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OSSE of GEO advanced IR sounder for storm nowcasting 

Jun Li, Jinlong Li, Jason Otkin, Tim Schmit, and Bill Smith  

Red = extreme instability

True GIFTS/HES/IRS

ABI/GOES Sounder likeSimulated Radar
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Oldy but Goody from Jun Li: Shown at 2010 AMS
Accurate Lifted Index pattern sensed 2 hours before Radar rain



True GIFTS/HES/IRS

ABI/GOES Sounder likeSimulated Radar

OSSE of GEO advanced IR sounder for storm nowcasting 
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Oldy but Goody from Jun Li: Shown at 2010 AMS
Accurate Lifted Index pattern sensed 2 hours before Radar rain

Jun Li, Jinlong Li, Jason Otkin, Tim Schmit, and Bill Smith  



Global Impact on Wind Forecasts

From 'Satellite observation use at ECMWF…and a role of hyper-spectral GEO’, Tony McNally
See also:  “Enhancing the hyperspectral infrared radiance assimilation in the ECMWF system”, Kirsti Salonen, 
presentation 9.02 ITSC-22



Global Impact on Wind Forecasts

From 'Satellite observation use at ECMWF…and a role of hyper-spectral GEO’, Tony McNally
See also:  “Enhancing the hyperspectral infrared radiance assimilation in the ECMWF system”, Kirsti Salonen, 
presentation 9.02 ITSC-22

This increasing wind impact with 
increasing time sampling shows no 
sign of saturation …so we expect 
hyperspectral radiances with GEO 
time sampling to deliver a very 
significant impact on NWP winds! 



From 'Satellite observation use at ECMWF…and a role of hyper-spectral GEO’, Tony McNally

Improving hyper-spectral IR assimilation 
techniques



GEO Hyperspectral IR Imaging Sounder 
capability is unique

A 4D-Var measurement for 4D-Var problem
Unique capability for early severe weather alerts & a global NWP “game changer”

• Polar Operational Sounders:
Inadequate temporal coverage

• GPS: Inadequate spatial resolution and temporal 
coverage

• ABI GEO Imager:
Inadequate vertical resolution

• GEO Microwave:
Lower vertical resolution

• SmallSat Swarm: Cannot concentrate resources
on regions of current severe threats &
capability not yet proven
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The first VAS sounding
Smith et al 1981

GEO Sounding was introduced in the 1980
VISSR Atmospheric Sounder (VAS) Demonstration

12 Infrared Channels (1 Vis)

Verner Suomi realized that a lot could be done from GEO,
because compared to LEO, time is on your side

“Weather is air in motion, 
and VAS allows us to 
observe atmospheric 

changes as they occur”
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GEO Sounder History
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NASA / NOAA demosGIFTS
/HES

Forgotten     Recommendation

Launch of GOES-R
& Chinese FY4ADecadal Survey

High-resolution Interferometer Sounder, HIS 
spaceflight design & Aircraft demo
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Verner Suomi

HIIS    Pathfinder
IRS, FY4C



GIFTS EDU
• NASA GIFTS Proof of Concept was successfully demonstrated 

in 2006 with the Engineering Development Unit Thermal/Vacuum 
& Sky Viewing Tests
(expected “long-poles” worked well: LW detector with good sensitivity and operability, Long-lived 
stable laser, mechanical cooler and cryogenic thermal design, imaging FTS radiometric integrity, etc)

• Results Demonstrate that NOAA HES Requirements for a 
Successful GOES Imaging Spectrometer are achievable
(spatial coverage and resolution, spectral coverage, spectral calibration and Instrument line shape 
knowledge, and spectral scale standardization)

Sky Viewing

Geosynchronous Imaging FTS
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GIFTS (128x128, 4km)



AERI Comparisons Demonstrate 
GIFTS as Spectro-radiometer

LW, GIFTS pixel 72,72 & AERI05 

708-792 cm-1, 15 micron CO2 band
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Lunar Views Demonstrate GIFTS Imaging Capability
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Moon

Sky



Slide: 16 EUM/PPS/08/VWG/0152  - 2 December 2008

Artist Impression, Phase A
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Europe:  Metop and Meteosat

EUMETSAT/ESA plan
GIFTS-like IR Sounder 

(IRS) to fly on 
Meteosat 3rd Generation 

(MTG) in 2022/2023



GIIRS 

SHIHAO TANG (NSMC/CMA)

Designed & built at Shanghai Institute of Technical Physics 
Launch date: FY4A, 11 December 2016
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The First IR
Hyperspectral

Sounder in
GEO!

