1 : )
o ) 5
. = % &
Lt l’ ("!0,“* ~r] ‘_"'J‘

NOAA Integrated Cal/Val System (ICVS)
for Radio Occultation Performance
Monitoring and Data Quality Assurance

Xinjia Zhou'?, Shu-peng Ben Ho?, Changyong Cao*

1. NOAASTAR;
2. GST, Inc.

Boston, 14 Jan 2020 NOAA ICVS for RO Performance Monitor 1



Operational GNSS-RO for NOAA NWP

COSMIC

Currently ~2000 daily RO profiles are available for NWP operations |
* Declining number of profiles from COSMIC1
*  Metop A/B/C, ~1200 daily

, Metop-A/B/C
«  KOMPSAT-5, ~150 daily

«  TDX/TSX, ~ 300 daily

Several RO missions is on the way

* COSMIC2, ~ 4000 profiles daily, not yet used

Kompsat5
* PAZ, ~200 daily, not yet used
* CWDP, not yet used
*  GRACE-FO, not yet used
TDX/TSX
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GNSS-RO key role recognition

* GNSS radio occultation (RO)
has been recognized as a key
observable for Numerical

Contributions to forecast accuracy by observing system

Weather Prediction (NWP) M..E ECNNE.Aung 2011
and climate change detection. r
ey RO
* It has matured to become an -— S s AKIEUR
important, sustained S &
component of NOAA satellite —
observations and contributor MJE

to NWP, complementing - RO bending angles
. . Y ~2-3% of assimilated data
microwave and infrared o

sounding measurements. 0 : 0 .
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New era for GNSS-RO

* The successful launch of FORMOSAT-7/COSMIC-2 marks a new era of RO for operational NWP,
which will have profound impacts on all activities related to atmospheric sounding.

* NOAA is strengthening support for COSMIC2, recognizing its significance, transiting GNSS RO
from research to operations for weather forecast.

* COSMIC2, together with Metop/Meotop SG, is expected to become an on-orbit reference for
atmospheric sounding, establishing consistency for all measurements.

* Itisimportant to ensure the consistency, accuracy, precision of the measurements with well
understood uncertainties. NOAA ICVS system is critical important for the purpose.

COSMIC2 October 1, 2019
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NOAA ICVS: Background

NOAA ICVS system is a well known near real-time
performance monitoring for all NOAA environmental

. . = v ¥ B PR o e RN RO
satellites and instruments T STAR | A/ S sttt
N / ¢ il en jormance mo ather, 'cllr%:m*a';d environmental applicatiol

P STARICVS Home STAR ICVS Long-Term Monitoring &7 7;:1: Instrument Status > NPP > VIRS

* Nearreal time and long term instrument status, s

performance monitoring, and anomaly diagnosis | =i....

* Nearreal time and long term level 1 data -
product quality monitoring e
* Provide real time support for sensor calibration g
activities -

* Provide rapid and preliminary estimate of e L
satellite data impact in NWP applications s S

* Ensure the integrity of the climate data records
from all satellite instruments
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NOAA ICVS: Extension

GNSS RO ICVS is a natural extension of the NOAA ICVS system, with
more dynamic and interactive capabilities. The system includes:

Monitoring RO product parameters and instrument
performance at all levels.

Routine comparison of atmospheric profiles with
other satellite observations and retrievals including
microwave, and infrared.

Routine comparison of profiles with those from
Radiosondes.

Dynamic web interface with many capabilities.
Long-term monitoring of the parameters.

WebGL Earth interactive plots



http://viirs.astro.umd.edu/RO/COSMICandKOMPSAT5/Latest/current.html

NOAA ICVS for RO: Introduction

e Currently, RO data from 12 publicly available missions are included, from
GPSMET collected in 1995 to COSMIC2 data in 2019.

* RO data producer: UCAR, ROMSAF, ROPP and STAR (under testing).
* References: Weather Model, reanalysis, other RO data, Radiosonde

GNSS Radio Occultation ICVS Global Quality Flag Map

RO Daily Maps
« Interactive 3D Map
« Quality Flag Map

Global RO Profile Quality Flags on 2020.006

RO Performance Monitoring
&« COSMIC-2 password required!
« KOMPSAT-5
« GRAS
¢ PAZ
« COSMIC-1

« CWDP password required!
« GeoOptics
« SPIRE
& PlanetiQ

« IGOR

« GRACE

« C-NOFS

« CHAMP

« SACC

« GPSMET

« RAOB

Validation/Inter-Comparison
« Radiosonde O KOMPSATS [0 cosmic 4+ GoodProfie X Bad Profie
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NOAA ICVS for RO: References

