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A (short) history of atmospheric sounding from space

Nimbus 3 carried

Kaplan, sounding

Green=Geo

series with
Advanced
TOVS
(ATOVS), first
advanced
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IRIS and SIRS: retrieval method
first sounders in
space
TIROS-N @
series
with TOVS
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system ( cHis -

King: concept
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S Steps to space not taken ...

CHAMP
(CHAllenging
Minisatellite
Payload): first
radio occultation
mission for
soundings

Aqua AIRS:
first
hyperspectral
IR sounder
used by
weather
operations

CriIS

IASI: first
operational
hyperspectral IR
sounder
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U.S. Geostationary Sounders ————

1st Experimental 12 GOES-4 VAS (1980)
1st Operational 18 GOES-8 (1994)
100x improved  ~2500 GXS: High-spectral IR (2035)

NASA's GIFTS (2000) was built and ground-tested and shown to provide
high quality high resolution spectra, but was not able to get space borne.

The GOES-R series included advanced imagers, the first geostationary
lightning mapper and space weather instruments.

NOAA National Environmental Satellite, Data, and Information Service



GeoXO GXS Outlme

. History - — “What about the future? These [VAS
W - ;:,...if"_“ Demonstration: Description and Final
) Nere R R e Report] results are the foundation for
- What future satellites. The VAS [GOES-4]
Wh experience suggests that ..., and
y Y . .
. NWP increased spectral resolution in

the infrared region, are essential

- so that we can obtain soundings ...

Ak with improved vertical resolution.
. Conclusions Geostationary ... are feasible and
would be highly useful.”

(Forward by Verner E. Suomi, 1985)
[Bolding added]

- Nowcasting
- Trace gases, etc.

. Resources

NOAA National Environmental Satellite, Data, and Information Service


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19860004398.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19860004398.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19860004398.pdf
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GeoXO Sounder : Summary (What and Why)

What

|deally: Sounding Disk as
seen from both GOES-East
and —West positions; Central
satellite position currently
planned

4 km
(at the satellite subpoint)

Sounding Disk (30 min) or NH
(20 min) + SH (40 min) +
Mesoscale (TBD min)

(TBD)

(680 - 1095 cm™’

14.7 —9.13 um

1689 — 2250 cm™’

5.92 — 4.44 ym ) @ ~0.6 cm-1

Evolution of the radiances

Why

The Atlantic for hurricane development and model
initializations, CONUS for the pre-convective
environment monitoring and the Pacific for both
upstream weather and monitoring moisture (and winds)
over the huge area with little conventional data.

Doubling the clear-sky yields, compared to LEO, for a
given time. Finer moisture gradients to be monitored.

Sounding Disk upstream information and hurricane
monitoring (improved track and intensity), CONUS for
pre-convective monitoring and the targeted for regions of
extremely active weather. Allows for clouds to move out and
obtain more clear sky information.

Spectral with information related to temperature, moisture
and support select atmospheric compositions (ozone, NH3,
isoprene, HNO3, N20 and CO). Need to resolve, not
average out, the critical on/off spectral lines.

Provides critical vertical information on atmospheric winds
for both nowcasting and NWP applications.



Geo Advanced Sounder-ng Spectral
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NOAA National Environmental Satellite, Data, and Information Service



Sounding Spectral Range Table

Band Wavenumber (cm™) Wavelength (um)
LWIR region
(temperature, LWIR
window, ozone, NH3, 680- 1095 14.7-9.13 Maximum Width for Sounding Channels Table
isoprene, HNO3, low
level moisture) Spectral Range Wavenumber (cm™)
MWIR region (vertical 680- 1095 (cm™) 0625
moisture, window and 14.7-9.13 (um) '
’ 1689 — 2250 5.92-4.44 X
temperature, N,0 and b 1689 — 2250 (cm™)
0.625
CO) 5.92 -4.44 (um)
Wavelength (x:m)
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GXS Scanning

Slit oriented N/S and projected onto field of regard

e One slit image samples 3.48 deg of N/S field of view
e Scan mirror slews slit image from West to East over
the scan swath

e Swaths are scanned roughly 3.7° per minute

e MWIR and LWIR bands are collected simultaneously
and are coincident

1540 MWIR and 1078 LWIR spectral channels

Sounding Full Disk Scan

e Complete in 5 swaths

e Execution Time < 30 mins, including Star
Senses/Space Looks, Calibration, and Housekeeping

Other Scan Patterns possible, such as hourly full disk
with interspersed super-regional and meso scans

Sounding Full Disk Scan 19.61 min + calibration + housekeeping = 29.02 mins
Scan Rate = 0.061 deg/s

Swath #1 12.509°

Time 205.06 sec

Swath #3 16.316°
Time 267.47 sec

"""""""""""" ".

