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The “Quiet Revolution”
Agencies converging on
next-generation,
open-source, unified
data assimilation

+ private
+ academia
+ international

\
P !

Joint Center for Satellite Data Assimilation (JCSDA)
developer and steward of
Joint Effort for Data assimilation Integration (JEDI)

Consortium of Jointness — More science, less redundant work
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The NOAA NESDIS Commercial Data Program (CDP) has enabled access to Spire GNSS-R
ocean surface winds (OSW) data. These are converted to JCSDA JEDI IODA format.

JCSDA will use JEDI Skylab testbed with the JEDI MPAS and JEDI FV3 configurations for
end-to-end experimentation.

JCSDA has specifically designed for GNSS-R OSW, JEDI configuration files (YAML format).

These provide a user-friendly way to customize quality control procedures and
observation error assignments, independently of the JEDI source code.

Code baseline and code updates will be publicly accessible via the open source version of
JEDI on JCSDA GitHub repository.

JEDI Github - jedi-bundle
JEDI Documentation - readthedocs

Recent news (20Mar2025): Weather Company adopts JEDI to improve everyday forecasts
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https://github.com/JCSDA/jedi-bundle
https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/index.html
https://news.ucar.edu/133012/weather-company-adopts-jedi-system-improve-everyday-forecasts

Data Assimilation is
used to evaluate impact
. 2024-04-26 00:10:00Z
of observations on ABI. GOES 16/18

ch 142 (day/visible)

environmental model(s). [peattars

JEDI:
Configurable
model-agnostic
observation operators

right figure:
JEDI trial at high-spatial
and temporal resolution

demonstration of:
GOES visible & IR, and
ground-based RADAR
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https://docs.google.com/file/d/1Ua9wQNZuSoZD-QfJMDxID1lKlZTIDWz0/preview
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JCSDA JEDI SkyLab is an end-to-end workflow for a cycling data assimilation system.

SkyLab brings multiple model interfaces that are abstracted allowing for generic observation

operators and solving methods.

JCSDA Skylab diagnostics include the ability to use an
external analysis as verification. We routinely use the
ECMWF ERA-5.

Shown to the right is a verification of a Skylab run with
JEDI-MPAS, demonstrating GNSS-R OSW data.
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1. Observation data ingest & processing

2. Compute Observed minus Simulated (OmB) departures

3. Compute DA increment + forecast + observation impact
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JCSDA examined the NOAA purchased Spire OSW dataset (about 6 mos), it was ingested alongside the
NASA CyGNSS data and other ocean winds such as the EUMETSAT ASCAT scatterometer.

__Spire__

osw windEastward Observation 20240131T18Z_PT168H osw windEastward Observation 20240201T00Z_PT168H scatwind windEastward Observation 20240131T18Z PT168H

min= -22.86 max=  23.5 mean= -1.715 stdv=  5.226 min= -23.57 max= 28.07 mean= -0.634 stdv= 5.395 min= -20 max= 19.9 mean= -0.8446 stdv=  6.021
180°W 120°wW 60°W o 60°E 120°E 180°E 180°W 120'w 60°W o 60°E 120°E 180°E 180°W 120°W 60°W o 60°E 120°E 180°E

Total: 4711759.0

Total: 1643310.0

-15 -10 5 0 s 10 15 -15 -10 5 0 H 10 15 15 -10 -5 0 H 10 15

Data ingest enabled from NOAA, python-based decoder established for JEDI IODA file creation from GNSS-R
OSW from CyGNSS, Spire and Muon. Decoders in-place for other NOAA operational observations.
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JCSDA created a new JEDI observation function allowing the use of the wind direction from the modelto
separate the OSW speed into zonal and meridional components. This provided an end-to-end ability to
perform the forward operator and adjoints (assuming identity) necessary for variational data assimilation.

