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MODIS Aerosol Product
(MODO04)



Air Quality Applications

Aerosol Detection



Scattering and Absorption of Light by Aerosols
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- I=Light
I,=Light L=Path Length Detector (W/m?)
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t=(0,+0,)*L w=0,/0,+0,)

The quantity L is called the density weighted path length. o,,,, L is a measure
of the cumulative depletion that the beam of radiation has experienced as a
result of its passage through the layer and is often called the optical depth ,.



Wide Spectral Range makes land retrieval possible
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Yoram Kaufman




Getting A Best Fit for the Observations
Match Theory and Observations
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The Ocean Algorithm
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MODIS Over Land Algorithm 400 total
20 x 20 pixels at 500 m resolution - 56 water
(10 km at nadir)

344
- 24 snow

320
- 55 cloud

265
-116 “bright”

149 “good”

Discard brightest 50%
and darkest 20% of the
149 good pixels.

< 10 km >
44 pixels




MODO4 Key Output Parameters
10x10 pixel (1km) resolution

Optical Depth Land And Ocean —
Aerosol Optical Thickness (AOT) at 0.55 microns
for both ocean (best) and land (corrected)

Optical Depth Ratio Small Land And Ocean -
Ratio of small mode optical depth to total at 0.55
microns

Corrected Optical Depth Land (3 bands) -
Corrected optical thickness at 0.47, 0.55, and 0.66
microns

Effective Optical Depth Average Ocean (77

bands) - AOT at seven bands for average solution
at .47, .55, .66, .86, 1.2, 1.6 and 2.1 microns
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How does the DB product differ
from the NASA archived product?

 Not HDFEOS (Straight HDF4)
* DB version includes 4 arrays only
* No Deep Blue algorithm included

Collection 6 (before the end of the year) will
include:

* One product that includes the best retrieval
for the pixel

* QOcean/Land or Deep Blue

e 1km retrieval



MODIS Aerosol Products

Three Separate Algorithms
Land

/ N\

Dark Target Deep Blue

Richard Kleidman




The Deep Blue Advantage

* Deep Blue uses Saharan Desert - Feb. 10, 2001

information from blue
channels, where the
surface is darker

— 412nm, 470nm, 650nm |
(MODIS bands 8, 3,1) &

Thin narrow dust plumes
were seen clearly at 412 nm
reflectance image, but not
discernible at 670 nm
image.

Richard Kleidman
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What is IDEA?



IDEA: NASA-EPA-NOAA
partnership to improve air quality
assessment, management, and
prediction by infusing (NASA)
satellite measurements into
(EPA, NOAA) analyses for publlc

benefit.

4“ »“. .)'\ 1
> m\\?‘

IDEA (Infusmg satelllte data into environmental air quality applications)

Part of NASA Earth Science Enterprise (ESE) Applications Program strategy to
demonstrate practical uses of NASA sponsored observations from remote sensing
systems and predictions from scientific research.




Simple IDEA-| Tutorial

Brad Pierce



Trajectory Forecast

*The trajectory forecast animation displays the most
important components of an aerosol forecasts

~__MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/30 01Z
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Trajectory Forecast

*The trajectory forecast animation displays the most
important components of an aerosol forecasts

__ MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/30 01Z
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Trajectory Forecast

*The trajectory forecast animation displays the most
important components of an aerosol forecasts

~__MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/30 01Z
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Trajectory Forecast

*The trajectory forecast animation displays the most
important components of an aerosol forecasts

~__MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/30 01Z
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Trajectory Forecast - Initialization

*The trajectory forecast

begins when the . MODIS 2010/07/29 AOD & AOD Trojectories on 2010/07/29 012
MODIS overpass E Ll R S

occurs

*High values of AOD
(>0.4) are located and
used to initialize the
trajectories

I ehmeHinma.
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Trajectory Forecast - Initialization

*The high MODIS AOD

values are determined ,,, MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/29 01
by calculating mean E Ll TR - N e
AOD values on a

90kmx50km grid, or 5

pixels square

I ehmeHinma.
00 02 04 06 0.8 1.0 1000 800 600 400 200
MODIS AOD Trojectory Pressure (mb)




*The trajectories are Trajectory Forecast

initialized at the high
AOD values at 50mb,
100mb, 150mb, and
200mb above the
surface

MODIS 2010/07/29 AOD & AOD Trajectories on 2010/07/30 01Z

*The air parcel
trajectories are run
using the 12Z NOAA/
NCEP GFS forecast
data providing a 48hr
forecast via
trajectories

*The pressure levels of

the trajectories are

plotted in mb and

colored to a magenta-

white scale. White o

indicates that the air 00 02 04 08,03 10 100 B a0 a0 200
parcel no longer

affects the surface




*The most recent 12
hours of the 48 hour
forward trajectories
are plotted at each
frame of the
animation.

*The most recent day
of MODIS data
remains on the plot.

*The 850mb wind field
vectors are plotted to
show wind direction
and speed.

