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Motivation and Outline

* Motivations

e Are COSMIC-2 RO data consistent with IR/MW data calibrated/validated/monitored
at NOAA/NESDIS/STAR?

 How to use RO/COSMIC-2 data to calibrate/validate MW and IR data?

* Impacts of variation in 1DVAR processing algorithms on RO temperature and water
vapor retrieval biases.

. Implac’gs of COSMIC-2 RO data on ECMWF Reanalysis data through O-B bias trending
analysis.

* Introduction of Microwave (Advanced Technology Microwave Sounder
(ATMS) ) and Infrared (Cross-Track Infrared Sounder (CrIS)} sounding
sensors, and Community Radiative Transfer Model (CRTM) Simulation
setup.

* Evaluation of COSMIC-2 Wet Temperature and Humidity Data Products

(WETPrf and WETPrf2) from UCAR through inter-comparison with IR/MW
sensor measurements.

* Conclusions



COSMIC-2, ATMS and CrIS

COSMIC-2 Radio Occultation (RO) Sensor
* Launched on on June 25, 2019 as COSMIC-1 follow on.
* Six small satellite-constellation; 24-degree inclination LEO;
* Tri-GNSS Radio-occultation System (TGRS) payload; GNSS: GPS and GLONASS Sl ishihaearsti Bt
« Enhanced RO signal quality and deeper penetration depth “rscending
* On March 16, 2020, data became available for atmospheric and climate studies and

NWP applications .
Advanced Technology Microwave Sounder (ATMS)
* A cross-track scanner, 22 channels in bands from 23 GHz through 183 GHz. SNPP
* Provide sounding observations for retrieving profiles of atmospheric temperature ATMS
and moisture for NWS as well for climate monitoring purposes.
Cross-Track Infrared Sounder (CrlS)
* A Fourier transform spectrometer; Soundings of the atmosphere with 2211 spectral Mow W mw sw o om0 wE me wE e wE e
channels, over three wavelength ranges: LWIR (9.14-15.38 um), MWIR (5.71-8.26 ‘
I-lm) and SWIR ( 3.92-4.64 l'“,n) N20 CriS BrightnessTemperatg:a;::::y ﬁfﬁ?ﬁ;ﬂ; Ur;/lapped, Ascending, 05/24/2020
* Provide more accurate, detailed atmospheric temperature and moisture - T e R
observations for weather and climate applications. : A

Both ATMS and CrlS are onboard NPP and NOAA-20, and will be on the N20 LE*
follow-on JPSS missions. Both are calibrated/Validated and monitored at Ccris =~k
NOAA/NESDIS/STAR.
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NPP-ATMS Sounding Channels of Interest
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CRTM Simulation Setup for

MW Sensor Inter- comparison

CRTM Input Parameters

ATMS RO ECMWEF

Atmosphere  Level and layer pressure temperature RO or ECMWF

Specifichumidity O Colocation Tem pera'.cu're Surface and
Ozone mass mixing ratio ECMWF Data and Hum|d|ty Atmosphere
Surface Water type 1 (sea water) PrOﬁIe Data
Skin temperature ECMWEF
Wind speed ECMWF
Wind direction ECMWEF CRTM
Co-location of COSMIC-2 with NPP/ATMS Brightness

Simulated Brightness
Temperature

COSMIC-2 vs. NPP/ATMS co-locations

Temperature Data

Inter-Comparison

W w0 e w W Sounding Channel BT
* Time difference: 120 minutes; Distance difference: 150 km; Bias Trending and
* Nadir view over ocean Statistics

* All RO data are WETPrf2/WETPrf from UCAR



Three sets of input data used in CRTM simulation

UCAR COSMIC-2 WETPrf UCAR 2019/10/01 to 2019/10/31 (1 Month) Bias Evaluation
UCAR COSMIC-2 WETPrf2 UCAR 2019/10/01 to 2020/05/31 (8 Months) Bias and Trending
ECMWF (Background) ECMWEF 2019/10/01 to 2020/05/31 (8 Months) O-B bias trending

| UCARWETPrf 1DVAR UCAR NRT WETPrf2 1DVAR

Observation Error Extreme condition Statistical RO 1DVAR retrieval
. _ _ _ algorithm

