying atmosphere. Both air pressure and air 
density decrease exponentially with increasing altitude (Figure 2a);² ³ ⁴ in other words, the total 
number of air molecules available decreases,² while temperatures vary considerably (Figure 2b). 

 
Figure 2. Temperature stratification of the atmosphere (Figure 2a, top). 

Air pressure stratification of the atmosphere (Figure 2b, bottom). 

The bottom of the troposphere is commonly referred to as the habitable atmosphere, as it’s the 
only portion of the atmosphere where humans are capable of surviving without breathing 



 

assistance.² The habitable atmosphere extends roughly 3.7 miles (6.0 kilometers) above sea 
level.² When you think about how short four miles is in the horizontal direction, that gives you 
some perspective. Those who like to mountain climb often use the term thin air to describe the 
air density at higher elevations. 

The troposphere － which only extends 4 miles (6.4 kilometers) above the surface at the poles, 
and up to 12 miles at the equatorial belt (19.3 kilometers) － contains approximately 75% of the 
atmosphere’s total mass (Figure 3).² ⁴ There is no definite boundary between the atmosphere and 
the vacuum of outer space, as the air becomes so thin at an altitude of 62 miles (99.8 kilometers), 
that it’s hard to determine whether or not you’re in outer space or still within the Earth’s 
atmosphere.² ³ ⁴ ¹⁰ ¹¹ Because of this, scientists commonly refer to the Kármán line as the 
boundary, though this is disputed.² ⁴ Trace amounts of atmospheric gases with enough escape 
velocity, such as hydrogen (H₂),¹¹ have been found a few hundred kilometers above the surface.² 
Most gases, while of very little mass, are too heavy to float into outer space, and thus sink to the 
bottom of the atmosphere due to gravity’s downward force.² 

 
Figure 3. Air density versus altitude. Notice how almost all of the atmosphere’s mass is within  

the first 50,000 feet.  

Hydrostatic Equilibrium 

Despite the fact that the Earth rotates on its axis in a complete circle every 24 hours while 
making one revolution around the sun at a constant speed of 29 kilometers per second, the 
atmosphere always remains in place.¹² Why is this the case? You can thank hydrostatic balance. 

As previously discussed, air density decreases exponentially with height in the atmosphere. As 
such, the air pressure at the bottom of the atmosphere is higher than it is at the top. The 
atmosphere is like a fluid, and fluids move from high to low pressure in response to pressure 
differences in order to seek equilibrium.¹² ¹³ ¹⁴ This is known as the pressure gradient force 
(PGF).¹³ ¹⁴ Because of this force, one would naturally think that the atmosphere would drift away 



 

from Earth and out into outer space, but this obviously isn’t the case, and the reason for that is 
because another force creates a balance, and that force is gravity.¹² ¹³ 

In his law of gravitation, Sir Issac Newton stated, “Every particle of matter in the universe 
attracts every other particle with a force that is directly proportional to the product of the 
masses of the particles and inversely proportional to the square of the distance between them.”¹⁴ 

This is given by the equation  where G is the gravitational constant, the two m’s arer²
G (m₁) (m₂)  

the masses of two separate particles or objects, and r is the distance between the them.¹⁴ The 
gravitational constant G is 6.67 × 10⁻¹¹ Nm² / kg², so in other words, the gravitational attraction 
between any two given particles is incredibly small.¹⁴ The larger an object is, the more mass it 
has, and therefore the stronger gravitational force it’ll have. Because the Earth itself is a lot more 
massive than its surrounding atmosphere, it’s gravitational pull is powerful enough to accelerate 
anything considerably smaller than it towards its core.¹³ ¹⁴ 

These two forces come into balance and keep the atmosphere in place; it is for gravity that keeps 
it attached to the surface and it is for hydrostatic equilibrium that makes it rapidly thin with 
altitude.¹² ¹³ ¹⁵ Hydrostatic balance is composed of two equal and opposite forces,¹² as described 
by Newton’s third law of motion, which basically states that for every action, there has to be an 
equal and opposite reaction. As a result of this stability, all vertical motions within Earth’s 
atmosphere average out to zero, even though on synoptic and mesoscale levels, vertical motions 
occur constantly.¹² 

 

CONCLUSION 

Meteorology is the study of the atmosphere and the dynamical processes that govern our 
weather; from clouds and thunderstorms, to tornadoes and hurricanes, and much more. The next 
time you walk outside, look up at the sky, and think about how vastly different this planet would 
be without an atmosphere; there would be no weather, no optical phenomena, and ultimately no 
life as we know it. 
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