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ABSTRACT
Ensemble prediction systems (EPSs) are an essential part of numerical weather prediction for the provision of proba-
bilistic forecast guidance. The Hungarian Meteorological Service has implemented a limited area EPS (called ALADIN
HUNEPS) based on the ALADIN mesoscale limited area model coupled to the French global ARPEGE EPS (PEARP).
The dynamical downscaling method is assessed in terms of ensemble verification scores taking also into account the
recent upgrade of the PEARP global system. The verification results point towards some weaknesses of the ALADIN
HUNEPS, mainly with respect to the near-surface parameters. Therefore, some improvements are needed so as to

provide better and more reliable ensemble predictions for the Carpathian Basin. The application of near-surface per-
turbations into the surface data assimilation scheme is implemented and tested. The first results show that the surface
perturbation method slightly improves the ALADIN HUNEPS, however, further experiments should be made to find
out the optimal settings of the method for definite robust improvements of ALADIN HUNEPS.

1. Introduction

The main purpose of weather forecasting is to predict the fu-
ture states of the atmosphere using the atmospheric hydro-
thermodynamics system of equations. The governing equations
that determine the present and future atmospheric states are well
known: conservation of momentum (Newton’s second law), en-
ergy (first law of thermodynamics), mass and moisture (conti-
nuity equations) and finally the ideal gas law. This set of non-
linear partial differential equations has only numerical solution.
NWP (numerical weather prediction) models make use of sev-
eral approximations, notably about these equations, the model
formulation and the parametrization schemes. The initial con-
dition is decidedly needed to solve the governing equations. As
similar systems, the atmosphere, described by non-linear equa-
tions, presents a chaotic nature and is, per force, very sensitive
to the initial conditions to the extent that a slight modification
leads to large forecast errors. The small number of representative
observations is another major source of forecast uncertainties,
as the initial condition cannot exactly represent the present state
of the atmosphere.

Because of the abovementioned reasons, there will always
be some uncertainties in the forecasts of NWP models. The
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only reasonable solution is to run a set, or, as it is com-
monly called, an ensemble of forecasts. These runs can dif-
fer for instance in the applied model (multimodel), in the used
parametrization schemes (multiparametrization) and the fluxes
of the parametrized physical processes can be perturbed by ran-
dom numbers (stochastic physics), but usually the ensemble
members are integrated from slightly different initial conditions
which are also possible realizations of the ‘true’ atmospheric
state. A forecast made by such an ensemble of runs is called
an ensemble prediction system (EPS) and has a clear advantage
against the regular ‘deterministic’ forecasts, namely that it pre-
dicts not only one probable future state, but that the members
define the probability density functions (PDFs) of the different
forecasted meteorological parameters. These PDFs contain use-
ful information about the forecast uncertainty (which depends
on the weather situation as well).

Since it was first operationally implemented in 1992 (Buizza
et al., 1993; Toth and Kalnay, 1997) ensemble forecasting has
been widely used by more and more forecasting centres in global
medium-range time scale. In the last couple of years, intensive
research has been carried out on the ensemble method linked to
limited area models for short-range forecasts, because it seems
a plausible way to predict the probability of severe and extreme
weather events which are often related to small-scale forcing or
geographical impacts (which can be properly described only by
high-resolution numerical models).

