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JCSDA: Joint Center for Satellite Data AssimilationJCSDA: Joint Center for Satellite Data Assimilation

JCSDA 
Team

JCSDA 
Team

NCAR
UCAR
NCAR
UCAR

NOAA
NWS
NOAA
NWS

NOAA
NESDIS
NOAA

NESDIS
NASA
GMAO
NASA
GMAO

NOAA
OAR

NOAA
OAR

NavyNavy

Air 
Force

Air 
Force

Academia, 
private sector 

&
international

partners 
(MetOffice)

Academia, 
private sector 

&
international

partners 
(MetOffice)

Main office: UCAR, Boulder, CO
Other offices: NOAA & NASA, College park, Maryland



Heights GPS‐RO is reducing the 24hr errors
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7-35 km height interval is
sometimes called the GPS-RO 
“core region”.

Global model sees limited value of GNSS RO in lower troposphere

(adopted from Bill Kuo’s presentation)



In a data assimilation system, we minimize a cost function

Observations
Forward model

Observation errors

We have control over:
• y, i.e. observations -> with QC
• H, the forward model
• R, the assumed observation errors -> Observation and forward representativeness 
errors 

Background errors

Optimize data assimilation

Optimizing these terms with respect to observations is how we aim to 
further improve analyses/forecasts (Background error later)



JEDI Unified Forward Operator (UFO)

JEDI GNSS‐RO operators/obs error models:
● (NOAA) NBAM 1D bending angle
● (UKMO) 1D bending angle
● (NRL) ROPP 1D bending angle
● (EC) ROPP 2D ray‐tracing bending angle
● “Local” refractivity

NOAA/GDAS vs JEDI

Joint Efforts for Data assimilation Integration

Next-generation data 
assimilation system

To be adopted by 
NOAA, NASA, NRL, 

MetOffice, NCAR

Provides a common 
platform to study 
current and future 

observations and data 
assimilation methods

P19: Real-time and retrospective monitoring and evaluation of bending angle with JEDI (Ben Ruston, JCSDA) 



• 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

JEDI RO Obs Errors from Different Centers

Based on single bending angle profile (lat ~2.12N)
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Three Cornered Hat (3CH) Observation Error
Normalized 3CH COSMIC-2 Obs errors (0-10km)3CH method simultaneously estimates 

uncertainties of the three data sets
The most prevalent feature is a dependence by 
latitude
Estimates for 45S and 45N lie at opposite ends of 
spectrum at lowest levels; indicating seasonal 
variation
Can be computed with sufficient statistics and 
reflect variation by:

▪ latitude
▪ season
▪ mission/receiver
▪ transmitter
▪ rising/setting

September 13 09:00: Errors in RO observations: what causes them and how 
can we estimate them (Richard Anthes, UCAR) 

45N
40N

20S
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Experimental Design
JEDI/FV3 cycling system:

• 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 

point
3CHnorm‐LSW :
• same as 3CHnorm experiment, with additional LSW QC (rejecting observations with LSW>30%)

September 9: Optimizing the RO Data Assimilation Approach for the Prediction of Tropical 
Cyclogenesis with the JEDI/FV3 Global NWP System (Hailing Zhang, UCAR/JCSDA) 
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Implementation of 3CH into JEDI UFO

obs count

3CH: find the nearest absolute 
obs error and apply it to the obs 
point

3CHnorm: find the nearest 
normalized obs error,  compute 
the absolute obs error by 
multiplying the observed 
bending angle value at the 
observation point

Obs errors (%) Obs errors (%)
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CONTROL (%)

Representation of Low Level Uncertainty

Normalized obs error

LSW



Absolute Obs Errors used in JEDI

Control

3CH 3CHnorm

3CHnorm 
(relative 
obs error)

Smalllarge



3CH

3CHnorm-LSW

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) 

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

TemperatureSpecific Humidity

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 
through the depth of the column.

3CHnorm

Raob Fit to Background (6h Forecast) and Analysis

Dashed: Analysis 
Solid: Background



Another Look ‐ in Percentage

3CHLSW

Local spectral width
● low values in dry areas 
● related to atmosphere uncertainty 
● consistent with tropospheric moisture gradients

3CH error model 
● value defined in bending angle
● fractionally become greater as bending 

angle and LSW become smaller
● Similar results for CONTROL error model

Smalllarge largesmall



Increased
number of 
assimilated 
radiosonde 

Reduced
number of 
assimilated 
radiosonde 

Pressure (hPa)

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

3CH

3CHnorm

3CHnorm-LSW

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

Impacts on Radiosonde Data Count



3CHnorm

Local spectral width
● low values in dry areas 
● related to instrument uncertainty 
● consistent with tropospheric moisture gradients

3CHnorm
● Maintained latitude dependency
● No dynamic adjustment
● Synchronized QC needed 

Next? GNSS‐RO Dynamic Errors 

LSW



Before QC

After QC

3CHnorm-LSW

Effective QC?
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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)

Conclusion and Future Work
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Questions



3CH3CHnorm

3CHnorm-LSW

Raob Fit to Background and Analysis
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) 

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

Specific HumidityTemperature

The difference in the mean bias 
of the fit, is more difficult to 
interpret as NWP model biases 
now play a stronger role.


