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• UFO - The Unified Forward Operator
o A brief recap of DA basics
o The JEDI approach
o Available operators
o Components:

• Observation bias correction (static BC, variational BC)
• Quality control (filters and functions)
• Observation uncertainties

• IODA - The Interface for Observational Data Access
• Observation converters

Outline
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JEDI Components
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JEDI Components
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In this talk we will focus on 
the “Obs” parts of JEDI 
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Where UFO and IODA fit in

JEDI - Abstraction and Genericity



Some about the "U" in UFO

model-aware
observation-aware

The "traditional" approach

The JEDI approach

model-aware
observation-agnostic

GeoVals

model-agnostic
observation-aware

Model 
State x

Simulated Obs h(x)
Obs Operator 1

Simulated Obs h(x)
Obs Operator 2

Model 
State x

Simulated Obs h(x)
Obs Operator 1

Simulated Obs h(x)
Obs Operator 2



Some about the "U" in UFO

model-aware
observation-aware

The JEDI approach

model-aware
observation-agnostic

GeoVals

model-agnostic
observation-aware

The "traditional" approach

Model 1 
State x

Model 2 
State x

Simulated Obs h(x)
Obs Operator 1

Simulated Obs h(x)
Obs Operator 2

Model 1 
State x

Model 2 
State x

Simulated Obs h(x)
Obs Operator 1

Simulated Obs h(x)
Obs Operator 2



8

A closer look at the JEDI approach

Observations

Field Values 
at Locations

Model 
State

Obs 
OperatorVariables

Obs 
Locations

For the case of radiosondes, it might request vertical profiles of the following atmospheric variables:
• air temperature
• humidity-related (e.g., specific humidity, relative humidity)
• wind-related  (e.g., zonal & meridional wind components, wind direction & speed)
• vertical coordinate (e.g., pressure- or height-based)

• The forward operator defines which variables it needs from the model to simulate observations.
• The model interface then returns GeoVals, which are basically vertical profiles of requested model variables 

at observation locations (spatial and temporal).
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A wide variety of operators have been interfaced with JEDI, a few highlights:

• Conventional:
o Vertical Interpolation (VertInterp)

• Radiances:
o Community Radiative Transfer Model (CRTM)
o Radiative Transfer for TOVS (RTTOV)*

• Radio occultation (RO):
o NCEP's Bending Angle Method (NBAM)
o MetOffice RO one-dimensional
o Radio Occultation Processing Package 1D (ROPP 1D)*
o Radio Occultation Processing Package 2D (ROPP 2D)*

• Ground-based GNSS:
o MetOffice GNSS

• Aerosol Optical Depth (AOD):
o CRTM AOD
o MetOffice AOD for dust

• Ocean surface winds:
o MetOffice scatterometer neutral wind
o Wind speed operator

• Reflectances:
o CRTM

• Radar:
o Reflectivity (DirectZDA)
o Doppler wind (RadarDopplerWind)
o Radial Velocity (RadarRadialVelocity)

The "app-store" of observation operators

* requires registration by their providers See detailed information at Observation Operators in UFO.

(and are constantly being)

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/obsops.html
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Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

A few examples of the available operators
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A few examples of the available operators

Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

Excerpt from
satwind.yaml

https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/operators/satwind.yaml
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Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

A few examples of the available operators

Excerpt from
airs_aqua_gfs_HofX.yaml

https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/airs/airs_aqua_gfs_HofX.yaml
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Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

A few examples of the available operators

Excerpt from
omi_aura.yaml

https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/omi_aura.yaml
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Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

A few examples of the available operators

Excerpt from
gnssrobndnbam.yaml

https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/gnssrobndnbam.yaml
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Satwind AIRS-Aqua AMSUA MetOp-A ATMS NPP AVHRR NOAA-18

CrIS FSR N20 GIIRS FY4A GOME METOP-A IASI METOP-B SSMIS F18

OMI AURA GMI GPM Scat Wind GNSSRO SBUV/2 NOAA-19

Radiosonde Aircraft Ship SST Surface

A few examples of the available operators

Excerpt from
sfcMarine_gfs_HofX.yaml

https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Surface_marine_obs/sfcMarine_gfs_HofX.yaml
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Observation Uncertainties in UFO
In JEDI, observation errors can be prescribed:

• when encoding the IODA file:
o by assigning standard deviation values for each 

observation in the file, via the ObsError group.

• at runtime of JEDI via YAML:
o by assigning standard deviation values through an 

observation filter
o with the option to be combined with observation 

functions.

Regardless of the option chosen, they can be inflated/deflated 
based on situation-dependent cases.

Important to mention that the observation error values obtained 
after running all the filters is the one passed for the DA solver.
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Observation Uncertainties in UFO

Excerpts from
sonde_gfs_qc.yaml

In JEDI, observation errors can be prescribed:

• when encoding the IODA file:
o by assigning standard deviation values for each 

observation in the file, via the ObsError group.

• at runtime of JEDI via YAML:
o by assigning standard deviation values through an 

observation filter
o with the option to be combined with observation 

functions.

Regardless of the option chosen, they can be inflated/deflated 
based on situation-dependent cases.

Important to mention that the observation error values obtained 
after running all the filters is the one passed for the DA solver.

https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Sonde/sonde_gfs_qc.yaml
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In JEDI, observation errors can be prescribed:

• when encoding the IODA file:
o by assigning standard deviation values for each 

observation in the file, via the ObsError group.

