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What is an atmosphere?

Mercury

* 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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Composition Breathing? Result
N/ A nothing to death
breathe
96% CO»
3.5% N, | poisonous death
<|% SO,
78% N> .
1% O, oxygen | Ipfe
<1% H,0, CO, nitrogen (inert) | 1n restricted zone
/A nothing to death
breathe
95% CO '
oo 2 | very little death
2.77% N2 | to breathe




“Normal” terrestrial atmosphere

* Atmospheric retention depends on
— surface gravity

— temperature

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

e Earth 1s the exception

— H>O plays crucial role in Carbon cycle

— 2 a biological byproduct



Sources of Gas

How Atmaospheres Gain Gas

Evaporation of

Qutgassing surface liquid; Impgcts of
. particles and
from sublimation of
. photons
volcanoes surface ice
e.g., comets

(cometary coma)



Earth's Atmosphere

Atmospheric Composition

Argon Trace
0.9% f_< 0.1%

Oxygen
21.0%

Nitrogen
78.0%

Trace Gases
(o)
Methane 0.04%

Helium 0.442% Nitrous Oxide

1.299% 0.078%
Neon Ozone

4.675% 0.010%

Carbon
Dioxide
93.497%

About 10 km thick,
crudely speaking

78% N,

21% O,

1% Argon

0.4% H20 (variable)
— "humidity”

0.04% CO2 (increasing)
0.00018% CHg4

Not always like this.

Oxygen appeared “only”

~2 billion years ago as a
byproduct of photosynthesis



Atmospheric Pressure
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‘ ¢ Heating the balloon in-
creases the speeds of air
malecules inside it, thereby
increasing the inside pres-

a A balloon stays inflated when b Adding air melecules temporarily increases the sure. Again, the balloan
the inside and outside pressures  pressure inside the balloon, so the balloon expands expands until the pressure
are balanced. until the pressure balance is restored. balance is restored.
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Number density (# molecules per cubic centimeter)
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Pressure More stuff o—higher pressure

Higher temperature o—higher pressure



Atmospheric Pressure
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‘ ¢ Heating the balloon in-
creases the speeds of air
malecules inside it, thereby
increasing the inside pres-

a A balloon stays inflated when b Adding air melecules temporarily increases the sure. Again, the balloon
the inside and outside pressures  pressure inside the balloon, so the balloon expands expands until the pressure
are balanced. until the pressure balance is restored. balance is restored.

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 1f you come up too fast from a deep dive)

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



Atmospheric Pressure

* Pressure and density
decrease with altitude

e ThOWIgiEOFthe .. : because the weight of

matenal up here

overlying layers is less.

« Earth's pressure at sea
level is:

—1.03 kg per sq. meter
—14.7 b 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 1s 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...
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...and mostly within a few hundred meters of sea level in altitude.

How High Are The Humans?
population distribution by altitude

10,000 ;
temporary settlements have been as high as 5,850 meters |
the highest permanent settlement is La Rinconada, Peru, at 5,100 meters |

about six percent of of the world’s pcpulation
ves more/than a mile high (1,609 meters),.q4

1,000
_ You are here
meters — ' ‘ «
— half the world’'s population
above 100 lives'below 165 meters '
sea level
10
apbout five percent of the world’s population
s directly threatened by the 1-4 \meter
sea-leveal rise predicted by 2200
1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

cumulative percent of the world’s population
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Earth's Atmospheric Structure

Xray UV wisible

* Troposphere: lowest

500 |ayer Of Earthls
atmosphere
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Earth's Atmospheric Structure

Xray UV wisible

« Stratosphere: layer
above the troposphere

: ‘ * Temperature rises with
B altitude in lower part,
= " " drops with altitude in
0 upper part.
4 « Warmed by absorption of
e ' ultraviolet sunlight

temperature ("C)
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Earth's Atmospheric Structure

Xray UV wisible

 Thermosphere: layer at
about 100 kilometers
altitude

100

 Temperature rises with
altitude.

« Xrays and ultraviolet
light from the Sun heat
and ionize gases.

80 40 { 407 1000
temperature ("C)
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Earth's Atmospheric Structure

Xray UV wisible

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

100

 Temperature rises with
altitude; atoms can
escape into space.

v S i) ¢  Warmed by X rays and
| :‘J : L‘:~ -"] 407 1000 o | UV I|g ht

temperature ("C)
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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., H>O, CO»)
important even if only present 1n trace quantities

* they are the like a thin, black shade to the thick transparent
glass of the more abundant atmospheric gases (N2, O2)



Greenhouse Effect

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

S « The atmosphere absorbs
- infrared light from the
surface, trapping heat.




Planetary Temperature

Thermal Equilibrium

* A planet's surface
temperature Is
determined by the
balance between
energy from sunlight it
absorbs and energy of
outgoing thermal
radiation.




Temperature and Rotation

Dependence of Surface Temperature on Length of Day

Rt R - A planet's rotation rate
oy affects the temperature
differences between day
and night.

