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== Met Office

JEDI Overview

... Collaboration

Config.yaml

oopPs *

1 1
1 1
1 1
1 1
! Centralinterface !
: DA algorithms !
1 1
1 1
1 1
1 1
1 1

Run time
instructions to
sequence objects

Fully generic DA

algorithm

Structured and
unstructured grids

JEDI is a collaborative development between JCSDA partners to develop a e
unified data assimilation system: [ R

- From toy models to Earth system coupled models 3| 3

- Unified observation (forward) operators (UFO) -1

- For research and operations | mows
— Share as much as possible without imposing one approach (one

system, multiple methodologies/configurations) !

<—

o
® = s 2
: . < S 28 c
| w
i | z = 520
1 : > 5 o
: Changes in HPC Fully exploit future generations of supercomputers I 1
| landscape Scalability, efficient /O : . —— - e
| Memory and novel parallelism in era of large (1000s) ensemble DA :
| |
| Technical Increased modularity (more object-oriented capabilities) :
| Expanded range of platforms (traditional HPC, cloud, laptop, etc) : _
| | :if_ 2l
: More complex science  Flow-dependent QC, ensembles | '% % : “g g . 'g g £
! Strongly-coupled earth system DA, etc. ! = = o * 9 a -+ Q 5 S
I I 5 @ O = z - E 8 =
1 |
: Future Applications Nowcasting, cloud analysis, city-scale DA, composition DA, multi-models, etc. : , 3 , ,
| _ | Covariance File Formats Observation Operators
: Human Current OPS/VAR too complex for wide-spread use : modelling + N
! Need to encourage wider collaboration (academic users, those working on other models) : Obs data model Qc filters
|
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= Met Office JEDI Overview

Collection of bricks

Instructions ‘ RN
how to I———— '% # s

——— functions, methods, assemble the w
i classes, procedures bricks Assemble the bricks )
S using modern
| computation techniques
1
e e e e e e e e e e e e e e = = = = = = = = = = = = = = = = = = = = = = = = = = = = - - - - —— 4
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Object Oriented Prediction System

* OOPS is the abstract, model-agnostic DA system. It is top level of JEDI
that orchestrates the configuration and execution of applications.

e OOPS contains:

oops #*

+ _______

i : ;| Fully generic DA  Generic data assimilation algorithms

! C;l;tr:lsllnt_el:face ! |algorithm -

S * Abstract interfaces

' @ ! |Structured and . . .. .

| wiTias T :}unstructuredgnds * Applications to run the data assimilation

 Toy models

 OOPS isindependent of the underlying model and physical system.

Abstract Layer (OOPS)
Generic o ) ammmm p :
Algorithms H(x) ‘ ‘ Var DA ‘ EDA ‘ EnKF ‘ ‘
Use /N
Abstract N[ S .
Interfaces State ‘ Model ‘ Covariance ‘ ‘ Obs. Operator ‘ Obs. Space ‘
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== Met Office Data Assimilation Schemes within OOPS

e 3DVar

Observations
Analysis

Previous
forecast

e Assimilation window .
time
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== Met Office Data Assimilation Schemes within OOPS

e 3DVar | : . :
Observations , ? |

 3DFGAT | [
| |

Analysis : ! :

I ! !

| |

Previous : L~ | |

forecast : e |

| |

e  Assimilation window : fime <——— Assimilation window ’: time
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== Met Office Data Assimilation Schemes within OOPS

* 3DVar | ' : :
Observations : ' ,
* 3DFGAT . P
| |
* 4DVar Analysis : e | |
| |

Previous : N /
forecast : 7 :
| |

<« Assimilation window : fime < Assimilation window ,: fime

)
4

e Assimilation window

\'

time

© Crown Copyright 2025, Met Office



== Met Office Data Assimilation Schemes within OOPS

* 3DVar | . . .
Observations : ? :
* 3DFGAT | P
| |
* 4DVar Analysis : e | |
e 4DEnsVar : :

Previous : N /
forecast : e :
| |

<« Assimilation window : fime < Assimilation window ,: fime

)
4

e Assimilation window e Assimilation window

\'

'

time time
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== Met Office Data Assimilation Schemes within OOPS

* 3DVar _ ! . !

