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@ Bechtlod et al. 2014 nonequilibrium Closure for Deep convection J

@ Our motivation : why there is an overestimation of precipitation with B14 in
some cases ?

@ Reformulation of Boundary Layer Forcing J
O lts implementation in ARPEGE/ALADIN Physiscs J
O First results on ALADIN-Morocco , ALADIN-NORAF (and ARPEGE ?) J
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-old et al. 2014 nonequilibrium for Deep Convection Scheme

The task of the Convection Parametrization

To calculate the collective effects of an ensemble of convective clouds in a model
column as a function of grid-scale variables.

In IFS, the terms Qic, Q2c and Q2 measure the convective effects on static energy,
humidity and horizontal wind :

Que=Qi— Qr=L,(c—&) - %<
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Bechtold et al. 2014 nonequilibrium for Deep Convection Scheme

The main characteristics of the IFS Convection scheme

The main characteristics of the IFS Convection are as follows :

@ bulk mass-flux scheme
Q@ entraining/detraining plume cloud model

@ three types of convection : deep, shallow and mid-level - mutually exclusive
trigger of convection based on parcel instability, parcel velocity, and parcel initial
t and q perturbation

@ saturated downdraughts

©

simple microphysics scheme

@ convective (cloud base mass flux) closure dependent on type of convection :
CAPE adjustment for deep convection, PBL equilibrium for shallow convection
and large scale omega for mid-level convection

@ strong link to cloud parametrization-convection provides source for cloud
condensate
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Bechtold et al. 2014 nonequilibrium for Deep Convection Scheme

The convective available potential energy (CAPE) closure

Instead of the vertical integral of an entraining ascending air parcel :

2 Tye — Ty
CAPE = g/ Y4z 2)
zp Ty
the density-weighted buoyancy is used
Plz=z Tv — ?V
PCAPE = —/ ‘ C?dp; dp = pgdz 3)
Plz=z, v

where z is height, z, is the cloud base, z; is the cloud top, Ty is the virtual
temperature and g is gravity, p the density, the subscript ¢ denotes convective values,
and the bar denotes large-scale or grid-mean values.

The closure assumes that an equilibrium exists between the large-scale and
boundary-layer forcing (generating the PCAPE) and convection (reducing the
PCAPE).
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Bechtold et al. 2014 nonequilibrium for Deep Convection Scheme

The CAPE-adjusted closure of Bechtold et al. 2014

Assuming that convection acts to remove PCAPE over a convective adjustment
timescale 7, the CAPE-adjusted closure relaxes the large-scale forcing PCAPE to a
reference value PCAPE, over T as follows :

OPCAPE PCAPE — PCAPE,
ot - )
¢ 7
PCAPEy,, is computed as follows :
Plz=z )T
PCAPE,; = _E/ > Ty
T Jploo Ot |11
Zt — Zp A (5)
b1 = ——— continental boundary layer
Wc
Tigll = f—b oceanic boundary layer
Up]

where p|,—g is the surface pressure, Tx is a temperature parameter (set to 1K
T = C,;lgH), W is the average vertical wind speed in the cloud layer and wy, is the
average horizontal wind speed in the boundary layer.
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-otivation : why there is an overestimation of precipitation with B14 in some cases ?

General motivations

@ Representing convection at the right time and place is crucial to the realistic
simulation of atmospheric variability

@ As shown in Bechtold et al. 2014, the B14 scheme better represents the mainly
surface-driven convection over ... the Atlas Mountains, a situation that can be
frequently observed during summer...
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Reformulation of Boundary Layer Forcing

Plz=zy T
PCAPE;, = — L / > 9Ty )
p

l—o Ot

bl

The surface buoyancy flux is used instead of the virtual temperature total tendency in
the boundary layer forcing :

_ Thl CpﬁW/ Té ‘220 (7)
Z4

PCAPE,; =

where p is a reference density,

cp is heat capacity at constant pressure,

z4 is the altitude of the departure level for convection (considered as the origin
of updrafts).

w’ T!|,=o is the surface buoyancy flux :

W T)|z=0 = (8)

SHF n (& B 1) T|,—oLHF
Pcp

Ry plL

(SHF) the surface sensible heat flux,

(LHF) latent heat flux,

L is the latent heat of condensation and T|z:0 is the environment surface
temperature.

R and R, are gaz constants for dry air and water vapor.
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I Its implementation in ARPEGE/ALADIN Physiscs

The used configurations are the ALADIN CMC configuration as described in Termonia et al. 2018

J

Parametrization

Operational configuration

Modified configuration

Radiation

RRTMG_ LW, SW6 : Mlawer
et al. 1997, lacono et al 2008,
Fougquart and Bonnel (1980)

RRTMG_ LW, SW6 : Mlawer
et al. 1997, lacono et al 2008,
Fouquart and Bonnel (1980)

Turbulence

CBR Cuxart et al. 2000, Bou-
geault et Lacarrere (1989)

CBR Cuxart et al. 2000, Bou-
geault et Lacarrere (1989)

Microphysics

Lopez 2002, Bouteloup et al.
2005

Lopez 2002, Bouteloup et al.
2005

Clouds

Smith 1990

Smith 1990

Sedimentation

Bouteloup et al. 2011

Bouteloup et al. 2011

Orographic gravity
wave drag

Catry et al. 2008

Catry et al. 2008

Surface scheme

SURFEX

SURFEX

Shallow Convection

Bechtold et al. 2001

Bechtold et al. 2014

Deep Convection

Bougeault 1985

Bechtold et al. 2014

The activated subgrib processes in the operational and modified configurations
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-mentation in ARPEGE/ALADIN Physiscs

Tests with Moroccan ALADIN Operation model configurations

Two operational configurations are used :

ALADIN-Morroco

ALADIN-NORAF

Resolution 7.5km 18km
Vertical levels 70 70
Model cycle 41t1 41t1
LBCs and initial | ARPEGE ARPEGE
state

Precipitation
Diurnal cycle

first 24hours

first 24hours

= 2l

On the left : ALADIN-Morocco domain with special focus on an Atlas mountain region. On the right :
ALADIN-NORAF domain with the study sub-domain in red : Sahel (5N-20N,10E-30E)
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reformulation of the boundary layer forcing on diurnal cycle against

esurments) and AROME2.5km

oper_Bougeault
Bechtoldet al . 2014
Bechtiod et al. 2014 new
GPM

N
/

Experiments Vs GPM : Atlas mountain region, summer precipitation (20/08/2019-10/09/2019)
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the reformulation of the boundary layer forcing on diurnal cycle against

on mesurments) and AROME2.5km
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Experiments Vs GPM : Atlas mountain region, summer precipitation (20/08/2019-10/09/2019)
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Experiments Vs AROME2.5 over the same region and the same period
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rmulation of the boundary layer forcing on diurnal cycle against

rments)
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Sahel (5N-20N,10E-30E), JJA 2019.
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-d perspeCtiveS

@ The new formulation of the boundary layer forcing improved the diurnal cycle of
precipitation when compared to GPM in the ALADIN-ARPEGE physics.

@ There is no need to have a scaling parameter in the PCAPED] computing.

@ First tests on the ocean are ongoing with the hope to harmonize the boundary
layer adjustment time scale between ocean and land.
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Thank you for your attention J
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