ALADIN : What’snew ? Group Report 2001-2002

A.LIFE OF THE PROJECT

The ALADIN project is addressinga new medium-term researchplan,

covering 2002-2004 while moving towardsa new organizationof research

more decentralizatiorbalancedby an enhancedcoordination(both thematic

and transversaljand a strict managemenof sourcecode,to limit divergence

between applications.

Three major training courses were or will be organized along 2002 :

- "Numerical Methods and NWP Application®LATNET), 27-31 / 05 §))

- "Physics"(LACE), 16 / 09- 04/ 10 C2

- "Code Maintenance(LACE), 25- 29/ 11 Hu)

The presentstatus of the 15 operational suites is describedin national

presentations and in the latest ALADIN Newsletter, available on the web site :
http://www.cnrm.meteo.fr/aladin/

B. HIGH-RESOLUTION DYNAMICS

New NH prognostic variables

Linear stability analyseded to the following proposaldor the replacemenof
the two additional non-hydrostatic prognostic variables :
pressure departure :
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Semi-implicit three-time-levelsemi-Lagrangiardynamicswas provedto be
unstablewith the initial choice (d, Po) wheneverthe backgroundflow differs
from the semi-implicit values,denotedby a * in equations.Suppressinghe
referenceto semi-implicit parametersn the definition of prognosticvariables,
l.e. using (d; q), significantly improvesthe situation, but is not enoughin the
presenceof orography.The preliminary testsperformedwith (d, g) are quite
convincing.
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Predictor-corrector scheme

To ensure the stability of two-time-level semi-Lagrangiandynamics, a
predictor-correctoapproachjnvolving iterationsof the semi-implicit scheme,
Is required.This was designedn cooperationwith the IFS team,andis now
available with the old and the first new sets of NH variables

Lower-boundary condition and vertical discretisatioh LACE report)



Smoothing of orography

A newandflexible methodto smoothorography dampingthe smallestscales,
was proposed: addinga new spectralterm to the cost-functionusedfor the
optimization of spectral orography.

High-resolution (quasi-)academic validation experiments

A large set of experimental frameworks was used to validate new
developments and evaluate the skill of dynamics at high resolution.

2D academic cases
- nonlinear quasi-hydrostatic floiHéreil and Laprise, MWR, 1996)
- various regimeswith constant(U, h, a) for Agnesi mountain(from linear
hydrostatic to nonlinear non-hydrostatic)
- potential flow
- steady trapped lee-waves with uniform wind-shear and Brunt-Vaisala
frequency(Keller, JAS, 1994)

2D (quasi-)academic cases used for intercomparison
- nonlinear non-hydrostatic flow (breaking waves)
- non-steadyrappedliee-waves real profiles of wind andtemperatureat 2 or
5 km(Shutts and Broad, QJRMS, 1993)

3D quasi-academic caseALPIA" (following "SCANIA™)
- uniform wind, constant Coriolis parameter, ICAO-like temperature profile
- 4 embedded domains over the French Alps :

AX 10 km 5 km 2.5 km 1.25 km
vertical levels 30 42 60 85
At "safe" (NH) 200s 60 s 25s 10s

- comparing options : Eulerian versus semi-Lagrangian(three-time-level),
explicit versus semi-implicit, hydrostatic versus non-hydrostatic.

- searchinghe maximum"safe" time-stepwith a still preliminaryversion,i.e.
the intermediate choice for NH variables and no predictor-corrector scheme.

C. COUPLING PROBLEMS

Search for new time-interpolation methods

Further experimentswere performedto evaluatethe impact of the coupling
frequency (6h, 3h, 1h), or the time-interpolationmethod (linear, quadratic,
linearaccelerated)Besidesnew decompositionsf fields weretested: phase/
amplitude, growing / moving parts.

