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Abstract. A meso-scale ensemble system Aire Limitée Adaptation dynamique Développement InterNational
– Limited Area Ensemble Forecasting (ALADIN-LAEF) based on the limited area model ALADIN has been
developed in the framework of Regional Cooperation for Limited Area modelling in Central Europe (RC LACE)
consortium, focusing on short range probabilistic forecasts and profiting from advanced multi-scale ALARO
physics. Its main purpose is to provide probabilistic forecast on daily basis for the national weather services
of RC LACE partners. It also serves as a reliable source of probabilistic information applied to downstream
hydrology and energy industry.

1 Introduction

There are a number of limited area model – ensemble pre-
diction systems (LAM-EPS) in Europe. Here we describe the
system developed in frame of Regional Cooperation for Lim-
ited Area modelling in Central Europe (RC LACE, Wang et
al., 2018). Aire Limitée Adaptation dynamique Développe-
ment InterNational – Limited Area Ensemble Forecasting
(ALADIN-LAEF) became operational in 2011, at that time
having horizontal resolution of 18 km and 37 vertical levels
(Wang et al., 2011). In 2013 the first substantial upgrade was
made, incorporating the increase of horizontal and vertical
resolutions to 11 km and 45 vertical levels, geographically
bigger computational domain (Fig. 1) and a new ensemble
of surface data assimilations involving perturbed screen-level
observations (Belluš et al., 2016).

The ALADIN-LAEF system is going to higher resolu-
tion and finer scales. The horizontal and vertical resolutions
are being increased to 5 km and 60 levels, respectively. As
well as the use of higher resolution, several other upgrades
are implemented, such as new model version, new physics

parametrization schemes based on ALADIN System canoni-
cal model configuration ALARO (Termonia et al., 2018), ad-
ditional stochastic perturbation of physics tendencies for the
surface prognostic fields, etc. The ALARO CMC improve-
ments are described in (Termonia et al., 2018) and this work
focuses on the EPS improvement. The new ALADIN-LAEF
system is defined on a slightly smaller domain (Fig. 1, red
rectangle), that keeps the benefit over the global EPS (see
analysis in Sect. 3), but will reduce the large increase of
computational cost. A comparison of topography resolved by
previous and upgraded system over the Alps and Tatra moun-
tains is shown in Fig. 2. This topography is also the basis of
the models’ terrain following coordinate.

The ALADIN-LAEF system runs operationally on the
High Performance Computer Facility at the European Cen-
tre for Medium-Range Weather Forecasts (ECMWF) twice
a day with the integration starting at 00:00 and 12:00 UTC
producing 72 h forecasts (Wang et al., 2010b). The ensem-
ble consists of 1 unperturbed control run and 16 perturbed
members involving initial condition uncertainty, model error
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Table 1. ALADIN-LAEF system specifications for current and new version.

ALADIN-LAEF current new

Code version cy36t1 cy40t1
Horizontal resolution 10.9 km 4.8 km
Vertical levels 45 60
Number of grid points 500× 600 750× 1250
Grid quadratic linear
Time step 450 s 180 s
Forecast length 72 h (00:00/12:00 UTC) 72 h (00:00/12:00 UTC)
Members 16+ 1 16+ 1
IC perturbation ESDA [surface], breeding- ESDA [surface], blending

blending [upper-air] (Phase I)/ENS BlendVar
(Phase II) [upper-air]

Model perturbation ALARO-0 multi-physics ALARO-1 multi-physics
+ surface SPPT

LBC perturbation ECMWF ENS ECMWF ENS
SBUs consumed per year ∼ 10 mil ∼ 120 mil

Figure 1. Current and new (red rectangle) ALADIN-LAEF com-
putational domains.

simulation and coupling to perturbed lateral boundary condi-
tions rendered by ECMWF EPS.

2 Perturbation methods

Together with modelling higher spatial resolutions the ap-
propriate simulation of the uncertainties becomes more im-
portant. That is because the atmosphere naturally behaves
chaotically at the smaller spatial and temporal scales. In the
ALADIN-LAEF system we use different strategies to simu-
late the uncertainty of the initial conditions and of the numer-
ical model, while the perturbations at the boundaries are pre-
scribed by the downscaled information from driving global
EPS.