Sounding Disk
15.4°

Earth from GEO
subtends 17.4°

Cross Track FOV L

(swathwidth) | 20FOR.
3.48° centered @

nadir

(Not to
Scale)

Field of Regard (FOR) includes
off-Earth regions for moon,
star, or dark sky calibration

14



CO n ce pt of Sca n n i ng t h e GXS Scan Pattern: Window Channel at 968.125 cm™ at time: 5.0 seconds
Disk R By

(equal swath time
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scan swath /" T i ..
Swaths are scanned roughly 3.7 deg per minute W e

Approximately 30 min to scan the disk =N

\ - T‘:"'\':_.c.’ g \,‘\ Y
\ a5 . . e Yerig : s

‘a0 ’ ;‘/l 7 ,: : _,'//

-60
P
O at
S s F
= PN - e
—— e

—

Using GXS Simulated data by UW/CIMSS N - .

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20

Swath overlap not simulated



C?(‘
€ Nouyws™

NOAA Nat

£
2
2
g
a
£
g
2
g
2
£
2o
&

3

2

Wavelength (;im)
6.25 5.56

— GXS Coverage (Jan2023 PORD)

T L
||

I

|

1 1 1
1000 1200 1 1600 1800
Wavenumber (cm”')

|
2000

1
2600

2800




Sounders
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Pressure (hPa)

GXS provides abundant sounding information content of T/Q/gases

(a) Simulated GXS brightness temperature with 1976 US stand

ard atmosphere
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Pressure (hPa)

GXS provides abundant sounding information content of T/Q/gases

(a) Simulated GXS brightness temperature with 1976 US standard atmosphere
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Number of Independent Pieces of Vertical Information

Temperature
Moisture

More spectral bands means more vertical
information for temperature and moisture

GXS

13
11

ABI

2
2.5

|ASI granule used to show the
great improvement of the GXS
over previous geostationary
capabilities. Not shown are the
improved temporal or spatial
attributes of the GXS.

There is more than six times
(temperature) and four times
(moisture) of number of
independent pieces of vertical
information compared to the
ABI.

And 4-20 times more vertical
information than the GXI in thin
clouds

20
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* The NASA GMAO has supported
GeoXO by running Observing System
Simulation Experiments (OSSEs) to

study the impact of a GEO IR Sounder.

* Forecast sensitivity to observation
impact (FSOI) estimates observation

impacts on a 24-hour forecast of total

wet energy.

* Negative FSOI indicates that the
assimilation of an observation
decreased the 24-hour forecast error.

* These images show the relative
impact of a GEO IR Hyperspectral
Sounder to Global (right) and CONUS
(left) NWP compared to the 2020
global observation suite.

* Other GMADO results show that GXS
improves forecasts out to 5 days.

Global FSOI

GMAO GEOS Estimates of GXS Impact on CONUS and
Global Forecasts via Simulations

Credit: NASA GMAO
CONUS FSOI

ATMS NOAA-20 -
ATMS SNPP
AMSUA Metop-C -
IASI Metop-A

IAS] Metop-B -
GEOIRS GeoXO -
AMSR2 -

AIRS Aqua -
AMSUA NOAA-15
CriS-FSR NOAA-20 -

/

GXS ranks highly
as a contributor
to CONUS NWP.

GEOIRS MTG-S - GX? will be a
GMI 1 major
cris-FSR SNPP{ | contributor
AMSUA Metop-A - to Global
AMSUA NOAA-19 -
AMSUA Metop-B - NWP The larger the
AMSUA NOAA-18 - negative value,
GEOIRS HIM 1 the bigger the
MHS Metop-C - impact
MHS Metop-B -
SSMIS F17 -
6 -5 -4 -3 -2 -1 0 =3 -2 =1

le-2

Observation Impact [J kg ']

GEOIRS GeoXO
IAS] Metop-A
IASI] Metop-B
ATMS NOAA-20
ATMS SNPP
AMSUA Metop-C
AIRS Aqua
AMSR2