* Working online

o NCEP/GFS/GDAS
o Model reanalysis, era/merra/nra/jra

* Working offline, will eventually

transit online

o GNSS-RO inter-comparison
Radiosonde

Retrievals: MiRS/NUCAPS
MW sounder: ATMS/AMSU-A

®
®
®
o IR sounder: CrIS/AIRS/IASI

IR Hyperspectral

MW Sounder
(ATMS/AMSU

Radiosonde
(NPROVS)

(uncertainties in SI

(Uncertainties in antenna,
BB emissivity, side lobe,
spectrum, Algorithm, cal
thermal dynamics, huma
£rrors

MW retrievals
MIiRS

(inherited + algorithm
uncertainties)

MW/IR Retrievals
NUCAPS

(Inherited + algorithm
uncertainties)

NCEP/GFS/GDAS
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NOAA ICVS for RO: Model comparison

Get a big picture of RO behavior.

Help users to locate suspicious

profiles quickly, and easily deep dive
to find the source.

ROM SAF processed MetopA w.r.t. ERAS

Mean bias

T STD, wrt GDAS

" IR (Y

T BIAS, wrt GDAS

Brown line before 2019-03-31 is from ROM SAF CDR, after
2019-03-31 is from ROM SAF NRT;

Green line is from GDAS.
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By sorting the title of each columns, uses is capable to find the interesting individual

profiles and display the whole profile.

2019 v||04 w|01 ¥
K < > M
® Daily Monthly
Reference
GFS 6h GDAS
NCEFP R2 MERRA 2
® ERA JRA S
COSMIC RAOB
® Height Pressure
Lat.Lon - starting location of in-situ

Min Alt, Max Alt - valid range of

refractivity

Boston, 14 Jan 2020

UCAR (dry) | UCAR (wet) || UCAR (bufr) [RGGUEAEITHON ROMSAF (wet) || 84 (bufr)

Showing 1 to 30 of 1,824 enfries Search:
Time Lat Lon qf irs Leo GNSS N T Bias* TSTD = vy H Min H Max
Level Bias STD

2019-04-01705:44:56 -45408 12694 1 n/a MetopA 930 0 99.373 99.373
25825 26857 0 nla MetopE 930 080  -20.305 30256 2246 099296
11546 -65104 0 nia MetopC go5 990 -27.290  36.181 -3.059 99.943
-27.493 123497 0 nla MetopA g20 080 2152 27.849 -1.451 99,918

2019-04-01705:40:40 | 42.959 | 132050 0 nla  MetopB g01 990 -17.930  27.074 -1.383
64796 36694 0 nla MetopB gl7 990 17766 44236 -1678 99 875

2019-04-01720:06:47 -79.998 -30568 0 nla MetopC g17 990 14775 25228 -1.460 99.921

2019-04-01721:59:57 -42.351 -20781 0 n/a MetopC goz2 990 -13.681  19.304 -2.367 99883

2019-04-01701:06:39 56239 -36073 0 nla MetopE gog 990 11338 17.798 -1.037 99848

2019-04-01707:12:02 -5658 46555 0 nla MetopA gos 990  -8477  19.208 2635 99.943

2019.04.01702:18:08 -40479 -340926 0 nla MetopE g20 087  -T41 12472 -1.423 99.001

2019-04-01704:33:40 -18.647 55647 0 n/a  MetopC qog 990 -6.742 5.879 -2.590 99.921

2019.04-04T13:19:49  -23 239 Platform '2019-04-01T05:40:40_MetopB_g01'

2019-04-01T02:54:23 -58.581 Location Refractivity | Temperature | Water Vapor | Pressure Excess Phase SNR

2019-04-01T15:51:36  73.070| — . —

2019-04-01709:31:37 -46.590 o=

2019-04-01T14:05:51  52.626 50

2019.-04.01707:40:32  76.193 ;S

2019-04-01710:27:58 59.785 65

2010.04.01T20:40:05  50.918 2

2019-04-01T14:06:28 -47.663 Z 50

2019.04.01T06:32:56 -43 712 i; :S

2019.04.01T02:56:23  75.089 T :S

2019-04-01719:33:32  51.552 25

2010-04-01T03:46:08  52.765 o .

2019-04-01722:16:55  59.539 10 t“

2019.-04.01708:47:04 18.324 0 e

2019-04-01T11:10:06  77.247 -0.005 o 0.005 0.01 0.015 0.02 0.025 0.03

2010-04.01T15:38:57 -53.566 Bending Angle, rad

2019-04-01716:36:44 52.128
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Individual profiles are monitored for L1b (excess phase, signal to noise ratio) and
L2 (bending angle, refractivity, dry temperature, temperature, water vapor

pressure, pressure).