B - Rapid rotation evens out
B temperature variations

» Slow rotation exaggerates
temperature variations



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



"No Greenhouse" Temperatures
Atmospheres act like blankets, trapping heat.

TABLE 10.2 The Greenhouse Effect on the Terrestrial Worlds

Greenhouse Warming
“No Greenhouse” Actual Average |actual temperature
Average Distance Average Surface Surface minus “no greenhouse”

World from Sun (AU) Reflectivity Temperature* Temperature temperature)
Mercury 0.387 12% 163°C day: 425°C

night: =175°C
Venus 0.723 75% —40°C 470°C 510°C
Earth 1.00 29% -16°C 15°C JECS
Moon 1.00 12% -2°C day: 125°C —

night: —175°
Mars 1.524 16% -56"C -50°C. 6°C

“lhe “no greenhouse” temperature is calculated by assuming ne change to the atmosphere other than lack of greenhouse warming. For example, Venus has
a lower "no greenhouse” temperature than Earth even though it is closer to the Sun, because the high retlectivity ot its bright clouds means that it absorbs
less sunlight than Earth.,

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



Planetary climates

close to sun

[ o Mercury (no atmosphere)
— Hot on day side, cold on night side

e Venus (thick atmosphere)
— Hot all the time (hotter than Mercury!)

e Earth (“nice” atmosphere)
same distance

from sun

— “Just right”
 Moon (no atmosphere)
— Hot on day side, cold on night side

 Mars (thin atmosphere)

+ —colder now than 1n past
far from sun



The Greenhouse Effect

Visible sunlight passes
through the atmosphere
and heats the ground.

Some infrared
radiation escapes
to space...

B} The warm
ground radiates
In infrared.

Greenhouse

# gases”
Hee ?

- "- - '
' The temperature climbs
until the escaping infrared

radiation balances the
absorbed sunlight.

@ ...but some is trapped by
greenhouse gases and is
reradiated back to the

ground, heating it further.




Greenhouse Gas
* Any gas that absorbs intfrared

* Greenhouse gas: molecules with two different types
of elements (H,O, CO,, CH,)

— 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 (O,, N,)

— Though oxygen and nitrogen compose the bulk of
the atmosphere, they do not absorb 1n the intfrared
so don’t contribute to the greenhouse ettfect



Main greenhouse gases
(on the Earth)

— all are < 1% of atmosphere, but provide

Water (H,O) ~60% of infrared opacity
Carbon dioxide (CO,) ~22%

Methane (CH,) ~7%

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

Note: water vapor absorbs more IR than COx!

Methane would seem negligible by number, yet contributes noticeably to the IR opacity.



Greenhouse Effect: Bad?

Just talking about the natural Greenhouse effect,
not any man-made addition to it.

The Earth 1s much warmer than it
would be without an atmosphere
because of the greenhouse etfect.
That’s good!

(cf. the moon)

...the same can be said for Venus,

only more so...




Why 1s Venus so hot?




Why 1s Venus so hot?

The greenhouse etftect on Venus keeps its
surtface temperature at 470°C (878°F).
That’s higher than Mercury, even
though it 1s farther from the sun.

The difference 1s the greenhouse effect.

Why 1s the greenhouse effect on Venus so
much stronger than on Earth?




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.




Venus

 Permanently shrouded
in clouds of sulfuric

acid
150
* Albedo of clouds high -
€ -10™ 3
— little sunlight absorbed  gof- e R
. ‘2.3: cloud layers —10° g
— yet temperature high e
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e Earth-like temperature AT — :
and pressure about . | —— .
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Greenhouse Effect on Venus

e Thick carbon dioxide
atmosphere produces
an extremely strong
greenhouse etfect.

» Earth escapes this fate
because most of its
carbon and water are
1n rocks and oceans.




Runaway Greenhouse Eftfect

If Earth moved to -
bl More evaporation,

stronger greenhouse effect

E— PR,
Runaway AN

greenhouse /7
effect /

]

Greater heat,
more evaporation

© 2006 Pearson Education, Inc., publishing as Addison Wesley

e Oceans evaporate; no longer absorb COx.
— CO2 builds up in atmosphere unchecked
— “runaway greenhouse”



Carbon cycle on Earth

Rainfall erodes rock on land,

rivers carry broken-dowr
Atmosphenic CO, minerals to the sea.
dissolves in rainwater :
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Broken-down minerals

react with dissoived
CU, to form carbonate

Carbonate rocks subduct  rocks.

and melt, releasing CO..




Carbon Dioxide Cycle

1. Atmospheric CO,
dissolves 1n rainwater.

2. Rain erodes minerals
that flow into the
ocean.

3. Minerals combine
with carbon to make
rocks on ocean floor.




Carbon Dioxide Cycle

4. Subduction carries
carbonate rocks down
into the mantle.

5. Rock melts in mantle
and outgases CO,

back into atmosphere
through volcanoes.




Composition of Earth’s Atmosphere over time
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