Observations : ’ :

 3DFGAT | P

* 4DVar Analysis : e | |
* 4DEnsVar : :/

. Previous : — :

LETKF forecast ! // |

* LGETKF | !

)
4

e Assimilation window e Assimilation window

\'

'

time time
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= Met Office Toy models in OOPS

........ Potennalvornc}ty'ns._l

T
. . . 6.3e-04
* Two toy models are available within é £ 3058
8 :2.4e-04
. ~ -1.1e-04
OOpS. | . EJ j.;. .............. iégg%
* Quasi Geostrophic model g = _ | 41e0a
° = -150°E —=100°E =50°E 0°E 50°E . 100°E 150°E ; 0
Lorenz 96 model 5 E ‘ _ _ _ 6.9¢-04
8 § AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA %égzcg)%
* Used to test code changes and new O & 154
. ‘n 2 --3.1e-04
developments quickly. g =z - S | ol
ij -150°§ —-100°E E-SO°E 0°EE 50°E 100°E 1.50°E :
e Can be used to run research | | | | |
experiments. .
| . s
* They also allow for extensive unit g
testing that is always run on oops pull Q
requests that provide advance warning %
of any issues S
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= Met Office OOPS Applications

e Data assimilation runs are
controlled by configuration files
(more later) and run via the OOPS
applications.

* Example applications include:

- HofX.h

- Variational.h

- Forecast.h

- EnsembleApplication.h
- GenEnsPertB.h

© Crown Copyright 2025, Met Office



OOPS Applications

Data assimilation runs are
controlled by configuration files
(more later) and run via the OOPS

applications.

Example applications include:

- HofX.h

START
T —

Factary create: CastFctaD!

T N
;
T
- >setupTerms. —

CostFctdDVar:CostFetdDVar

Costlo and CosteDF term
stio, objects such as

CostFunctioni:setupTerms

- Variational.h =————lp

- Forecast.h

- EnsembleApplication.h

- GenEnsPertB.h

LinearModel:forecastTL  [dxstatel) renamed as dx)

Variational Application (for the case of incremental 4DVar) [l iz fresetovject [ conditonat necution  —— program iow PCGMinimiter::solve
Runs specific solver for
Updated 18" January 2024 B vetrod can —— Expanding ona method Ax = b linear system

Incrementalssimilation

NST Controlvariale | x |
’F.. P

Tnitialise first guess from background Al NS Minimizer ¢ | minim }

e a1 Outer Loop
I

INST PostProcessor | post ity J-»evaluate (with “linearize? =true) [ INST Controlincrement * | e — e Ll

{Optional) Enroll Stateinfo to post [ SEIE NI

Relevant rgs: dx, rhs,

ST Contralincrement * | dx bod
[ Aea: winkm-mlededze |

Here we use PCG (a primal minimiser) as an example; other

CostFunction::evaluate

Returns Contralinerement * Argi L

J->evaluate [with “Tineari false]
xx.

—_

CostFctdDVar:doLinearize
("lawres renamed as resal; post renamed as pp)

Enroll TrajectorySaver to pp [when this is run,
pptra] will also be run at the same time]

Costio:setpostProcira)
(fiuess renamed as xx)

INST ObserversTLAD *

_obstlad_->initializeTra)
st lowres, o obsarl). ppira]

Enrall GetvalueTLADs to pptraj

Costio:zsetPostProc
(fguess renamed as xx; post renamed as pp)

e
I_i

T observers_initialize

i
§
o
;
H

CostlcDF|::setPostProcTral

INST WeightedDIffTLAD *

Envoll WeightedDIffTLAD to pptraj

a
1INl
M

Enroll GetvaluePasts 1o pp

i

CostICDFI::setPostPrac
{past renamed as pp)

INST Weighted0iff ¢ | filter_ |

Enroll WeightedDiff ta pg.

