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Why Use Remote Sensing Data for
Air Quality Forecasting?

Information about the horizontal transport of
pollutants on the mesoscale and synoptic scale

Advance warning of impending air quality events,
especially fires and dust storms

AlIr quality information in areas where there are no
ground-based monitors

Information about vertical distribution and transport
of particulates in the atmosphere

A quick and easy way to keep track of the “big
picture” of national air quality

Provides visual appeal: “snapshots” of air quality



NASA Earth
Observing
Satellites
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Types of Satellite Orbits

E CCRS FCCT

Geostationary Polar Orbiting
38,500 km 700 — 800 km



A Satellite’s Orbit Determines
Its Temporal Resolution
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Categories of 3D-AQS Remote Sensing
Data for Air Quality Forecasting

e True Color Images

* Aerosol Optical Depth (AOD)

e OMI Tropospheric Column Measurements

 LIDAR (LIght Detection and Ranging)




I\/IODIS True Color Image

- 50°

Engel-Cox, J. et al. 2004. Atmosphefic Environment =~ “at. ¢ Terra JU'Y 6 2002
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A True Color Image is NOT a picture!

Image using Red-Green-Blue bands of instrument
Terra =~10:30 AM local time overpass

Aqua = ~1:30 PM local time overpass



MODIS

(Terra)

Aerosol Optical Depth (AOD)

=007 08 01

AOD is a measure of the
extinction and scattering
of light by particles in a
total column from the
satellite to the ground

AQD is proportional to
particulate concentration

AOD is dimensionless;
values typically range
from O (clear, no haze) to
1 (very hazy, smoky, or
dusty) in the US

Clouds block the
measurement of AOD!



OMI Tropospheric Column NO,

OMI mean tropospheric NO, 01 Aug 2007 KNMI/NASA/NIVR
120 110 —100 _ 80 _ _60_

e Daily measurement of
NO, at ~1:30 PM LST

e Column measurement,
not surface — use for
qualitative applications

P~

o 2 products:

— KNMI “Real Time”
; =7 Ml — NASA Standard
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LIDAR Aerosol Extinction Profile
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Information about the vertical distribution of particles
2 sources: ground-based (REALM) and satellite (CALIPSO)
Weaknesses: interference from clouds and limited spatial coverage

Many REALM participants do not have data on a regular basis

CALIPSO data are not available in real time



CALIPSO Aerosol Extinction Profile

Day 2006-08-03 07-03-35UTC Nighttime Conditions
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MODIS Direct Broadcast at SSEC

http://eosdb.ssec.wisc.edu/modisdirect/

MODIS Direct Broadcast at SSEC

Aqua Historical Search Whai's WNew

1 Predicted
Actual

2 Predicted
Actual

3 Predicted
Actual

4 Predicted
Actual

Predicted
Actual

Lh

Terra - April 02, 2008

Start UTC End UTC
02:52:10 03:03:40
02:51:39 03:03:39
04:29:20 044140
04:28:50 044140
14:53:30 14:56:40
14:53:00 14:56:40
16:27:40 16:40:20
16:27:10 16:40:20
18:06:00 18:16:40

No pass found for this time

Quicklook Browse Images

Graphical, Text Only, Coverage

Graphical. Text Onlv, Coverage

Graphical, Text Only, Coverage

Graphical, Text Onlv, Coverage

Information current as of April 4, 2008 20:21:05 UTC

Orbital Tracks | Download Data | Software | Products | Gallery | Credits | About MODIS | Contact Us | 55EC Home




MODIS Direct Broadcast at SSEC

http://eosdb.ssec.wisc.edu/modisdirect/

Continental
Atchafalaya Bay

LA hires | .

Composite 1/4/3

All Regions

Bahamas and
Cuba

Buffalo NY Cancun Mexico hi-

res

Band 31

Composite 1/4/3

Continental US

Florida Keys hi-res

Eand 02,0707

Composite 1/4/3 Composite 1/4/3



MODIS Rapid Response System - Subsets

http://rapidfire.sci.gsfc.nasa.gov/subsets/

MODIS Rapid Responsé System

Home | Gallery Real-Time FAQ  Status

-

Subsets

This page contains a number of image subsets that are automatically generated in near-real-time for various applications users. Most
subsets are available as true-color images. Some additional band combinations may be be available for specific applications. Geographic
areas can be selected from the maps or from the list below. For each geographic area the archive imagery is available online.

Subsets for a few projects can also be accessed through these specific URLs:

http://rapidfire.sci.gsfc.nasa.gov/aeronet

http://rapidfire.sci.gsfc.nasa.gov/fas

http:/irapidfire.sci.gsfc.nasa.gov/servir

http://rapidfire.sci.gsfc.nasa.govi/jason

http://rapidfire.sci.gsfc.nasa.goviuae

Select a subset:
(click on the map or pick from the list below)




MODIS Rapid Response System - Subsets

http://rapidfire.sci.gsfc.nasa.gov/subsets/

Date: 2008/093 - 04/02

Go back to the main page

MODIS Terra

True color

Pixel size:
2km | 1km | 250m

MODIS Terra
721

Pixel size:
2km | 1km | 250m

MODIS Terra
NDVI

’}3,__:.- -
-]

Pixel size:
2km | 1km | 250m

MODIS Aqua MODIS Aqua MODIS Aqua
True color 721 HDWI
_ i 3
Pixel size: Pixel size: Pixel size:

2km | 1km | 250m

2km | 1km | 250m

2km | 1km | 250m




CCMIS/SSEC MODIS Today: USA Composite

http://www.ssec.wisc.edu/modis-today/
MODIS Today: USA Composite - April 02, 2008 (093)

