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Report :

The working group observedthat the situation about Numerics / Dynamics researchand
developmentin ARPEGE and ALADIN has beengreatly improved in the recentcouple of
years: the efficiency or the performanceof ALADIN stagesand visits in this field has
significantlyrised. Therehasbeena positivefeed-backbetweerdevelopmenof theoreticaltools
(2D and1D modelsfor academicsituations),capabilityof moretheoreticalunderstandingf the
behaviourof our numericalalgorithms,capabilityof morenewideasemergenceand capability
of fasttestingof thesenewideas.This fruitful strategyshouldbe encouraged we wantto keep
in the international research competition for the Numerics/Dynamics field.

A very positivepointis thatnoneof our topic of interesthascurrentlyan undefined siatus asit
often occursin pastyears.An undefined siaius meanghata newideais implementedn the full

3D modelandtestedfor real casesput the obtainedresultsare so surprisingthatnobodyknows
if theimplementations bugged.or if the proposalhasa scientific flaw, andin any case hobody
is able to proposea solution to progress.This statusis very unconfortablebecausehen, the
processof research/developmens stacked.The most typical examplesof undefined siatus

topicswere:the implementatiorof a RadiativeUBC, andthe SL orographicresonancefFor the
first one,the researchprocessvasabandoneand1998;if interestis setbackon this point, as
allowed by the bettercondition of the ALADIN researchenvironment,t will probablyneeda
significant investmentto adaptthe existing code to the new structureof the model. For the
secondpoint, due to the new researchcontext, we finally managedto show that the initial

proposalwas not relevant,anotherideawas proposedandwas also shownnot to be beneficial
for NWP. Hence,evenif the result was negativein this case,the researchprocesswas not
stackedanda clearconclusiorwasobtainedn a shorttime, allowing to focusthe effort on other
subjects.

Generally,the effort effectively put on eachindividual topic matcheseasonnablyvell with the
levels of priority and schedulingestablishedn the ALATNET Scientificand Training Program
for 2000-2003.Hence,the working group did not have to rise specialrecommendationgor

increasingsuch or such priority. However, there is apparentlya slight contradictionin the
managemenodf points2.b and2.c, which areintimately connectedpoint 2.b shouldbe initiated
rapidly since it is expected to be easier and faster to solve than the point 2.c.

The status and priority of the following points was examined:

1) Semi-Lagrangian Dynamics

a) SL constant-acceleration extrapolation:
Priority : 1
Progressing
Affected to a person
Time scale: 2 months

The work is almost finished, the advantageon the current schemehas been
demonstratedand publicationsare submitted.The proposedschemeremainsto be
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evaluatedin comparisonwith other proposedimprovements(Predictor/Corrector
scheme without time-extrapolation, see point 3.a).

b) Orographic resonance:
Finished

The work is finished, theoreticalstudieshaddemonstratedn advantageo a so-called
SLDA (SL doubleaveraging)treatmentof the mountainscomparedto the current
ESA (Eulerianspaceaveraged}reatmentHowever,the advantagéhasbeenshown
to vanishalmostcompletelyfor real flows. Another approachproposedearlier and
called "pseudo-SLDA" has also been shown to be intrinsically detrimental for NWP.

2) Coupling and lateral BC

a) Spectral coupling in 2D:
Priority : 1
Progressing
Affected to a person(s)
Time scale : some months (or even 1 or 2 years ?)

The topic is connectedo the problemof the failure of end-1999stormsforecastby
severalLAMs in Europe,dueto the large speedof thesesmall-scalemeteorological
features (the low-pressuretravelled through the coupling zone faster than the
coupling frequency, and was consequentlymissed). This topics mixes several
problems: the relevanceof Daviesrelaxationschemethe needof a bettertime-
handling of the coupling data (remoteapplicationscannotafford a high-frequency
coupling, which would obvioulsly solve the problem); moreover the whole spectral
data is sentto remotesites,and it seemsattractiveto use the information in the
interior of the domainfor the coupling of large scales.For time being, alternative
time-formulationsto the currentlineartime-interpolatiorhave beemxaminedputin
the bestcasethis is able to solve only a small part of the problem.The amountof
work is difficult to estimate but the spectaculaforecastfailure with LAMs putsa
relatively high priority on the problem.

b) Coupling of Orography:
Priority : 1
Still Planned
Not affected
Time scale : 6 months

Here, the problemof the generationof noise (underthe form of a constantspurious
sourceof gravity waves)throughthe couplingprocesdss addressedf the orography
of the couplingandcoupledmodelsis not the same the flow updatedby large-scale
fields at lateralBC in the coupled-modelill alwayshaveto adaptto the small-scale
orography, thus potentially sustaininga permanentgravity wave source. This is
especiallytrue for the surfacepressurdield, which strongly reflectsthe orography.
The idea to alleviate this drawbackis to progressivelyreplace the small-scale
orographyby the coupling-modebrographywhenapproachinghe external boarder
of the coupling area.

c) Coupling the tendency of the surface-pressure:
Priority : 2
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Progressing
Affected to a person
Time scale : some months to a year

This topic is an improvedsolutionfor the latter point: the main part of the coupling
unbalancebetweenlarge-scaleand LAM is in the surface-pressurdield; hence,
updatingonly the surface-pressurendencywould preservehe small-scalebalanced
structure of the LAM surface-pressurdield. However, this is technically more
difficult to implementandvalidatethanthe latter solution,andthis is consideredisa
longer term solution. A first solution is being evaluated.

d) Coupling for the NH model:
Priority : 2
Sleeping
Not affected
Time scale : 2 months (first step)

In the currentsolution,NH fields are coupledto the large-scalevalues.This could be
not necessangince thesdields adaptthemselvego the local flow very rapidly. A
studyto decideif this really mattersshouldfirst be undertakerbeforedoing further
plans.

