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MODIS Aerosol Introductlon

Jennifer D. S. Griswold
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* Aerosol particles larger than about 1
um in size are produced by
windblown dust and sea salt from
sea spray and bursting bubbles.

* Aerosols smaller than 1 um are

mostly formed by condensation
processes such as conversion of
sulfur dioxide (SO,) gas (released
from volcanic eruptions) to sulfate
particles and by formation of soot
and smoke during burning
processes.

After formation, the aerosols are
mixed and transported by
atmospheric motions and are
primarily removed by cloud and
precipitation processes.
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ral Biogenic Aerosol™

Wherever you have trees or vegetation, these particles are there.
These are from Brazil.

_ \ . Mag = 544.30 K X
Mag= 79.52K X 20 3 EHT = 4.50 kv

EHT = 450 kV




Aerosol Size Distribution
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/Tt presents 3 modes :

- « nucleation »: radius is
between 0.002 and 0.05 pum.
They result from combustion
processes, photo-chemical
reactions, etc.

-
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- « accumulation »: radius 1s
between 0.05 um and 0.5 pm.
Coagulation processes.

Nucleation Aitken Accumulation Coarse

- « coarse »: larger than 1 um.
From mechanical processes like
aeolian erosion.

he Volume

« fine » particles (nucleation and

x 4 1 10 100 1000 1000
accumulation) result from anthropogenic Particle Diameter, nm
activities, coarse particles come from natural 001 01 1o 100
processes.



Approximately
“lognormal” shape

Radius, r, (um)



Relatively easy to do qualitatively for thick plumes over dark ocean...

California fire plumes Pollution off U.S. east coast Dust off West Africa
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;_'-Add‘éd Reflectance
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I, (0)
Measured top-of-atmosphere reflectance
= f (AOD, aerosol properties,

surface reflectance, air scattering,

gas absorption, Sun-satellite geometry)

aerosol

scattering,
absorption

1,(0)=1, (o)exp[-AOD]



MODIS, Dusl over Sahara, Jan. 7, O\J lUU ll JI
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* Particles of different size |
respond to different
wavelengths.

* Big Particles (e.g. Dust)
reflect in the IR

MODIS, Smoke over Australia,Dec. 25, OUI lJuU JL.-)
(R: 0.80um, G: 0.850m, T O.4%uan) 2. 1%un, € 1 o

e Small Particles (e.g.
smoke/polltuion) do not
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e dry smoke r - =0.10 pm
w8~ urban r oft =0.20 ym

Aerosol reflectance

e wel r.ﬂ=0.25 pm
c=8 salt T
"?' dustr =1 pm
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* Particles of different size respond to different wavelengths.




Aerosol Size and Optical-Properties

* These aerosols have
the largest impacts
on:

e radiative budget
e visibility

e cloud processes
e health issues

Marine Organic
_amtl

Nucleation Aitken Accumulation Coarse
he Volume
10 100 1000 1000
Particle Diameter, nm
0.01 0.1 1.0 10.0

UVBGRNIR IR



Beer-Bouguer-Lambert’s extinction law
I =F5, exp[-t,m]

where A is wavelength, m=m(6,) is “air mass” (function
of solar zenith angle, 6,), L=L(6,) is radiance, F =F(0,) is

solar irradiance and 7 is total optical depth.

figures from a talk by Y. Kaufman



Passive Remote —*

-

ensing (Scattering)

If we can measure spectral light extinction
or scattering

And we can separate the aerosol signal
(from the total that includes molecular,
surface, etc)

Then we can retrieve aerosol optical
properties (find a solution that fits the
measurements)

Which then can be related to aerosol
physical properties (type and loading)

We can do this from the ground
(sunphotometer) or from space (satellite).

Satellite
(e.g. MODIS)

Sunphbtometer




rd | v = ‘ Satellite
£t (e.g. MODIS)

>

e Unit of measure =

e Aerosol Optical Depth 2\ %,‘«3:,&,
0 \ - ‘ - 4 /A 1 ‘
* AOD NSy ?‘é

et

e What is t?
e T depends on wavelength ()

e Trepresents “total column >
light extinction” ‘ o
5 By, T

.