The most innovative approacheswere not so successfulin real case
experiments put may be usedto design"warning indices". Such quantities,
introduced at the level of the coupling model, could help controlling the
coupling frequencyin the caseof linear time-interpolation.For instance the




following index ("truncationerror”) was deducedfrom the linear-accelerated
method :

and proved quite efficient for ALADIN-Belgium and the 99 Christmas’ storm :
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ettt minor ticks each 3 hours,
date (December 1999) forecast ranges : +6h, +9h, ..., +27h

Tendency-coupling for surface pressure

The coupling of tendenciesrather than fields, was proposedto handlethe
problemof large discrepancies the orographybetweerthe couplingandthe
coupledmodelsnearthe boundariegstill within Davies’ relaxationscheme)It
wasfirst experimentedvith surfacepressurethe mostsensitivefield. The new
scheme is now running in 3D, but more targeted impact studies are required.

Spectral coupling

Spectralcouplingwas consideredasan alternative/ complementarynethodto
Davies’ one,allowing to extractmoreinformationfrom the couplingfiles. It is
now codedin the 3D model, and the first experimentsshow a reasonable
behaviour.

D. PHYSICAL PARAMETERIZATIONS

Trying to set up an efficient networking

That's not so easy! Howeverthe severalmeetingsorganizedalong the first
semestenf 2002 allowed useful discussionsand the emergencef new ideas
(e.g. arenewal of convection schemes).

Solving problems in operations :

Most efforts, in physics,were dedicatedto the cure of the many problems
encountered in operations :

- towards a safer code (debugging, safety locks, reproducibility)
- strong oscillations : horizontally, on the vertical, in timécf.. LACE report)

- instablebehaviourssuchasspuriouscyclogenesigor evenblow-up!) : This
was addressedhroughchangesn the convectionschemesretuningsfor PBL




parameterizationsetc. But more understandings requiredto find the most
appropriatesolution. For instance,a problemof spuriouscyclogenesisn the
westernMediterranearseamay be curedeitherby changingthe dependencyn
resolutionwithin the presentconvectionschemeor introducinga new "shear-
linked" convection parameterization.

- underestimatiorof low-level cloudiness This led to an investigationof the
respectivepartsof shallowconvectionyerticaldiffusion, ... andthe proposalbf
a new parameterizationpasedon Xu and Randall and first testedin the
EUROCS framework.

This list is far from exhaustive and the situation is evolving very quickly !

Restarting work on :
Going to more positive aspects, research restarted in the following domains :
- orographic forcing : That'’s just the beginniggals look more clear.
- radiation: Thereis now a (small) dedicatedALADIN team! Thefirst steps
were the introduction of a geographicaland seasonallependencyfor ozone
profiles, and new tests using improved optical depths (especially near the
surface), with unexpected good results.
- functionalboxesfor handlingliquid waterandice : Work is atthe stageof 3D
experimentsandmanyof the problemsencountereavere shownto comefrom
outside, i.e. from the fluxes provided by other physical parameterizations.

Validation and diagnostics

A "model to satellite" application was developed,with an expensivebut
completeversion,using the Morcrette radiation codefollowed by a channel
selection,and a cheapone, basedon the RT-TOV7 code. It includesthe
decodingand filtering of GRIB data,to allow easiercomparisons''Cloudy"
and "clear sky", "infrared" and "water vapour" pictures may be produced.
Besidesthe SCM versionof ALADIN is moreandmorewidely usedandwas
interfaced with new field experiments.

E. DATA ASSIMILATION

Cycling
Many experimentaimedat testingandcomparingvariouscombinationsof the
following initialization methods :
- for upperair fields : dynamical adaptation, dfi-blending, O.I., 3d-var
- for soil and surface : dynamical adaptation, surface blending, O.I.
using variousbackgrounderror statisticsand coupling methods,and different
model configurations : ALADIN-Morocco, -LACE, -Hu, -France, -Belgium.

