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1 Motivation
During extensive evaluation of the new Aladin/CE model domain with in reased resolution (∆x=4.7 km, 87
verti al levels and dt=180 s ompared to referen e operational version with ∆x=9 km, 43 model levels and
dt=360 s) some spurious granularity in pre ipitation elds was observed (for typi al example see gure 1).
The presen e of this pattern was on luded to be relatively weather dependent, being ex lusively linked to the
existen e of weak or medium onve tion a tivity. However the relative organization and large wide hara ter of
the phenomena led originally to its wrong asso iation with the model dynami s. (The turbulen e and shallow
onve tion s hemes have been nally found to be the primary sour es explaining this noise.) Related to this,
among some other tests of model dynami s, the so alled moisture onvergen e delivered by model dynami s
to losure the onve tion s heme was also reviewed with respe t.
The present method of omputing the moisture onvergen e is in a way Eulerian adve tion of moisture. Like
that it might be ae ted by aliasing in the presen e of linear trun ation. Moreover it also requires the moisture
eld (i.e. spe i humidity) to be transformed to spe tral spa e in order to deliver horizontal derivatives.
This when onsidering the moisture eld as very inhomogeneous may lead to erroneous omputation of its
derivatives.
This report aims to summarize the experiments done for the moisture onvergen e omputation. They all were
done with the "noisy" turbulen e s heme (using Louis fun tion and inter-time-step memory through diagnosed
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Figure 1: 6 hours

umulative pre ipitation after 42 hours of fore ast of Aladin/CE 4.7km
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and adve ted and diused TKE). Like that the pre ipitation elds as generated by the model were very sensitive
to the way of moisture pro esses parametrization, in luding the moisture onvergen e omputation.
Although all results presented hereafter are from one parti ular simulation (LACE domain, Alaro physi s) the
on lusions were onrmed to be generally valid. This ase was however sele ted for its very spe ta ular
results in all dis ussed aspe ts.

2 Methods
As the alternative to the existing way of omputation moisture onvergen e through spe tral moisture (NCOMP_CVGQ=0)
four other ways were explored:
1. To ompute moisture onvergen e in (3D) Lagrangian way at the end of previous timestep (using the
ode under model option NCOMP_CVGQ=2 and storing it between timesteps in the GFL eld YCVGQ). In
su h a ase there is no need to transform moisture to spe tral spa e so it is treated as pure grid-point
eld only here.
2. The same as above just the GFL eld keeping the adve ted moisture is in addition smoothed by the
SLHD diusion.
3. New option NCOMP_CVGQ=3 has been oded oering the possibility to ompute the horizontal omponents of moisture adve tion by grid-point formula of 4th order using pseudo-staggering (to omply with
A-grid). The used formula an be illustrated by following expression of x- omponent of the moisture
onvergen e (indexes stay here for the grid point positions):
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The verti al part is then omputed in the exa tly same way as in the referen e solution. The beauty of
this option is that it doesn't require that the spe i humidity eld is treated as a spe tral eld. Hen e
it is also treated as pure grid-point quantity in this ase.
4. The same as the previous option with the dieren e that the moisture is treated as spe tral eld. This
means that the moisture eld is onverted to the spe tral spa e and ba k being slightly ae ted by the
spe tral t deleting the 2∆x waves.
Note that options 1 and 2 are theoreti ally free from any aliasing. In a ase it plays some role, one should
dete t it as the dieren e between those results and the referen e. Option 4 then ompared to the referen e
shows the impa t of spe tral derivatives whi h might be subje t of Gibbs ee t in asso iation with steep
inhomogeneities. Comparison of options 3 and 4 then gives the idea about the impa t of spe tral t and 2∆x
waves ut-o on spe i humidity eld.

3 Results
Figure 2 illustrates the dierent results obtained with the settings 1-4. They an be ompared with the
referen e result of the 1 gure.
The plots on gure 2 are too small to allow detailed investigation of the results. However two points an
be seen already there (justifying the reason why gure 2 is presented here): First, in general the areas of
pre ipitations are very similar for all tested ways of moisture onvergen e. Knowing that this spe i ase is
2

Base 2010/07/12 00UTC
Valid 2010/07/13 18UTC

Base 2010/07/12 00UTC
Valid 2010/07/13 18UTC

@yaga Thu Sep 30 14:38:22 2010 [./ICMSHAL01+0036 ./ICMSHAL01+0042]

@yaga Thu Sep 30 14:38:26 2010 [./ICMSHAL02+0036 ./ICMSHAL02+0042]

Base 2010/07/12 00UTC
Valid 2010/07/13 18UTC

Base 2010/07/12 00UTC
Valid 2010/07/13 18UTC

@yaga Thu Sep 30 14:38:29 2010 [./ICMSHAL03+0036 ./ICMSHAL03+0042]

@yaga Thu Sep 30 14:38:33 2010 [./ICMSHAL04+0036 ./ICMSHAL04+0042]

Figure 2: 6 hours

umulative pre ipitation after 42 hours of fore ast of Aladin/CE 4.7km with

tests 1-4 from top left to down right.