Sunpht)’toﬁleter



e » Bands for
Aerosol Retrieval

e All are found in

“Atmospheric
Windows”
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'MODIS “Observations™

MODIS observes reflectance in 7 bands at 500 m (or 250 m)
These data are “noisy”

These data must be:
e Cloud “cleared”
e Decided whether over ocean or over land
e Screened for glint and other surfaces that are too bright
e Massaged, averaged toyield...

One set of spectral reflectance that best represents average
conditions in 10 km x 10 km box

The MODIS dark target algorithm is actually two separate
algorithms, one over ocean and one over land

More about separate algorithms later.



' Deconstructing the ClearSky-Signal

Aerosol, Molecular, Gases

Dark Surface Target (Water or land)

cartoons from a talk by Y. Kaufman
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"Atmospheric Path Reflectance
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cartoons from a talk by Y. Kaufman




‘Transmission of Surface Reflectance

T',: Transmission
ege &8 s,. Atmos. backscattering

0°,: Surface Reflectance

Transmission

cartoons from a talk by Y. Kaufman







Indirect Transmission

(adjacency effect)

-
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Complicated “Clear Sky*= ST/naI

Contributions From:

e Gas absorption (O,,
CO,, etc)

e H,O absorption

e Rayleigh (molecular
scattering)

e Aerosol scattering and
absorption

e Surface reflection
e Atmosphere/Surface

Gas + Aerosol scattering
(path Iadlance)

Indirect Transmission Direct M N Interaction
(ad]acency effect) Transmission .- wUpie Seleclion e Contamination from
o neighboring pixels

(clouds, etc).



Three Separate Algorithms

Land Ocean

/ N\

Dark Target Deep Blue
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'MODIS Aerosol Products

Three Separate Algorithms
Land Ocean

There 1s a very detailed
presentation on the MODIS
ocean algorithm available at
http://ARSET.gsfc.nasa.gov/m
aterials

Dark Target Deep Blue — Used over bright land surfaces

Dark target and Deep Blue products are separate and the
user can decide which one to use.

In Collection 6 there is a joint product that uses an
automated procedure to select the appropriate product
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'MODIS Aerosol Products

All three algorithms create a 10 km product
Land and Ocean - 400 half kilometer pixels
Deep Blue — 100 one kilometer pixels

Ocean and Land (dark target) algorithms are based on
the assumption that aerosols brighten the scene

Retrievals can only occur where there are a sufficient
number of spectrally dark pixels.
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*Aerosol SDS and What They Really Mean

The Ocean and Land algorithms each produce their own
SDS’s.

When both algorithms retrieve the same parameter they
may be combined into a joint Land_And_Ocean SDS.

The individual Land or Ocean SDS is generally preferred
because

e it contains more wavelengths
e gives more information about quality

e at level 3 it gives a quality weighted product that screens out
anomalies

Land_And_Ocean is useful if you need both together but
may not give the same results as Land or Ocean.



Important to remember for MODIS Aerosol Products

e Ocean and Land Products are produced using totally
separate and distinct algorithms.

e All current aerosol products are 10 km x 10 km

e The most important products are Aerosol Optical Depth
and Fine Fraction.

» These exist for both Ocean and Land

 Fine Fraction over land should be seen as a qualitative indicator
not as a quantitative measurement



Q(U%“ty A S S UT AN C O —

QA is our indication of how much confidence we have in the
quality of the retrieval.

Quality_Assurance_QOcean - Scale is 0-3
e We use Ocean QA above o

e Factors
« Number of pixels
« Error fitting
« How close to glint

Quality_Assurance_lLand - Scale is 0-3
e We use Land QA of 3

e Factors
» Number of pixels
« Error fitting
» Surface reflectance




~Main Products - Ocean

Effective_Optical_Depth_Average_Ocean
e Retrieved AOD at 0.47, 0.55, 0.66, 0.86, 1.24, 1.63, 2.13

Optical_Depth_Ratio_Small_Ocean_o.55*
e Fraction of Fine Mode AOD at 0.55

Optical_Depth_Small_Average_Ocean
e AOD * Fine Mode Ratio

/“é:}



‘Additional Products-0Otean

Optical_Depth_Large_Average_Ocean

e (1-Fine Fraction)*AQD for the 7 ocean wavelengths

Mass Concentration Ocean®
e Total column mass per unit area in unis of 1.0e°g/cm?

