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The MORE:  Retrieval Comparisons between



Motivation

• The proliferation of smallsat microwave constellation is now.
• How well do these constellations compare with ATMS?
• How many do we need for weather forecasting vs 

nowcasting?
• What noise performance is needed for weather forecasting 

(NWP)?
• For nowcasting applications, we need to limb adjust.
• For NWP, we need impact studies
• Can we compare different sensor performance using 

retrievals, if the retrieval methodology is identical?



New GCOM AMSR2’s large swath and excellent spatial resolution aids JTWC in 
monitoring Typhoon Fitow near Okinawa and Taiwan straits via 89 GHz brightness 

temperature imagery

AMSR2  03Z F-15  06Z F-17  08Z AMSR2  16Z

1330 LTAN greatly augments existing constellation TEMPORAL sampling,
but much more needed to have sampling similar to geostationary imagery 

Microwave imagery is widely used by forecasters

4



&  AWS/PFM (Smallsat)



From Joe Munchak
4/23/2025



TROPICS Limb Adjustment is based on Goldberg, M.D., D.S. Crosby, and L. Zhou, 
2001: The limb adjustment of AMSU-A observations: methodology and validation , 
Journal Appl. Meteor, 40, 70-83.
https://journals.ametsoc.org/view/journals/apme/40/1/1520-
0450_2001_040_0070_tlaoaa_2.0.co_2.xml
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https://journals.ametsoc.org/view/journals/apme/40/1/1520-0450_2001_040_0070_tlaoaa_2.0.co_2.xml
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Simple precipitation 
removal:  only keep 
btemp(channel 11)  > 263 K

Simulated using RTTOV
And ECMWF ERA5
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TROPICS S6 minus S3 – Double Difference

Bias/Stdv: , 0.04, 0.96

Bias/Stdv:  0.50, 0.90

Bias/Stdv:  0.53, 1.29

Bias/Stdv: 0.27, 1.88
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Typhoon Yagi- September 4, 2025 



With a large constellation, imagine every 30 minutes instead of these daily animations



Sensor comparisons
• For this experiment – we compare ATMS, TMS, AWS/PFM
• Compare weighting functions and instrumental noise
• Developed an independent method to estimate  instrumental 

noise
• For all sensors we use the same time period.  We use 3/21 to 

3/30/2025
• We use the data collection period to generate limb 

adjustments, similar to the methodology first developed by 
Goldberg et al.(2000) for AMSU and updated by Zhang et al 
(2017) for ATMS.
• https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017JD02

6820
• Note AWS has 145 fovs per scanline.  We skipped every other 

one (72),  we ran one experiment averaging a 3x3 center for 
each primary 72 fov to reduce noise and assess the impact

• Retrievals are based on polynomial regression.

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017JD026820


Example of ATMS\TMS Limb Adjustment – Temperature Channel



Example of ATMS/AWS Limb Adjustment  - Temperature Channel 



Example of ATMS\TMS Limb Adjustment – Water Vapor Channel 



Example of ATMS\AWS Limb Adjustment – Water Vapor channel



TMS AWS ATMS

Courtesy of Ben Johnson and Isaac Moradi



Noise estimation
• Independently estimated noise, by only 

selecting data over ocean,  total column 
rain water (tcrw)  =0 and total cloud cover 
< 0.2  and within latitude range of -30 to 
30.   And computing the square root of the 
sum of the squared differences between 
adjacent scanlines as a function of spot 
(fov) number and then divide by square 
root of 2. 

• Notice - ATMS noise is so much better 
than the specification.



Temperature channels

ATMS

AWS

The AWS 
channels 
similar to ATMS 
channels have 
higher noise

TMS S2



Water Vapor Channels

TMS S2 

AWSATMS

AWS 11-15 similar to ATMS 18-22, ATMS has lower noise



Retrieval Methodology
• Trained against ECMWF Reanalysis 

for period of March 21 to 27, and 
apply to March 28, 2025

• Polynomial regression, 2nd order for 
temperature and 3rd order for water 
vapor works extremely well –
compares to unsupervised neural 
nets  with 3 hidden layers 
(64,128,64) learning rate .0001 and 
50 epochs iterations.

