AOSC400-2015
October 1, Lecture # 9

J How 1s the Beer’s Law used?

¢ To study atmospheric transmissivity
¢ To study the impact of aerosols

¢ Introduction to AERONET

“* Rayleigh scattering
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Review of Beer’s Law:

Simple Aspects of Radiative Transfer

Tracing a ray from the sun (In (0)) through a medium:
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The equation of transfer

Depletion of energy takes place when the light beam goes through the
medium:
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where kj.: mass extinction cross section

Therefore, the overall change of intensity:

dl/1 =—k/1pllds



Assume, above term is zero (no emission or scattering contribution).
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where K, : mass absorption cross section/absorption coefficient
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If the medium is homogeneous and k, is independent of distance, can be put in
front of integral:

r—u= [pds Beer’s Law

determines attenuation of
radiant energy by scattering
and/or absorption passing
through atmosphere.

()= 1, @)exp [~k ;u)



Monochromatic transmissivity Ty

Since:

Also Beer’s Law.



This slides explain better where d _ k d
the cos® comes from. F — _p F S (same as Beer’s law formulation, only uses F)

MNow we move to the atmosphere. Consider the following illummnmation

Eoometry |
F.

8 15 the “solar zemith angle™.

For thas geometry ( plane parallel atmosphere), d=z = - cos(8) ds, and solving we have:
cos{B) dF/dz =-p k_, _F

We detine the optical depth along a vertical path, T = L" 2k, de, whach implhies the

dr = - £k, dz, 50 we can write:

cos(B8) dF/dTt = =-F

solving:
F = F__ exp{-t/cos(8))

Remember © here 1s defimed as the vertical optical depth. F__ 15 the downward flux
density at the top of the atmosphere. The incident tlux thus decayvs exponentially
along the slant path ds where the optical depth i1s given by ©/cos(8).

The incident flux thus decays exponentially along the slant path ds where the
optical depth is given by t/cos(6).




What is in the atmosphere that affects the transfer of radiation?

Possible processes: Absorption, reflection, scattering
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How can we estimate the total effect of the atmosphere on the radiation from the sun?
Capymeasure what comes to the surface with a pyrheliometer.

direct component, LS 1/2° cone

circumsolar :nﬁpunent, I.c
c

diffuse (sky) component, Iy
includes scattering from
clear sky and clouds
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l If instrument measures |, (integrated over all wavelengths),
possible to derive solar constant.
S = Io(d/dm)



Diurnal variation of SW Radiation: Different Aerosol Loading Days
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As seen in figure, if the atmosphere is more polluted (higher T, less radiation

reaches the ground.

Pandithurai G., R. T. Pinker, T. Takamura and P. C. S. Devara, 2004. Aerosol Radiative Forcing over a Tropical
Urban Site in India (GRL, 2004)



Langley Plots

Possible uses:

Determine extraterrestrial radiation

Calibration of sun-photometers (see slide 16 for definition)
* Effective path length of the air mass =usecO, =t

* 0, = solar zenith angle; z, is the height of the station

r=u:J.pdz
Z)

F, =F, exp(-k,usec8,)=F, T

InF, =InkF,,

minT,



Langley plot

Effective path length of the air mass = u sec 0,

InF,

/ /

InF,,

m = secl,




Other information one can derive from the solar
direct beam

Solar direct beam:

T d
| = (j) Ioiexp(—felsec 6’) A
secO = m, (relative optical mass)

T — sum of extinctions due to scatter and
absorption

o0

| = j Iy, exp [_ (TRA T T T Twa ™ Z'D/i)mr]d;t



where

TR is due to Rayleigh scattering

T,,). Is due to ozone absorption

T, 1S due to water vapor absorption
Tp, 1S due to aerosol extinction
Assuming 3 out of the 4 terms

(TRA T T T Ty T Tm)

are known, the 4t can be estimated.
Most commonly, assumed that the first 3 terms are known and the 4t
(aerosol extinction) needs to be estimated.



In principle, it is not necessary to know all of the
terms. It is possible to measure the direct beam in
spectral intervals where the effect of some of the
absorption terms is minimal. Instruments, known as
Sun- Photometers of various level of complexity have
been build to measure “aerosol optical depth”,
namely, extinction due to aerosols. To build a sun
photometer, the instrument bands are chosen so

that the attenuation by unwanted material is
minimal.
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One can measure the attenuation of the solar beam in the intervals where absorption is minimal.
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Sun photometers

Instruments used to measure aerosol optical
depth.

To build a sun photometer, the instrument
bands are chosen so that the attenuation by
unwanted material is minimal.



What are Aerosols

Stable suspension of solid or liquid particles 1n a gas.
An object 0of 0.001 um - 100 um 1n diameter that can
be kept suspended 1n a gaes for a reasonable period of
time. Ash, smoke, dust, fog, mist, drizzle, smog,

haze, etc. are aerosols.



What is radiative forcing of aerosol?

No aerosol With aerosol
| S
124 a p f?& g
¢ o
Molecular scattering Molecular scattering
Gaseous absorption Gaseous absorption
Aerosol scattering and absorption

e Aerosol increases atmospheric scattering and absorption
e Aerosol increases reflection of sunlight to space and reduces sunlight reaching the surface

e Aerosol absorption changes the temperature profile in the atmosphere



The real world:

The Aerosol Robotic Network (AERONET) has been
established by NASA to measure the effect of aerosol on
solar radiation. It is a global network.



