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1. INTRODUCTION

During the last quarter, several modications have been done in the ARPEGE/ALADIN
physical package: a reduction of noise in the vertical di�usion due to the shallow convec-
tion term, implementation of a new snow scheme, a modi�cation of the partition between
resolved and unresolved precipitation and new cloud cover formulation. All those modi�-
cations are used in operations since the 15th April 2003. The Bechtold's scheme has been
tested in ARPEGE for 13 forecasts of January and in ALADIN on the 8-9 September
2002 �ash �ood. The snow scheme is the one described in (Bazile et al., 2002).

2. SHALLOW CONVECTION

Following the idea of (Geleyn, 1987), the modi�cation of the Richardson Number
(R�

i = Ri +Rshallow
i ) is supposed to take into account the enhanced vertical exchange at

the top of the PBL with a shallow cumulus.
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For 4 years ago, it is known that the scheme has a tendency to an on/o� behaviour from
one time step to the next. Recently, in 1D experiment, it was discovered an increasing of
noise with a decrease of the time step ! In fact, the scheme mixes the water vapour in
one time step whatever its value (Fig: 1). The modi�cation consists to compute a new
exchange coe�cient K� following the philosophy of the anti-�brillation scheme (Bénard
et al., 2000):

K� = K0 +
K �K0

1 + (� � 1)(K �K0)�t

where K0 is the exchange coe�cient computed without the shallow convection correction.
The � coe�cient takes into account the saturation vertical gradient at the departure and
after the mixing.

3. CONVECTION AND RESOLVED PRECIPITATION

The convection scheme uses a moisture convergence (CVGQ) closure: CVGQ =

�R(~u~rq + !
@q
@P

)� g
@Jq
@P

with Jq the vertical di�usion �ux and R a correcting factor to

take into account the local resolution. R was introduced in 1995 in ARPEGE/ALADIN
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Figure 1: 1D simulation starting from the BOMEX case. Only the vertical di�usion.
Black line: q and qsat. Dotted line: the same but after one time step. Dashed line: the
same after 4 time step. Left:Before. Right: After the modi�cation.

to reduce the convective part when the resolution increases. In October 1999, we have
added the large scale tendency to reduce automaticaly the CVGQ with the increase of

the resolved precipitation and set R = 1: CVGQ = �R(~u~rq + !
@q
@P

)� g
@Jq
@P
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But recently, a detailed study has shown that the evaporation of the large scale rain

below the cloud can promote the convective activity with a less vertical extension of the
cloud (Fig: 2). Consequently, 4 years after we take back on the modi�cation made in
1999.

4. CLOUD COVER FORMULATION

During the winter, in stable condition with low clouds or fog, ARPEGE/ALADIN
models have a tendency to underestimate the cloud cover even if the vertical pro�le of
humidity is well predicted. Furthermore, the cloud cover zonal mean shows a general
de�ciency of clouds in particular for the maritime anticyclonic area compared to the
climatological data or to the ARPEGE-CLIMATE version. With the cloud cover for-
mulation proposed by Xu and Randall (2000) with a new tuning of the parameters, we
improved signi�cantly the zonal mean of clouds, but also the forecast of low clouds. On a
1D pro�le, extracted from the 3D model, in the tropics the time evolution of the shallow
cumulus is more reasonable with a better top of the cloud (Fig: 3).

5. PRELIMINARY RESULTS WITH THE KFB SCHEME

The (Bechtold et al., 2001) scheme has been tested in ARPEGE (without 4DVAR
assimilation) on the thirteen �rst days of January 2003. Only the deep convection was
tested, because the shallow version crashes several time. The performance has been
evaluated against the sounding data (Fig: 4). The scores are slightly worse (red or dotted
line) but the sign of the bais changes signi�cantly and that suggests a new experiment
with a 4DVAR assimilation.
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Figure 2: Vertical pro�l of the various term for the moisture convergence: CVGQ_RR:
large scale rain contribution, CVGQ_DYN: dynamical part, CVGQ_DIF: vertical dif-
fusion term, CVGQTF: R*CVGQ_DYN + CVGQ_DIF and CVGQT: CVGQTF +
CVGQ_RR.
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Figure 3: 12 hour forecast. Left: old cloud cover formulation, right: new formulation
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Figure 4: Di�erence of score against TEMP, full line or green: KFB better, red line or
dashed: KFB worse
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In ALADIN, the scheme has been compared on the �ash �ood occured the 8-9 Septem-
ber 2002 in the south of France. The maximum of rain with KFB is 144mm, 222mm for
the reference and around 750mm according to the radar observation (the localization of
the maximum does not change). A positive impact with the KFB scheme is the reduc-
tion of the area with small precipitation and, a negative one is the missing, over the
Mediterranean sea, of a convective cell very active.

In ARPEGE the increase of the time computation is arround 19% and for ALADIN
about +47%.

6. CONCLUSIONS

The new physical package (the new shallow convection formulation, the snow scheme,
the cloud cover and the partition between the resolved and the un-resolved precipitation)
improves signi�cantly the cloud evolution and the low cloud forecast, reduces the "noise"
and the relative humidity in the tropics (not shown). Concerning the KFB scheme,
a 4DVAR experiment could be very relevant to estimate correctly the potential of the
scheme in the global model, and in ALADIN the study of more severe events is really
essential to be able to conclude correctly.

References

Bazile, E., ElHaiti, M., Bogatchev, A., and Spiridonov, V. (2002). Improvement of the
snow parameterization in ARPEGE/ALADIN. In Proceedings of SRNWP/HIRLAM
Workshop, 22-24 October 2001, Madrid, pages 14�19. HIRLAM 5 Project, c/o Per
Undén, SMHI, S-601 76 Norrköping, SWEDEN.

Bechtold, P., Bazile, E., Guichard, F., Mascart, P., and Richard, E. (2001). A mass
�ux convection scheme for regional and global models. Quart. J. Roy. Meteor. Soc.,
127:869�886.

Bénard, P., Marki, A., Neytchev, P., and Prtenjak, M. (2000). Stabilisation of non-
linear vertical di�usion schemes in the context of NWP models. Mon. Wea. Rev.,
128:1937�1948.

Geleyn, J.-F. (1987). Use of a modi�ed richardson number for parameterizing the e�ect
of shallow convection. In Collection of Paper Presented at the WMO/IUGG NWP
Symposium, Tokyo,4-8 August 1986, pages 141�149.

Xu, K. and Randall, D. (1996). A semi-empirical cloudiness parameterization for use in
climate models. J. Atmos. Sci., 53:3084�3102.

98