Costlo::compiteCost

| st Observations |

To be filled with modelled obs. (o)
—
| observers_>finalize [T

+
[ wsr omersions | |
Only if this is the first outer loop
—

| insT Departures | yilep |
S ! 3 parts of J,, term are linarised
costlolc_
= .
A INST Controllncrement
)_>cemputeCostTral —

All 3 parts of dxFG_ are filled with
first-guess increment

CostFetdDVar:zrunbiL {xxtmp renamed as xx}

5
i

fguess). post

—

Returns value of J, term

Costin3Dzlinearize

Ml INST ModelspaceCovarianceBase * | &_ |

i

1 Factory create: e.g. modelled covariance
CostlcDFl::computeCost
O Costlb_=jb_><omputeCost |
filter_>releaseliff - CostiosicomputeCostTraj
Returns total value of cast function .
Rety il f | terr '
SXE R ED (= costib_+ costiole_) CEm=rmay ]

P
(&
AI| 3 parts of first-guess increment are _
BRll 1157 increment grad “gradFG_ multiplicd by matrix
T - C——

Retums value of J,, term Arg: filad_->releaseDiff

[ tm_>iialzer. MM cost nalizenl. BM costprocesst. | ] | costfinalzer._ N i finaiier. 8
D [ETTE TR O I
.

LinearMedel

recastAD [d.statel) renamed as dx)

[t >fnsioesd Bl confnsizeaD B cosprocesséD | @  costinizaioeAd Rl i inalzend [
O TN T [Feicaroz o laes |

|

Arg:

()

+
o T
Cra—

¥
Costrunction::computeGradientsG
(rhs renamed as grad)

I
[

[ver (o |

post int foptional), and

; inside there isa
‘which includes GetvalueTLADs and WeightedDIffTLAD

model_initialize [ pastinitialize  EEY postprocess |

iterms_[ji) computeCostaD
e
grad, costad

PCG (hessian renamed as A)

Inner
inimisers are run differently op

INST PostPraces id
BT | o enamentas fuess) miie dotiimize ST HessianMatc | hessan I INST Controincrement * | i [ Joiblladdoradiente PRI o
. D | N [T et — i
—.

[ minimesoive ] [ty BB
|
N

Enroll GetvalueTLADS to costad

f
postinalze WO nyogel inalze | HesslanMatriczmultiply  Inputs: dx, oz
N [T NST PostProcessorTLAD

Costio:setPostProcTL

(costt! renamed as ppti)

“abstlad_->initializeTL [N

[Feon Wl itermiisetbosterocn.

Envoll GetvaluerLADs
=

|
T

CosticDFI::setPostProcTL Args: e (= dx). costtd
(costtl renamed as pptl}

T
o
Enroll WeightedDIffTLAD

to pptl

Costlo:computeCostTL

-

Geovals are filied

CostlcDFI::computeCostTL

M CE G, rgs: 2z genii]) (= resultof previous
I et ey ST Postprocessor | _post | R CRR RS .
mmﬁ:ml.m _
cost L runADS m

CostFctaDVar:: (dw / grad renamed as d, costad renamed
T PP {if passed inj renamed as post)
Relevant args: dustatel), post,
f not aiready instantiated

|

Costio::computeCostAD
(z2.getv(i]) renamed as
p; dw renamed as.dx,
costad renamed as ppad)

T |
o),
dx.obs!

Enroll GetvalueTLADS

CosticDF ::computeCastAD
(22 ger ) renamed as py;
costad renamed 5 ppad)

:
[ frgi =) ]

Enroll WeightedDiffTLAD
to ppad
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OOPS Applications

W sntiote freset aviect [ condition execution  ——= progrom flow PCGMinimizer:salve

° Data a SSi m i I ati O n ru n S a re START Variational Application (for the case of incremental 4DVar)

[CEETETE M Updated 18" January 2028

Factary create: CastFctaD!