The first real-time, operational regional EPS was im-
plemented at NCEP (National Centers for Environmental
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Prediction) in 2001. The initial condition perturbations were
generated with the so-called ‘breeding method’ (Toth and
Kalnay, 1997) similar to the global ensemble system of NCEP.
At AEMET (Spanish Meteorological Service) initial and lateral
boundary conditions (LBCs) are downscaled from four different
global models and they are coupled with five different limited
area models, which result in a multimodel multi-analysis multi-
boundary system of 20 members. The SRNWP-PEPS (Short
Range Numerical Weather Prediction-Poor man’s Ensemble Pre-
diction System) is based on the idea of bringing together all avail-
able operational regional high-resolution numerical forecasts
(Heizenreder et al., 2006). Within the COSMO (Consortium for
Small-Scale Modeling) framework the COSMO-LEPS (Lim-
ited area Ensemble Prediction System) was implemented to run
an ensemble system with a non-hydrostatic limited area model
based on the downscaled representative members of ECMWF
(European Centre for Medium-Range Weather Forecasts) EPS
(Montani et al., 2003; Marsigli et al., 2005). These members are
selected using a clustering technique. It was found that COSMO-
LEPS performed better than the lower resolution ECMWF EPS
in forecasting (severe) precipitation events. The LAMEPS (Lim-
ited Area Model Ensemble Prediction System) of the Norwe-
gian Meteorological Service uses TEPS (global targeted EPS)
to provide boundary conditions to HIRLAM (High Resolution
Limited Area Model, Frogner and Iversen, 2001, 2002; Jensen
et al., 2006). TEPS is similar to the operational ECMWF EPS,
but uses specific singular vectors (SVs) to generate initial con-
dition perturbations, which are targeted to have their greatest
impact in Northern Europe, which is the area of main con-
cern. It was found that NORLAMEPS (Norwegian LAMEPS),
which is the combination of TEPS (20 + 1 members) and their
downscaled members (20 + 1 members), can give better results
than ECMWF EPS for short-range forecasts. ZAMG (Austrian
Meteorological Service), in collaboration with the international
LACE (Limited Area Modeling for Central Europe) team, devel-
oped its own ALADIN-LAEF (ALADIN Limited Area Ensem-
ble Forecasting) that is an ensemble of 16 perturbed members. In
this system, perturbations of the initial condition are generated
by a breeding-blending cycle. Forecasts are realized from sev-
eral model setups (multi-physics) and LBCs are retrieved by the
dynamical downscaling of the first 16 ECMWF EPS members
(Wang et al., 2009).

The abovementioned results motivated the experimentation
at the Hungarian Meteorological Service (HMS) whose final
aim was to establish an operational LAMEPS for Central Eu-
rope (ALADIN HUNEPS). The dynamical downscaling of both
the ARPEGE (Météo-France global spectral model) ensemble
system (PEARP) and the ECMWF EPS system were first consid-
ered and assessed (Szintai and Ihasz, 2006). PEARP was chosen
and used operationally since February 2008 at HMS (Hagel and
Horényi, 2006). In December 2009, the global PEARP system
was upgraded which resulted in a strong impact on the lateral
boundaries in ALADIN HUNEPS. A short description of the
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ALADIN HUNEPS system and the effect of these upgrades are
presented in Section 2 illustrated by some standard EPS verifi-
cation diagnostics.

The first sensitivity studies at HMS were undertaken to see
whether forecast skill was improved when replacing the opera-
tional PEARP perturbations by differently targeted global SV-
based perturbations. Different SV optimization domains were
examined and it was found that an optimal choice for Central
Europe can increase the spread and improve the skill of the
ensemble forecasts (Hagel and Horanyi, 2007).

More research was done to improve ALADIN HUNEPS
after its operational implementation in Hungary. Some local
(mesoscale) perturbations are to be introduced in the system
to see whether they would improve the main weaknesses of
the operational ensemble forecasts (especially near the surface,
since surface uncertainties are relatively poorly described by the
original ALADIN HUNEPS). The generation of near-surface
perturbations through the surface (optimal interpolation) data as-
similation cycle was implemented and tested. The scientific and
technical details of this ongoing research about this near-surface
perturbation scheme, and preliminary results are presented in
Section 3. The results are summarized and discussed in Section
4 and some conclusions will be presented in Section 5.

2. The operational ALADIN HUNEPS and its
evolution

The operational LAMEPS at the HMS (ALADIN HUNEPS) is
based on the ALADIN limited area model. The latest configu-
ration of ALADIN HUNEPS is fashioned after a simple down-
scaling method, with PEARP providing the initial and LBCs of
the ALADIN integrations. At present the ALADIN ensemble
system is operating without any additional local perturbations
(and data assimilation), therefore the initial behaviour of the
limited area ensemble is mostly determined by the perturbations
of the global (PEARP) system. The impact of the LBCs grows
in importance during the integration, which is another indication
that the quality of the global EPS is an essential factor for the
performance of the limited area system.