T e ¥ e b e

Ben

ding angle

Refractivity

2018-10
T

~01TOM5004 C2E1 g
5 0 T

5 UCARry level2
5 T80 =135

Map

11 Sep 2019

Excess phase (L1/LS)

STAR ICVS for C2 validation

Signal to noise ratio (L1/L2)
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NOAA ICVS for RO: RO inter-comparison

* Colocation RO inter-comparison cross platform

* One-to-one RO inter-comparison cross center

Fractional refractivity diff

Sea Level Height, (km)
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UCAR KOMPSATS vs. UCAR COSMIC

Boston, 14 Jan 2020

NOAA ICVS for RO Performance Monitor

14

12

10

Specific Humidity diff
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NOAA ICVS for RO: RAOB comparison

RAOB distribution in Jan 2020

There are over 15 radiosonde instrument types.

Vaisala RS80 and RS92 used to be the reliable
reference.

Staring from 2018, Vaisala RS41 exceed RS80/92.

45 90 135 180 =135 =50 —45
vaisala RS80  vaisala RS92 vaisala RS41 vaisala RS18  Japan Meisei FAOB.2020-01
Russion  France  Genmany  Korea  Sippican

NSSRO T i
800
600
a
o 400
=z
200 ‘I
0 e ——
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
@ Vaisala_RS80 @ Vaisala_RS92 @ Vvaisala RS41
Boston, 1
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NOAA ICVS for RO: RAOB comparison

Temperature differences Specific Humidity differences
0 Number 2000 0 Number 2000
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UCAR COSMIC2 vs. Vaisala RS41
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1ISON

RAOB compari

NOAA ICVS for RO

NOAA/NESDIS/STAR NPROVS Collocation Summary Statistics

(NARCS)

Temperature 206.407 mb Layer Statistics, Sea, Microwave

Dec 2019
Aug 2019
Apr 2019
Dec 2018
Aug 2018
Apr 2018
Dec 2017
Aug 2017
Apr 2017
Dec 2016
Aug 2016
Apr 2016
Dec 2015
Aug 2015
Apr 2015
Dec 2014
Aug 2014
Apr 2014
Dec 2013
Aug 2013
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Dec 2012
Aug 2012
Apr 2012
Dec 2011
Aug 2011
Apr 2011
Dec 2010
Aug 2010
Apr 2010
Dec 2009
Aug 2009
Apr 2009
Dec 2008
Aug 2008
Apr 2008

-8~ GRAS Twet

=& COSMIC UCAR Twet

Highcharts.com

15

NOAA ICVS for RO Performance Monitor

14 Jan 2020



NOAA ICVS for RO: MW comparison
against RO

S-NPP ATMS Ch.06 O-B Trend w.r.t. GPS RO

53.596+0.115 GHz, clear-sky, over ocean, latitude: [-60,60]

1.0

0.5}

Algorithm change

—05}

_10 1 1 1 1 1 1 1 1
Apr Oct May Nov May Dec Jun Dec Jul Jan
2014 2014 2015 2015 2016 2016 2017 2017 2018 2019

Bias between ATMS and RO are routinely monitored; anomalies are investigated
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NOAA ICVS for RO: MW comparison using
RO for double difference

SNPP/NOAA-20 ATMS CH10 BT bias relative to RO simulated

b= © SNPP
4 0.5 | o MNOAA-20
=
= o
=
= 0.5 55 - = S —m
=
5 -1}
2
=
=-1.5 |-
5 2
01/201

eo®®o - B
000 a0 oo00®00a®,Pono0t 00 oc’o°'~'*C’°<’<’¢c;c.w:c>o°ooo<’"\v?”’(,oc‘“o"(“\“o\"o "00“00;’0;’833 2o
L L 1 I L L 1
01/2013 01/2014 01/2015 01/2016 01/2017 2018 01/201
Date
2 . ;

CH 10 BT double difference (NOAA20-SNPP)

01/2018 04/2018 07/2018 10/2018 01/2019 04,/2019
Date

* NOAA-20/ATMS early orbit bias due to calibration issues
* Use RO-CRTM for double differencing to study biases between ATMS on SNPP and NOAA-20
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Summary

NOAA STAR has developed a comprehensive integrated cal/val system
(ICVS) to ensure the data quality of all NOAA satellite measurements,
including Radio Occultation, for which COSMIC2 will play an important role
in many areas.

This web-based system supports instrument performance monitoring, inter-
comparisons with other independent measurements, and data assimilation
in collaboration with data users.

Radio occultation is becoming increasingly important for numerical weather
prediction, which requires similar level of support as for microwave and
infrared sounding instruments.

The next step is to develop low level processing capabilities & incorporate it
in ICVS (Level O/RDR->Level 1/SDR->Level 2/EDR) to support full chain
processing validation.

We are committed to support ICVS for our community users and
partners. Ongoing development and improvements are based on user’s
needs and feedback
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