Solar Flux and Flux Density

d Solar Luminosity (L)

the constant flux of energy put out by the
sun

L =39x10% W

d Solar Flux Density (S;)

the amount of solar energy per unit area on
a sphere centered at the Sun with a distance
d

S, =L/(4pd) W/m?
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Solar Flux Density Reaching Earth

d Solar Constant (S)

The solar energy density at the mean distance of
Earth from the sun (1.5 x 10 m)

S=L/(4pdd)
=(3.9x 10 W) /[4 x 3.14 x (1.5 x 10 m)4]
= 1370 W/m?
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Solar Energy Incident On the
Earth
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Fig. 2.2 Diagram showing the shadow area of a spherical planet.

d Solar energy incident on the Earth

= total amount of solar energy can be absorbed by
Earth

= (Solar constant) x (Shadow Area)

= SX P I:QZEarth
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Solar Energy Absorbed by Earth

» Solar Constant (S)

&;@m&dﬁn@y - solar flux density reaching the Earth
iy = 1370 W/m?
\ wRZ, .
\ /. = Solar energy incident on the Earth

Meary = Sx the “flat” area of the Earth

; Earth - S x 0 R2
Received solar flux: Earth
pﬁéanh S
ROk FEURE S = Solar e_nergy absorbed by the Earth
The amount of sunlight received by and reflected by Earth. = (received solar flux) — (reflected solar flux)
=3Sp R2Earth -Sp R2Earth X A

(from The Earth System) =S o RZEarth X (1_ A)

A Isthe planetary albedo of the Earth, which
Is about 0.3.
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What Happens After the Earth

Absorbs Solar Energy? Blackbody Radiation

| o J Blackbody
—| The Earth warms up and has to emit rqd_lat!ve A blackbody 1s something that emits (or absorbs)
energy back to the space to reach a equilibrium el ectromagnetic radiation with 100% efficiency at
condition. all wavelength.
 Theradiation emitted by the Earth is called 1 Blackbody Radiation
“terrestrial radiation” which is assumed to be The amount of the radiation emitted by a
like blackbody radiation. blackbody depends on the absolute temperature of
the blackbody.

Planetary Energy Balance
Energy Emitted from Earth y Energy

100 * Energy emitted by Earth = Energy absorbed by Earth

90 Thérmnspljlem
_y ST X (4p Reey) = SP Ry X (1-A)
u The Stefan'BOItzmann L aw E 60 - Mesosphere - T 4 g4 N (1 A)
D E )| =N e e ENTERE S — -
The energy flux emitted by a blackbody el _ ’
. , P
L il L Isrelated to the fourth power of the body’s a0y = 1370/4 W/m2* (1-A)
Sl absol ute temperature . e
10 -
S Planck function | oo = = 3425 W/m2* (1-A)
IS / F=sT% wheres is5.67x108 W/m4/K 180 200 220 240 260 28§
E Temperature (K)
= = 240 W/m2
= Energy emitted from the Earth (from Global Physical Climatology
= (blackbody emission) x (total area of Earth) = [Earth’s blackbody temperature
=(sT2) x (4p R? _
Wavelength (STe') x (4P Rearn) Farth’s surface temperature .= 2955 K (-18C)
(from The Earth System) —

greenhouse effect (33C) !!
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" trap heat inside the house

Greenhouse Effect

Greenhouse Atmosphere

= alow sunlight to come in At thetop of the atmosphere:

S4%(1-A) =sT,* & T,=T, = 255K

For Earth’ s surface;
S4%(1-A) +sTp4=5sT4
2 T.=119T,= 303K
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Different Wavelengths of Solar and Earth’ s Radiation

Normalized Planck Function Planck Function
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Wavelength, pm
(from Climate System Modeling)
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Greenhouse Gases

Where Does the Solar Energy Go?

T '.'.ﬂm:::“.'.-'l-'.'.'ﬁ e Y e e it W o T Y PSPl Py~ 1 A - T .
e s e e Incoming solar energy (100)
Important Atmospheric Greenhouse Gases
"."-.-J_-l—_I,-l-l.-r_ T i e e el =, e e e e e ot I L‘ - - . SR
e e D S R G o T i e e R L A
- - - P L TR - ) e i L TN P Tl - iy L L LI L L i - o L

Nﬂmﬂ' ﬂﬂd Gh en fﬂ'ﬂf Cﬂﬂfﬂif?ﬂﬁﬂﬂ ' : \ . 6% scattered from . 70% absorbed

A atmosphere

Symbol (ppm by volume)

. _ i s | 45% by Earth’s surface (ocean + land)
Water vapor, ;O 0.1 (South Pole)-40,000 (tropics) ‘
e ; L e BT 25% by the atmosphere and clouds
Carbon dioxide, CO, 36() | clouds 0 Dy P

Methane, CH 1.7 * ‘ﬂ/
» d . . 4% reflected
Nitrous oxide, N,O 0.3 | b e = 30% reflected and scattered

oy nnapsorbed baCk

« by earth
"-.—FF :.;p..-'ﬁiu"'EEEET Program

(from NCAR/COMET website)

Ozone, O; 0.01 (at the surface)

Freon-11, CCLF 0.00026
Freon-12, CCLF, 0.00047

20% by clouds

6% by the atmosphere

4% by surface
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Where |s Earth’ s Radiation Emitted From?

Reflected solar radiation (30) Outgoing infrared radiation (70)

Reflected by

atmosphere (25) /' ]

Emitted by

atmosphere (12)

Incoming

solar
radiation
(100)
Absorbed by
atmosphere R 2
(25) e
( 4 {100)
{f =
u
Thermals {5) ]
I ( = T Radiated by)'
surface (104
gfg:gtee{c-ls.)by Evaporation (24)
Absorbed by
surface (45)
\V VS
(from The Earth System)

Radiation back to Space (70
Units)

= 70 (units) radiation back to
space

66% by the atmosphere
4% by surface (through clear sky)
» Greenhouse emission (back to surface)

88% (of solar radiation)
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lmportant Roles of Clouds In
Global Climate

T R B = o R

High, thin clouds

o |
E i T 4
= ' T ow
|| LRI

5 j Low, thick clouds

| o :

Thigh Tiow T, >
Temperature
(from The Earth System)

ESS200A
Prof. Jin-Yi1 Yu

Polarward Energy Transport

Annual-M ean Radiative Ener gy
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Latitude

Polarward heat flux is needed to
transport radiative energy from
the tropics to higher latitudes

(1 petaWatts = 10 W)

(figures from Global Physical Climatology)

Polarward Heat Flux

petaWatts

Latitude

The atmosphere dominates the
polarward heat transport at
middle and high latitudes. The
ocean dominates the transport at
lower latitudes.
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How Do Atmosphere and Ocean Transport
Heat?

Atmospheric Circulation Ocean Circulation

=

i‘;ﬁ:ﬁ y = ey . I11__....-l"r : e
% i Polarfrontatsurface -

F F-".-;I.I.I . ¥ ]

. Subitropical

jet stream

(from USA Today)

net's heal through deep sea circulation. This simplified Hlustration
(- ich i i ifferences in heat and salinity. R ds of past climate su it
that there is some chance that this circulation could be altered by the changes projected in many climate models, with
impacts to climate throughout lands bordering the North Atlantic.

(top from The Earth Syst
(bottom from USGCRP)
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