Trajectory Forecast
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MODIS 2011/08/25 AOD & AOD Trajectories on 2011/08/25 03Z
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http://sunset.ssec.wisc.edu/idea-i/ v & H*§~ map of Borneo

B Personal #m MoDIs i oB B wx i Jrss 8 Technical

Infusing satellite
Data into
Environmental
Applications
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— International

Forward Trajectory Forecast

MODIS 2011/08/21 AOD & AOD Trajectories on 2011/09/21 01Z
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IDEA-] Notes



References

* Al-Saadi, J. A. et al., 2005: Improving
National Air Quality Forecasts with
Satellite Aerosol Observations, BAMS,
DOI:10.1175/BAMS-86-9-1249.



References continued

* R. Bradley Pierce, et. al, “Impacts of background
ozone production on Houston and Dallas, Texas, air
qguality during the Second Texas Air Quality Study
field mission”, JOURNAL OF GEOPHYSICAL
RESEARCH, VOL. 114, DOOF09, doi:
10.1029/2008JD011337, 2009

* R. Bradley Pierce and T. Duncan A. Fairlie, 1993
“Chaotic Advection in the Stratosphere- Implications
for the Dispersal of Chemically Perturbed Air From
the Polar Vortex”, JOURNAL OF GEOPHYSICAL
RESEARCH, VOL. 98, NO. D10, PAGES 18,589-18,595.



Trajectory Model and .dat files

* Trajectory Model is included in the IDEA-I
— GFS_traject_3d vO01.f
Located in the /ideai/IMAPP_IDEA/Traject

* Trajectory forecast images are created from
the daily trajectory forecast .dat files

— Ex: traj_48hr_20110531.dat

* Dr. Bradley Pierce gave me information about
how to read the .dat files using an IDL
program. Ask, and | will give it to you.




[Limitations

* Terra only retrievals

* Limitations of MODO04
— Clouds
— Bright surfaces
— 10 km resolution
— Aerosols too thick

* The time it takes to run the trajectory forecast
is proportional to how much aerosols are
found (~3 hours)
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IDEA - Infusing satellite Data into Environmental Applications
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Data into
Environmental
Applications

Infusing satellite
Data into

Environmental
Applications

We value your Please send any
suggestions to the IDEA Team.

MODIS (Terra)

Regional plots of MODIS Terra aerosol optical
depth (AOD)

Used by the US
Environmental
Protection Agency to
Monitor and Forecast
Air Quality in the
United States

( select Region )
Select Region

Product description

3-day composite history*

View latest

Product description

*includes aerosol optical depth (AOD), ground station PM 2.5,
NAM 850mb wind vectors, and WF-ABBA fire locations

problems and

(mRiow ~ MGDIS WEABRA

| MoDS(Aaue) | GAsP | GASPWEST

48-hour aerosol trajectory forecast, with model
winds and precipitation

View latest

Product description

Tutorials for interpreting the IDEA products

Example: Forecasting fine

Trajectory Forecast
particulate matter in the eastern U.S. - et

Tutorials

«

| jpvascript:dpcument.traj_fx_Form.submit();

http://www.star.nesdis.noaa.gov/smcd/spb/aq/



PM Observations, MODIS AOD and
GOES AOD retrieval Time Series

A ‘
SELECT PLOT

<150.5

Sensitive

Air Quality Index Categories for PM2.5

— Moderate

PREV I0US
FORECAST

DAY

PM2.5 (ug/m)

100

80

60

40

20

FORECRST July Product
DAY Valid date ranges (20080427 to 20090702) description

PM2 5 and MODIS/GASP AOD 20090504 20090702

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

< Anderson Library SC

. GREENVILLE-SPARTANELDIS GASP Lt J
. id=450070004 (1-hr) (24-hr) (1-hr) (24-hr) —
. Correlation= 0.52. -0.14 0.35 0.13 -
L Nyops=31 Noosw: 28, 19; 253, 34
o NGASF=284 -
I .. > 1 .O
B o * ()]
u ° (@)
<C
i ' . TS
= ** © 9
L ° J " 'o.o | :. . p (Z)
. Y [ 3] _ ')
B ° o : - o I i&&.& 0.5 O
: B el e g :F'v T o =
s o || o le * ‘q ° .| l ‘l" o 3 .c
— .i’ ' | ‘ fo I ‘ i ] T! .n |‘:. P
B | s)l | o I ™Y t | lll P I"; “ﬁnv'#_ﬁ e -"_l" | : ]' ."u
¥ ’JW L r,([u‘ ' i 1‘-”-, ARl Y } A WWQ b .‘ E’i'
i ”W#'z lf?zl‘qﬁm-ﬂ{l'??’ i e | “ 1w @ i;'g
{ | \ | A4 ':. d "
'.fl,‘l ,,,,,,,,, iﬁ ...... ’,'.1.:’.’.'..,.‘1 ......... e . v 20.0
Maa/ 08 M%' 18 May 28 Jun 07 Jun 17 Jun 27
2009 2009 2009 2009 2009 2009




Correlation Between MODIS AOD

and PM Observations
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