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Consortium of Jointness: share as much as possible without imposing a single approach

Goals

Next-generation unified DA for Earth system science
* Increase R20/02R transition rate

Improve science productivity and code performance

Collaborative working practices
BO@O@ = - Open-source code management

3¢ UCAR RockamS

[

NCAR Met Office

Modern software principles

- Separation of concerns
- Generic programing
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JEDI is designed to separate as cleanly as Abstract Layer (OOPS)

possible the concepts of: Generic

- data assimilation algorithms Algorithms

- estimated system’s specifics

- observations specifics

Most (Gaussian) DA algorithms can be Abstract Obs Vector
written using concepts of x, y, H, M, B, R, Interfaces } E ]

without knowing what grid x is distributed
on, how many different observed variables y
may contain, and whether M is an
atmospheric, a sea ice, or a multi-component

coupled model. Generic - Soupledstate: |
Implementations 3 coflection ot any SABER UFO IODA

existing States

The key of this design is the “abstract A

interfaces” that are used by DA algorithms

and implemented by specific models and

specific observations. 3
Specific ODB

Implementations




DA algorithms implemented:

3DVar, 3DVar-FGAT, 4DEnVar,
strong & weak-constraint 4DVar,
dual-space, ...

EDA (with any Var from above),
block-Lanczos EDA

LETKF, LGETKF (model-space
vertical localization)

Particle flow filter

Generic
Algorithms

Abstract State Covariance Obs Operator Obs Vector
Interfaces g B H y
1 4\ 4\ AN
1 L i 1
; Implements ! ! |
i : ! i
1
————————————— A— : : !
o 1 1
Generic : C(I)IuptI.ed St?te. 3
Implementations i cofiection ofany SABER ‘ UFO ’ ‘ IODA ’
existing States

Specific
Implementations




GEOS
NEPTUNE
MPAS

LFRic

Unified Model
UFS CAM
MPAS-Regional
WRF

UFS GSDChem
GEOS-AERO

UFS CAM-
CMAQ

MOM®6
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WW-III
NOAH-MP
QG
Lorenz 95
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Global Atmosphere
Global Atmosphere
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Global aerosols
Regional air quality

Global ocean
Regional ocean
Sea-ice
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Toy model
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Some examples of obs operators:

CRTM, RTTOV satellite radiances
Scatterometer neutral wind

Multiple operators for GNSSRO
refractivity and bending angle

Ground based GNSS
Conventional atmospheric obs
Corrected surface pressure
Total column water vapor
Conventional ocean obs

Cool skin temperature
Absolute dynamic topography
Sea ice fraction and thickness
Aerosol optical depth

In situ particulate matter
Radar reflectivity and radial velocity
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Forward Operator
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Duplication of effort
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Model aware - Observation agnostic Model agnostic — Observation aware

Model

1 (_crRTM/RTTOV_ ) Observation
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3 3

The App Store of observation operators!!



( Quality Control

ObsTypes:
- ObsOperator:
name: GnssroBndGSI
ObsFilters: ObsFilters:
- Filter: Domain Check - Filter:

where:

- variable:
minvalue: 0
maxvalue: 50000

Filter: Background Check

variables: [bending_angle]

threshold: 3.0

variable:

Domain Check

impact_height| ascending_flag

is_not_in: 1
where:

variable:

is_in:

occulting_sat_did

825

//

A

obs filters:

r: Domain Check

where:
- variable: {name: sea_area_fraction@GeoVals}
minvalue: 0.9
- filter: Domain Check
where:
- variable: { name: sea_surface_temperature@GeoValLs}
minvalue: 5.0

/}1

L

- filter: Background Check
absolute threshold: 0.2
- filter: Bounds Check
minvalue: -2.0
maxvalue: 2.0
action:
name: assign error
error function:
name: LinearCombination@ObsFunction
options:
variables: [mesoscale_representation_error@Geovals,
obs_absolute_dynamic_topography@ObsError]
coefs: [0.1,
0.01)
- filter: BlackList
where:
- variable:
latitude@MetaData
: -65
maxvalue: -30

name:

minva

- variable:
: longitude@MetaData
: =125
maxvalue: -90
- filter: BlackList

here:

nam

minva

Land mask
Reject ADT obs if
SST<5°C

Reject ADT obs if
|Obs-Bkg|<0.2 m

Reject ADT obs
outside of
[-2.0m, 2.0m]

Assign ADT
obs error

[m]

Reject ADT obs in
specific region

Rejected observations

ADT error [m]

Rejecting
KOMPSATS
rising profiles



Phase 1: match skills of operational systems

GEOS-FP
GFS-v17

GEFSv13

2023 2024

Phase 2: foster
scientific innovation

Atmosphere
Hybrid
4DEnVar

Constituents
3DVar

Sea ice
LETKF

R EOR HAFSv3
LFRic RRFSv2
GALWEM [RTMAv4

NEPTUNE us

MERRA-3

2025

€SUFS

)' UNIFIED FORECAST SYSTEM



CrlS (N20/NPP)
IASI (METOP-A/E

L

METAR
SYNOP

RAOB

Altimeters (3A/3B/C2/J3/SA)

CO (MOPITT)

Ocean Profile

NO2 (TROPOMI)

Soil Moisture (SMAP)



Community

Air Force
Met Office

MERRA
GOCART

NOAA

RTMA GEOS-FP

JEDI = unified DA system with multiple configurations
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Scientific diversity without reinventing the wheel



° Online tutorials (www.jcsda.org)
'—J 7 JEDI Academies (week-long)
aaa 500+ padawans (35 universities

+ 11 private + 9 international)

Public Releases
2021-6-11 JEDI-FV3 vl

2021-9-24 JEDI-MPAS v1
Y, 2021-11-4 JEDI-SOCA v1

2022-07-18  JEDI-SKYLAB v1

2022-10-11  JEDI-SKYLAB v2
2023-01-09 JEDI-SKYLAB v3




—— wrf_hydro_nwm_jedi

Next JCSDA Science Workshop: Mav 16-18, 2023 in Boulder, CO (+virtual) 2022-10-11  JEDI-SKYLAB v2

% of lines still present in code after n years

ﬁaining

e , | Online tutorials (www.jcsda.org)
'—J 7 JEDI Academies (week-long)
aaa 500+ padawans (35 universities

+ 11 private + 9 international)

Public Releases
2021-6-11 JEDI-FV3 vl

2021-9-24 JEDI-MPAS v1
Y, 2021-11-4 JEDI-SOCA v1

2022-07-18  JEDI-SKYLAB v1

2023-01-09 JEDI-SKYLAB v3 »
$ e
AW
How to contribute 3 Vol

Discuss planned contributions ahead of time (inclusive)

Effort is oriented toward optimal genericity (reusable)

You may not be the sole owner of design/code (collaborative)
Basic object-oriented training may be needed (modular)
Developers need to also write tests and documentation (ci/cp)
You may need to keep up with quickly evolving system (agile)
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