GMI

AMSUA NOAA-15
CriS-FSR NOAA-20
CriS-FSR SNPP
AMSUA NOAA-18
AMSUA Metop-A
AMSUA Metop-B
AMSUA NOAA-19
MHS Metop-C
MHS Metop-B
GEOIRS HIM
SSMIS F17
GEOIRS MTG-S

AMS J-Tech: (https://doi.org/10.1175/JTECH-D-23-0141.1)




Temperature

Temperature, Moisture,
and Winds concept

GeoXO Hyperspectral Sounder

WFO APPLICATIONS

Near-Storm Mesoscale Anal?/sis (before and during
an event; compare to model forecasts)

FACETS/T-1-M (provides nearly constant updates to
users, not just one warning)

Precipitation Type (improved temperature,
moisture and wind profiles)

Fire Weather/Spot Forecasts (wind surges, low-mid
level RH, etc.)

Aviation Forecasts (Icing levels, convective
turbulence)

Air Quality (trace gases, ozone, diurnal trends)

Physical Modeling (input to models, especially on
the regional scale%

Machine Learning (great opportunity to train with
GXS for many critical parameters)

Flash Floods (Moisture transport; Low-mid level
boundaries)

22



Wyoming Temperature inversion seen by GXS

GXS BT (K) of 1846.25cm™" 2019/09/20 13:00:00 UTC

/‘{ N
A !
¥y i (]
7 e
é
Gt
4 & 3 H iy ,:
N P
5 :
4*‘"
N ; , o
N -

Th (K)

Temperature inversion leads to warmer BT for WV absorption channels in window band!

(mb)

Pressure

100

20

o

300

400

500

600 -

700 -
800"

9200

1000 | |

Skew T chart 2019/09/20 13:00:00 UTC

Temperature (C)

Simulated GXS BT spectrum (K) 2019/09/20 13:00:00 UTC

/]

Wavenumber (cm'1)




Wyoming Temperature inversion seen by GXS

GXS BT (K) of 1846.25cm™" 2019/09/20 23:00:00 UTC
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Wyoming Temperature inversion seen by GXS (24 hours)

GXS BT (K) of 1846.25cm™" 2019/09/20 00:15:00 UTC
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Fingers up: Temperature inversion
Fingers down: No temperature inversion

animation
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) Need for high spectral &
temporal observations

* High-spectral-resolution observations provide much more information
* Imagers average out important vertical information
* LEO has shown the many benefits, especially on the global scale, lacks time resolution

* Forecasting Applications —fill in critical gaps wrt vertical moisture, wind and temperature
* Nowcasting and Numerical weather prediction, especially on the regional/mesoscales

* Additional applications
* improve derived products with only advanced imager data

* cloud-top properties, atmospheric motion vectors, dust detection, land and sea
surface temperatures

* New areas

* Moisture flux, capping inversion, surface emissivity, trace gases (Ozone and Carbon
Monoxide, etc.) and climate

* Economic impacts (“billions”...) More with the benefits of 4dvar analysis ...

* Critical Component of the Global Constellation



Credit: ACX/GXS Synergy
Brad Pierce, NASA GEO-CAPE Regional Ozone OSSE:

UW/SSEC Impacts of combining Multi-Spectral Thermal Infrared (TIR) Geostationary Sounder
and Ultra-Violet (UV), and Visible (VIS) Spectrometer Data in Ozone profile retrievals

Method Results: surface-3km ozone
CMAQ based Nature Run used to generate synthetic geostationary ™ NOASSIM  OMIASSIM M IR UVV MR UVVISTIR
UV, VIS, and TIR radiances. 1=
Optimal Estimation multi-spectral ozone retrievals for representative foms
sites.
Regional retrievals generated using multiple regression (MR) to

30 —

estimate averaging kernels NO ASSIM OMI ASSIM MR UVVISTIR
WRF-Chem based Assimilation Experiments using the NOAA 3D-Var

analysis system (GSI)

N
o

o o
° o o

RMS (Mean Bias Removed) %

RAQMS

(NO2, CH20, erle e data base )
502, CO) v NO ASSIM OMI ASSIM A MR UVVISTIR

Full Optimal Averaging =
VLIDORT
~ Exirotont| | Bperel it @
Repljesentatlve | (high spectral N R regresssonz |
GFS profiles resolution UV, 5 -
(T, Q,03) Central Valley, Oregon, VIS, and IR) (UV, UV-VIS, (UV, UV-VIS, ®
o ¢ UV-VIS-TIR) UV-VIS-TIR) m