Angstrom_Exponent_1_Ocean®™ 0.55/0.86
Angstrom_Exponent_2_Ocean* 0.86/2.1

Optical_Depth_by_Models_Ocean

e Retrieval AOT per model. This information is carried into the
level 3 products

Effective Radius Ocean
o Effective Radius at 0.55 for both the fine and coarse modes



* What is a dark target algorithm
and why do we use it?

e We have a mixed signal of aerosol and
surface

 If we remove the surface signal (our
noise) we are left with aerosol (our
signal)

e Choosing dark targets helps to
minimize our error from the surface
signal

e Will need to consider if we are over
land or over ocean.

BH 1

e Discard the brightest 50% and darkest “f
20% of pixels.... Apply retrieval
algorithm if sufficient pixels remain



r Oceans

* We can choose the
wavelengths that give
little or no surface signal.

* The o.55 channel is
assumed to have a water
leaving radiance 0.005

Reflectance

* Longer wavelengths have

no signal at all
Wavelength

* We account for the
effects in the 0.55
channel in our radiative
transfer calculations

- Dark A = 553 nm



Refractive Index
=0.47-->0.86um

Coarse
(Big) Mo

Refractive Index

2=0:0031 (¢
3=0.0011 [«
1=-0.0001 (0.66)

0, 0001 [0.86)

p.86um

Comments

Water Soluble
Water Soluble
Water Soluble with humidity

Water Soluble with humidity

Comments

Wet sea salt type

Dust-like type

Dust-like type




* Retrieved
° T-0.55 UM

® 1] - 0.55 pm

e ¢ — fitting error
e pS - over land

* Derived
¢ T,
e o — Column Mass
e Diagnostics
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e How is the land retrieval different than ocean?

e Scenes are screened to remove
e Water
e Snow, Ice, Melting Snow

* Aerosol models are fixed and determined only by
e Location
e Season

* Only 3 wavelengths are used in the retrieval
® 0.44,0.66 and 2.1



Require “Dar

10 12 14 16 18 20 22
Wavelength (micrometer)

* Vegetation Reflectance: = Dark A < 644 nm

* %66 % 0.550°

200 = True Measured Surface  Errorin
°* p°, ., = 0.50p° roT 100

0.47 : 0.66 Reflectance | Reflectance | Error 10% AOT

* Depends on: Pixel 1 2 | o | 02 | 02

Dark Tar etl
. po.86, p1.2, p2.1 and e Pixel 2 .
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* Each “model” has two or more “modes.” Size of modes depends on t
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MODIS data obtained over bright

surfaces
* Deep Blue Algorithm!

MODOS_M3.051 (DeeE Blus ACD at 550 nm [unitless]
JunZ007 — Aug2007
e




,/;

o Blue Summary

Screen out unwanted features (e.g. clouds, water,
snow/ice, and vegetated pixels).

Estimate surface reflectance from seasonally-varying
global data base.

Apply retrieval algorithm

e Maximum likelihood method to determine optimal aerosol
model

e 2-channel algorithm for low-to-moderate aerosols
e 3-channel algorithm for heavy dust aerosols

Deep Blue aerosol products
e AOT, Angstrom exponent, and SSA for dust
e AOT and Angstrom exponent for fine mode and mixed aerosols



T\\ darkness

.\\\ Blue sky

T\\ Blue sky bright aerosol

Bright aerosol

Dark aerosol
darken bright surface

Bright aerosol
above bright surface




|mportant region of the world ...

ﬂh .
- S

--- q g ',‘_

._., v

. ‘.
{%{%} ? Sprin

"-_-\_,—\_,-..\_

). I:tl ir’m "é

|I:n i Iﬂn“-}‘:ir{

|

Ngr.: =1
.-'"'HEJ]II'l:T-El il R:puLd

ﬂ—-l""m’L‘-r-’l-. "'""—~|.H\__._,.
- !‘{C-:-n_n ch -=-
4

e Cote o [vaire

Afzhonis r}n

4

Area of Interest: West: -23633 | MNor 135,045 South: m East: |Eu.391

|| Update Map |




provides no data for most of the region because the
surface of the Saharan Desert is so bright.