__ Spire

osw windEastward Observation - H(x) 20240131T18Z_PT168H osw windEastward Observation - H(x) 20240201T00Z_PT168H scatwind windEastward Observation - H(x) 20240131T18Z_PT168H

min= -14.78 max= 13.3 mean= -0.06781 stdv= 1.074

min= -16.71 max= 14.76 mean= -0.16 stdv= 1.751 min= -6 max= 6 mean= -0.3153 stdv= 1.356
180°W 120°W 60°W o 60°E 120°E 180°E 180°W 120'W 60°w o 60°E 120°E 3

180°E 180°W 120°W 60°W. 0 60°E 120°E 180°E

60°N

Total: 4729252.0

Total: 1643310.0 Total: 1288249.0

0 2
ms

- [ 2 4 -4 -2 0 2 4 -4 -2 4
s s

A combination of passive runs and non-cycling DA (re-initialized for each time) were run over the entire
dataset. These helped to establish quality control methods and observation error determination.
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In-depth examination of the analysis response, and increments (inc) were undertaken to ensure system
performance. The final impact system was a 30 km global 3DEnVar using the JEDI-MPAS interface.

inc of eastward_wind at 1000 hPa in m/s inc of eastward_wind at 925 hPa in m/s
min=  -2.74m/s max= 1.924m/s mean= -0.03613m/s stdv= 0.5468m/s min=  -2.205m/s max= 1.713m/s mean_ -0.003743m/s stdv= 0.4793m/s
180°W 120°W 60°W 0° 60°E 120°E 180°E 180°W 120°W 60°W 60°E 120°E 180°E
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A single snapshot of increments from Feb 16, 2024, at 00 UTC for the zonal or eastward wind.
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The change in fit of other observations in JEDI Skylab can help determine value to system.

windEastward Timeseries
Air Pressure : 700.0-1000.0 hPa

Standard Deviation
o

2.00
175 ——— - mer -
_____ PN PRSI T 2 i T et e E i T L ISP PR DY e N G
1.50 '~~‘_-’-_— ~-
’
2024-06-01 2024-06-05 2024-06-09 2024-06-13 2024-06-17 2024-06-21 2024-06-25 2024-06-2924-07-01
Time
— all control — spire

The fit of radiosonde by the cycling system as it evolves shows differing response to the additional data.
Trials for June 2024 shown above for: control (no GNSS-R OSW), Spire, and Spire+CyGNSS+Muon.
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Forecast impacts to 24-hours for JEDI-MPAS system using ERA-5 as verification baseline.
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1000 hPa 7f8b3d
c04dc3
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c04dc3
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700 hPa 7f8b3d
c04dc3
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8984c3
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c04dc3

