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What is an atmosphere?

« An atmosphere is a layer of gas that surrounds a
world.

— Terrestrial planet atmospheres are a very thin
vell of gas between the solid surface and the
vacuum of space
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Earth's Atmosphere
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CO:

0.04%
" Ne
*0.001818 %
Hl . o l"e
0.000055 % 0.000524 %
Kr ,CHs

0.000114 % 0.00018%

About 10 kilometers
thick, crudely speaking

78% N,

21% O,

1% Argon

0.4% H20 (variable)
— “humidity”

0.04% CO2
0.00018% CHy4



Atmospheric Pressure

creases the speeds of air
molecules inside it, thereby

increasing the inside pres-

a A balloon stays inflated when b Adding air molecules 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.

P = NkT
Temperature
Number density (# molecules per cubic centimeter)

Pressure More stuff o— higher pressure
Higher temperature o= higher pressure
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Atmospheric Pressure

I creases the speeds of air
molecules inside it, thereby
increasing the inside pres-

a A balloon stays inflated when b Adding air molecules 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)
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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:
' —T — 1.03 kg per sq. meter
...crebté_shigheipm’ssum ""\_ﬂ i g > .
= and density down here. 1\0 ,\\‘ _ 147 |b per Sq Inch
o — 1 bar
SRy ;_',—\ !
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Earth's Atmospheric Structure

Xray UV visible

 Troposphere: lowest
layer of Earth's

500

atmosphere
By » Temperature drops with
- altitude.
i » Warmed by infrared light
from surface and
. convection

-80 -40 0 40 1000

temperature ('C)
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Earth's Atmospheric Structure

« Stratosphere: layer
above the troposphere

500

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

100

 Warmed by absorption of
ultraviolet sunlight

-80 -40 0 40 1000

temperature ('C)
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Earth's Atmospheric Structure

 Thermosphere: layer
at about 100
kKilometers altitude

500

100

] « Temperature rises with
altitude.
« X rays and ultraviolet

light from the Sun heat
and ionize gases.

-80 -40 0 40 1000

temperature ('C)
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Earth's Atmospheric Structure

Xray UV visible

 Exosphere: highest
layer in which
atmosphere gradually
fades into space

500

100

f o  Temperature rises with
g 1 altitude; atoms can
escape into space.
 Warmed by X rays and
UV light
ol

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., H2O, CO»)
important even if only present in trace quantities

* they are the IR-opaque shade to the transparent glass of
the primary atmospheric gases



Planetary Temperature

— » Aplanet's surface

L e temperature is
determined by the
balance between
energy from sunlight it
absorbs and energy of
outgoing thermal
radiation.

—
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Solar
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Temperature and Rotation

Dependence of Surface Temperature on Length of Day

ew————m— * A planet's rotation rate
I affects the temperature
differences between day
and night.
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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, and
— cools off at night
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"No Greenhouse"” Temperatures

Atmospheres act like blankets, trapping heat.

TABLE 10.2

World
Mercury

Venus
Earth

Moon

Mars

The Greenhouse Effect on the Terrestrial Worlds

Average Distance
from Sun (AU)

0.387
0.723
1.00

1.00

1.524

Reflectivity
12%

75%
29%

12%

16%

“No Greenhouse”
Average Surface
Temperature*

163°C

~40°C
~16°C
-2°C

~56°C

Actual Average
Surface
Temperature

day: 425°C

night: =175°C

470°C
15°C

day: 125°C

night: =175°C

-50°C

Greenhouse Warming
(actual temperature
minus “no greenhouse”
temperature)

510°C
31°C

6°C

“The “no greenhouse™ temperature is calculated by assuming no 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 reflectivity of 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).
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Planetary climates

close to sun
[ » 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” > same distance
e Moon (IlO atmosphere) from sun

— Hot on day side, cold on night side

* Mars (thin atmosphere)
— colder now than 1n past

\4
far from sun



Greenhouse Effect

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

A  The atmosphere absorbs
. infrared light from the
surface, trapping heat.
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Greenhouse (GGas

* Any gas that absorbs infrared

* 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 infrared
so don’t contribute to the greenhouse effect



Main greenhouse gases
(on the Earth)

— all are < 1% of atmosphere, but provide

Water (H,0) ~60% of infrared opacity
Carbon dioxide (CO,) ~22%

Methane (CH,) ~7%

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

Note: water vapor absorbs more IR than CO»!



Greenhouse Eftect: Bad?

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

Earth

The Earth 1s much warmer than 1t 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...




Why 1s Venus so hot?




Why 1s Venus so hot?

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

. .
: b "b *

.U.'k‘ﬂs'ri-
The difference is the greenhouse effect. | o°
Why 1s the greenhouse effect on Venus so 1@ |
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.




Greenhouse Effect on Venus

* Thick carbon dioxide
atmosphere produces
an extremely strong
greenhouse effect.

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




Carbon cycle on Earth

Rainfall erodes rock on land;

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

: e
H _Yy U= -
Volcanoes outgas CO,. . e ;
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Broken-down minerals

react with dissolved
CO, to form carbonate

Carbonate rocks subduct  rocks.

and melt, releasing CO,.
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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.
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Carbon Dioxide Cycle

4. Subduction carries
carbonate rocks down

into the mantle.

5. Rock melts in mantle
and outgases CO,

back 1nto atmosphere
through volcanoes.
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Runaway Greenhouse Effect

If Earth moved to "
Voniish ki More evaporation,

stronger greenhouse effect

Runaway
greenhouse
‘ effect

Greater heat,
more evaporation
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Oceans evaporate; no longer absorb COsx.
— COz builds up 1n atmosphere unchecked

— “runaway greenhouse”