MODODS2_D3.051 Aseroaol Optical Depth at 550 nm [unitlesa]
2058 SR 5013) |
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- Same for MODIS/AQUA.

MYDO8_D3.051 Aercaol Optical Depth at
01Aug2012 - 31Auq201
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“to I\ IVIODIS/AQUA data does prowde
AOD retrievals ©

MYDOB_D3.051 Deep Blue AQD at 550 nm (DA—w, Land only} [unidess]
(8T Ana2012 = 31Aug20 012)
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from the Ozone Monitoring
Instrument data set retrieval.

OMAERUVA.003 Asrasal Extinciion Optical Depth at 500 nm [unibesas]
“01Aug2012 — 31Aug2012)
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Radiative Transfer Model Calculations for Combined Reflectivity by

h
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Surfa "Atmosphere: lllustrates the problem.——
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Surface Reflectance

Dashed lines are where clear sky and aerosol laden sky reflectivities are the same: Unique
retrieval not possible. Solution(s) for the problem? Use wavelengths where the surface
reflectivity is lowest, near UV, e.g. 412 nm.



MODIS ‘Dark
Target’ Aerosol
Retrievals
Over Land
Algorithm

MODIS Over Land Algorithm
All procedures applied to individual boxes of 20 x 20 pixels at 500 m resohution (10 Jan at nadi)

]

ldentify and mask all water, eloudy and snow/ice pixels.
Separate all pizels that are outside of 0.0l<p, .. <025
Discand bnightest 50% and darkest 20% of pixek defined wath p,, ..

Proceed with all non-
water, non-cloud, non-
snowdfice pixels with
P21 S0.25and the
visible 20-50% filter
- these are the dark
target pixels.

at least 12 dark target pixels?

v

Dath A - SetQC=3 Path B - Set QC=0

For all identified ‘dark’ pixels, Now collect pixels with p, ;,>025
Calculate mean p, ¢ . Poes previowly set aside. Count munber of
P 047 =025 P 515 PP 050 P 5 5 pixels () with
001< py 132025 f(u. e
Continental model LUT [y, Tos7 20 Tyg AND p, 4, <040

Caleulate path radince (p,) at0.47 and 066
Spectial dependence of pathiadiance

distinguishes dust from non-dust. %047 =025 P 2150 P° 065 050 P 5 45

| Continental model LUT |—p‘o.+7

Otput 1, Flux and other parameters
—

Po0.66 Po0.47

072 < AND <090 . [NOn-dust . P sy

v Mixed Use geography to Use dust LUT to make retrieval
1xe choose norrdust Only IF0.15 < p. 45 <025

Make dust and norrdust UiT ﬁ waks
Retrievals and combine i \ =

By weighting with &

Cut put T, Flux and other paiameters T
Po ass / Po oar p »

Fi1G. 1. Flowchart illustrating the derivation of aerosol over land.
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Radiances

Cloud Screening
3x3 Pixel Variance
Method

Aerosol Index

Absorbing I

No Retrieval wu.@

412 nm Surface
Reflectivity

Surface Reflectance
Determination

490 nm Surface [}
Reflectivity

!

Maximum

Dust Model

Likelihood Method

Smoke Model

l

Aerosol Optical
Thickness

Single Scattering
Albedo

Fig. 4. Flowchart for aerosol optical property retrieval over bright surfaces.

Database from
measurements
under clear sky
conditions, and
during different
seasons.




a) R(670, 555, 412 nm) b) R(412 nm)

Basic Idea: Desert
regions are darker
at shorter
wavelengths so
aerosol show up
better.

Fig. 2. SeaWiFS images over northeast Africa on February 10, 2001. The

dynamical ranges of the grayscale used in (b)-(d) are individually adjusted
to optimize the appearance of atmospheric features against the background

surfaces.

¢) R(490 nm) d) R(670 nm)




e Algorithm

a) Reﬂectance (412 nm)
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Rapid changes of Vegetation may
cause issues.