2.1 Initial condition perturbation

The surface and soil prognostic fields’ uncertainty in the ini-
tial conditions of ALADIN-LAEF system is simulated by
the ensemble of surface data assimilations – ESDA (Belluš
et al., 2016). This method replaced the former non-cycling
surface breeding – NCSB (Wang et al., 2010a), which em-
ployed short-range surface forecasts driven by perturbed at-
mospheric forcing. The current ESDA profits from ALADIN
surface data assimilation CANARI (Code d’Analyse Néces-
saire à ARPEGE pour ses Rejets et son Initialisation), which
is based on the Optimal Interpolation (OI) method. Each
ensemble member has its own data assimilation cycle with
randomly perturbed screen-level measurements (Fig. 3). The
amplitude and direction of the perturbations are defined by a
Gaussian distribution function with zero mean and standard
deviation equal to the usual errors of the observations.

The uncertainty of the upper-air part of the initial condi-
tions used in ALADIN-LAEF system is currently simulated
by the breeding-blending cycle (Wang et al., 2014). It com-
bines the large-scale perturbations provided by the driving
global ensemble (ECMWF EPS), with the small-scale per-
turbations generated by ALADIN-LAEF breeding vectors
within the pseudo-assimilation cycle. The upper-air spectral
blending (Derková and Bellus, 2007) by digital filter initial-
ization is used, profiting from the spectral character of AL-
ADIN model. An obvious disadvantage of such method is
the absence of data assimilation for the upper atmosphere.
The ensemble BlendVar technique combines the ensemble of
3-D variational data assimilations (with perturbed observa-
tions like SYNOP, TEMP, AMDAR, GEOWIND and GNSS
ZTD) and the upper-air spectral blending. Therefore, the im-
plementation of the ENS BlendVar procedure is underway,
to obtain more truthful control analysis and consequently the
perturbed members with less initial bias. The novelty of ENS
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Figure 2. Model topography for current 11 km grid (a, c) and new 5 km resolution (b, d) zoomed over the Tatra mountains in northern part
of Slovakia (a, b) and over the Austrian Alps (c, d).

Figure 3. An example case of the Surface temperature perturbation
by ESDA method (perturbed observation analysis minus reference
analysis for one ensemble member).

Figure 4. Surface temperature perturbation by multi-physics
method (differences after 12 h of integration).

Figure 5. Surface temperature perturbation by stochastic physics
method (differences after 12 h of integration).

BlendVar utilization within the LAM EPS is that it can serve
as the method for generating the background error statistics
(B-matrix) that can be used for operational 3D-Var in mem-
ber services.

2.2 Model perturbation

During its lifetime, the meso-scale ensemble system
ALADIN-LAEF has undergone many changes and upgrades.
The forecast model uncertainty is currently simulated by sev-
eral combinations of different micro-physics, deep and shal-
low convection, radiation and turbulence schemes. It largely
profits from the multi-scale properties of the ALARO physics
package used by the system (such as the modular multi-
scale microphysics and transport scheme for convection).
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Figure 6. The scripting system of new ALADIN-LAEF Phase I configuration.

Figure 7. RMSE (upper lines) and spread of 2 m temperature (a),
relative humidity (b), 10 m wind (c) and mean sea level pressure
(d) versus forecast lead time, calculated against SYNOP observa-
tions for ECMWF ENS downscaling (black) and new ALADIN-
LAEF Phase I (red). Shading denotes 10 % and 90 % confidence
intervals.

