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NASA/NOAA IR “Weather” Sounders in Orbit - N CYGNSS
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The Agua Spacecraft and Instruments
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vasa. & Hank is one of the first members of the AIRS Science Team and
" has been active at NASA IR Sounder meetings even recently!
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The Earth Observer
Henry Revercomb [University of Wisconsin] described evaporatiot
the calibration characteristics of CrIS. He noted that point temp
the CrIS performance is comparable to—and in some that while 1
ways better than—AIRS. Revercomb also showed that annual mas
radiance trends from AIRS, CrIS, and the two IASI dominant |
instruments are very similar. This means that the hyper- at lowest el
spectral IR record begun with AIRS can be extended ‘
with the radiances from these other instruments—a Karen Cac

analysis of

basic requirement for a multidecadal record as noted

during the AIRS STM. megacities.
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”(;M“ & Hank’s Team among first to validate AIRS Radiances In Orbit
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Radiometric Stability
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IR Sounders Improve Weather Forecasts
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http://www.ecmwf.int/

“&Jﬁ:ﬁR Sounders Measure the Upwelling Earth Spectrum in the Infrared

AIRS Temperature at 500mb

. . Dec 4, 2013: Denver weather: Temperature hits minus 13 — record low for the date
AIRS Channels for Tropical Atmosphere with T_surf = 301K Dec 24, 2013: Record Low Tied at Cedar Rapids This Morning | lowa Weather Blog

Full Spectrum Jan 6, 2014: Chicago Record Low Temperature: City Hits -16 Mark To Kick Off ...
Jan 29, 2014: Atlanta, Geogria, historic weather for the past week
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AIRS Greenhouse Gases

National Aeronautics and
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Other AIRS Atmospheric Climate Products

i Cloud Fraction Total Column CO (moleculesicm?) Total Column Ozone (DU)
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Model Comparisons
(Pierce, Scripps, 2006)

Mean Model - AIRS 7

Latitude

Water Vapor Feedback
(Dessler, Texas A&M, 2008)
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AIRS Ozone Daily Global Imagery Enables
Early Warning of Possible Poor Air
Quality (7/19/07)

AIRS Identifies Stratospheric
Ozone Intrusion, May 6, 2005 (Wei, 2008)
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Standardized Relative Humidity Index (SRHI) from AIRS near
surface RH detects drought onset earlier than other indicators

2012 US Drought Latitude 40 Longitude -100
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time: 1.9 month

Farahmand et al, 2015, A Vantage from Space Can Detect Earlier Drought Onset: An Approach Using Relative
Humidity, Scientific Reports, 5, 8553, doi: 10.1038/srep08553.
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Sulfur Dioxide Alerts
Aviation Warning

Ejyafyallajokul SO2
Fred Prata NIAR, Norway
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& AIRS Mid-Trop CO, Drawdown Follows Regional Vegetation Cycle
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ITS Study with Hank as Pl in 1990/91 Set the Stage for CrlS

Weather
Satellite And SSEC provided »
the 1% Light Products L8

CrlS: 1990/91
Historical Roots

« EUMETSAT (John Morgan) renamed for the
sponsorship ¢ i i
« Originated by Bill Smith, Suomi 2 Main Instruments!
in residence at EUMETSAT NPP” B e ——
* UW-Madison/SSEC prime, o B
Hank Revercomb, PI ‘
: On 25 January
* Detailed design by SBRC, 2012 i
Still Chase, Tom Pagano .
Bomem DA interferometer NS & N;)AA
[j \ Henry Biijs re.name
PR | ) o their newest
jsme ¥ !\\ sy Earth-observing [ :
N e LT satellite after [ESBRIEECRNG: L
. 71 SRR UW-Madison Sounder Design
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wa” &= SSEC Continues to Evaluate Quality of IR Sounder Data for

NASA and NOAA

Simultaneous Overpass Comparisons: Example CrlS-IASI & CrIS-AIRS
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Gap Mitigation

» Support the NOAA Joint Polar Satellite System (JPSS) project as a gap mitigation of
infrared sounding in the event of a loss of the Cross-track Infrared Sounder (CrlS)

instrument

Improved Timeliness

* Low cost of IR Sounder CubeSats lends itself to placement in orbits to complement

existing sounders and improve revisit time

3D AMV Winds

e 2 or 3 instruments flown in formation and separated in time by 15 min —

1 hr would measure 3D Atmospheric Motion Vector (AMV) winds

Atmospheric Turbulence

(=) NOAA Polar Satellite Programs 3
Nt Continuity of Weather Observations
Asof A-gT' 201

Equatorial
Morning CrOSS”']g Evenin,

* Trading a larger telescope for the scan capability enables hyperspectral imaging at

high spatial resolutions enabling measurements of atmospheric turbulence

Atmospheric Chemistry

* The CubeSat IR Sounders can be tailored to see a variety of gases in
addition to CO including N20 and HDO with moderate to high spatial
resolution.

AIRS Carbon Monoxide -ﬂﬂ

€O Total Column (mol/em®): Aug 30-Sep 2009 2009.09.02
\
|
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- 4" =CubeSat Infrared Atmospheric Sounder (CIRAS)

Tech Demo Supports future IR Sounder CubeSats \&/ oy O

Spacecraft
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Camera Electronics
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Stepper Motor + Blackbody
Mirror Assembly Immersion
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Payload
Electronics
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BLUE CANYON

TECHNOLOGIES

CIRAS Spacecraft

Solar Arrays \ -

Instrument Panel

‘/Deployment Direction Main Chassis
Fully Deployed

All panels
Released

.

Instrument Aperture
1stand 274 Panel
Released

Sun Sensor

1st Panel Released

Stowed

XB1 Avionics
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CIRAS Spectral like AIRS but Extends into the Water Band
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Challenges using MWIR including Non-LTE, surface emissivity, solar reflected energy still need work.
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The alternative of CubeSat based advanced infrared and microwave sounders for
high impact weather forecasting

Zhenglong Lil, Jun Li'", Timothy J. Schmit?, Pei Wang?, Agnes Lim?, Jinlong Li%, Fredrick
Nagle!, Wenguang Bai3, Jason Otkin!, Robert Atlas* Ross Hoffman#, Sid Boukabara?,
William Blackwell®, and Thomas Pagano®

Draft Paper

CIRAS Spatial Resolution and Coverage Comparable

to (but lower than) Legacy Sounders
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Summary and Conclusions

NASA and NOAA Satellites Improve Weather Prediction and Support Earth Science

Under Hank’s direction, SSEC has been and continues to be a world leader in IR sounder development,
calibration, applications and science.

Infrared Sounders including AIRS, CrlIS and IASI have among the highest impact of all satellite instruments
for improving weather forecast and are used widely for climate science

* Assimilated by NWP centers worldwide

* Used to validate climate models

* Used to explore and understand processes affecting weather and climate

* Used to help us understand the composition and chemistry of the atmosphere (e.g. O3, CO, CO,)

* Used for applications to help decision makers: (e.g. SO,, Drought)

Agua expected to run out of fuel by 2022. The NASA/NOAA Joint Polar Satellite System (JPSS) will
continue IR sounder measurements with CrlIS into the late 2030’s

NASA and NOAA desire smaller satellites to save cost and complement existing satellites

CubeSat technology now enables low-cost per satellite. Constellations are an alternative to GEO, provide
global coverage of Temperature, Water Vapor, 3D Atmospheric Motion Vector Winds and Composition

NASA JPL AIRS Project appreciates the work done by Hank and SSEC and is looking forward to continued
collaboration in the near future.
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