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Complex Wavelets for representations of 3D
structure functions
The purposeof this work is to improve the representation
of backgrounderror covariancesin a the 3d-Var assimila-
tion of a limited areamodel(LAM). In particular, we want
to include local variationsin variance,heterogeneityand
anisotropy of thestructurefunctions. In 3 dimensions,the
model shouldbe able to representlocally tilted structure
functions.
Due to the very large sizeof the backgroundstatevector
(around

� � �
), it is not possibleto representthe full back-

grounderrorcovariancematrix � . (Many 3d-Var schemes
actuallyimplement� � �

� �
.)

By diagonalisinga 2D covariancematrix in grid point
space, we would geta perfectrepresentationof local vari-
ancesbut no covariancesat all. On theotherhand,a diag-
onalisationin Fourier space yields the meanvarianceand
structurefunctionatevery location.
A kind of intermediatesolution is to diagonalise� in a
wavelet basis . In [1] a hybrid methodwasusedthatcom-
binesanorthogonalbasisof Meyerwaveletswith furtherdi-
agonalizationsin grid pointandFourierspace.Thisshowed
a muchimproved representationof correlationlength,but
only limited anisotropy. We arenow researchinga new ap-
proachusingDual Tree Complex Wavelets [2].

Figure 1: Complex wavelets. row 1: real part; row 2:
imaginary part; row 3: modulus

3D structure functions
Comparedto orthogonal2D wavelet transformsasusedin
[1], thesefunctionshaveseveraladvantages:

� Directional resolution: the functionshave 6 different
orientationsat intervalsof approximately	 � 


.
� Near shift invariance: The 4-fold redundancy results
in a waveletdecompositionthathasmuchlessartefacts.
It alsoimpliesthatlocal variationsarebettercaptured.

In Figure 2 a vertical profile is shown for a chosenloca-
tion. While the wavelet diagonalisationobviously elimi-
natesmany details,somesalientfeaturesareretained.Most
notably, theverticalprofilesaretilted.

0 20 40 60 80 100 120

30
25

20
15

10
5

0

0 20 40 60 80 100 120

30
25

20
15

10
5

0

0 20 40 60 80 100 120

30
25

20
15

10
5

0

0 20 40 60 80 100 120

30
25

20
15

10
5

0

Figure 2: Zonal and meridional cross sections of
correlation functions from original data and from

complex wavelet diagonalisation.

Neural Networks for Model Output Statistics
Wearecurrentlyresearchingtheuseof artificial neuralnet-
works for Model Output Statistics(MOS) of temperature
forecasts. Figure 3 shows the improvementsin monthly
RMSE scoresof a simplelinear model(LM) anda neural
network.
Both (experimental)MOS systemsweretrainedon 3 years
of forecastsof theALADIN model(cycle15)andtestedon
a fourthyear.
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Figure 3: Monthly RMSE for plain forecasts (black), a
simple linear MOS (green) and a neural network (red).

New approaches to deep convection
parametrisation and its binding to a mi-
crophysical scheme
It hasbeena long practicein operationalNWP modelsto
separatethesaturationprocessesbetweena ‘resolved’ part
(i.e. which canbe consideredhomogeneouswhenseenat
thescaleof thegrid box),associatedto stratiformor frontal
eventsanda ‘subgrid’ part, linkedto deepconvection. For
the ‘resolved’ part, statisticalconsiderationsmay address
thesmallerscaleinhomogeneities;this is thestartingpoint
of most microphysical packages.However, at all resolu-
tions with grid boxes greaterthan 2 or 3 km, the effects
of deepconvective systemscannotberepresentedsatisfac-
torily without a dedicatedscheme. Then, combiningthe
outputof thisscheme– condensation,precipitation,cloudi-
ness– with themainmicrophysicalschemeis not straight-
forward. Keepinga separateconvective scheme,directly
producingits own precipitation,which shouldbeaddedto
theoneof theresolvedschemeposesseveralproblems,and
inducesmeshsizeandtime stepdependencies.
Theproblemis especiallyacutefor theresolutionsbetween
7 km and2 km, wheretheconvective cloudsarepartly re-
solved, partly subgrid. This is now often referredto asa
‘grey zone’of resolutions,which ‘shouldbeavoided’.
Still, beingableto handlethegrey-zoneresolutionsis very
desirable,because:

� They maybeinterestingin many circumstances.
� Jumpingover thisgrey zoneis very expensive.
� Theparametrisationeffort increasesour understanding
of thenaturalphenomena.

Moreover, having a schemewhich resultsare not depen-
dentof theresolutionthanksto asmoothcombinationof re-
solvedandsubgridpartsrepresentsaconsiderableadvance.
Thepresentversionof our scheme(detailsto bepublished
soon)usesa modifiedversionof themicrophysicalscheme
developedby Lopez[4], with prognosticvariablesfor cloud
ice and liquid water, but not for the precipitatingspecies.
Various enhancementswere brought to this scheme,as
modellingthe Bergeroneffect, anda betterrepresentation
of thephasechangesof thecondensates.
A new methodhasbeendevelopedfor combiningthesub-
grid andresolved contributionsof cloudcondensationand
precipitation. The convective updraughtroutine is an ex-
tensionof the onedescribedin [3]. It includesprognostic
variablesfor theupdraughtvelocity andmeshfraction,and
now it detrainscondensatesinsteadof producingprecipita-
tion fluxes.

Wealsouseapropositionof J.M. Piriou (PhD-thesis2005)
to calculatethecontribution of theupdraughtto themodel
fields.Theconvectiveschemeis completelyintegratedwith
themicrophysicalroutines;anexternaldowndraughtis ap-
plied at the end,driven by the cooling accompanying the
totalprecipitation.
This new versionof the integratedschemeyieldedsignifi-
cantlybetterpredictionsthantheoperationalAladin model
for variousconvective events.Testsat differentresolutions
alsoshow agoodindependenceof theforecastprecipitation
amountsto themodelgrid-boxlengthandto thetime step.
Figure 4 shows an episodeof very intenseshowers over
BelgiumonSaturday10September2005.Themodelfields
arethe1-hour-accumulatedprecipitationat19:00and20:00
utc, themean-sea-level pressure(hPa), the2m-temperature
(



C). On the compositeradar images(hereat 19:00 and

20:00utc), several cells show very few motion for several
hours. The operationalmodel (above) missedthe strong
convective events(this modelusesa diagnosticconvection
schemeand a diagnosticrepresentationof cloud water).
On thecontrary, our new integratedscheme(below) shows
very realisticpicturesof thesituation.Also thetotal accu-
mulatedprecipitationbetween12:00and24:00utc is very
patchy, with amountsup to 80mm, in quite good agree-
mentwith the synopticstationswhich measuredamounts
between50and100mm.

Figure 4: Top: operational Aladin 29. Centre:
composite radar images. Below: new integrated

scheme for convection and microphysics (see text).

Other Research Subjects
Otherresearchin theALADIN groupcurrentlyincludes:

� physics/dynamicsinterfacing
� externalisationof surfacescheme
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