The figure below illustratesthe basic configurations: pure dataassimilation
(operational in Morocco), blending (operational for LACE) and simple
dynamical adaptation(used everywhereelse). Other possible combinations
weretested.e.g. between3d-varanddfi-blendingfor upperairfields (blendvar
andvarblend)or betweerdfi-blendingfor upperairandO.l. for soil andsurface



fields (canblendand blendcan) More details are available in other ALADIN

reports.
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Besides, the work on 3D-FGAT is progressing, 4D-screening is now ready.

analysis

3D-var : refinements for background error statistics

Therequirementsor LAM backgrounderror statisticswereformalizedandthe
presentlyused"NMC-lagged” methodjustified. Somerefinementsare on the
way, trying to better represent geographical dependency.
Besidespthermethodsaretried, suchasthe useof "wavelet" functionsor the
"ensemble analyses" approach.

3d-var : intensive validation

A detailedcasestudywasperformedwith ALADIN-Franceon"MAP I0OP 14"
(02-03/11/1999)lt is described in a dedicated presentation.

Soil/surface assimilation

A new statisticalmodelwas designedor the O.l. analysisof 2m temperature
and relative humidity. Statistics were first computedusing the Lénnberg-
Hollingsworth method,and consideringgeographicabnd seasonal/ariations.
An improved formulation of the coefficient of correlation was proposed :

Pr/H :exp(—r2/2a.2r,H) O prm :exp(—r/ZaT/H)
together with retunings of standard deviations and characteristic lengths.

A spatialsmoothingof the soil-wetness-indexsoil moisture)was introduced
within diagnosticanalysedirst, within soil moistureassimilationafterwardsIt
enables to redudeorizontal heterogeneity and subsequent forecast errors.

A few combinationsof the (O.l. based)assimilationof soil and surfacefields
with dfi-blending for upperair spectral fields were tested with ALADIN-LACE.
To endwith, a prototypeversionof 2d-varassimilationfor meansoil moisture
Is now ready. The underlyinghypotheses "linear variations"and "gridpoint




decoupling“werecarefully checkedanda "doublechess"approactchoserfor
the computationof the gain matrix. The next stepis now the introductionof a
spatial smoothing of soil moisture, as for O.I. .

Observations

The interfacing of the model with ODB is very slowly progressingdue to
portability problemsandthe lack of documentationHelp from IFS is needed
(and was asked, with a negative answer).

The first 3D-var experimentausing raw radiancefATOVS data)are running.
The above-mentionedasestudygavethe opportunityto usepseudo-profile®f
humidity, derived(a posteriori)from satellitedata.Researclon the useof IASI

dataover land is going on, backgrounderror matrix and emissivity mapsare
ready.

Simplified physics
Modifications in the simplified parameterizatiorof large-scaleprecipitations
wereproposedandsuccessfullytested)in the frameworkof sensitivitystudies
using the adjoint model. This was daatea resolution of about 10 km.
Besides,the consistencybetweenvertical diffusion schemesjn the full and
simplified physics, was improved.

A posteriori validation and retuning of assimilation algorithms

More understandingf the method (validation, limitations, applications)was
acquired along thess summer months. The main validation diagnostics are :

- "Talagrand index" :

E(J,,/ P), with :J = min (Jb+Jo), P= number of observational data
- "estimated global error variance rescaling”, for background and observations :

S = Jby/ Tr(KH) and So = Jog, / Tr (1,-HK)

with H= observation operatoK= gain matrix

And the mainremarksarethefollowing. (1) Thesediagnosticgrovidea global
information on the system.(2) Thereis a clear needto comparethese"a
posteriori” resultswith independentiagnostics(here output of a Lonnberg-
Hollingsworth method, both for variancesand correlationlength-scales)(3)
Since a posteriori validation containsall the scales,thereis a fundamental
difficulty in assessinghe amountof scale-selectiveerror variances.(4) The
diagnosticsexhibit clearly case-dependetehaviourswhich indicatesthatthe
error statisticsin the LAM are sensitiveto weathersystems(s) Working with
real dataimplies the designof tractablepragmaticalapplications,and a small
departure from the theoretical framework.

Predictability
First explicit mention in the research plan !



