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~ The amount of radiation
depends on the
absorptivity, which gives objects

’ ‘ their brightness and ol

~ |f an object is a
of all isibl- wavelengths it will
appear black (no light is reflected
to our eyes), where as white
objects all isibl- light
and have low absorptivity.




et ~ The amount of radiation
depends on the
absorptivity, which gives objects
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Reflected Energy

Plants absorb red and blue light to make food
(photosynthesis)

Transmitted Energy

~ |f an object is a
of all isibl- wavelengths it will
appear black (no light is reflected
to our eyes), where as white
objects all isibl- light

and have IOW abso I‘Pthlt)’- Plants don’t need light to make food, so it is
reflected — which is why plants are !
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said to transmit, or be transparent to, that wavelength.
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~ Objects that allow certain wavelengths to pass through are
said to transmit, or be transparent to, that wavelength.

~ Radiation may bounce off an object and return to where it
came from (reflection) or be redirected at many different
angles (scattering).
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~ The determining factors in whether radiation will be
absorbed, transmitted, reflected, or are the
wavelength of the radiation, and the size and properties of
the object the radiation is striking.
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~ The atmosphere is quite

transparent to solar radiation,
allowing ~50% to be transmitted

and reach the surface.

30% lost to space
by reflection and
scattering

Solar radiation

100% 5% hackscattered

to space hy the
atmosphere

20%
reflected
from
clouds

20% of radiation
absorbed by
atmosphere
and clouds

50% of direct and diffused
radiation absorbed by
land and sea

5% reflected from
land-sea surface

Incoming Solar

Radiation 100%
6%

Reflected by
Atmosphere

Reflected
by Clouds

19% Absorbed
by Atmosphere
and Clouds

Reflected from 51% Absorbed at Surface

Surface

~ 30% is reflected or scattered
back into space by the gases,

aerosols, clouds, and surface,
while 20% is absorbed by
atmospheric gases and clouds.
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~ Scattering diffuses radiation, sending it in many different
directions at wealkaer intensity.

~ |n the atmosphere, aerosols and gases
scatter light from the Sun explaining why
shadows are never pitch black.
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~ Thus, when the sun is directly
overhead, the sky looks blue, as
these wavelengths are most
effectively scattered.
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~ Atmospheric gases are much better
at scattering the shorter, blue and
purple, wavelengths than the
longer, red ones.

~ Thus, when the sun is directly
overhead, the sky looks blue, as
these wavelengths are most
effectively scattered.
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~ When the Sun is setting, the sky
appears because light travels
through a of the
atmosphere and most of the
are completely
out.

Sunset

~ Larger aerosols, and water
scatter light equally over all
wavelengths and, thus, humid,
foggy, or smoggy days appear
a hazy, milky white.




a’éi“iiiﬂﬁiélfﬁé’é‘lti"ﬁ 4) Objects that are of radiation are
Z@ 555 also of radiation.

~ A perfect absorber (and emitter) is called a
black body (although it needn’t be black!), and
and possible
bossible radiation for its temperature.

~ The Earth and Sun are nearly black
bodies, but the gases that make up
our atmosphere are not: They do

h not absorb some wavelengths

0250 500 750 1O?Na\:élsgngt1r?0((:lm)1750 2000 2250 2500 and readily absorb others.

5525 K Blackbody Spectrum

Spectral Irradiance (W/mZ/nm)



~ The Earth and Sun are nearly black
bodies, but the gases that make up
our atmosphere are not: They do
not absorb some wavelengths
o o e e w0 and readily absorb others.
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~ The intensity and wavelengths of
and
, as well as the
absorptivity of selected gases and
the whole atmosphere is to the left.
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~ The intensity and wavelengths of
and
, as well as the
absorptivity of selected gases and
the whole atmosphere is to the left.

~ 0, and O; have very high
absorptivity in the UV band of the
spectrum, making life possible on
Earth.