Runs specific solver for
W wethod can ——+  Expanding on a method TS

Incrementalssimilation

. . . : | T Controtvariale | o |
controlle y con Ig uration tiles Cr—— e - e T A -+ (I — ST
2 1 Factory create: ¢4 PCG i) Enral tateinfo o post [T TS [ Avg: minim >minirize |
m
i | _mooel_] = 1 Outer Loop
st varobies 1 covrs_ [ St f .
. — 0 — Contranctianscuhiate Here w use PCG {3 primal minimiser) s an examle; other minimisers are run differenty
ssetuplerms [ 0T posterocessor | post | R INST Controll ) MW'T
| minim->doinimize Syl WST Hessianmatr_| hessian Jig ST Controlincrement * | |
CostictaDVarsCostFetDVar L — — contribution

applications.

Example applications include:

- HofX.h

[

INST CastibTotal *

Costlo and CosteDF term
stio, objects such as

CostFunctioni:setupTerms

- Variational.h =————lp

- Forecast.h

- EnsembleApplication.h

- GenEnsPertB.h

(fguess renamed as xx)

Costlo: setPostProciraj $
I T
— )
S (B Reievontargs Tguess, lowres, pptral
Args: lowres, wobsVar(), pptraj !
2T )
Relevant args: *lawres_ post, pptraj
CosticDFl::setPostProcTraj I
ISR T
el WeghedDITAD o
Cortiocomputecost ®
st obenons |y
To be filed with modelled obs. (HafX) | terms [jijsetPostProc |
= [ o]
EXTTETTN e |
+ Args: xxtp {= fguess], post

— =

Only if this is the first outer locp.

ST Deparaures [ vaen |

ATE; yeqy - *yobs_
—

INST Departures *

I

Returns value of J, term

 computeCostira

|
i

CostlcDFI::computeCost

Returns total value of cost function

Returns value of |, term (= costlb_+ costlole_)

™

o3t ¢
R J!!
izt ETrETena

Returns value of [, term

LinearModel::forecasty jamed as dx]

{ m_sstepTl )
_coneTlL Ry costinitalizeTL  gd costprocessTl |
(ool e —

recastAD [d.statel) renamed as dx)

“~ finalies) [ continaliesd [ costrocenD
I T
I

o o1!pmn(ml\n(rzmenl .

T

CostFetdDVar:doLinearize
[lawres renamed as resal; post renamed 35 pp)

INST Lineariode

Enroll TrajectorySaver to pp [when this is run,
pptra] will also be run at the same time]

Costio:zsetPostProc
(fguess renamed as xx; post renamed as pp)

e
I_i

Enroll GetvaluePasts 1o pp

CostICDFI::setPostPrac
* (past renamed as pp)

INST Weighted0iff ¢ | filter_ |

Enroll WeightedDiff ta pg.

CostFetdDVarsrunhL {ixtmp renamed as )
Relevant args: xx state(], post

—_—
CostlbTotal :computeCostTraj
B Al 3 parts of J, term are finearised
INST Controlincrement *
—

All 3 parts of dxFG_ are filled with
first-guess increment

Costin3Dzlinearize

Ml INST ModelspaceCovarianceBase * | &_ |

Factory create: e.g. modelled covariance

CostlosicomputeCostTra)

a ce CostlcDFE:computeCostTL

l-rg‘ 1 Arg:
'— Er—
Y — m B ) conpuesrasent

_.|h<\ :ﬂ_ to gradient l_‘
— +
(o= |
hessian, P

¥
Costrunction::computeGradientsG
(rhs renamed as grad)

QC, H(x), M. Interface ===

Costlo:isetPostProcTL
(costt] renamed as pptl]

‘obstlad_>initializeTL

€nrol GetvalusTLADS

CosticDFIz:setPostProcTL
{costt renamed a5 pptl)

Enroll WeightedDIffTLAD
to pptl

Costlo:computeCostTL

abstlad_->finalizeTL

Geovals are filied

]--
(et [ aes ]

P - EeeT -
[ Relevantargor [l awce |

algorith

Costio::computeCostAD
(z2.getv(i]) renamed as
p; dw renamed as.dx,
costad renamed as ppad)

-
o),
dx.obs!

