Why the atmosphere moves:
the story of temperature and pres:



Homework 2
Due Thursday



Observed Distance a) b) c) Surface
Planet surface from sun Albedo Solar Equilibrium | Temperature | pressure
temperature (10°m) constant | temperature difference (hPa)
(K) (W/m’) (K) (K)

Mercury 440 58 0.11 ~0
Venus 737 108 0.65 9300
Earth 288 149 0.31 1361 254 34 1000
Mars 208 249 0.15 6

Jupiter 163 779 0.52 n/a
Saturn 133 1434 0.47 n/a

Uranus 78 2873 0.51 n/a

Neptune 73 4495 0.41 n/a
Pluto 48 5870 0.60 0.0003

Stefan-Boltzmann constant ¢ = 5.67x10° W/m?*/K*

(Note Pluto is no longer considered a planet!)

Hint: Reread page 38. 41. 42 and 43 of the textbook. Also. the “fourth root™ is just the square

root of the square root. i.e. 7 =~7T*




Inverse square law

Intensity depends on distance from
energy source

Since area increase as the distance
squared.

The flux DECREASES as the
distance square

S, = 1361 W/n¥ (solar constant)



Example:Earth

solar in = longwave out

(1- a)% =sT*
T -4{/(1' a)s
e We know S =1370 W/
e We knowa = 0.3]

e SolveforT i
o - [ETE

T =254K

This iIs theradiative equilibrium temperature



Observed Distance a) b) c) Surface
Planet surface from sun Albedo Solar Equilibrium | Temperature | pressure
temperature (10°m) constant | temperature difference (hPa)
(K) (W/m’) (K) (K)

Mercury 440 58 0.11 ~0
Venus 737 108 0.65 9300
Earth 288 149 0.31 1361 254 34 1000
Mars 208 249 0.15 6

Jupiter 163 779 0.52 49 101 62 n/a
Saturn 133 1434 0.47 n/a

Uranus 78 2873 0.51 n/a

Neptune 73 4495 0.41 n/a
Pluto 48 5870 0.60 0.0003

Stefan-Boltzmann constant ¢ = 5.67x10° W/m?*/K*

(Note Pluto is no longer considered a planet!)

Hint: Reread page 38. 41. 42 and 43 of the textbook. Also. the “fourth root™ is just the square

root of the square root. i.e. 7 =~7T*




Final answer _ _ o
Earth’s average surface is warmer than its radkativ

equilibrium temperature because...

Earth’s true albedo is much smaller than 0.31
The solar constant is much larger than 1361 ¥V/m
Boltzmann’s constant is smaller than 5.67 ¥ WYm#/K4

The atmosphere traps infrared radiation that is
radiated back toward space

The Earth isn’t in thermal balance.
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So far, we know ...

Where the climate system gets most of its energy
How the climate system disposes of this energy

That the atmospheric composition regulates how
the energy Is emitted to spe

We want to start looking at how this energy
budget make the atmosphere and ocean move
(next few weeks)



What drives atmospheric circulation?

 Recall energy balance
(Incoming solar = outgoing longwave)

e Butis this true everywhere on eart  (Why?,

No!
Much lesansolation flux at polesthan atequator

Yet theoutgoingradiation is more uniform
(typical temperature in the tropic is 295 K, typitamperature at the poles is
250 K ... Consider blackbody radiation)
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Net radiation balance (TOA)

Incoming () — Emitted E)

ERBE TOA Annual mean 1985-1989

Net radiation
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What happens to temperaturé-E not zero




Flux depends on area, area depends
on latitude due to slant

| east solar
radiation

O

b | ' ' radiation

Sun’s rays
(Arrive parallel at Earth)

Copyright @ 2004 Pearscn Prantice Hall, Inc.

In fact, can write the incoming radiatibs S cosine(latitude)






Energy balance with latitude

I=(1-a)S/4

R e .
|=I cos(f) Horizontal E=sT?

‘ I energi flux I

11

11
Tropics (f = 0 to 30) ' | Polar region { = 60 to 90)
|- > E;l.e., energy surplus I, <E;l.e., energy deficit

So there MUST be aoleward transport of enerdy

This is achieved by atmospheric and oceanic motions.






Energy balance with latitude

I=(1-a)S/4

E —5T4 11 l ----------------------------
|=I cos(f) Horizontal E,=sT*

‘ I energﬁ flux I

11

11
Tropics (f = 0 to 30) ' | Polar region { = 60 to 90)
|- > E;l.e., energy surplus I, <E;l.e., energy deficit

Heating, gets hotter Cooling, gets colder



So why does the atmosphere move?

e Two things conspire:

1) Air likes to move from high pressure to low
pressure

2) Atmosphere is heated in the tropics, and
atmosphere Is cooled in the polar reg

 We know the heating and cooling is due to
radiation. But, how Is temperature related to
pressure?..RPaul?!



What about temperature?

We know what mass is, but...
What Is temperature?

What Is pressurt

Paul?






ldeal gas

 Temperature, pressure and density are related
(density Is just 1/volume)

PV, =PV,
VT, = VT,
P/T,=F,/T,

 The ideal gas law captures both these effect:

PV = mRT

Air behaves like an ideal gas, which allows us to
related temperature and pressure variations, and thus
help understand atmospheric motion



Temperature, pressure and volume relatt

f Any ideal gas,
.. including water

\ vapor, carbon

dioxide, air, ...

. Pressure P,
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Corstant volume

i

— Corstant temperatare !
— Corstant pressure |

Note from demo we
also could work out
the volume as the

%/).\ w=%7  piston depth!




Pressure and temperature

When air iscompressefpressure increased), the number of
molecules stays the same, andtdmaperature increases

When air isdecompresse(pressure decreased), the number
of molecules stays the same, andttémeperature decreases

Alternatively, asemperature changes.
thepressure will change

So,as atmospheres is heated and cogled
temperature differences give risepi@ssure differences
And this starts the atmosphere moving!