Background Error Empirical Consistent with Observation Err. difference can
Background Error Correlation  Univariate Multivariate cause retrieved
Error Covariance Matrix Low/Mid/Latitude; Seasonal Lat/Lon (10°x10°); Monthly Temp-e_rature :?nd
Resolution and Construction Runtime Precomputed on fixed levels Hum|d|.ty profiles

to be different.
Observation Operator Refractivity Variational Abel Transform

Initialization Model as priori ECMWEF Global Forecasting System (GFS) Wee. 2018. 2019



ABT (K}

ABT (K}

SNPP/ATMS

COSMIC-2 (WetPrf2) vs. NPP ATMS BT Bias Trending Calibration
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reflector emission correction algorithm update and antenna pattern
correction coefficients update

2019710 202:0'0' bana13 202:0’04 * The bias trending shows that COSMIC-2 data captured the calibration

update of SNPP ATMS on Oct. 15, 2020 very well.
Sh1arto 200001 202004 * Able to evaluate the ATMS bias variations before and after the calibration
. "“!d.l!“.'lllll"l I |||I|||||||I|ll|||| il |IIIlIIIIIllIl||IIII||I|I|IIIIH|| (AN, |lIl|I|I|lII1||| upd ate.
i ||IIIIl|l||lll|IlllIIIII||||| i i i
z-g;m_. ST e * Maintain long term stability consistency between COSMIC-2 and ATMS

after Oct. 15, 2019 for all ATMS channels of interest.



UCAR COSMIC-2 WETPrf &WETPrf2 vs. ATMS

WETPrf2 vs. WETPrf

COSMIC-2 WETPrf &WETPrf2 vs. ATMS: Bias
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COSMIC-2 WETPrf &WETPrf2 vs. ATMS: Uncertainty
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Difference in RO 1DVAR retrieval
algorithms  cause difference in
retrieved Temperature and Humidity
profiles which can be identified in
COSMIC-2 vs. ATMS comparison.
WETPrf2 vs. ATMS biases are mostly
within 0.4K for CH10-14 and CH19-20.
Overall consistency in bias between
WETPrf and WETPrf2 for most of
channels except CH19 and CH20.

Large reduction in bias uncertainty
with WETPrf2 in comparison with
WEtPrf. Most significant reductions
occur at ATMS CHO08-CH14. Can be due
to the weighting difference of priori
model.

Larger BT bias uncertainty in ATMS
humidity sounding channels
(CH19-CH22).



Stability Analysis: UCAR WETPrf2 vs. ATMS Trending

ATMS
Channel

CHO7
CHO8
CHO9
CH10
CH11
CH12
CH13
CH14
CH19
CH20
CH21
CH22

Peak

UCAR-WetPrf2

Sounding Slope (K/year)

Height (km)

8.06
10.61
13.08
17.10
20.89
25.84
30.87
35.66
3.18
4.27
5.58
6.66

o o
N
o0 U
+ I+
O O
~ O
o

0.10+0.16
0.09+0.23

Trending Slope (K/Year)

- N M
( CH10 CH11 CH12 lCH13 CH14 CH19 CH20 , CH21 CH22

\\ / \s.—/
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Long term trending of biases (K/year) between simulated BT from
8-month COSMIC-2 UCAR WETPrf2 data and SNPP ATMS
measurements.

The stability between modeled BT from COSMIC-2 and ATMS BT are
consistent with yearly drift of BT bias < 0.06 K/year for ATMS
CH7-CH12 and CH19-CH20.

The yearly drift of BT bias for the remaining ATMS channels (CH
13-14,CH21-22) are less than 0.3 K/year.

Improvements in stability characteristics are expected as long term
data accumulates.