Enroll GetvalueTLADS

CosticDF ::computeCastAD
(22 ger ) renamed as py;
costad renamed 5 ppad)

:
[ frgi =) ]

Enroll WeightedDiffTLAD
to ppad

© Crown Copyright 2025, Met Office



== Met Office

OOPS Applications

Data assimilation runs are

controlled by configuration files
(more later) and run via the OOPS

applications.

Example applications include:

- HofX.h

START

Factory create: CostFetaDVar

{157 Geomein ]
:

T
;

| s variables | cthvars_|]

CostFctdDVar:CostFetdDVar

INST CastibTotal * | |
Creates Costibstate * (CosUb3D)

Contains Cestlo and CostlcDFI terms

= Inside Costlo, objects such as
abservers_(Observers) and Rmat_
(ObsErrars) are instantizted

= Inside CosticDFI, norm_
(MoemBase] is instantiated, which
defines the norm used by the Jc

CostFunctioni:setupTerms

- Variational.h =————lp

- Forecast.h
- EnsembleApplication.h
- GenEnsPertB.h

Code can be run without
understanding or

recompiling/building code!

Variational Application (for the case of incremental 4DVar)
Updated 18" January 2024

Method call

Incrementalssimilation

PCGMinimizer:solve

Runs specific solver for

——+  Expanding on a method Ax = b linear system

INST Control\ariable | =]
\nitialise first guess from background IR "MST Minimizer Foeal INST  ostProcessor

Factory create: e.g. PCG {optid

) Enrall Stateinfo to post
Outer Loop

CostFunction::evaluate

DTN T | o enamed as fpuess)

INST HessianMatrix_| hessian |

—
INST PostProcessorTLAD
—

(fguess renamed as xx; post renamed as pp)

1
I_i

CostFetdDVar:doLinearize
END (*lowres renamed as resl; post renamed a5 59)
e e
EnrollTrajectarySaver to pp [when ths s run,
Ppraj will aso be run at the same time)

Costio:setpostProcira)
(fiuess renamed as xx)

[ a7 omermsian - ot
l_!

Costio:zsetPostProc

Enroll Getvalue TLADS to pptra)

CostleDFl::setPostProcTraj f

INST WeightedDiffrLap* | ftiad_ JI8

Enroll GetvaluePasts 1o pp
Enroll WeightedDIFTLAD to pptraj

CostICDFI::setPostPrac

» (post renamed as
Costla::computeCost pes L)

Phcronensiors 1 o] vt ]|
To be filled with modelled obs. (HafK] Enroll WeightedDilf ta pp
—
Geavals 1] CostFetADVar=runNL (xxtmp renamed a5 x)
are filed
f .
| nsT Observations = | yobs_|

*_l -
st Oaparres | vien |

— ' !
[ a7 oeprurere | g, |

CostibTotal:zcomputeCostTraj

—
| st convrotincrement + ] __awes_]
—

Costin3Dzlineas

Ml INST ModelspaceCovarianceBase * | &_ |
l Factory create: e.g. modelled covariance

Returns value of J, term

CostlcDFI::computeCost
Costio:zcomputeCostTraj

Returns total value of cost function
(= costlb_+ costiole_)

e T) M/ ML interface

Returns value of |, term

feturns value of /, term

Methogigireen o are ewecuted
B e o ciagconinerement + | T | ETTECT wewdent  —
uter Loo = !
INST PH: | P ol INST Controlincrement [ rhs S
[TIN [awreo ]

QC, H(x), M. Interface

B INST Controlincrement * | dx |

Here we use PC (a primal minimiser) as an example; other minimisers are run differently

Add
e (om.‘b{;mn

CostFunction::computeGradientfG
(rhs renamed as grad)

