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Application and improvements of EnVar

o 4DEnVar (talk of Pierre Brousseau)

o Scale dependent localization for EnVar

o Various approaches to constructing ens. perturbations for LAM EnVar
Implementation and optimization of 4DVar

o Implementation of LAM version in OOPS
Initialization methods and optimizations for nowcasting
o incremental analysis update

o variational constraints

o cloud assimilation

Background errors in observations space
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https://journals.ametsoc.org/view/journals/mwre/147/1/mwr-d-18-0248.1.xml

REF 3DEnVar :
localisation length varying
from 25km at the surface

to 150km at the model top
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3DEnVar SDL :

localisation length

constant with height, but
varying with perturbation scale :
150 km (resp 75 and 25 km)
for low wavenumbers

(resp intermediate and high)
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SDL 25/75/150km - Validation over onths against MF e-suite (Oct

2023 - Jan 2024)
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Scores PSS moyen PSS
e Positive impact on precipitation for all 058
thresholds and up to 10 hours. == 056 1 2mm/2h threshold
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e Setting localization length scales o 054
becomes less critical when using SDL.
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reflectivity: the impact of each evolution - 048
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Constructing ens. perturbations fc

e Different ways of providing ensemble information to EnVar in the 16 member Claef-1k explored

o LAM perturbations, including second-last run; global perturbations; mixed LAM/global perturbations

e The flow-dependency is well-captured with EnVar

e Combining LAM and global perturbation produces potentially unrealistic covariances over large areas
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Regional EnVar using ECMWF ensemble members

Ensemble correlation
) 2 ;;)\ S ‘: 7 @V ;

In an attempt to use ECMWF EDA ensemble members in a
regional EnVar, we have found spurious ripples in the
grid-point correlation field. According to Elias Holm (ECMWF),
these ripples are probably due to spectral orography

adjustments. These ripples make the ensemble unusable for a

regional EnVar. It would be possible to filter these ripples
spectrally, but this would lead to very coarse and broad

increments, making the EnVar less competitive.
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LAM 4DVAR in MASTERODE

Ll

UWC-WES

Domain

UWC West - DiN1

e Running daily at UWCW.
United Weather Centers West - Denmark, Iceland, Ireland, the

Netherlands,
o 3 parallel runs (1 hour shifted) are running daily
o 2km resolution, 90 levels, 2outerloops
o HARMONIE Cy43. 3-hour assimilation window.

O

e AEMET, work on optimizing and tuning of 4DVAR:

o QObservation usage and error specification of i N Ecflow
HARMONIE-AROME Cy46 ongoing. TR S porting to

o Comparison of 4DVAR vs. 3DVAR and possibly new parallel con. Iz e Cy49h2
tests will be performed to improve 4DVAR impact. N .."”‘*m S

e Work in porting to Cy49h2 HARMONIE repo. TS e

o First developments in running the LAM 4DVAR in Cy49h2 R .

o Essential to compare MASTERODB vs. OOPS version in the RS ST
same cycle. o w”::
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LAM 4DVAR in OOPS

LAM 4DVAR implemented in OOPS CY48T3

OOPS-Lelam-4dvar assimilating AMDAR and SYNOP SP obs
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Temperature increment evolution within 3-hour assimilation window at model level 39 fiieF 1560 Hration, 2 outeF 16608 %15 Wikh niAREAS10
(around 800 hPa) with only single Amdar Temperature Obs. assimilated. Evolution of cost functions during

minimization. 2 outer loops.
SYNOP, AMDAR and BUOY

Coming work:  Solve the noise problem
observation assimilated.

Port the code modifications to HARMONIE CY49T2h release
Carry out performance tests and compare with MASTERODB 4DVAR
Proper documentation will be written
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Centered Incremental Analysis Upd

A filtering procedure to mitigat
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3D-Var
_temperature
increments for

model level 46
(around 900 hPa)

Effect of
increments on
forecast after 1
" hour of ‘nudging’

@® Analysis (UA)
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dynamics o forcing
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Initialization for NWP-NWC

A new algorithm, Variational Constraints (VC) filters
noise in ALADIN-NH dynamics initial conditions after
3DVar

Enables analysis of NH dynamic variables:
vertical motion and pressure departure which are not
provided by current 3DVar

Minimal computational cost on top of standard 3DVar
(eq. to one time step).

Potential for Rapid Refresh (RR) applications and it
will be operational in AEMET Nowcasting suite (2025)

Validated and available at
https://github.com/Hirlam/Harmonie (PR CY46VC#1095)
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Radial wind error growth curves for RR DA experiments
(10 minutes cycling) wind radar data.

The VC exps show clear smaller error growth. VC algorithm builds
signal coherently from consecutive RR cycles and improves the NWC
forecast skill with respect to the NO-VC exps.
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Cloud Data Assimilation

Cloud data assimilation using observation operator oo Do atve blupnlaliey:24/06/2025 15 UIC 142N, 3196°E
. . —— first guess P -==- increment i
defined by the Penalty Function 0| [— moaives » _ i
Observations: 700 el A
inside the cloud I %

1) Ceilometer observation of cloud base altitude (pb) 750 -

2) Satellite observation of cloud top altitude (p)) 800 {

-

hPa

- ‘> Oversaturated i’ ________ A
Penalty Function definition: s00{ Db | [emiraael. 3 |
the cloud '.\
RH(vl) — 1, for vl € [pp, pe] ] - 5
P(wl) =<RHI) — «a, for vl & [py,p¢] and RH(vl) > a 10005-0 6 70 8 90 Q100 —40 -20 'E) 20 40
0, for vl € [pb'pt] and RH(UZ) sa o Cloud coverincrementsz:j::‘::cross—section
where vi — vertical model level; RH(vl) — model relative humidity ; « — threshold value T
Proof of concept with pseudo-observations
e Small oversaturation is generated in the middle of the cloud layer. ‘ "
e Impact on forecast visible . '..Q 1%
e The next step is to estimate cloud tops in addition to cloud base measurements with (" P
subsequent real case experiments. ool
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Background statistics in Observe pace (BGOS)

AMSUA MHS
A new application has been developed in the
OOPS framework to compute background .
error variance in observation space: 4
- either from an existing ensemble ) N
- or from the static B matrix (randomization) . Ememlh O spmRi
Example of standard deviation in brightness temperature space for AMSUA and MHS
U S i n g : Vertical profile of sigmab sigmao for temp,
: : : 19%00 e =l e
- either the nonlinear observation operator, 25000 o B
30000 &
- or the linearized observation operator. - i A Vertical profile of bgos sb and used
e ;% \ so for TEMP T over IBERIA domain.
It has been tested and validated in CY46, and :% -
85000
90000
H 95000
WIII be ported to CY49 Soon' 1000000 025 05 075 1 126 15 1.75 2
sigma

SEE POSTER: Jana Sanchez-Arriola, et al. “Status and Plans for evaluation of Harmonie-AROME cy46 data assimilation tunable settings”
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e EnVar

o Scale Dependent Localization amplifies impact of 4DEnVar

o Constructing ens. perturbations for LAM EnVar is challenging
e 4DVar

o LAM 4DVar implemented in OOPS

o Parallel suite running in UWCW
e |[nitialization & NWC

o Incremental analysis update - reduce spin-up

o Variational Constraints alg. helps to balance NH variables

o Innovative approach to cloud assimilation
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Thank you for attention!
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