Forecast impact for June 2025 is shown for three trials with RMSE difference again ERA-5 shown
Control (8984c3), Spire OSW (7f8b3d) and NOAA L2 Spire (c04dc3).
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GBL TRP
RMSE RMSE
2.02 2.04 2.07 2.1 112 1513 1.14 115
1.96 1.98 2.01 2.04 11 111 112 1.13
1.95 1.98 2.01 2.04 112 113 113 115
3.04 3.1 3.15 3.21 1.19 1.2 1.22 1.24
2.94 2.99 3.05 211 1.18 1.2 122 1.24
ks 3.05 3.1 3.17 1.19 121 1.23 1.25
2.75 2.8 2.86 2.92 1.35 1.36 1.38 1.4
2.65 27 2.75 2.81 133 138 1.36 1.38
2.73 2.78 2.84 2.9 1.34 1.36 1.37 1.39
2.49 253 2.58 2.64 1.44 1.46 1.47 15
239 2.44 2.48 2.53 1.42 143 1.45 1.47
2.46 25 2.55 2.6 1.43 1.44 1.46 1.48
PT6H PT12H PT18H P1D PT6H PT12H PT18H P1D
0.0011 0.00112 0.00113 0.00116 0.00119 0.00119 0.0012 0.00122
0.00108 0.00109 0.00111 0.00113 0.00119 0.00119 0.0012 0.00121
0.00109 0.00111 0.00113 0.00115 0.00119 0.0012 0.00121 0.00122
0.00139 0.00141 0.00144 0.00147 0.00161 0.00162 0.00164 0.00166
0.00138 0.0014 0.00143 0.00146 0.0016 0.00162 0.00164 0.00166
0.00138 0.0014 0.00143 0.00146 0.0016 0.00162 0.00164 0.00166
0.00173 0.00176 0.00179 0.00183 0.0023 0.00233 0.00235 0.00239
0.00171 0.00173 0.00177 0.0018 0.00229 0.00231 0.00233 0.00237
0.00171 0.00174 0.00177 0.00181 0.0023 0.00232 0.00235 0.00238
0.00139 0.00141 0.00144 0.00147 0.00198 0.002 0.00202 0.00204
0.00136 0.00138 0.00141 0.00145 0.00195 0.00197 0.00199 0.00202
0.00137 0.00139 0.00142 0.00145 0.00195 0.00197 0.002 0.00202
PT6H PT12H PT18H P1D PT6H PT12H PT18H P1D
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JCSDA
GBL TRP
RMSE RMSE
3.66 377 3.9 1.85 19 1.94 1.99 10.0
3.73 18 185 19 195
371 1.83 1.89 194 1.99 75 ©
B
5.0 =]
4.89 5.02 5.16 5.32 23 2.39 2.46 251 E
o)
471 484 4.99 5.15 226 234 241 2.47 25 3
482 4.95 5.1 5.26 229 2.38 245 251 3
0.0 o
4.85 4.97 5.11 5.26 2.68 2.8 2.9 2.98 s
4.66 477 4.92 5.07 263 275 2.84 2.93 25 o
©
4.81 4.93 5.08 5.23 2.68 2.8 2.9 2.99 50 @
S
5.13 5.26 5.41 5.55 313 32 3.28 336 75 Y
4.87 5 5.16 5.29 3.0 3.16 324 332
5.1 5.24 539 553 312 32 3.28 337 -10.0
PT6H PT12H PT18H P1D PT6H PT12H PT18H P1D
3.62 374 3.86 3.99 1.95 1.98 2.02 2.06 10.0
3.46 359 371 3.85 191 194 1.99 2.02
3.53 3.66 38 3.94 1.94 1.97 2.01 2.05 7.5 ©
3
5.0 o
4.81 4.96 5.11 5.27 22 225 23 234 Ed
467 482 497 513 217 222 227 231 25 14
: o
48 495 5.11 5.28 219 225 229 234 2
0.0 o]
472 484 4.98 5.13 228 235 241 247 s
455 4.67 4.81 4.96 225 231 237 2.42 25 o
©
4.69 4.82 4.96 5.12 2.28 2.34 24 2.46 -5.0 j“;
n
5.06 5.22 5.37 5.52 2.68 2.73 278 2.84 75 ¥
48 4.95 5.1 524 2.65 2% 2.75 28
5.02 517 5.33 5.47 2.67 2.72 277 2.83 -10.0
PT6H PT12H PT18H P1D PT6H PT12H PT18H P1D

in cell.
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JCSDA is developing JEDI, a broad cross-functional configurable assimilation system for
partner applications.

JEDI SkyLab is used by JCSDA to demonstrate observation behavior and establish pathways
for current and emerging data to be assimilation (e.g. error estimation methodology and quality
control approaches).

JCSDA has created ingest pathways for GNSS-R Ocean Surface Wind (OSW) from multiple
sources the NASA CyGNSS, Spire and Muon Space.

JCSDA has exercised the JEDI-FV3 and JEDI-MPAS interfaces with SkyLab, to develop
configurations that display positive impact from GNSS-R OSW on environmental forecasts.

The highly customizable JEDI system as demonstrated with Skylab is being used for a wide-range

of applications, and provides a user-friendly way to customize quality control procedures and
observation error assignments, independently of the JEDI source code.
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_source: tes
obsdatain:
engine.
type: HSFile
missing file action: error
obsdataou
engine
type: HSFile
allow overwrite:
io pool:
write multiple file
simulated variables:
observed variables:
derived variable:

This YAML is the JCSDA JEDI Skylab working e Vetier

vertical coordinate
observation vertical coordinate

configuration for Spire OSW assimilation.

- name: wir
maxvalue:

name: rej
to post

T

ufo — vi osw_spire.yaml — 110x72

rd wind where northward wind wa and vic

filter: Rej

filter varial g

- name: windNorthw

where:

- varigble: QCflagsData/wi
minvalue: 1

defer to post: t

filter: Rejectlist

filter variables:

- variable: QCflagsData/windNorthward

minvalue: 1
defer to post: true
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