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* Overview COSMIC-2 CAL/VAL Plan

* Count and QC performance

* Bending angle performance
— High altitude BA noise
— Co-planar collocations
— Inter-RO (C2 — Metop/K5)

e Refractivity performance

* Tropospheric duct detection

e Conclusions

COSMIC-2 on Aug 22,2019 — 4,115 profiles

* FM1 ¢« FM2 ¢« FM3 « FM5 « FM6
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. Threshold Requirement Altitude Req’t Value
* Evaluate payload data quality and Range [km]

certify EDR products for use by the

community

 COSMIC-2 level-1 requirements
(right) specified with COSMIC-1
collocation statistics + margin

* Requirements being verified with

combination of COSMIC-2

collocations and comparisons with
other observations and models

* COSMIC-2 CAL/VAL team

UCAR
JCSDA

NOAA/NCEP, NOAA/OSPO

NOAA/STAR, NOAA/ESRL
Taiwan’s NSPO and CWB

Quality-Controlled Profile Count
Quality Control %

Bending angle profile
measurement uncertainty
[urad]

Refractivity profile measurement
uncertainty
[N units]

Dry Temperature profile
measurement uncertainty [K]

Tropospheric duct height
(Objective)
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~(oswic Number of Profiles per day 3 UCAR

COSMIC-2 Daily Occultation Count

Requirements: 20004
— Average Number of Quality-Controlled Profiles ey
per day >= 4,000 & 25001
— QC%>=73% Chped
1000
To date (2019.198-259) 130,550 QC’d profiles o “/\ .
”ected 0 10 20 30 40 50 60
co N
Average QC Successrate ~ 72 % £ 4
g
Z 27
Average QC Success rate last week (2019.253- N
259 ) 0 10 20 30 40 50 60
_ A” FMS ~ 73 5% Days Since 2019-07-16
— FM1(v4.3.2)~ 86% (with L2P rising) COSMIC-2 on Aug 22, 2019 — 4,115 profiles

With 90% QC, COSMIC-2 could approach 6,000
QC’d profiles per day
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{S’ﬁ Bending Angle Comparison to ECMWF 71:% UCAR

* GPS, GLONASS data separately for recent week
— Results very similar for both GNSS

10 COSMIC-2 vs. ECMWF (2019-09-09 to 2019-09-15)
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C@i\% High Altitude Bending Angle Uncertainty ZV\V UCAR

. . . COSMIC-2 Bending Angle STDV
 STDV is the standard deviation of the »o | W G5 (N = 74120, Median = 0.63, Mean = 1.00)

difference between climatological e e S I )
bending angle and RO bending angle 161
between 60-80km

All COSMIC-2 Satellites

* This altitude range is chosen to avoid
most atmospheric and ionospheric
effects to measure the inherent noise of
the RO data
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STDV variation with latitude and local time z,,s UCAR

COSMIC-1 STDV vs MLAT and LT (Yue et al., 2015)

COSMIC-2 STDV vs. LAT and LT

C2_GPS @ 2019.197—-260
T - —T

MLAT

Latitude

2 6 10 14 18 22
Local Time

Only C2_GPS samples with stdv < 5 mrad
are included herein
[urad]

Courtesy: Z. Zeng
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The following results were computed from COSMIC-2
data at the UCAR CDAAC

Date range = 2019.197-247

Rising and Setting

GPS and GLONASS

L2C and L2P (setting only, rising marked bad)
Non-beam forming

lonospheric extrapolation height of 20 km
Only atmPrf GOOD profiles

Found collocated matches
— ~40 pairs for 10 km TPs
— ~280 pairs with 20 km TP separation used for this analysis
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C@/m/?? Co-Planar Collocated Occultations 74ys UCAR

COSMIC #2 COSMIC #3

LEQ satellite sub point
Faoy path ot start of occultation Ray paoth perigee sub—point
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c@ﬁf COSMIC-2 BA Collocation Stats
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Statistical
comparison of
collocated COSMIC-2
soundings with
horizontal
separations of the
estimated tangent
points < 20 km

2019.197-247

GPS and GLONASS

Only quality-
controlled profiles
used

Copynght (C) 19992009
University Copomtion for Almospheric Ressarch
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c@f\%{ COSMIC-1 BA Collocation Stats 74r¥ UCAR

10 km < altitude < 60 km

Count
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~(oswic  COSMIC-2 BA Collocation Stats 3¢ UCAR

e Global statistical . 20 km < altitude < 30 km
comparison of g o ™
collocated COSMIC- STD ~ 2.0 microrad ——