GIFTS-like
spectra

128 km E-W
640 km N-S

in 21 sec

16 km / pixel
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NASA EVI-4 Proposal
(Earth Venture Instruments)

Using earlier US 
Developments:

Combining
(1) HES Interferometer

Module, 25x25 2 km array
(2) GOES Q Flight Model



2020
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Pathfinder 2 Option:
Hyperspectral ABI-class instrument

22

Remove ABI Aft 
Optics Module

ABI

Replace With 
Hyperspectral Aft Optics

ABX

Conversion of ABI to Hyperspectral ABX 
is Straightforward and Low Risk

Using earlier US Developments: Combining
(1) HES Interferometer Module, 

imaging array (4 km GSD)
(2) ABI Prototype Model
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Agile GEO IR Hyperspectral Sounder (ABX) Concept

• GEO Sounder based on the successful Advanced Baseline 
Imager (ABI) platform
– ~85% re-use of ABI hardware: telescope, scanner, thermal 

control, structure, control electronics

• Highly-flexible, very rapid scan patterns with interleaved 
data collection capability
– For example, simultaneous collects of:

– Full Disk soundings every 30 minutes (2X MTG/IRS)
– Mesoscale soundings every 2.5 minutes (for severe weather)

– 4 km IR resolution / 0.6 km day/night Visible resolution

• No new technology
– Uses Harris R&D FPAs and interferometer

– Originally developed for NOAA’s HES program
– Leverages CrIS experience

“Agile GEO IR Hyperspectral Sounder”
Ronald Glumb and Paul Griffith
L3Harris Space and Airborne Systems, Fort Wayne, Indiana, USA 
American Meteorological Society, 2019 Joint Satellite Conference, Paper No. 19A.4
https://ams.confex.com/ams/JOINTSATMET/meetingapp.cgi/Paper/359886 
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Conversion of ABI to ABX is straightforward

• ABX hyperspectral assembly provides MWIR/LWIR 
hyperspectral (>1600 channels) plus VIS
– Minimizes changes to ABI hardware to reduce risk and cost

• Optical and mechanical interfaces to ABI sensor unit are 
unchanged

• In addition, higher-performance onboard processing 
boards replace the current ABI boards

• Remains compatible as hosted payload

“Agile GEO IR Hyperspectral Sounder”
Ronald Glumb and Paul Griffith
L3Harris Space and Airborne Systems, Fort Wayne, Indiana, USA 
American Meteorological Society, 2019 Joint Satellite Conference, Paper No. 19A.4
https://ams.confex.com/ams/JOINTSATMET/meetingapp.cgi/Paper/359886 



Parameter ABX Capability

Spatial Resolution 4km (IR) 
0.6km (VIS)

LWIR Spectral Range 680 - 1120 cm-1

MWIR Spectral Range 1210-1750 cm-1

or 1650 - 2250 cm-1

VIS Day/Night Pan Band for Cloud Detection

Spectral Resolution Selectable, 
with nominal value of 0.625 cm-1

Temporal Refresh Interleaved, Flexible Collects: 
Capable of Full Disks in 30 min with 
interleaved Meso’s every 2.5 min

Calibration (300K scene) < 0.5K

Projected Capabilities of ABX Instruments
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Would satisfy GIFTS/HES-type Requirements 
and add a Day / Night Band

“Agile GEO IR Hyperspectral Sounder”, Ronald Glumb and Paul Griffith



 Hyperspectral Infrared Imaging Sounder 
technology is mature and expected to be a game 
changer in the new frontier of rapid sampling

 International near-Global coverage is 
still possible before 2025

 The US should proceed as fast as possible 
toward an affordable Pathfinder mission, 
emphasizing severe storm life saving

 The full-up operational GEO HIIS should 
emphasize global as well as mesoscale coverage

26

Summary: Expeditious 
implementation of GEO HIIS
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