Regional

(Noczl\yﬂéﬁzo, " g 2 Multiple Sfc-3km AGL ‘ ’ ‘ ’ ’

S02, CO, g 3 Regression AK ' '
aerovis) . GOES Retrievals (UV, 3

N Sounder U\\ll'l\;f_’”g)v_ ACX ACX+GXS

Cloud Cleared

RAQMS Retrievals Key:

(Geinegy S e Significant improvement in Correlation, RMS Error, and Bias

Aerosols) Analysis System [ ]

whr-chem. || NOA Grid Point Swatistial | WF-chern when geostationary hyper-spectral Thermal IR (GXS)

e First Guess Interpolation (GSI) Analysis

i G Analysi (03,7) radiances are combined with UV-VIS spectra (ACX)




More Hyper Spectral IR Info

¥\ Geostationary Hyperspectral IR Sounder
S E Added value for weather forecasts and many other uses

HOME OSSE PROXY OTHER BENEFITS HISTORY ON-ORBIT IN-DEVELOPMENT / FAQ

. https://www.ssec.wisc.edu/g

eo-ir-sounder/other-benefit/ “The [ozone] results obtained indicate that the assimilation of
synthetic radiances of IRS always has a positive impact on

the ozone analysis ... The relative average difference

« Diurnal variation

- Trace gases compared to the Nature Run in the ozone total columns
improves from -30 % (no assimilation) to almost zero ...

- Dust o . : .
When considering tropospheric columns the improvement is

- Inter-calibration also significant, from 15-20 % (no assimilation) down to 3 %”

b Sy n e rg i St i C a p p I i C a t i O n W i t h Retrievals of trace gases (ozone, CO, NH3, isoprene, N20, etc.)

G E O i m a g e r Beyond highly accurate temperature and moisture profiles, hyperspectral IR sounders allows retrievals of trace gases such as

ozone, CO, isoprene, NH3, N20, etc. Continuous monitoring of those trace gases from GEO will allow better air quality

. E t c forecasts by monitoring various precursors. The GXS and GeoXO Atmospheric Composition (ACX) sensor will compliment

each other. Of course which gases are possible to retrieve depends on the spectral coverage, resolution, SNR, etc.

Vittorioso, F., Guidard, V., and Fourrié, N., (2024). Assessment of the contribution of IRS for the characterisation of ozone over
Europe, Atmos. Meas. Tech. Discuss. [preprint], https://doi.org/10.5194/amt-2024-24, in review.

Raghuraman, S. P, Paynter, D., Ramaswamy, V., Menzel, R., & Huang, X. (2023). Greenhouse gas forcing and climate feedback
signatures identified in hyperspectral infrared satellite observations. Geophysical Research Letters, 50, e2023GL103947.
https://doi.org/10.1029/2023GL103947

Wells, K. C., Millet, D. B., Payne, V.H., Vigouroux, C., Aquino, C. A. B., De Maziére, M., et al. (2022). Next-generation isoprene
measurements from space: Detecting daily variability at high resolution. Journal of Geophysical Research: Atmospheres, 127,

. . . . €2021JD036181. https://doi.org/10.1029/2021JD036181
NOAA National Environmental Satellite, Data, and Information Service


https://www.ssec.wisc.edu/geo-ir-sounder/other-benefit/
https://www.ssec.wisc.edu/geo-ir-sounder/other-benefit/
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More GXS Information N
https://www.ssec.wisc.edu/ g
geo-ir-sounder/ I
e Home -.QWF_O.4 0 o wavenumber(cm™?)
- OSSE NOAA NESDIS Tech Report: Geostationary Extended
* Proxy/Simulated Observations (GeoXO) Hyperspectral InfraRed