~ 0, and O; are the only gases with
any absorptivity in the Vis band,
allowing this largest fraction of the
Sun’s radiation be mostly
transmitted through the
atmosphere.



~ In the infrared portion of the Sun’s
spectrum, water vapor (clouds)
is a strong absorber with a small
amount of absorptivity from
carbon dioxide.
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~ In the infrared portion of the Sun’s
spectrum, water vapor (clouds)
is a strong absorber with a small
amount of absorptivity from
carbon dioxide.

~ Thus, most incoming solar radiation
is transmitted through the
atmosphere to the ground and
solar radiation is not an effective
of the atmosphere.




Solar
radiation

~ Looking at the
spectrum, atmospheric gases are
much better at absorbing this
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~ Looking at the
spectrum, atmospheric gases are
much better at absorbing this
longer wavelength radiation.

~ Carbon dioxide, and water vapor,
are the best absorbers in this area
of the spectrum, but oxygen,
ozone, and nitrogen also contribute.
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~ Since the atmosphere is mostly —ncoming
transparent to incoming solar
radiation and much more
absorbing of the Earth’s,
longwave radiation, the
atmosphere is heated from the

ground up.
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~ Since the atmosphere is mostly —ncoming
transparent to incoming solar
radiation and much more
absorbing of the Earth’s,
longwave radiation, the
atmosphere is heated from the

ground up.
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~ The water vapor and carbon
dioxide absorb the radiation
emitted by the Earth, and then
emit radiation that further heats
the atmosphere, warming the
planet to ~60° F (on average).
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~ The water vapor and carbon
dioxide absorb the radiation
emitted by the Earth, and then
emit radiation that further heats
the atmosphere, warming the
planet to ~60° F (on average).

~ This natural, and necessary for life,

phenomenon is known as the
greenhouse effect, and water vapor
and carbon dioxide as greenhouse

gases.
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~ Because of the unchecked
burning of fossil fuels,
has rapidly

Seasonal variation

CO:, fraction in dry air (Lmol/mol)
Departure from yearly average

~ The is

the atmosphere
and the

) amount of

the atmosphere can hold,
potentially further
the







~ Clouds act to both warm and cool the
planet and are the subject of debate in
the climate change community.




~ Clouds act to both warm and cool the
planet and are the subject of debate in
the climate change community.

~ Thick clouds reflect radiation back into
space, whereas thin clouds transmit
radiation, which warms the Earth and
then traps longwave radiation emitted.




Earth’s energy budget

~ Apart from the warming due to
increased greenhouse gases, the
Earth’s temperature remains relatively
constant, meaning there is a balance

between incoming and outgoing energy.
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Earth’s energy budget

~ Apart from the warming due to
increased greenhouse gases, the N
Earth’s temperature remains relatively | " =
constant, meaning there is a balance _
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between incoming and outgoing energy.

Incoming Solar

Radiation 100%
4% 20% 6% - °

Reflected by
Atmosphere

Reflected
by Clouds

19% Absorbed
by Atmosphere
and Clouds

Reflected from 51% Absorbed at Surface
Surface

~ Recall, for every 100 units of
incoming solar radiation, 30 units
are reflected back into space, 20
units are absorbed by clouds, and 50
units are absorbed by the surface.
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( ) , with going to
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Latitudinal heat balance

~ The amount of equals the amount of outgoing
radiation averaged over the planet, but not at each Iatitude.
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Latitudinal heat balance

~ The amount of equals the amount of outgoing
radiation averaged over the planet, but not at each Iatitude.

Annual average net energy budget

Energy surplus
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Emission of terrestrial energy
to space - represents an
energy loss by the planet

e Energy
deficit deficit

Incoming solar energy -
- represents an energy gain
60 for the planet
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Latitude

~ The receive solar than is lost to space,
while the polar regions lose more radiation than is received.



~ The radiation balance (and the temperature) of a location
varies with cloud cover, atmospheric composition, and most
important, Sun angle.



~ The radiation balance (and the temperature) of a location
varies with cloud cover, atmospheric composition, and most
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