very sensitive to any hange in the model setup (with respe t to simulated onve tion) just illustrates that
all methods are oering very omparable results. The se ond issue to be noti ed here is however the ability
of the Lagrangian methods to reate some ow-dependent stru tures in pre ipitation eld. This espe ially
an be noti ed in rotating y loni area over the western Ukraine. There the pre ipitation patterns evidently
follow wind streams. The Eulerian methods quite missing those rotating hara ter in the same area. This is
evidently the onsequen e of the fa t that the CFL riterion is broken there. To support this assumption, the
referen e run was re-laun hed with half timestep (i.e. 90s instead of 180s). As it an be seen in gure 3 in this
ase also the Eulerian methods starts to deliver some ow-dependent bands of pre ipitation in a way similar
to those omputed by Lagrangian way. The noisy pattern of the Eulerian runs than perhaps an be asso iated
to the aliasing.
Previous seems to favored the Lagrangian way of omputation. However loser look to the mountainous
regions or pla es with a tive development (like above the Ukraine in the relatively at area) as illustrated
by zoomed gure 3 shows some strange spots in pre ipitations when omputed by Lagrangian way. This
seems to be rather result of the Lagrangian method asso iating moisture onvergen e from previous time-step
(thus omputed from t − ∆t model variables) with the physi s based on model variables from time t. This
tenden y is even further amplied by SLHD applied to moisture onvergen e (being on e again driven by ow
deformation omputed at t − ∆t) in experiment 2. This is in a way just onrmation of the origin of the
mentioned in onsisten y.
The dieren es between experiment 1 and 2 are otherwise very small, so it is evident that despite pronoun ing
the mentioned in onsisten y, impa t of SLHD to smoothing moisture onvergen e has just osmeti hara ter.
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Figure 3: 6 hours umulative pre ipitations (zoomed area) after 42 hours of fore ast of Aladin/CE
4.7km with referen e method (dt=180 s) on left, the same with halved time step (dt=90 s) in
the middle and Lagrangian way of moisture

omputation (experiment 1) on right.

Perhaps more tests (or parallel runs for longer period) would be desirable to make any on lusion about that.
Perhaps more surprising seems to be the good onsisten y between referen e run and experiments 3 and 4. It
is evident that at least based on this sensitivity experiment the three ways are very omparable. This in a way
also onrms that spe tral method doesn't seem to be ontaminated by Gibbs waves in terms of the moisture
onvergen e omputation. The spe tral t with the ut-o of the shortest 2∆x wave has evidently nearly no
impa t to the results.
All four methods were also further evaluated with respe t to their performan e ( orre tness) in lower resolution.
In this respe t they all seem to deliver omparable results with their higher resolution simulations. This is
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Figure 4: 6 hours umulative pre ipitations (zoomed area) after 42 hours of fore ast of Aladin/CE
4.7km with tests 1-4 from top left to down right for zoomed area.
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espe ially surprising for the methods 3 and 4, using relatively wide sten il (5 times 5 points) for moisture so
one would expe t to nd there some redu tion of onve tion a tivity being result of smoothing over those
wide sten ils. Perhaps 45 km wide sten il for the 9 km resolution is still "small" enough to be not ae ted by
this ee t.

4 Con lusion
Five dierent ways of moisture onvergen e omputation were evaluated here for the Aladin model (and its
time step organization). None of them was found fully appropriate to every situation. The Eulerian way
seem to be ae ted by broken CFL riterion, so it doesn't perform well for areas with strong wind. (For
both investigated model onguration the limiting horizontal speed over whi h the moisture riterion starts to
deliver in orre t results is around 25 m/s. And perhaps in this ase the verti al CFL is even more important,
with steep slopes and very high verti al resolution with 87 model levels.) In addition the small s ale information
might be also onsequen e of aliasing.
The Lagrangian way suers from the in onsisten y between moisture onvergen e and model physi s. This
ould be improved by rearranging the time-step organization in the way that physi s is omputed after dynami s,
so both moisture onvergen e and physi s are omputed by using the same time level model variables (like it
is the ase in IFS or Hirlam models). But this is indeed out of the s ope of this study.
The Eulerian way perhaps seems to be still preferable solution out of the two. It delivers ina urate results
only for areas with strong (large s ale) verti al motions or horizontal wind ex eeding 25 m/s. For those there's
further a hope that onve tion is not the dominating for ing there. The Lagrangian way for Aladin time-step
organization with higher resolution means that the in onsisten y might play in reasing role. This was also
experimentally onrmed by dete ting mu h more "spotty" areas in higher resolution run ompared to the
lower resolution one.
It is evident that none of the two methods is ideal. Natural ure would be to rearrange time-step organization
and apply the Lagrangian method. But perhaps mu h simpler way to solve the existing problem would be to
introdu e a prognosti treatment for the onve tive losure as it is planned for the 3MT s heme.
Another out ome from this study shows that the grid-point and spe tral methods are both s ienti ally
fully appropriate for investigated s ales. While however spe tral method is relatively e ient (requiring only
several transpositions prior to omputations in various model spa es) the 5x5 points sten il required for gridpoint derivatives implies either additional ommuni ation or multipli ation of model arrays when aiming the
distributed omputing ar hite tures. Like that the spe tral solution is still the most e ient one1 .

1 For

the reason of ompli ated data-ow and not really useful results (i.e. oering no extra quality on top of
the existing model options) the NCOMP_CVGQ=3 ode was not promoted to the ommon sour e ode.
5