[orpesmocesce—] oo
i
INST PastProcessarTLAD | costad |

Saver and
ErocessorTLAD

‘which includes GetvalueTLAD and WeighteRRLLAD

L. |—|

Enroll GetvalueTLADS to costad

Costlo:isetPostProcTL
(costt] renamed as pptl]

€nrol GetvalusTLADS

= Minimisation
e | algOrithm

ST Controlincrement | v |
—

CosticDF:zsetPostProcTL

(costt] renamed as pptl]

Envoll WeightedDIffTLAD
o pptl

Costlo::computeCostAD
(ez.getv(il) renamed as
pw; dw renamed as dx,
castad renamed as ppad)

\
—

Costlo:computeCostTL

Geovals are filied

Enroll GetvalueTLADS

CostlcDFI::computeCostTL

& e

]j g .

CostrCtaDVarzrunTLM

CostFetdDVar::runAD]

CosticDFI::computeCastAD
(32.getu{j) renamed a pv;

<ostad renamed as ppa)
i o costi renamed as cost) pred)

INST Postir..

Enroll WeightedDiffTLAD
to ppad

(ehw  grod renamed as d, cestad renamg
25 cost; pp {if passed in) renamed as

© Crown Copyright 2025, Met Office



== Met Office Model Interface

Model Interface

* Provide the link between the individual [
models and the agnostic JEDI code. {EDI-CORE

. 7 IODA
LFRic UFO

, * Enables use of model values at various ,
Fv3 ! JEDI-MODEL

- stages of the observation processing and
MOMs , data assimilation.

Models

OO0PS

defines interface classes

Tt--. Implements
inteﬁace -----------

e Full NWP to toy models.

* Generic interface with one specific e e T Tl
implementation per model: |

UM (existing Met Office model)
LFRic (upcoming Met Office model)
FV3 (GFDL), ...

Toy models

* Inter-changeable.

© Crown Copyright 2025, Met Office



== Met Office

J

siojeladp
uoneAIasqo
odn

GNSSRO

RTTOV#-
Sonde

Aircraft

Qbservation QOperators

+
Qc filters

Unified Forward Operator

e Collection of forward
(observation) operators:
* Easy to explore differences
between different versions

e Collection of abstract
observation filters:
e Called before and after the
forward operators

* Exposed to:
e Observation values and
metadata
* Model values at
observations locations

Different radiative transfer operators produce
different results

AMSU-A Ob-Bk Th ch03
5.794

30 _max- 30 mean-

Total: 1172947 Total: 1189406

-s |8 113 Sl
= N e

e L0e 180"

30 30 24 18 12 5 o 3 ) 18 24 3

Kelvin Kelvin

Figure 3: (a) AMSU-A channel 3 FG departures using (a) RTTOV and (b) CRTM at 00 UTC on 7
November 2012.

Example quality control filters:
* Thinning

* 0O-B (‘observation minus background’)
checks

e Satellites: channel selection

© Crown Copyright 2025, Met Office



== Met Office

Interface for Observation Data Access

e QObservation data model.

* Provides the interfaces that bridge the
external observation data to the
components within JEDI that utilize those
data, namely OOPS and UFO.

Can read multiple different file formats
(BUFR, netCDF, ODB)

’ vaol .\‘
[ ]

ODB ¥

Netcdf

File Formats
+
Obs data model

L , J

© Crown Copyright 2025, Met Office



== Met Office

] . . . eroaiati
System Agnostic Background Error piagenal matrx of standard df‘”at'c’"s _ between grids
bt o Representation _ TwTrT
. ! B = TKECETKTT
* |tis the equivalent of UFO, but for / X
" R i — : ' dealing with background error Correlation matrix Fe?g?ir::;e;hips
S e oFS  E 1 | Fully generic DA covariance models (both static and
= | O | |2lee .
o i v ensemble-based versions) Spectral N
: ATLAS Y | || ctured grids
R F - * Model agnostic o
+ { ! Recursive — P == _~ Localisation
| A " *  Flexibility: pick and mix
approaches piffusion — MRS =AY \
G i g . L VADER
* Can apply different localization BUM!
schemes.
E:a ¥:. o ¥, - Implementing within SABER-block
s 3 5" & 2. E § framework (abstraction of
Covariance Fleformasobeeratononemioe || matrices/transform operations that
, m°;e”'"g b e o e constitute B)
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== Met Office