2 soundings with : [ 'S\/'T%an :
horizontal R - + .
. Count
separations of the .
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estimated tangent 1 1 )
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coseqrt_occt_atmprf : Bend_ang at 20:30:0.5 km (x1 0'5)
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COSMIC-2 GPS L2P Qutliers
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Global statistical
comparison of

collocated COSMIC-

2 soundings with
horizontal
separations of the
estimated tangent
points < 20 km

2019.197-247

GPS and GLONASS

Only quality-
controlled profiles
used
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C@;ﬁf COSMIC-1 N Collocated Statistics 747¥ UCAR

0 km < altitude < 10 km

e Global statistical Cou;to o ]10,00, . .20100, | '301001 . l4o[ool |
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C@Ei Inter-RO (C2 — Metop/K5) Stats K UCAR

2019.197-2019.234

0 0 Before sampling correction,
9518 pairs within 300km/3hrs
30f 30}
€ €
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= = After Sampling Correction,
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é@ﬁ/f Three-Cornered Hat Error Statistics

3CH estimates for

e Established: history in atomic clock
(Gray and Allan 1974), SST (O’Carroll
et al. 2008) error estimations

 Error standard deviation estimates
for C2, and co-located EC and GFS
24 hour forecasts

 Black lines show the C2 neutral
atmosphere requirements

* See Reference:

— Anthes and Rieckh (2018),
DOI:10.5194/amt-11-4239-2018

C2 wetPrf (unaltered refractivity) + EC forecast + GFS forecast

Initial COSMIC-2 3CH estimates are
similar with model estimates, but do
not meet requirements for refractivity.
Investigation ongoing.
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C@/mfi Tropospheric Duct Height Detection %,fv‘ UCAR

* Sokolovskiy et al. 2014 determined | | l . CZEf'2°19'21|‘1"23'34'G|29 l . l
via wave-propagation modelling that & 5:' o
super-refractive ducts can be reliably > > ; .
detected with SNR >2000 V/V by § O ol et et
examining existence of deep signals g
o, T T T T T T T T T
« The accuracy of the determination of 350 300 250  -200 150  -100  -50 . U100
duct height (requirement = 100 m) is height of straight line (km)
defined by the sub-Fresnel vertical 7 —— 7 . 7 | | |
resolution with the application of PM PM RO signal between -130 and -350 km
) ) 6 - applied 1 g I appliedat | g L{ arrives fromimpact height 3 km, i.e._
WO methods, which is known to be fé fgr all <-150 km from inversion layer. The height of
50-100 m. Thus the requirement is < g | signal 5L ™M | g |\ aninversion layeris determined
et % 2rigl7lzdk:1c with an accuracy of 100 m.
T4 - 4+ —
* The amplitude of WO transform g 5 | | 5 | |
applied for deep part of RO signal is 3 =
used only for the estimation of the T2 = . 2 - |
impact height from which the signal | T 1 | | |
is arriving. Once the maximum of the 0 5 10 0 3 001 002 003 004 0.05
distribution points to a single PM amplitude PM amplitude bending angle (rad)

inversion layer, the accuracy of that
pointing does not need
guantification.

Courtesy: S. Sokolovskiy
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Requirement Altitude Range Requirement | C-2 Current Best | Margin Comment
Description [km] Value Estimate [%]

Quality-Controlled
Profile Count

Quality Control %

Bending angle profile
measurement
uncertainty [purad]

Refractivity profile
measurement
uncertainty [N units]

Dry Temp profile meas.

Uncertainty [K]
Tropospheric duct ht

0-5km

5-10 km

10-20 km

20-30km

30-60 km

0-5km

5-10 km

10-20 km

20-30 km

10 -30 km

0.5-5km

4,000

73
1,700
300

20

0.7
0.1

0.03

100 m

4,115 on Aug 22,

2019
73.5

1555.9

2341

15.9

3.5

1.6

3.1

0.5

0.076

0.028

0.68

50-100m

0.7

8.5

22.0

20.5

12.5

20.0

-3.3

28.6

24.0

6.6

32.0

Only one day

For (2019.253-259)
Meets req
Meets req
Meets req

Meets req w outliers
removed

Meets req
Does not meet req
Meets req
Meets req
Meets req

Meets req

COSMIC-2 detected ducts
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Coswic Conclusions ¥ UCAR

 The COSMIC-2 CAL/VAL plan is underway

e COSMIC-2 has met 4,000 QC’d profiles per day on one day, and is
currently meeting QC percentage requirement

e COSMIC-2 is meeting ALL level-1 requirements when 2 outlier profiles are
removed, except

— COSMIC-2 refractivity requirement for O < alt < 5km is not being met

e COSMIC-2 STDV has latitude and local time dependence

e COSMIC-2 has detected initial super-refractive ducts with high SNR data

* Future work includes continuing analysis, debugging tracking and
retrieval issues and tuning QC algorithm
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