AOT Level TJLevel 1.0 () Level 1.5 @ Leval 2.0

[ _
http://aeronet.gsfc.nasa.gov/ http://aeronet.gsfc.nasa.gov/new_web/photo_db/llorin.html



How to get data from the network? Go to: http://aeronet.gsfc.nasa.gov/ and click on “Data”

AERONET Data Display

Site: Ncs_Ziona

AERONET Level 2.0. Quality Asured Data.
DISCLAIMER The following AERONET data arc pre and post field calibrated, automatically cloud cleared and
manually inspected.

The principalinvestigator(s) of the 'Nes_Ziona sije: Ifyou ntend to use the followingdata please contact principalivestiJator(s) via e,.mail:
Brent Holben brent@aeronetgsfc.nasagov

Return to the World Map

Data Display Controls
Choose Display Options: Related Product Availability for Ncs_Ziona (select each day below):
AERONET Data Type: 0 AOT O water Vaper 0 440- Show IE:Y;:FST?@SQQ:;ff\‘;‘t‘fsi:hegs‘cm:\ifamars
8701\ngstrom AOT Level: Level 10 Level1.5 0 Level 20 MPLNET Images (Check Availabity) . More Information
Data Format: 0 All points Daily averages MODIS Images (C  k Availabity) . More Information
Triplet Error Bars (All Points Only): 0 Off On

Visible Satellile Images (Check Availabiity) . More Information
Infrared Satellije Images (Check Avalabity) « More Information

SELECT CHARTS FOR LARGER IMAGES
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This is how the sun-photometer used by the NASA network looks like.
llorin, Nigeria



The African site is important because of dust outbreaks from the Sahara.



Entrance to the campus of the
University of llorin




Another prototype
of 2 ]
sun-photometer ST wos wam P,
used in the e |
Asian SKYNET
network

Pune, India
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Rayleigh scattering

It 1s assumed that:

O the scattering particle is spherical; the diameter 1s smaller than 2A
O the particles scatter independently of one another and the refractive
index 1s close to one
O the scattering 1s in a peanut shape. Less scattering 1s
in the direction normal to the incident beam.
O 0 1s the angle between direction of incidence and the direction
of scattering and n 1s the refractive index. Max scattering occurs in
the forward and backward direction. There 1s strong dependence
on A.



“Small size parameter approximation”

* The size of a scattering particle is parameterized by the ratio x
of its characteristic dimension r and wavelength A:

x= 2mr/A

* Rayleigh scattering can be defined as scattering in the small
Size parameter regime x < 1.



Rayleigh scattering

Polar plot of intensity as a function of scattering angle for
small particles (r~ 0.025 um) for green and red light.
Green: 0.5 ym; red 0.7 pym



The amount of Rayleigh scattering that occurs for a beam
of light depends upon the size of the particles and the
wavelength of the light. Specifically, the intensity of the
scattered light varies as the sixth power of the particle size,
and varies inversely with the fourth power of the
wavelength
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As shown in your textbook:

S 2 Atmospheric Radiative Transfer

&ﬂ A>d

Incident = |

[
4’__’________—--'— i
radiation ‘N

/’_\j\ A>d

20




M
(&)

Rayleigh scattering gives the
atmosphere its blue color
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Rayleigh scattering of sunlight in the atmosphere causes diffuse sky
radiation, which is the reason for the blue color of the sky and the
yellow tone of the sun itself



* A more explicit formulation: the intensity / of light scattered by a
single small particle from a beam of un-polarized light of wavelength
A and intensity [, is given by:

I_II+EGEEH(E?T)4 n? —1\" (d\"
' DY A \n2+2) \2
* where R is the distance to the particle, ¥ is the scattering angle, n is

the refractive index of the particle, and d is the diameter of the
particle.

* The Rayleigh scattering coefficient for a group of scattering particles
IS given as:



* The amount of Rayleigh scattering from a single particle
can also be expressed as a cross section . For example,
the major constituent of the atmosphere, nitrogen, has a
Rayleigh cross section of 5.1x1073! m? at a wavelength of
0.532 um (green light). This means that at atmospheric
pressure, about a fraction 107 of light will be scattered for
every meter of travel.
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For the whole atmosphere

the vertical optical depth tgr) , 1s given by:

T dz = [ d
TRA = (f)"mp z :({ﬁm z

where
Kra = Rayleigh mass scattering coefficient

Brx = volume scattering coefficient

KRiP =Pr,

. (n—l)2
N

Pra



where n relates to the refractive index and N 1s the molecular
number density of air at STP. Therefore, Br, varies with temperature.

As most scatter occurs in the lower atmosphere because the density

1s largest there, the effect of temperature on the overall optical

depth 1s reduced to the 1% level. The temperature effect can

be neglected. The irradiance of the direct beam of the sun at

the bottom of a clean dry atmosphere becomes (only molecular
scattering):

I :oz 1y, €xp {—[pg/ps)rlerldﬂ
rh, = 0.00888 4—4.05

ps 1s the standard surface pressure of 1013 mb.



Mie scattering:

For large particle to wavelength ratio. The larger the particle, the
more forward scattering is. :
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Rayleigh scattering is symmetrical with respect to the direction of incidence; the angular
scattering by Mie particles - the amount of light scattered in the forward is much larger
than in the backward direction .



* For a more rigorous treatment of the concept of scattering read Hansen
and Travis (1974) pages: 533-535.

* For a more rigorous treatment of the concept of RAYLEIGH SCATTERING
read Hansen and Travis (1974) pages 540-544.