SEC [0l 02 2008 (033) ~] FPreviousDay | MNetDay |  Show Al Available Images |
& Tera © Aqua | @ TrueColor © False Color | W Coastline W State borders | Sectorborders | Todavs TerraPasses | [s4Openin

Download this imadge (Click on the image below to zoom in)




IDEA at NOAA (Developed by NASA)

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

Infusing satellite
Data into

Environmental
Applications

We value your feedback! Pleaze zend any comments, problems and ( s
zuggestions to the [DEA Team. HIH_uJ} hif N@DJS Wﬁ-l BIiA

Regional plots of MODIS aerosol optical depth (AOD)  48-hour aerosol trajectory forecast, with model winds
and cloud optical thickness and precipitation

Select Region View latest |

Product description Product description




IDEA at NOAA

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

Ch1 reflectance

MODIS AOD GASP AOD animation




IDEA at NOAA

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

10 240

48-Hour Aerosol Trajectory Forecast



IDEA at the University of Wisconsin

http://idea.ssec.wisc.edu/

Infusing satellite

Data into

Environmental
Applications
“WWie value vour feedback! Please zend any comments, problems and : p—
suggestions to the IDEA Team. CMH!..-J-].'W N@JS WF-I IHEA
Regional plots of MODIS aerosol optical depth 48-hour aerosol trajectory forecast, with model
(AOD) and cloud optical thickness winds and precipitation

Select Region Wiew latest

Product description Product description




IDEA at the University of Wisconsin

http://idea.ssec.wisc.edu/

Infusing satellite
Data into

Environmental
Applications

“we value your feedback! Please send any comments, problems and T
Z, suggestions to the IDEA Team. (ilﬂbudﬁ'ﬁ N@IS WE'I A

Download U.S. RGB Image Download U.S. AOD Image




Coming Soon: a New 3-D Visualization Tool

d j Hefreshl j‘;{%ﬂ Zo0m |

00,0
2000 .0 .

Tony Wimmers, SSEC



U.S. Air Quali U.S. Air Quality - The Smog Blog

http://alg.umbc.edu/usaq L
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Wildfires in Florida: May 11, 2007

MODIS Aerosol Optical Depth 2007 05 11 EPA Region 4
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MODIS Direct Broadcast: IDEA at UW:
MODIS Terra True Color MODIS AOD



48-Hr Aerosol Trajectory Forecast: May 11, 2007

MODIS 2007 /05/11 AOD/COT & AOD Trajectories on 2007 /05/11 157
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24-Hr Average PM, . Observations

May 11, 2007



MODIS Terra True Color Time Series
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Haze in the Southeast: August 5, 2007

2007 0B 05 EPA Region 4

MODIS Direct Broadcast: IDEA at NOAA:
MODIS Aqua True Color MODIS AOD



24-Hr Average PM, . Observations
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Dust and Smoke in South Texas: March 18, 2008

MODIS Rapid esponse System:  MODIS Rapid Response Syse:
MODIS Terra True Color MODIS Aqua True Color



Dust and Smoke In South Texas: March 18, 2008

MODIS Aerosol Optical Depth 2008 03 18 EPA Region 6

IDEA at NOAA:
MODIS Rapid Response System: MODIS AOD
MODIS Agua True Color



GASP AOD Animation: March 18, 2008

GASP Aerosol Optical Depth 2008 03 18 1115 UTC EPA Region 6

IDEA at NOAA




48-Hr Aerosol Trajectory Forecast: March 18, 2008
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24-Hr Average PM, . Observations
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Tips for Using 3D-AQS Remote Sensing _&*
Data for Air Quality Forecasting ~ €

Temporal resolution of polar-orbiting satellites: observations are
made only 1-2 times per day.

Solution: use geostationary satellite images (GASP AOD)
Time lag for processing of images: real-time data are not always
available by forecast deadlines.

Solution: use images from the previous time period

(e.g., yesterday’s MODIS Agqua)
Gaps in data sometimes occur: images aren’t there when you
need them.

Solution: consult multiple internet delivery systems
Lack of specificity about some pollutants: best for PM, ., still
qualitative for NO,, sketchy for O,.

Solution: become involved and provide feedback to the 3D-
AQS team! The air quality community drives continuous
Improvements to remote sensing tools!



. Lawrence Friedl and*

.NASA Applied SC|e%_ f
g Ray Hoff and the =%
entire 3D AQS teamy-

ufh



Contact: Simon Carn (scarn@umbe.edu)

NASA/KNMINIVR/FMI

Aura/OMI - 07/18/2007 19:31-21:13 UT

OMI Tropospheric Column SO,

Mass: 0.596 ki; Area: 13652 km’; SO, max: 3.04 DU at lon:
-102

-104

-100

1 DU = 2.687x%1016 molecules cm2

-98.90 lat: 20.00 ; 19:33UTC
-98

-104 -102 -100 -98 -96
SO, column 5 km [DU]
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Daily measurement of
SO, at ~1:30 PM LST

Column measurement,
not surface — use for
qualitative applications

May not be accurate at
altitudes < 2 km

Images only available
for volcanic regions

Clouds, aerosols, and
ozone block the
measurement of OMI
SO,!



Labtude

Latitude

50

40

50

40

PM, . Concentrations are Proportional to AOD
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Correlations between AOD and PMZ2.5(hourly)

-120 -110 -100 -40 -5 -70

Engel-Cox, J. et al.
2004. Atmospheric B

Environment. 08  -06 -04 02 0 02 04 06 08 1



	Use of NASA Three Dimensional Air Quality System (3D-AQS) Remote Sensing Data for Air Quality Forecasting
	Why Use Remote Sensing Data for Air Quality Forecasting?
	Types of Satellite Orbits
	Tips for Using 3D-AQS Remote Sensing Data for Air Quality Forecasting
	PM2.5 Concentrations are Proportional to AOD