* Sample SRF Sounder Value Assessment Report

* Other Benefits https://repository.library.noaa.qgov/view/noaa/32921

* History
+ On-orbit examples https://www.nesdis.noaa.gov/next-generatio

* |In-development

o n-satellites/geostationary-extended-observat
~d loNsS-geoxo

f"t‘ : « PORD:

https://www.nesdis.noaa.gov/next-generation/geoxo/geoxo-sounder-gxs

mental Satellite, Data, and Information Service


https://www.ssec.wisc.edu/geo-ir-sounder/
https://www.ssec.wisc.edu/geo-ir-sounder/
https://www.nesdis.noaa.gov/next-generation-satellites/geostationary-extended-observations-geoxo
https://www.nesdis.noaa.gov/next-generation-satellites/geostationary-extended-observations-geoxo
https://www.nesdis.noaa.gov/next-generation-satellites/geostationary-extended-observations-geoxo
https://www.nesdis.noaa.gov/next-generation/geoxo/geoxo-sounder-gxs
https://repository.library.noaa.gov/view/noaa/32921

Back-up Slides

NOAA National Environmental Satellite, Data, and Information Service
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The Potential Benefits Summarized in 2009

VOLUME 26 JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY NOVEMBER 2009

High-Spectral- and
e e Caimtha vttt v High-Temporal-Resolution Infrared

Measurements from Geostationary

Advanced Satellite Products Branch, NOAA/NESDIS/Center for Satellite Applications and Research,

Madison, Wisconsin O rb it

JUN L1 AND STEVEN A. ACKERMAN

Cooperative Institute for Meteorological Satellite Studies, University of Wisconsin—Madison, Madison, Wisconsin

JAMES J. GURKA

NOAA/NESDIS GOES-R Program Office, Greenbelt, Maryland h tt DS / / I O u 'n a I S . a m etS OC . O rq / VI eW/ I O urn a
(Manuscript received 22 October 2008, in final form 13 May 2009) IS/atOt/z 6/ 1 1 /2 O O 9 iteCh a 1 24 8 1 . Xm I

ABSTRACT

The first of the next-generation series of the Geostationary Operational Environmental Satellite (GOES-R)
is scheduled for launch in 2015. The new series of GOES will not have an infrared (IR) sounder dedicated to

acquiring high-vertical-resolution atmospheric temperature and humidity profiles. High-spectral-resolution
sensors have a much greater vertical-resolving power of temperature, moisture, and trace gases than low- What haS Changed ?
spectral-resolution sensors. Because of coarse vertical resolution and limited accuracy in the legacy sounding -
products from the current GOES sounders, placing a high-spectral-resolution IR sounder with high temporal

resolution in the geostationary orbit can provide nearly time-continuous three-dimensional moisture and T h e Ca Se fo r eostati O n a a d Va n Ce d

wind profiles. This would allow substantial improvements in monitoring the mesoscale environment for se- g ry

vere weather forecasting and other applications. Application areas include nowcasting (and short-term

forecasts) and numerical weather prediction, which require products such as atmospheric moisture and h I tr n th n d d t
temperature profiles as well as derived parameters, clear-sky radiances, vertical profiles of atmospheric SO u n d e rS aS O n y S e g e e u e O
motion vectors, sea surface temperature, cloud-top properties, and surface properties. Other application

areas include trace gases/air quality. dust detection and characterization, climate, and calibration. This paper H H -
provides new analysis that further documents the available information regarding the anticipated improve- a Va n CeS I n I n S ru l I l e n a n expe rl e n Ce
ments and their benefits.

from many sensors.
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GXS Plans

Current and Planned Activities

Sensor

®* 2023 - Vendor selected (Ball)
* 2028 -GXS CDR

® 2035 — Launch of first GXS

User Readiness

* 2021 NASA/NOAA GXS Science Working
Group

* 2024 GXS Workshop and Science Teams
forming

® includes NASA, NOAA, JCSDA, GMAO, EMC, ESRL

and collaboration with EUMETSAT and key
individuals like Drs. Louis Uccellini, Bill Smith and
Mitch Goldberg

NOAA National Environmental Satellite, Data, and Information Service

Supporting NOAA/EMC to be ready for
MTG/IRS

GMAO and OAR are and will be conducting
model impact studies.

NOAA/ESRL is studying impact of GXS in the
NOAA regional models.

Generation of GXS Proxy Data

Innovation to determine optimal retrieval
approaches (profiles, 3D-winds and trace
gases).

Recent Satellite Book Club (NWS) on the GXS

February 15, 2024 34



Thank You

For more information visit
www.nhesdis.gov/geoxo

CONNECT WITH US!

F
|

www.facebook.com/GOESRsatellite
www.youtube.com/user/NOAASatellites
twitter.com/NOAASatellites
www.flickr.com/photos/noaasatellites
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