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What is an atmosphere?

• An atmosphere is a layer of gas that surrounds a planet. 
– Terrestrial planet atmospheres are a very thin veil of 

gas between the solid surface and the vacuum of 
space
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“Normal” terrestrial atmosphere

• Atmospheric retention depends on
– surface gravity
– temperature

• Most common atmospheric composition
– CO2, N2 (Venus, Mars)
– or none at all (Mercury, Moon)

• Earth is the exception
– H2O plays crucial role in Carbon cycle
– O2 a biological byproduct



© 2014 Pearson Education, Inc.

Outgassing 
from 
volcanoes

Evaporation of 
surface liquid; 
sublimation of 
surface ice 
(cometary coma)

Impacts of 
particles and 
photons 
e.g., comets

Sources of Gas
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Earth's Atmosphere • About 10 km thick, 
crudely speaking 

• 78% N2 

• 21% O2 

• 1% Argon 
• 0.4% H2O (variable) 

– “humidity” 
• 0.04% CO2 (increasing) 
• 0.00018% CH4

Not always like this.

Oxygen appeared “only”

~2 billion years ago as a 

byproduct of photosynthesis

0.04%

<
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Atmospheric Pressure

P = NkT

Pressure
Number density (# molecules per cubic centimeter)

Temperature

More stuff        higher pressure
Higher temperature       higher pressure
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Atmospheric Pressure

Things exist in pressure equilibrium with their surroundings:
- balloons
- sea level
- people (that’s why your ears pop at high altitude,
                or you get the bends if you come up too fast from a deep dive)

Add too much pressure too fast, and the balloon pops from being out of equilibrium
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Atmospheric Pressure

• Pressure and density 
decrease with altitude 
because the weight of 
overlying layers is less. 

• Earth's pressure at sea 
level is: 
– 1.03 kg per sq. meter 
– 14.7 lb per sq. inch 
– 1 bar / 1 Atmosphere

Barometers measure variations in atmospheric pressure;

cold fronts are typically associated with low pressure.


These are P-waves in the atmosphere. 
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Atmospheric 
density and 
pressure decline 
with increasing 
altitude. 

There is no clear 
“edge” to the 
atmosphere - just 
an exponential 
attenuation.

Jet cruising altitude 
~ 10 km

Death zone: > 8 km
not enough oxygen to breathe



Human habitation is restricted to a small fraction of the surface area of the Earth…



…and mostly within a few hundred meters of sea level in altitude.

You are here
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90% of humanity

lives in this band
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Earth's Atmospheric Structure

• Troposphere: lowest 
layer of Earth's 
atmosphere 

• Temperature drops with 
increasing altitude. 

• Warmed by infrared light 
from surface and 
convection
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Earth's Atmospheric Structure

• Stratosphere: layer 
above the troposphere 

• Temperature rises with 
altitude in lower part, 
drops with altitude in 
upper part. 

• Warmed by absorption of 
ultraviolet sunlight



© 2014 Pearson Education, Inc.

Earth's Atmospheric Structure

• Thermosphere: layer at 
about 100 kilometers 
altitude 

• Temperature rises with 
altitude. 

• X rays and ultraviolet 
light from the Sun heat 
and ionize gases.
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Earth's Atmospheric Structure

• Exosphere: highest 
layer in which 
atmosphere gradually 
fades into space 

• Temperature rises with 
altitude; atoms can 
escape into space. 

• Warmed by X rays and 
UV light



Still finer distinctions 
can be made, including 
the mesosphere and 
tropopause

https://www.youtube.com/watch?v=FHtvDA0W34I
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Planetary climates
• Temperature depends on balance between
• Heat input from sun

– distance dependent
– albedo dependent (reflection vs. absorption)

• Heat loss to space
– atmosphere dependent (natural greenhouse effect)
– heat trapping “greenhouse” gases (e.g., H2O, CO2) 

important even if only present in trace quantities
• they are the like a thin, black shade to the thick transparent 

glass of the more abundant atmospheric gases (N2, O2)
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Greenhouse Effect

• Visible light passes 
through the atmosphere 
and warms a planet's 
surface. 

