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JEDI Components
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In this talk we will focus on 

the “Obs” part of JEDI 



Forecast 4D-Var

Model Covariance Obs. Operator

…

Uses

EnKF

Abstract Layer (OOPS)

Obs. SpaceState

Generic 

Algorithms

Abstract 

Interfaces …

EDA

FV3MOM6

Implements

NEPTUNE …
Specific 

Implementations

Generic 

Implementations
UFO IODA

GNSSROCRTM …

SABER

OOPS is 

complemented 

by generic 

(shared) 

components.

Generic   Layer

Abstract, 

model-agnostic 

(generic) DA 

system

MPAS

JEDI - Abstraction and Genericity



Some about the "U" in UFO

model-aware
observation-aware

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

model-aware
observation-agnostic

GeoVals

model-agnostic
observation-aware

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



7

A closer look at the JEDI approach
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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:
Vertical Interpolation (VertInterp)

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

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

Ground-based GNSS:
MetOffice GNSS

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

Ocean surface winds:
MetOffice scatterometer neutral wind
Wind speed operator

Reflectances:
CRTM

Radar:
Reflectivity (DirectZDA)
Doppler wind (RadarDopplerWind)
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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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.

Greg Thompson

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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The Bias Problem

Satellite and some insitu obs carry a systematic bias (calibration drift, radiative-transfer error, scan 

position and air-mass effects)  The issue: DA assumes 𝐸 𝑦 − 𝐻 𝑥 = 0
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Modeling the Bias

෩𝐻 𝑥 = 𝐻 𝑥 + ෍

𝑖=1

𝑛

𝛽𝑖𝑝𝑖 𝑥
𝑏

corrected physics

learned correction

• 𝑝𝑖 𝑥
𝑏 : a predictor → a known function of state/metadata (a fixed “shape”)

• 𝛽𝑖: a scalar coefficient → how much of that shape to add to the correction.

• The coefficients are learned during the variational assimilation simultaneously with the 

state update!
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UFO has Variational Bias Correction
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Variational bias correction is an adaptive bias correction technique. In a DA system with VarBC, 

observation operators and control variables are extended to include bias correction procedures. 

The bias correction coefficients (𝛽𝑖) are optimized as control variables in each analysis. 

This is accomplished with an extended cost function:

As well as an extended observation operator,

utilizing predictors 𝑝𝑖 of which many are available in UFO.
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Available Predictors
Predictor Description

constant
A flat offset bias — value of 1.0 at every location (optionally restricted to land or 

sea). Captures a uniform bias common to all observations of a channel.

sensorScanAngle
The nth power of the sensor scan/view angle in degrees. Used (often with orders 1–

4 together) to correct scan-posit ion-dependent biases in cross-track scanning 

instruments.

legendre
Legendre polynomial of order n evaluated on the normalized scan position. 

Orthogonal basis for scan-dependent bias — better conditioned than raw scan-

angle powers.

lapseRate
Weighted sum of layer transmittances times temperature differences. Captures air-

mass-dependent biases tied to the vertical temperature structure.

thickness
Atmospheric layer thickness (km) between two pressure levels, normalized to zero 

mean and unit variance. Captures biases tied to mean layer temperature.

cloudWaterContent
Cloud liquid water retrieved from specific microwave channel brightness 

temperatures. Currently supports SSMIS. Corrects cloud-affected biases.

emissivityJacobian
Surface emissivity term from observation diagnostics. Important for microwave 

radiances where surface emissivity strongly affects brightness temperatures.

sineOfLatitude
sin(latitude) — captures latitudinally-dependent biases (e.g., RT model errors 

varying with solar zenith angle).

cosineOfLatitudeTimesOrbitNode
cos(latitude) signed by ascending/descending orbit node. Captures biases tied to 

orbital geometry and the diurnal cycle.

satelliteOrbitalAngle
Fourier term of the orbital angle: sin(n·θ) or cos(n·θ). Captures cyclical biases as the 

satellite traverses its orbit.

interpolateDataFromFile
Reads bias values from an external CSV/NetCDF file and interpolates them by 

metadata keys (e.g., station ID, pressure). Typically used for static BC.

satelliteSelector
Returns 1.0 for a selected satellite ID, 0.0 otherwise. Enables per-satellite 

coefficients in multi-satellite datasets.

obsMetadataPredictor Generic predictor — raises any ObsSpace metadata variable to a specified power.

readBias
Reads previously estimated bias coefficients from ObsSpace as a predictor input. 

Used for cycling bias corrections across DA cycles.
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Available Predictors (the error shapes)
Predictor Description

constant
A flat offset bias — value of 1.0 at every location (optionally restricted to land or 

sea). Captures a uniform bias common to all observations of a channel.

sensorScanAngle
The nth power of the sensor scan/view angle in degrees. Used (often with orders 1–

4 together) to correct scan-posit ion-dependent biases in cross-track scanning 

instruments.

legendre
Legendre polynomial of order n evaluated on the normalized scan position. 

