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The limited areas of the ALADIN partners



The need for a scale-aware parameterization 
of deep convection

● There has always been a wide spread in the 
computing platform that the ALADIN partners 
could afford.

● So there was (and even today there is) a need 
for a model that can seamlessly run across 
resolution from the meso-scale to the 
convection permitting scales (10 → 1 km):
– The same scientific basis

– Limit maintenance (code developments, sanity 
checks and validation).



The ALADIN “Canonical” Model Configurations 
of the ALADIN-HIRLAM System

Termonia et al., 2017, GMD

● Code shared with HIRLAM (Bengtsson et al. 2017)
● Code shared with the IFS
● Historical care for long time steps

ALARO config: a vehicle to go through the grey zone of DC



The operational configurations of the 
ALADIN System



AROME France, results w.r.t. the global model



The M-T approach as the basis
Piriou et al. 2007

● Convective schemes can be validated against:
– Observation

– Cloud-system resolving models (CSRMs)

● One could try to develop NWP parameterization 
that should behave as CSRM in the convection-
permitting limit.



Piriou et al. 2007: try to mimic CSRMs 
by parameterizations by MTCS

Form of the Eqs. Of CSRMs Equivalent from for parameterizations

Like in CSRMs individual microphysics terms can be diagnosed 
independently from the transport and this should improve the validation 
w.r.t. to CSRMs. This is the M-T concept.



Assumption of stationarity of cloud 
budget

● Detailed comparison with CSRMs not possible.
● The detrainment D is part of the r.h.s forcing and should be 

paramterized

Cloud budget



Gerard & Geleyn (2005)
● Gerard and Geleyn (2005) introduced mass-flux scheme 

with a prognostic updraft vertical velocity and a prognostic 
updraft mesh fraction, allowing to depart from the Quasi-
Equilibrium hypothesis.

● Designed to complete Bougeault (1985)’s scheme that is 
part of the ARPEGE model and the ALADIN-baseline



Gerard et al. (2009): 3MT
Modular, Multiscale, Microphysics and Transport

● Using the M-T 
concept of Piriou et 
al. (2007)

● The detrainment D 
disappears



Modular: the cascade

● By a careful design of 
the sequence of calls, 
all of the 
condensation sources 
can be summed to 
provide them for one 
single call of the 
microphysics.

● This allows to avoid 
double counting of 
consensable water 
vapor.



Multiscale

● No parameterized 
detrainment => 
detrainment and 
subsequent 
subsidence can 
happen across grid 
boxes: LATERALITY

● Prognostic equation 
for the mesh fractions 
=> MEMORY

● May be tuned for 
Multiscale behaviour



Long runs (climate)

De Troch et al. (2013)

● Coupling ALADIN and 
ALARO to ERA-Interim 
in downscaling mode.

● 40 km → 10 km → 4 km
● Relative frequency vs. 

precipitation quantity 
(mm/day)



Intensity-Duration-Frequency

R. De Troch, PhD



Towards true scale-awareness: CSD

● Complementary subgrid draught scheme (CSD, Gerard 
2015): the parametrization produces a complement 
(expressed as a kind of perturbations on top of the 
resolved background) to the resolved signal, fading out at 
very fine resolution.

● Mixed closure (CAPE and Moisture convergence)

● Prognostic evolution (updraught fraction and velocity, 
cloud elevation) is essential

● Triggering of the perturbation updraught based on resolved 
condensation

● Stochastic component (Cellular Automaton, Bengtsson et 
al. 2013, seeded where TKE< threshold) acts on triggering 
and closure.



Compared behaviour (res. 2km)
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TOUCANS, Ďurán, Geleyn, Váňa (2014)

● TOUCANS:

– Treatment of TKE as an extension of a Louis-type 
of turbulence, while maintaining the possibility to 
use the implicit solver that exists in the code.

– Can “emulate” Quasi-normal scale elimination 
(QNSE), Energy Flux Budget (EFB), and introduce 
Third-Order Moments (TOMs).

– There is no critical Ri

– Account for anisotropy in turbulence
● Shallow convection (i.e. non-precipitating convection) 

is included in TOUCANS, using the moist Brunt-
Väisälä Frequency of Marquet and Geleyn, 2013.



The physic-dynamics interface

● All terms of the physics-dynamics coupling are 
expressed in a flux-conservative form:

Catry et al. (2007), Degrauwe et al. (2016)



Stochastics/model error



Multimodel EPS

● AROME and ALARO model configs. (both at 
2.5km) are coupled to ECMWF ENS (vertical 
65L).

● 22 limited area ensemble members: 10+1 from 
ALARO and 10+1 from AROME (cy38h1.1, 
both with SURFEX).

● Forecast range: 36 hours (at 00 and 12 UTC).

● Surface assimilation cycle (CANARI) + 3DVar

● upper-air data assimilation for control 
members.



What if we switch off the DCS?
● then what is the “model-error”
● We can switch off the DC scheme
● We should study this in a probabilistic sense



Physically-based estimate of the  error

● Experiment: consider the configuration with the 
DC scheme as the “perfect” model

● And consider the error:
● Compute it (including some spin up)



Add stochastics by a resampling

● Draw now the error randomly from the sample set and treat it 
an additive perturbation to the turbulence pseudo flux:

● This creates flux-conservative perturbations:



Some examples



Can an ensemble (15 members) get close to a deterministic run with 3MT?

Courtesy M. Vanginderachter



Results



Application in a lagged ensemble
● 3 lagged ensembles (5 members): using 3MT, NODC (STRAPRO) and NODC with 

sampled model-error based stochastics (STOCH)

● The perturbations reduce the spread! But nevertheless bring the NODC closer 
to the 3MT configuration



The effect of the perturbation
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Discussion
● The collaboration between 16 partners with varying available 

computing resources created a need for a multiscale solution 
for the treatment of deep convection.

● Seamless transition from the older scheme led to the choice of 
a bulk mass flux scheme for deep convection. And a treatment 
of the non-precipitating convection by a moist turbulence 
scheme.

● This ALARO configuration is operationally used both in NWP, 
but also in climate, where multiscale applications are also 
needed.

● We have a model with an option for a DC scheme. This allows 
to switch it on/off and can be used for scientific tests, eventually 
to develop physically model-error based stochastics.
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