3) Time-stepping

a) New time-stepping for the Hydrostatic model:
Priority : 1
Still planned
Not affected
Time scale : some months

A new time-steppingalgorithm (so-called"Predictor/Correctoror PC scheme)has
beenimplementedn ARPEGEby ECMWEF. This schemes potentially more stable
thanthe classicalSl schemegspeciallywhen2 time-level (2-TL) discretisationsare
used. Moreover, this algorithm allows a non-extrapolatingin time 2-TL
discretisation. This schemeseemsattractive for solving the instabilities observed
sometimeswith the current operational2-TL time-extrapolatingscheme,and it
shouldbeintroducedin ALADIN. It shouldbethenevaluatedn unstablesituations,
namely in comparisonwith the constant-acceleratioime-extrapolation(seeitem
1.a). Afterwards,an objective evaluationof the efficiency of the schemeshouldbe
undertakenn view of its operationakpplication(notethatthis schemas potentially
more stable, but actually more expensive than the current one).

b) New time-stepping for the Non-Hydrostatic model:
Priority : 1
Progressing
Affected to a person
Time scale : 2 years (PhD)

The NH systemis by nature more unstablethan the Primitive Equationone. The
natural instability of this systemcould be solved by allowing a more implicit
treatmentof the equationsThis canbe donethroughiteratingthe abovePC scheme
severaltimes. However,this risesmany theoreticalquestionsconvergencegverall
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efficiency, etc...) and needsa significant amount of researcheffort to be fully
controlled.

4) NH numerics

a) Control of fast waves:
Priority : 1
Progressing
Affected to persons
Time-scale : 3 months

The complete control of fast waves by the semi-implicit (SI) schemehas been
demonstratedo be possiblethrough a changeof prognosticvariables.The new
variables are linearly equivalentto the old ones, hencethe SI algorithm is not
modified at all. Some extra work remain to be done to complete the subject:
input/output for data files management, update of the TL and adjoint code

b) Control of orographically induced instability:
Priority : 1
Progressing
Affected to a person

Time-scale : 3 months

Although free waves are correctly handled by the SI schemewith the above-
mentionnednew variables, some stationnarymodesstill are unstableabove the
orography.The introductionof the orographicforcing in the NH modelshouldthus
be studiedmorein detail, to try to obtaina more stableformulation. This is anopen
subject for which no obvious solution is foreseen so far.

c) Improvement of the Lower BC:
Priority : 1
Progressing
Affected to a person

Time-scale : 6-12 months

Severaldiscretisationdor the lower BC formulation can be chosen.Somechoices
could be better than the current one, especiallyin the formulation of the vertical
Laplacianof the pressurevariable at the lower BC. A slight discrepancybetween
stationnaryorographicflows obtainedwith Eulerianand SL algorithmsmustalsobe

studied.

5) Dynamical adaptation

Priority : 1
progressing
Affected to a person

Time-scale : 6 months (?)

Full physicsdynamicaladaptationexperimentshave revealeda divergenceof some
forecast fields when going towards fine-scale (i.e. 2.5 km) resolutions. The
precipitation and vertical velocity are the mostinvolved fields. This behaviouris
observedidentically for Hydrostaticand NH models. This problem has for the
momentreceivedno satisfactoryexplanation,and must be studiedmore in details,
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trying to separatefirts the respectiveimpact of dynamicsand individual physical
processes.

6) Radiative Upper BC
Priority : 2
Sleeping
Not affected
Time-scale : 1-2 years

A first attemptto implementa RUBC in ALADIN wasabandonnedafter the lack of
clearimprovementomparedo the currentrigid lid in operationakontext.However,
this failure wasclearly relatedo the lack of a simplified testbedlike the 2D vertical
planemodelatthistime. Now thistool is available it would be moreeasyto validate
this alternative UBC. The problem is that most of the correspondingcode has
probably becomeobsoletedue to the evolution of the system,hencethis study
requires a significant initial effort to re-implement this alternative algorithm.

7) Thin Layer Hypothesis
Priority : 1.5
Progressing
Affected to a person
Time-scale : some months

A formulation of the Primitive Equationsystemwith a consistentrelaxationof the
Thn Layer Hypothesis (TLH) and of some other minor approximationswas
implementedin ARPEGE and has received a first evaluation. However, this
generalizationcould have a more significantimpact at high resolutionand/or over
tropical areas.Henceit would be wishableto validatethe ALADIN version,which
hasbeencodedaswell, andto definerelevantteststo objectivelyevaluatethe benefit
which can be expectedfrom this formulation (so far no clear advantagehasbeen
found on randomly chosen test cases for ARPEGE).

8) Diabatism in NH system

Priority : 2
Still planned
Time-scale : some months

This topics covers in fact two separate issues: how to introduce the dry diabatism in the NH
dynamics, and how to make consistent the introduction of the phase-change diabatism with the
dry formulation. For the first point, a simple formulation with a projection of diabatic sources on
hydrostatic modes has been chosen from the origin of the NH model: this approach allows to
keep the diabatism as it is formulated in the hydrostatic version. It had been demonstrated that
this approach was valid for resolutions in the kilometric range, and for meshs with a small aspect
ratio. For the second point, a sequential approach as in the hydrostatic version has also been
chosen. However, the NH version has a coupling of pressure and thermodynamical equations,
and it is not certains if this sequential approach is the best one, because both phase-changes and
hydrostatic adjustment process have very small time-scales. Some alternative approaches could
then be defined and tested. The first question to be answered should logically be is this problem
important at our scales ? . For this a short set of well-chosen test should give an idea of the
answer and allow to decide if more effort should be put on this research topic.
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