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1. Assimilating non-radiance (conventional) observations 

a. Set up a variational run (hybrid 3DEnVar)

i. Set up a yaml file

b. Observation operators available in UFO

c. Quality Control available in UFO

d. Variational Application (3DEnVar)

2. Diagnostics

Outline
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Assimilating non-radiance observations

Set up a variational run (hybrid 3DEnVar)

3DVar cost 
function

Hybrid B
Inputs: 
xb: background fields                               
y: observations
R: observation error covariance matrix
B: background error covariance matrix

Output:
x: analysis

----from forecast
----in IODA format; from ioda-converter
----from observations file (ObsError group), or 
        defined in YAML as a filter
----for pure 3DEnVar, determined from ensemble 
        forecasts; needs localization input (L)

Bs: static B; Be: ensemble B; L: localization matrix; 
𝛽s and 𝛽s: static and ensemble weights
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Assimilating non-radiance observations

Set up a yaml file

(focus on observations)

observations:
     observers:

     - obs space:

           name: Aircraft

       obs error:

       obs operator:

       obs filters:

- obs space:
           name: GnssroRefNCEP
       obs error:
       obs operator:
       obs filters:

- obs space:
           name: Satwind
       obs error:
       obs operator:
       obs filters:
…
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Assimilating non-radiance observations

Set up a yaml file

(focus on observations)

observations:
     observers:

     - obs space:

           name: Aircraft

       obs error:

       obs operator:

       obs filters:
PreQC: Quality markers are assigned by 

various data pre-processing software

PreQC is assigned from ioda-converter in 

subroutine filter_obs_conv (as in GSI’s  

read_prepbufr.f90)
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Assimilating non-radiance observations

Set up a yaml file

(focus on observations)

observations:
     observers:

     - obs space:
           name: Satwind
       obs error:

       obs operator:

       obs filters:

Filter: Perform Action; action: assign error ⇒
ufo/src/ufo/filters/actions/AssignError.cc

Error estimates of observations flagged by the filter are 
set to a specified value. This can be either a constant 
(specified using the error parameter option) or a variable 
(specified using the error function option)

https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/actions/AssignError.cc
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Assimilating non-radiance observations

Set up a yaml file

(focus on observations)

observations:
     observers:

     - obs space:
           name: GnssroRefNCEP
       obs error:

       obs operator:

       obs filters:

Domain Check: 
ufo/src/ufo/filters/ObsDomainCheck.cc

Retains all observations selected by the where 
statement and rejects all others; here, the filter is 
used to control the maximum height one wants to 
assimilate RO observation. 

ROobserror (errmodel: NCEP): RO specific filter 

https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/ObsDomainCheck.cc
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Assimilating non-radiance observations

Set up a yaml file

(focus on observations)

observations:
     observers:

     - obs space:
           name: SfcCorrected
       obs error:

       obs operator:

       obs filters:

SfcCorrected operator: corrects the 
computation of surface atmospheric P at a 
location for the discrepancy in model 
topography at the observation location. 

Difference Check:
ufo/src/ufo/filters/DifferenceCheck.cc
Compares the difference between a 
reference variable and a second variable and 
assign a QC flag if the difference is outside of 
a prescribed range. 

https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/DifferenceCheck.cc
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Assimilating non-radiance observations

Observation operators available in UFO

Radiance

GNSS
RO

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html 

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/index.html
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Assimilating non-radiance observations

Quality Control available in UFO

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/qcfilters/index.html

Generic filters Background

Profile Specific QC Filters

Additional QC Filter Options
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Variational Application

./mpasjedi_variational.x ./3denvar.yaml ./mpasjedi_3denvar.log

executable YAML file output log file

mpasjedi_3denvar.log:
OOPS_STATS Run end                  - Runtime:   126.83 sec,  Memory: total:   30.45 GB, per task: min 

=  410.86 MB, max =  976.70 MB

Run: Finishing oops::Variational<MPAS, UFO and IODA observations> with status = 0

OOPS Ending  2026-08-06 11:32:52 (UTC-0600)

Output feedback files (per assimilated observation type):
obsout_da_aircraft.h5         obsout_da_gnssrorefncep.h5 
obsout_da_satwind.h5        obsout_da_sondes.h5

obsout_da_sfc.h5                …
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Diagnostics

hdfview

satwind 
feedback 
file

Group Name Meaning

ObsValue For when a specific variable is a direct observed/reported measurement, such as satellite radiance 
or surface weather observations of airTemperature and dewpointTemperature.

Metadata
Use this group name for ancillary data that provides added description to an ObsValue in general. 
Simple examples are stationElevation and airTemperature to provide the added information needed 
for the altitude for which a surface temperature observation was made. Similarly, the airPressure, 
altitude, and eastwardWind for radiosonde or satellite atmospheric motion vector winds.

HofX This is the end product of the forward operator, known in DA as H(x) or HofX.

ObsError This group name denotes Observation Errors that arrive from upstream data sources. The values are 
usually considered to be the standard deviation of observation errors.

EffectiveError
This group name is UFO’s computed effective ObsError value after any number of QC steps that may 
“inflate” or alter the ObsError. In JEDI, this final value given to the DA means that ObsValues with 
large relative EffectiveError have less impact than relatively small EffectiveError values.

EffectiveQC
This group name is UFO’s final QC value given by the QCflags.h enumeration of values associated 
with various QC rejection or other steps. Examples include Bounds Check, Domain Check, 
Background Check, etc.

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-
hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization

Selection of common group names and meanings

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/objects_and_layouts.html#group-based-data-organization
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Diagnostics

hdfview

satwind 
feedback 
file

Quality Control Flags

https://github.com/JCSDA/
ufo/blob/develop/src/ufo/fil

ters/QCflags.h 

https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/QCflags.h
https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/QCflags.h
https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/QCflags.h
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Diagnostics

Check output log file:

 Quadratic cost function: J  ( 0) = 527463.0707663337
 Quadratic cost function: Jb  ( 0) = 0
 Quadratic cost function: JoJc( 0) = 527463.0707663337
 Quadratic cost function: J  ( 1) = 518591.5723829174
 Quadratic cost function: Jb  ( 1) = 4.577579695354762
 Quadratic cost function: JoJc( 1) = 518586.994803222
 Quadratic cost function: J  ( 2) = 506511.4946705618
 Quadratic cost function: Jb  ( 2) = 31.13332883225612
 Quadratic cost function: JoJc( 2) = 506480.3613417295
 Quadratic cost function: J  ( 3) = 491953.1839359514
. . .

 Norm reduction ( 0) = 1
 Norm reduction ( 1) = 1.23090225813257
 Norm reduction ( 2) = 0.888815108038685
 Norm reduction ( 3) = 0.9037112461414154
 Norm reduction ( 4) = 0.7446933413990573
 Norm reduction ( 5) = 0.5788186291861125
. . .

QC counts for surface pressure 

QC counts for satwnd (U component)

Cost function and norm reduction 
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Diagnostics

Check cost function and norm reduction:

Under graphics:

├── standalone

        ├── plot_cost_grad.py
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Diagnostics Under graphics:

├── standalone

        ├── plot_diag.pyCheck observation departures figures:

OmA distribution RMS of OmB/OmA profile
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Diagnostics

For more scripts for diagnostics, check 

https://github.com/JCSDA/mpas-

jedi/tree/develop/graphics/standalone 

https://github.com/JCSDA/mpas-jedi/tree/develop/graphics/standalone
https://github.com/JCSDA/mpas-jedi/tree/develop/graphics/standalone
https://github.com/JCSDA/mpas-jedi/tree/develop/graphics/standalone
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