O-B Bias Trending between COSMIC-2 and ECMWEF via ATMS

COSMIC2-ECMVVF COSMIC2-ECMWF
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COSMIC-2 vs. CrIS Comparison: Selection of SWIR Band of CrIS
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Precision Consistency among Six COSMIC-2 Satellites
(WetPrf2)

COSMIC-2 E1 vs. NOAA-20 CrIS  ¢\n/ 1R
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* Inter-RO bias is consistent within 0.15 K among six
COSMIC-2 RO sensors over pressure range (~10-900 hPa)

Pressure [hPa}



Consistency between COSMIC-1 and COSMIC-2 via NOAA-20 CrlS:
COSMIC-2 WetPrf vs. WetPrf2 (2019-10)

COSMIC-2 WetPrf2 vs. COSMIC-1 WETPrf as Input to CRTM COSMIC-2 WetPrf vs. COSMIC-1 WETPrf as Input to CRTM
) L|m|ted latitude wetPf2 dlfference (RO-CrIS) 5 Limited latitude wetPrf difference (RO-CrlS)
MW - PR =
< 1 hy \/\A S Ay 7,&2 = Z " AR A - ——C2}... ,p?:—;
E Z\f\/ \/f\/ A, /\,A/ W » J‘waf\.\“ﬂ M /»\/\,MN ‘/}QM/ E 4 Y ‘éw W f f \\, WJ\ t&’ W AM, //
< 0} : ; U\ka&y 4%J Jl« Wi "\AWJ L[\u;tfki — < 0} V/\J )%\4 }3\, ,W?M_A k» \./; =
; 1 ] I J _;200 2220 2240 2260 2280 2300 2320 2340 2360 2380 2400

2200 2220 2240 2260 2280 2300 2320 2340 2360 2380 2400

Wavenumber(cm-1) Wavenumber(cm-1)

Limited latitude double difference (COSMIC2 - COSMIC1)

Limited latitude double difference (COSMIC2 - COSMIC1)
1 i 1 | i 1 1

1 109 1 T T T T T T | T T
il Rk S Y A AU 0 |2t imv‘r Y B "'”:-J_:\ g :/\u “ﬂ;"?_\:ﬁ'#;r N
< or v VRS WA« IR | Vo »e, i g " " * %/ A AR V\~ “N“\*\.\
= i Mﬁff» e . \’4““—””"\: b oY : 4
o ; » : ; oy i,
-r ' : B & 2 < -1 Fo BRARRE, ™ 7 < 10
< -1 ’J‘W& ‘\]\,/V\N‘L\/\m“\\// Y : : cocl \\\ 10 . ‘\ m/ ; W/ ———C2-C1 \
N ek PN «  AT(C2-C1) i T W W ‘ | ] ‘ I - AT(C2-C1) [
o . e 2 1 u
_ L i i | ] i | i i
2 2200 2220 2240 2260 2280 2300 2320 2340 2360 2380

2200 2220 2240 2260 2280 2300 2320 2340 2360 2380
Wavenumber(cm-1)

» Spectral bias between COSMIC-1 and COSMIC-2 consistent within 0.3 K over pressure range (10-900 hPa)

Wavenumber(cm-1)

* Consistent with co-location-based temperature comparison (black dots)

* Able to identify the difference between WetPrf2 and WetPrf through comparison with CrlS



Summary

e Evaluated bias and stability of COSMIC-2 Wet Temperature and Humidity data products (UCAR
WETPrf and WETPrf2) through inter-comparison with IR and MW sensor measurements using
CRTM simulation.

* The bias trending shows that COSMIC-2 data captured the major calibration update of SNPP ATMS
on Oct. 15, 2020 very well.

* COSMIC-2 Wet Temperature and Humidity Data Products are in general consistent with ATMS
measurements.

 Large reduction in bias uncertainty with WETPrf2 w.r.t. WEtPrf,
* Yearly drift of BT bias < 0.06 K/year for ATMS CH7-12 and CH19-20.

 Difference in RO 1DVAR retrieval algorithms can cause difference in RO-retrieved Temperature
and Humidity profiles: confirmed in COSMIC-2 vs. ATMS and COSMIC-2 vs. CrIS comparisons.

* O-B Bias Trending between COSMIC-2 and ECMWF via ATMS captured the bias reduction after
COSMIC-2 data were assimilated into ECMWEF.

* Inter-RO bias analysis of COSMIC-2 using NOAA-20 CrlS as the reference
e Spectral biases among six COSMIC-2 sensors are within 0.15 K
» Spectral bias between COSMIC-1 and COSMIC-2 is mostly within 0.3 K.

"Disclaimer: The scientific results and conclusions, as well as any views or opinions expressed herein, are those of the author(s) and do not necessarily reflect those of
NOAA or the Department of Commerce."