• The atmosphere absorbs 
infrared light from the 
surface, trapping heat.
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Planetary Temperature

• A planet's surface 
temperature is 
determined by the 
balance between 
energy from sunlight it 
absorbs and energy of 
outgoing thermal 
radiation.
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Temperature and Rotation

• A planet's rotation rate 
affects the temperature 
differences between day 
and night. 

• Rapid rotation evens out 
temperature variations 

• Slow rotation exaggerates 
temperature variations
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Temperature and Reflectivity

• A planet's reflectivity (or albedo) is the fraction of 
incoming sunlight it reflects. 

• Planets with low albedo absorb more sunlight, 
leading to hotter temperatures. 

• On planets without an atmosphere, like Mercury 
and the moon, that’s it 
– the surface heats up during the day 
– cools off at night
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"No Greenhouse" Temperatures

• Venus would be 510°C colder without greenhouse effect. 
• Earth would be 31°C colder (below freezing on average).

Atmospheres act like blankets, trapping heat.
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Planetary climates
• Mercury (no atmosphere)

– Hot on day side, cold on night side
• Venus (thick atmosphere)

– Hot all the time (hotter than Mercury!)
• Earth (“nice” atmosphere)

– “just right”
• Moon (no atmosphere)

– Hot on day side, cold on night side
• Mars (thin atmosphere)

– colder now than in past

same distance
from sun

close to sun

far from sun



The Greenhouse Effect
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Greenhouse Gas
• Any gas that absorbs infrared

• Greenhouse gas: molecules with two different types 
of elements (H2O, CO2, CH4)
– though a minority of the atmosphere, they provide 

the bulk of the infrared opacity

• Not a greenhouse gas: diatomic molecules with two 
atoms of the same element (O2, N2)
– Though oxygen and nitrogen compose the bulk of 

the atmosphere, they do not absorb in the infrared 
so don’t contribute to the greenhouse effect
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Main greenhouse gases

– all are < 1% of atmosphere, but provide

• Water (H2O)   ~60% of infrared opacity

• Carbon dioxide (CO2)   ~22%

• Methane (CH4)  ~7%

• Others (ozone, CFCs, nitrous oxide) ~11%

(on the Earth)

Note:  water vapor absorbs more IR than CO2!
Methane would seem negligible by number, yet contributes noticeably to the IR opacity.
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Greenhouse Effect: Bad?

The Earth is much warmer than it 
would be without an atmosphere 
because of the greenhouse effect.  
That’s good!  
(cf. the moon)

…the same can be said for Venus, 
only more so...

Just talking about the natural Greenhouse effect,
not any man-made addition to it.
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Why is Venus so hot?
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Why is Venus so hot?

The greenhouse effect on Venus keeps its 
surface temperature at 470°C (878°F).  
That’s higher than Mercury, even 
though it is farther from the sun.

The difference is the greenhouse effect.  
Why is the greenhouse effect on Venus so 

much stronger than on Earth?
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Atmosphere of Venus
• Venus has a very thick 

carbon dioxide 
atmosphere with a 
surface pressure 90 
times that of Earth.

• That’s equivalent to 
nearly a kilometer 
beneath the surface of 
the ocean.
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Venus

• Permanently shrouded 
in clouds of sulfuric 
acid

• Albedo of clouds high 
– little sunlight absorbed
– yet temperature high

• Earth-like temperature 
and pressure about     
50 km altitude
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Greenhouse Effect on Venus
• Thick carbon dioxide 

atmosphere produces 
an extremely strong 
greenhouse effect.

• Earth escapes this fate 
because most of its 
carbon and water are 
in rocks and oceans.
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Runaway Greenhouse Effect

• Oceans evaporate; no longer absorb CO2.
– CO2 builds up in atmosphere unchecked
– “runaway greenhouse”

Greater heat, 
more evaporation

More evaporation, 
stronger greenhouse effect
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Carbon cycle on Earth
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Carbon Dioxide Cycle
1. Atmospheric CO2 

dissolves in rainwater.

2. Rain erodes minerals 
that flow into the 
ocean.

3. Minerals combine 
with carbon to make 
rocks on ocean floor.
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Carbon Dioxide Cycle
4. Subduction carries 

carbonate rocks down 
into the mantle.

5. Rock melts in mantle 
and outgases CO2 
back into atmosphere 
through volcanoes. 



Composition of Earth’s Atmosphere over time

most CO2 has been sequestered in rocks