] . . . nteroolat
System Agnostic Background Error piagenal matrx of standard df‘”at'c’"s _ between grids
bt o Representation _ TwTrT
e Colsboration | IEREREIIEg | Runtime . . B=TKXECE'K'T
* |tis the equivalent of UFO, but for / X
" R i — : ' dealing with background error Correlation matrix Fe?g?ir::;e;hips
g | OO0PS T |Fully generic DA covariance models (both static and
= | O | |2lee .
o i v ensemble-based versions) Spectral N
: ATLAS R | || ctured grids
R F - * Model agnostic o
{ 1 | Recursive —» P R, Localisation
| A " *  Flexibility: pick and mix
approaches piftusion — e AN \
s i g . . VADER
* Can apply different localization BUM!
schemes.
E:lg #*: ¢ o ¥ —> Implementing within SABER-block
s 3 5" & 2. E § framework (abstraction of Centre
Covariance Fleformasobeeratononemioe || matrices/transform operations that
, m°;e”'"g b e o e constitute B)

© Crown Copyright 2025, Met Office



== Met Office

H Di | trix of standard deviati Interpolation
System Agnostic Background Error iagonal malrbx of standr fv'a "/ between grids
| | Representation Tew T T
Collaboration Run time f—
* with ECMWF Config.yaml instructions to . . B i TKZCZ K T
sequence objects * |tisthe equivalent of UFO, but for / X
. - . H Balance
[ A i____;__: dealing with background error Correlation matrix oo
g R | contaimearaee | | |1 generic DA covariance models (both static and
> | 7ﬁ4|CJH”'|r‘|V | . ' H
o i e sructured o ensemble-based versions) Spectral N
| ALLAS ! |unstructured grids . - N— ¥
L f - * Model agnostic 3 /
¥ 4 }
| ) " *  Flexibility: pick and mix
® w - E o
- 55 S s 5 o approaches
= = s> B ©
= e Can apply different localization
schemes.
5. . k- . o ¥ - Implementing within SABER-block
B = @ S a 3 ¢ .
3 @ 8" 2 z E 8 framework (abstraction of
Covariance Fleformasobeeratononemioe || matrices/transform operations that
modelling + + .
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== Met Office
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T R Representation B = TKZCZTKTTT
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= | DA algorithms i i - _ .
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| ! " e Flexibility: pick and mix
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5z 55 S £t S approaches
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== Met Office

U- Config.yaml \

Run time
instructions to
sequence objects

JEDI Configuration Files

e Jediis controlled by a flexible and modular
text based configuration system.

* Configuration files provide scientific
instruction to the code.

 Goalis to reduce the need for writing custom
code when setting up and running JEDI in an
operational model.

* Use YAML:
 User friendly appearance
* Key-value pair specification
* Indentation defines sections
* Tabs are forbidden (common source
of errors)

e vyaml.org

geometry:
nx: 4@
ny: 20
depths: [4500.8, 5500.0]
initial condition:
date: 2010-01-01T00:060:00Z
filename: Data/background.nc
model:
name: QG
tstep: PTI1H
forecast length: PT12H
time window:
begin: 2010-01-01T00:00:00Z
length: PT12H
observations:
observers:
- obs space:

obs operator: &obsop
name: VertInterp
obs pre filters:

obs prior filters:

obs post filters:
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var

window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var

window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var
window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis

variables: [x]

geometry:

nx: 40
ny: 20
depths

: [4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var
window begin: 2010-01-01T00:00:00Z

