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Radiation Interactions with
Atmosphere
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\ Satellite electromagnetic sensors “see” reflected and emitted radiation Y




Oxygen
20.9%

Water Yapor
1.0%

Carbon Dioxide
0.03%

Nitrogen
78.1%

TABLE 8.1 Composition of Dry Air (Near Sea Level)

Component

Nitrogen (N,)
Oxygen (()
Argon (Ar)
Carbon dioxide (CO, )
Neon (Ne)
Helium (He)
Methane (CHy)
Krypton (Kr)

rogen (H,)
Dinitrogen monoxide (N.O)
Xenon (Xe)
Ozone (0O5)
Sulfur dioxide (S0O,)
Nitrogen dioxide (NO,)
Ammonia (NHy)
Carbon monoxide (CO)
Todine (1)

*Recall the meaning of pereent by volume of a

duced in Section 6-6,

i

Yolume Percent”

78.084

200946
0934
0.037
0001818
0.000524
0.0002

0.00005

0.00005
0.000009

COus mixture mniriy-
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Atmospheric Interactions :

All EMR detected by Earth-looking
remote sensors must pass through
some distance of atmosphere.

That distance is called path length.

Path length can vary significantly
depending on the height and type of
the sensing system. W
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The mechanisms responsible for

these atmospheric effects
scattering and absorption .

EMR not scattered or absorbed by
the atmosphere is transmitted. i 1
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Absorption is the effective loss of

energy to the atmosphere. It involves
the absorption of energy at given A
wavelengths. |

The most efficient absorbers of EMR
are Ozone, Carbon Dioxide, and
Water Vapor. W
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—l The wavelength regions in which the l—

atmosphere is particularly transmissive are
called atmospheric windows.

0.1 0.2 03 04 06 08 1 1.5 2 3 4 5 6 8 10 20 30
Wavelength, um

Jensen (2000)
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Ozone filters UV wavelengths. 3,504 slo gee Job Jo> Sosb oy20iy 99
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Carbon Dioxide absorbs radiation in
portions of the middle and far
infrared regions of the spectrum.

Water vapor strongly absorbs
radiation in various infrared regions.

- | W
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Scattering is the unpredictable — jdw 51y = 2iw Sld = iy alold o
redirection of EMR by particles
suspended in the atmosphere. p

The amount of scattering depends on
particle size, particle abundance,
wavelength of the EMR, and path
length.
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Atmospheric Scattering

Rayleigh Scattering
_ Gas molecule

Mie Scattering A
- Smoke, dust

Non-Selective Scattering

J U™

Photon of electromagnetic
energy modeled as a wave
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Photon of electromagnetic
energy modeled as a wave /
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Rayleigh scattering occurs when
atmospheric molecules and particles have a
smaller diameter than the wavelength of
the interacting EMR.

The effect of Rayleigh scatter is inversely
proportional to the fourth power of
wavelength.

Thus, this mechanism scatters short
wavelengths much more readily than long
wavelengths.
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An obvious manifestation of Rayleigh scatter is

the "blue” sky. asly zge Jobo U 30,8 495 2a5 STy g ©
As sunlight interacts with the Earth's L
atmosphere, it scatters shorter (violet and 5.0 9 7008 598 (30 498 O ides crlply o
blue) wavelengths more dominantly than longer
visible wavelengths (why is the sky not violet?). 755U 9 308 !'!L..J olpls o

At sunrise and sunset, path length is greater,
resulting in more scatter (and subsequent
absorption) of short wavelengths. The scatter
and absorption are so complete we only see
less-scattered, longer wavelength visible energy

(orange and red). /
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Mie scattering occurs when atmospheric ool lalegg LI f181¢

particles that have a diameter essentially il i pasdigoe Job o
equal o the wavelength of the interacting

EMR \\ Scattering

Caused primarily by water vapor and dust.

This mechanism is wavelength dependent,
but not in the simple manner of Rayleigh
scatter (however, in general, longer
wavelengths are more strongly scattered)
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Non-selective scattering occurs when rad ia’rionw) e Akt ko A el 5y eSp
interacts with atmospheric particles that have a

diameter much larger than the wavelength of the
interacting EMR.

L<d

Water droplets and large particles of dust are the
cause.

This mechanism is not wavelength dependent ... all
visible wavelengths are scattered equally (this is
why clouds and fog appear whitel)
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An important result of atmospheric (diffuse) :

scattering is that it introduces diffuse
radiation (redirected energy) into the
Earth system.

Evidence of this is the fact that we can

"see” into shadows.
A
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Effects of Scattering

Contrast Reduction

T,
) N
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reflection f y ‘ reflection
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objects objects

‘ Atmosphere
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