Orthogonal basis for scan-dependent bias — better conditioned than raw scan-

angle powers.

lapseRate
Weighted sum of layer transmittances times temperature differences. Captures air-

mass-dependent biases tied to the vertical temperature structure.

thickness
Atmospheric layer thickness (km) between two pressure levels, normalized to zero 

mean and unit variance. Captures biases tied to mean layer temperature.

cloudWaterContent
Cloud liquid water retrieved from specific microwave channel brightness 

temperatures. Currently supports SSMIS. Corrects cloud-affected biases.

emissivityJacobian
Surface emissivity term from observation diagnostics. Important for microwave 

radiances where surface emissivity strongly affects brightness temperatures.

sineOfLatitude
sin(latitude) — captures latitudinally-dependent biases (e.g., RT model errors 

varying with solar zenith angle).

cosineOfLatitudeTimesOrbitNode
cos(latitude) signed by ascending/descending orbit node. Captures biases tied to 

orbital geometry and the diurnal cycle.

satelliteOrbitalAngle
Fourier term of the orbital angle: sin(n·θ) or cos(n·θ). Captures cyclical biases as the 

satellite traverses its orbit.

interpolate_data_from_file
Reads bias values from an external CSV/NetCDF file and interpolates them by 

metadata keys (e.g., station ID, pressure). Typically used for static BC.

satelliteSelector
Returns 1.0 for a selected satellite ID, 0.0 otherwise. Enables per-satellite 

coefficients in multi-satellite datasets.

obsMetadataPredictor Generic predictor — raises any ObsSpace metadata variable to a specified power.

read_bias
Reads previously estimated bias coefficients from ObsSpace as a predictor input. 

Used for cycling bias corrections across DA cycles.
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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)

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

• Filter thresholds: Instead of a fixed number, you can make a Background Check threshold situation 

dependent (e.g., ObsFunction/ObsErrorBoundMW combines latitude, transmittance, and channel-

specific factors into one adaptive bound).

• Where clauses: Test a derived quantity, like ObsFunction/Velocity (wind speed from u/v 

components), to decide which observations a filter applies to.

• Error assignment: Compute observation errors from a model (e.g.,ObsFunction/ObsErrorModelRamp 

gives a piecewise-linear error that ramps between two values based on something like cloud liquid 

water).

• Variable creation: Via Variable Assignment, you can write an ObsFunction result into ObsSpace as a 

new variable for downstream filters to use.

Observation functions (ObsFunction) are derived-quantity calculators. They compute values 

on the fly from existing ObsSpace data (observations, metadata, GeoVaLs, HofX, diagnostics) 

so you can use those computed values in places where a raw variable would normally go.

Here's an example that assigns a constant 

observation error of 120 Pa to surface 

pressure observations, but only in the tropics:

A more involved example: Assign errors 

interpolated from a file, but only where the 

observation has valid pressure metadata:



24

Setting up an ObsSpace
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Setting up an ObsSpace
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Setting up an ObsSpace
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Setting up an ObsSpace
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Conclusions

• UFO is one model-agnostic observation-space layer; GEOVals is the 
bridge that keeps the operator model-blind

• VarBC learns systematic bias as σ𝑖 𝛽𝑖𝑝𝑖  inside the cost function. It 
adapts per channel , cycles between analyses.

• QC is a composable: filters + actions +where + ObsFunctions, ordered 
automatically.

• The interface is a declarative YAML→ Powerful, runtime-flexible, and 
the easier than custom code. 
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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

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/obsops.html
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https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ufo/obsops.html
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/operators/satwind.yaml
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/airs/airs_aqua_gfs_HofX.yaml
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/gnssrobndnbam.yaml
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/omi_aura.yaml
https://github.com/JCSDA/ufo/blob/master/test/testinput/unit_tests/operators/gnssrobndnbam.yaml
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Surface_marine_obs/sfcMarine_gfs_HofX.yaml
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/predictors/amsua_crtm_bc.yaml
https://github.com/JCSDA/ufo/blob/develop/src/ufo/filters/QCflags.h
https://github.com/JCSDA/ufo/blob/develop/test/testinput/instrumentTests/Sonde/sonde_gfs_qc.yaml
https://github.com/JCSDA/ufo/blob/develop/test/testinput/unit_tests/errors/obserrorcrossvarcov.yaml
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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)

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://forums.jcsda.org/
https://github.com/JCSDA
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  J  ( x ) =  1 2    (  x −  x b ) T  B  − 1  (  x −  x b ) +  1 2    (   y 0 − H x ) T  R  − 1 (  y o − H x )


  𝛁 𝐉  ( 𝐱 ) → 𝟎


  J  ( x ) =  1 2    (  x −  x b ) T  B  − 1  (  x −  x b ) +  1 2    (   y 0 − H x ) T  R  − 1 (  y o − H x )


  𝛁 𝐉  ( 𝐱 ) → 𝟎


  E  [  y − H  ( x ) ] = 0


   H ~  ( x ) = H  ( x ) +  ∑   {  i = 1 } n   𝛽 i  p i  (   x b )


   p i  (   x b ) :


   𝛽 i


  J  (   x T ,  𝛽 T ) =  1 2    (  x −  x b ) T  B  − 1  (  x −  x b ) +  1 2    (   H ~  ( x ) −  y o ) T  R  − 1  (   H ~  ( x ) −  y o ) +  1 2    (  𝛽 −  𝛽 b ) T  B 𝛽  − 1  (  𝛽 −  𝛽 b )


   H ~  ( x ) = H  ( x ) +  ∑   {  i = 1 } n   𝛽 i  p i  (   x b ) ,


  (  𝛽 i )


   p i


   ∑ i   𝛽 i  p i