• Polynomial regression is much 
faster to run different experiments.

• For temperature we found using 
limb adjusted data is much better.



NO LIMB  ADJ.                           With LIMB ADJ.



Water Vapor 
NO LIMB  ADJ.                                                    With LIMB ADJ.



Temperature @500 hPa

ATMS

AWS TMS S2

ERA5



ATMS, TMS, AWS Temperature Statistics

TMS S2

AWS
ATMS



AWS 3x3 averaging

AWS

AWS 3X3ATMS



ERA5
ATMS

ERA5 TMS S2



ERA5
ATMS

ERA5
AWS



Retrieval minus Truth

ATMS is much better!!!

ATMS

TMS
AWS



ATMS information content stands out

ATMS
TMS

AWS



TPW
ATMS

AWS TMS S2



ATMS, TMS, AWS
Top Level is  total precip. water TPW Stats

ATMS channel 23.8, 31.4 GHz channels are highly correlated to TPW  

ATMS TMS S2 AWS



TPW Errors

ATMS ATMS without ch 1,2

AWS TMS S2



ERA5
ATMS

ERA5 AWS



ERA5 ATMS

ERA5 TMS S2



ATMS
Retrieval minus Truth

Water Vapor similar

TMS S2 AWS



Information content similar for water vapor

ATMS TMS AWS



Ocean only +-60 lat,  Cloud liquid water < 0.01
Super easy cases



Ocean only +-60 lat,  Cloud liquid water < 0.01

Now TMS (118 GHz) and AWS (50 GHz) are more similar 

ATMS TMS
AWS



Ocean only +-60 lat,  Cloud liquid water < 0.01

ATMS
TMS

AWS



Summary
• ATMS channels 1 and 2 – significantly improve total 

precipitable water retrievals (but profiles are similar)
• ATMS low noise and additional channels produce 

higher accuracy temperature retrievals 
• Comparing to ATMS, equivalent AWS 50 GHz 

temperature channels have much larger noise 
• TMS and AWS temperature retrievals are similar in 

troposphere, more so for clear skies (low cloud 
liquid water).
• ATMS, TMS and AWS water vapor retrievals are 

similar.
• Polynomial regression works really well!!



BONUS -- What about      
Hyperspectral Infrared Sounders?

ATMS CrIS





ECMWF CrIS

ATMS
ATMS cannot resolve 
lower-level inversion



IR Summary

• Hyperspectral IR is particularly  important for 
resolving vertical structure in the lower 
troposphere.

• Consider a constellation of IR sounders too!!      
But geostationary is preferable because its 
achievable – unlike microwave geostationary.



Backup



The 50 GHz channels are similar, one would expect similar retrieval performance in the troposphere.

AWS
ATMS



Tomorrow IO TMS



AWS PFM tropospheric sounding channels noise is 
significantly higher than ATMS.   Remember ATMS 
channel #+2  is similar to AWS channel #

Temperature channels
3x3 averaged AWS

ATMS
AWS 3x3



For water vapor channels, the methodology does not compare well  with actual instrumental noise 
because water vapor is very variable – much more so than temperature

WV Channels 3x3
ATMS

AWS 3x3



ATMS  w/wo 23.8, 31.4 GHz
does not impact water vapor profiles 



With and without channels 
1,2

ATMS

ATMS w/o ch 1,2

No Impact



Original Brightness Temperature Limb Adjusted Brightness Temperature

TROPICS S3



Original Brightness Temperature Limb Adjusted Brightness Temperature

TROPICS S6



We developed a technique to detect outliers using eigenvectors

TROPICS have occasional hiccups



Generate eigenvectors from the brightness temperatures each 
day, and compare to the day before



BAD GOOD


