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Global model sees limited value of GNSS RO in lower troposphere
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(adopted from Bill Kuo’s presentation) s ECMWF



In a data assnmllatlon system, we minimize a cost functlon

Background errors
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Observation errors

Observations
Forward model

We have control over:
* vy, i.e. observations -> with QC
* H, the forward model

* R, the assumed observation errors -> Observation and forward representativeness
errors

Optimizing these terms with respect to observations is how we aim to

further improve analyses/forecasts (Background error later)




EDI Unified Forward Operator (UFO)
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JEDI NBAM Bending angle hofx ( x107 rad )

GSI Diag Bending angle hofx ( x10~ rad )
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Based on single bending angle profile (lat ~2.12N)

Diagonal error model. No vertical correlation

Obs error estimation is commonly based on O-B and/or O-A
statistics

Values diverge at lower levels (below 9km) and upper levels
(above 35km)

No seasonal variation is considered
Obs models are variant in latitude dependency:
* Full, limited, no dependency

Other factors considered in some models: temperature, tropopause
height, background error, processing centers

Difference in implementation
* obs error values (in radians) or

» normalized obs error values (in percentage) -> obs error values
computed by multiplying observed bending angle values

in various formats (“lookup table” (i.e. UKMO), linear functions, or

polynomial fitting functions) and interpolate or pick the nearest
errors to the specific obs points.

The selection of obs errors is dependent on the selection of
background, DA system, and QC



Normalized 3CH COSMIC-2 Obs errors (0-10km)

3CH method simultaneously estimates

= transmitter
= rising/setting 2-

uncertainties of the three data sets coseqrt bfrPrf
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JEDI/FV3 cycling system:
e JEDI benchmark Hybrid 3D-EnVar system

* NOAA GFS-FV3 forecast model: C384 (~26km) horizontal resolution, 127 vertical levels

*  Model Error Matrix (B): 90% Ensemble (from NOAA), 10% static from JEDI BUMP

* 6-hourly continuous cycles from 01 to 31 Aug 2021

* Assimilate observations from AMSU-A, ATMS, aircraft, geostationary atmospheric motion vectors, GNSS-RO

Experiments:

Control:

* JEDI-GDAS configurations: operator, obs errors, and QC adopted from NOAA Global DA System (GDAS)

* Assimilation of COSMIC-2 with operational obs errors (estimated by JCSDA using Oct 2019 C2 data)

3CH:

* same as Control, except using 3CH error estimates (using Aug 2020 C2 data)

3CHnorm :

* same as 3CH experiment, except using 3CH normalized error estimates

* Compute absolute obs error values by multiplying specific obs bending angle values inside JEDI at each obs

pol nt September 9: Optimizing the RO Data Assimilation Approach for the Prediction of Tropical
3CHnorm-LSW : Cyclogenesis with the JEDI/FV3 Global NWP System (Hailing Zhang, UCAR/JCSDA)

* same as 3CHnorm experiment, with additional LSW QC (rejecting observations with LSW>30%)
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Impact height (km)
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Control

3CH

4km impact height Fraction 3CHnorm’s Effective error (%) 2021080112-2021083118
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O-B and O-A difference between 3CH experiments and the control experiment in terms of 6h
forecast fit to radiosonde observations (average for one-month, 45S-45N)

C2-NBAM -45 - 45 (g/kg ) C2-NBAM -45 - 45 ( Kelvin)

—— C2-3CHnorm
— Q-3C:::mi5w —— C€2-3CHnorm-LSW

20 Solid: Background DEPAR
Dashed: Analysis DEPAR

Solid: Background DEPAR
Dashed: Analysis DEPAR

The difference in the standard deviation
(STDV) of the fit of radiosonde or raob to
the background forecast and resulting
analysis indicate general improvement
following the structure of the observation
] 3cH through the depth of the column.

10{ STDV

Pressure (hPa)
-1
S
Pressure (hPa)

1000

T B S+ Dashed: Analysis

Specific Humidity Temperature Solid: Background

Negative values indicate the experiment has smaller standard deviation (STDV) than control



4km impact height Fraction LSW(%) 2021080100-2021083118

4km impact height Fraction 3CH's Effective error (%) 2021080112-2021081518

90N T ! E ‘F ot ! ! '.w“ '*:‘J—-‘ ! " L B ! QON N L e e e L D L . T LA R R
60N -:-7 7 -I """"""""""""""""" i 60N S e
30N 0N posctenadel . Small s aame N
0 0 Papmaraliiitly. oo D) SRR S—r T
308 305 | : | :
60S , ) IR ----------- ........... ...................... A
%08 e e D D D v = == EN D SR S S
180 120W 60W 0 60E 120E 180 L 120W 60w 0 60E 120E
02 05 1 2 e R S LR VEETEE T o205 1 23 ¢+ 56 7 s w0nmuErE

Local spectral width
e |ow values in dry areas
e related to atmosphere uncertainty

e consistent with tropospheric moisture gradients

3CH error model
e value defined in bending angle

e fractionally become greater as bending
angle and LSW become smaller
e Similar results for CONTROL error model

180



Difference between 3CH experiments and
CONTROL in terms of number of

assimilated radiosonde

Number increase of assimilated
radiosonde indicates the
implementation of 3CH obs errors
and QC helped gearing the
background in the right direction

. Increased
20 number of
o assimilated
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qu
Reduced
number of | -
el —
assimilated =

radiosonde =

3CHnorm-LSW
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Local spectral width
e |ow values in dry areas

e related to instrument uncertainty
e consistent with tropospheric moisture gradients
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3CHnorm
e Maintained latitude dependency

e No dynamic adjustment
e Synchronized QC needed
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GNSSRO Count at 3-4 km
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Positive impacts (global average) from 3CH experiments

Caution is needed with the obs error model implementation

Absolute ob error penalizes low-uncertainty observations with larger relative ob error

More diagnosis is needed beyond global averages

Impacts of a new ob error model should also be undertaken in regional or multiple resolutions of NWP
Additional studies are still needed to allow obs error dependency by:

Season

Mission or receiver type
Transmitter
Rising/Setting occultation
And others

LSW shows benefits for both specifying uncertainty and use in QC — further work needed in both
Adaptive ob error model being performed currently beyond work shown here

Includes use of Local Spectral Width (LSW)
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O-B and O-A difference between 3CH experiments and the control experiment in terms of 6h
forecast fit to radiosonde observations (average for one-month, 45S-45N)

C2-NBAM 45 - 35 ( Kevin) C2.uBAM 45 - 45 (gi)
” i » Sokt e e
%
- - w| BIAS
: - The difference in the mean bias
R of the fit, is more difficult to
o interpret as NWP model biases
3CH 70 now play a stronger role.
Temperature Specific Humidity

Negative values indi!ate the experiment has smaller bias/standard deviation (STDV) than control