• at runtime of JEDI via YAML:
o by assigning standard deviation values through an 

observation filter
o with the option to be combined with observation 

functions.

Regardless of the option chosen, they can be inflated/deflated 
based on situation-dependent cases.

Important to mention that the observation error values obtained 
after running all the filters is the one passed for the DA solver.

Additionally, UFO is capable to handle the following covariance 
models:

• diagonal
• cross variable covariances
• within group covariances

Observation Uncertainties in UFO
Excerpt from
obserrorcrossvarcov.yaml

https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/errors/obserrorcrossvarcov.yaml
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UFO has Variational Bias Correction
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Variational bias correction an adaptive bias correction technique. In the DA system with VarBC, 
observation operators and control variables are extended to include bias correction procedures. 
The bias correction coefficients (𝛽') are optimized as control variables in the each analysis. 

This is accomplished with an extended cost function:

As well as an extended observation operator,

utilizing predictors 𝑝' of which many are available in UFO.

More on this later from Ivette!

• Available predictors

o constant

o thickness

o cloudWaterContent

o lapseRate

o emissivityJacobian

o legendre

o cosineOfLatitudeTimesOrbitNode

o satelliteOrbitalAngle

o sensorScanAngle

o sineOfLatitude

o obsMetadataPredictor

o read_bias

o interpolate_data_from_file
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All the observation quality control procedures in UFO are 
performed through the so-called "observation filters".

Filters are generic, entirely configured through YAML files, and 
already exist for a variety of applications:

• gross error checks;
• background checks;
• list of stations to be accepted/rejected;
• thinning;
• superobbing;
• derive new variables;
• inflate/deflate observation errors;
• thigh error bounds;
• and many more.

By construction, they can be used by many observation types 
once they are written.

Although the generic filters cover most needs, some additional 
specialized information is still needed. The so-called 
"observation functions" become handy in those cases.

Observation Quality Control in UFO

Excerpt from UFO (src/ufo/filters/QCflags.h)

More on this later from BJ!

https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/QCflags.h
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One observation data handling interface across the whole NWP chain

IODA - The Interface for Observational Data 
Access
IODA is responsible to perform all the I/O of observations.
It has been built based on the following requirements:

• flexible, capable of storing data & metadata, efficient I/O & 
compression, portable, secure, easy to use, reliable, capable of 
replicating operational functionalities, and many more.

It is capable of handling:

• HDF5, ODB, BUFR (read only), and scripting (read only).

Observation conventions do exist and are available at Convention Tables.

Currently at its version 3, it has an hierarchical group structure, where:

• groups are analogous to directories;
• and variables are analogous to files.

Python bindings are available. It gets installed in the lib 
folder under your build directory, which can be accessed 
through a simple import in your python-based utilities 
(see the lib folder inside your build).

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/tbls.html
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The conversion of observational data into IODA is handled by the converters from the ioda-converters project.

They are part of the jedi-bundle:

and its build can be activated by passing -DBUILD_IODA_CONVERTER=ON as an argument via command line to ecbuild at 
build time.

Similarly to the IODA Python bindings, they get installed inside your build folder (see the bin folder inside your build).

A wide variety of converters is available in various languages (most of them Python & Fortran, with some in C++) to convert 
data from various formats (most of them BUFR & HDF, with some binary, GRIB, and ASCII).

Some examples of the latest converters added to the project:

• TROPICS Millimeter-wave Sounder (TMS) satellite radiances from:
o the TROPICS mission
o Tomorrow.io

• Reflectivities from the Multi-Radar/Multi-Sensor System (MRMS) product
• Balloonsondes from Windborne
• Ocean Surface Winds speeds from:

o CYGNSS
o Spire L1 & L2

Observation Converters

Excerpt from
jedi-bundle/CMakeLists.txt

https://github.com/JCSDA/jedi-bundle/blob/develop/CMakeLists.txt
https://github.com/JCSDA/jedi-bundle/blob/develop/CMakeLists.txt
https://github.com/JCSDA/jedi-bundle/blob/develop/CMakeLists.txt
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Hyperlinks 
• Observation Operators in UFO:

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

• satwind.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/operators/satwind.yaml

• airs_aqua_gfs_HofX.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/airs/airs_aqua_gfs_HofX.yaml

• gnssrobndnbam.yaml:
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/gnssrobndnbam.yaml

• omi_aura.yaml:
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/omi_aura.yaml

• gnssrobndnbam.yaml:
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/gnssrobndnbam.yaml

• sfcMarine_gfs_HofX.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Surface_marine_obs/sfcMarine_gfs_HofX.yaml

• amsua_crtm_bc.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/predictors/amsua_crtm_bc.yaml

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

• sonde_gfs_qc.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Sonde/sonde_gfs_qc.yaml

• obserrorcrossvarcov.yaml:
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/errors/obserrorcrossvarcov.yaml

• Conventional Tables:
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/conventions/tbls.html#convention-tables

• jedi-bundle/CMakeLists.txt:
https://github.com/JCSDA/jedi-bundle/blob/develop/CMakeLists.txt
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Questions?

JEDI Documentation: https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
JEDI Forum: https://forums.jcsda.org/ (requires account to post/comment)
Github: https://github.com/JCSDA (public)
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