obs operator:
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

window length: PT24H obs space: geometry:
analysis variables: [x] obsdatain: nx: 40
geometry: engine: ny: 20
nx: 40 obsfile: Data/truth.obs4d 24h.nc depths: [4500.0, 5500.0]
ny: 20 obsdataout: linear model:
depths: [4500.0, 5500.0] engine: trajectory:
background: obsfile: Data/4dvar_dripcg.obs4d 24h.nc tstep: PT30M
date: 2010-01-01T00:00:00Z obs type: Stream tstep: PT1H
filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc variable change: Identity
background error: name: QgTLM
covariance model: QgError diagnostics:

horizontal _length_scale: 2.2e6
maximum_condition_number: 1.0e6
standard_deviation: 1.8e7

vertical_length_scale: 15000.0

departures: ombg
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var

window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal_length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg

© Crown Copyright 2025, Met Office



YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var

window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg
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YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG

tstep: PT15M
cost type: 4D-Var
window begin: 2010-01-01T00:00:00Z
window length: PT24H
analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

covariance model: diagonal
obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

iterations:
- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT30M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg

© Crown Copyright 2025, Met Office



YAML Example

== Met Office

Model, background & data assimilation Observations Minimisation
cost function: observations: variational:
model: observers: minimizer:
name: QG - obs error: algorithm: DRIPCG
tstep: PT15M covariance model: diagonal iterations:

cost type: 4D-Var

window begin: 2010-01-01T00:00:00Z
window length: PT24H

analysis variables: [x]

geometry:

nx: 40
ny: 20

depths:

[4500.0, 5500.0]

background:

date:

2010-01-01T00:00:00Z

filename: Data/forecast.fc.2009-12-31T00:00:00Z.P1D.nc
background error:

covariance model: QgError

horizontal _length_scale: 2.2e6

maximum_condition_number: 1.0e6

standard_deviation: 1.8e7

vertical_length_scale: 15000.0

obs operator:
obs type: Stream
obs space:
obsdatain:
engine:
obsfile: Data/truth.obs4d_24h.nc
obsdataout:
engine:
obsfile: Data/4dvar_dripcg.obs4d_24h.nc
obs type: Stream

- gradient norm reduction: 1.0e-10
ninner: 10

geometry:
nx: 40
ny: 20

depths: [4500.0, 5500.0]
linear model:

trajectory:

tstep: PT36M

tstep: PT1H

variable change: Identity

name: QgTLM
diagnostics:

departures: ombg
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= Met Office Summary

Collaboration Run time
with ECMWF Config.yaml instructions to
sequence objects

JEDI is a collaborative development between JCSDA partners to develop a

unified data assimilation system: LFRic , -
- From toy models to Earth system coupled models 3 | I 1| OOPS ® . 'ty generic DA
g ! Centralinterface ! | 3j00rithm
9 = s e ! DA algorithms L
—> For research and operations | Moms ! i ' | Structured adnd d
. . . . ' I |unstructured grids
—> Share as much as possible without imposing one approach (one (e |-

Unified observation (forward) operators (UFO)

system, multiple methodologies/configurations) ! 1!
o
@ B B &
r | = o 25 C
| 11]
| | = 3 §5 0O
1 : > 5 )
: Changes in HPC Fully exploit future generations of supercomputers I 1
| landscape Scalability, efficient /O : . —— - e
| Memory and novel parallelism in era of large (1000s) ensemble DA :
| |
| Technical Increased modularity (more object-oriented capabilities) :
| Expanded range of platforms (traditional HPC, cloud, laptop, etc) : _
| | :lf_ 2l
: More complex science  Flow-dependent QC, ensembles | % % : “g g . 'g 2 'FE
: Strongly-coupled earth system DA, etc. : 75 2 = - E % : E § E
1 |
: Future Applications Nowcasting, cloud analysis, city-scale DA, composition DA, multi-models, etc. : , 3 , , ,
| _ | Covariance File Formats Observation Operators
: Human Current OPS/VAR too complex for wide-spread use : modelling + N
! Need to encourage wider collaboration (academic users, those working on other models) : Obs data model Qc filters
|
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