The stochastic perturbation of physics tendencies (SPPT) is
another approach which has been successfully tested in order
to enhance the model uncertainty simulation for the surface
prognostic variables, but also for the upper-air fields. The
stochastic physics method can randomly disturb the model

tendencies computed by the parametrization schemes and
hence addresses the model accuracy at its source. In our
experiments the surface prognostic fields like temperature,
liquid soil water content, frozen soil water content, snow
albedo, snow reservoir water content, snow density and wa-
ter intercepted by vegetation were perturbed. We intention-
ally avoided the perturbation of deep soil prognostic fields
(e.g. deep soil temperature), because such fields are naturally
changing very slowly in time. On the other hand, we found
the perturbation of (skin) surface prognostic fields very im-
portant for generating enough spread for screen-level vari-
ables in LAM EPS. The surface temperature is perturbed
by assimilating perturbed screen-level measurements, while
its effect is measured through the spread of the screen-level
temperature forecast. Examples of surface temperature per-
turbations by multi-physics and SPPT are shown in Figs. 4
and 5. The multiphysics perturbation method yields domi-
nantly positive or negative perturbations over the vast geo-
graphical areas, while the stochastic physics tendency per-
turbation yields small disturbances over the Central Europe
in comparison to ESDA perturbations (for this example).

2.3 Lateral boundary perturbation

The ALADIN-LAEF system is driven by the global ECMWF
EPS. The perturbed lateral boundary conditions (LBCs) are
retrieved from the first 16 EPS members with a coupling fre-
quency of 6 h to account for the uncertainties at the domain
boundaries. This is a natural choice for the LBCs pertur-
bation, not only because of the similarity in model physics
and dynamics among the ECMWF IFS (Integrated Forecast
System) and ALADIN, but also because of the quality of
ECMWF forecasts and their operational availability.
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Figure 8. Outliers of 2 m temperature (a), relative humidity (b),
10 m wind (c) and mean sea level pressure (d) versus forecast lead
time, calculated against SYNOP observations for ECMWF ENS
downscaling (black) and new ALADIN-LAEF Phase I (red). Shad-
ing denotes 10 % and 90 % confidence intervals.

Figure 9. Bias of 2 m temperature (a), relative humidity (b), 10 m
wind (c) and mean sea level pressure (d) versus forecast lead time,
calculated against SYNOP observations for ECMWF ENS down-
scaling (black) and new ALADIN-LAEF Phase I (red). Shading de-
notes 10 % and 90 % confidence intervals.

2.4 Technical implementation

Each of the 16 LAEF members (Fig. 7) uses different LBCs,
different surface initial conditions from ESDA and differ-
ent upper air initial conditions from blending. During the
forecast, the surface fields are subject to SPPT and upper
air fields are treated by multiphysics (4 different tunings of
ALARO). The summary is given in Table 1.

Higher spatial resolution and more complex and advanced
physics has led to considerable increase in the computational
cost of the new ALADIN-LAEF system.

The new ALADIN-LAEF suite (Fig. 6) uses a complex
system of scripts written under the ecFlow environment
(ecFlow is a workflow package developed in ECMWF that
serves as a job scheduler). Suite definition file is generated
by Python code, while all tasks, include files and configura-
tion modules are written in Perl. Such system should replace
the obsolete one based on the SMS scripting as a Phase I of
planned operational upgrade. It will be followed by Phase II
upgrade later in 2019, with the inclusion of ENS BlendVar
for more advanced uncertainty simulation of the upper-air
initial conditions. For the current and new system specifica-
tions please refer to the Table 1.

3 Results, validation and conclusions

The main motivation for running an operational version of
a regional EPS is its added value over the global ensem-
ble. Therefore, we have verified new ALADIN-LAEF Phase
I against the downscaling of corresponding 16 ECMWF EPS
members for surface as well as for the upper-air parame-
ters. For the surface parameters the statistical scores show
larger spread (Fig. 7), lower root mean square error (RMSE),
bias (Fig. 9) and a reduced number of outliers (Fig. 8) for
new ALADIN-LAEF system compared to the downscaled
ECMWF EPS. Another very positive result is also the sig-
nificant damping of a diurnal cycle of errors, mostly for tem-
perature and relative humidity. On the other hand, the impact
on upper-air fields is rather neutral as it was expected (not
shown).

Code and data availability. The ALADIN System code is not
public. It is available for developers and researchers in national me-
teorological services members of LACE, ALADIN and HIRLAM
consortia (and ECMWF). Please contact the corresponding author
if the code or data are required.
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