The 1.5 version of PEARP (hereafter referred as PEARP1.5)
was based on the current version of the ARPEGE ensemble sys-
tem when the LAMEPS experiments started in Hungary. The
ARPEGE spectral model (Courtier et al., 1991) with spectral
truncation of TL358 and a stretching coefficient of 2.4 was ap-
plied to the global ensemble system. The initial perturbations
were generated with the combination of initial and evolved SVs.
Initial SVs were computed with a 12-h optimization time to four
different optimization areas. 16 SVs (on TL9S resolution) tar-
geted on Europe and the North Atlantic region, 10 SVs (TL44)
targeted on the Northern Hemisphere and the tropical band
(£30°) and 20 SVs (TL44) targeted on the Southern Hemisphere.
Besides that, 24 h evolved perturbations were used from the pre-
vious run of PEARP1.5 valid at the time of the current analysis.
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Following this procedure, five perturbations were first calcu-
lated and then rescaled, based on the computed flow-dependent
background errors from the ARPEGE 4D-Var (four-dimensional
variational) data assimilation system. These perturbations were
added to and subtracted from the initial unperturbed analysis
(the ‘control’). Thus PEARPI.5 contained 10 additional ensem-
ble members to the control forecast, it ran once a day at 18 UTC
with a 108 h integration time.

On 8 December 2009, France implemented a new PEARP
version, called PEARP2.0 (Descamps et al., 2009). The main
difference between the old and the new versions is an increase
in the number of ensemble members (34 perturbed ones with
one unperturbed control) and the use of a different perturbation
generation method. Initial perturbations are now constructed by
the combination of ensemble data assimilation (EDA) perturba-
tions and targeted SVs. The main innovation of PEARP2.0 is a
six-member ensemble assimilation suite (which was originally
based on 3D-FGAT: 3D-Var with First-Guess at Appropriate
Time and later replaced by the 4D-Var scheme; Berre et al.,
2009). The EDA system produces six perturbed analyses. An
additional 56 differently targeted SVs are computed and then
combined into the 34 SV perturbations (by a Gaussian sampling
procedure). 30 out of the 34 SV perturbations are then combined
with the EDA-based perturbations (where each perturbed EDA
analysis is used five times), the remaining four SV perturbations
are linked to the control analysis (where no EDA-related pertur-
bations are considered). Another new feature is the inclusion of a
multi-physics approach to account for the model errors. The con-
trol forecast runs with the operational physical parametrization
package of the ‘deterministic’ ARPEGE, whereas the perturbed
members use an additional seven different physics packages in
a random distribution.

The ALADIN HUNEDPS is just a simple downscaling of the
PEARP system. It is running on a domain covering almost the
entire continental part of Europe (Fig. 1) with a 12 km horizontal
resolution and with 46 levels in the vertical. The integration of
the ALADIN ensemble members last up to 60 h (based on the 18
UTC run). The ensemble set of the ALADIN HUNEPS consists
of 11 members which are the first 11 ensemble members of the
upgraded PEARP (PEARP2.0).

2.1. Verification

The ALADIN HUNEPS was verified against ECMWF analysis
data for pressure level fields and against surface observations
for screen level parameters. ECMWF analysis as validation ref-
erences were chosen since it is an independent good quality
analysis system. The resolution of the ECMWF analysis as an
appropriate one for validation was assessed. For this purpose,
three resolutions were used (T399, T799 and T1279) and then
verification scores were compared. It ensured that experiments
are not sensitive to the ECMWEF analysis resolution to the extent
that even the poorest resolution can be used to quantify the rel-

.
Fig. 1. The domain and the orography of the ALADIN-HUNEPS.

ative merits of the different EPS systems. Verification measures
were computed for the period of 1 January 2010 to 28 February
2010 for the old and new ALADIN HUNEPS systems (based on
the PEARP1.5 and PEARP2.0 global systems, respectively) and
also for the experimental ALADIN HUNEPS configurations.
The verified parameters were temperature and geopotential at
various pressure levels (500, 700, 850 and 1000 hPa) and at
screen levels (e.g. at 2 m for temperature). The 1000 hPa di-
agnostics was discarded as much as possible as this pressure
level may be suboptimal in mountainous regions (being below
the surface), however, comparing results from the two different
systems may give some invaluable information about their re-
spective merits. With regards to screen level (2 m temperature
for instance) verification measures it must be noted here that
although no correction was made from the model height to the
observation altitude, it is most probable that the intercomparison
results are not effected by this fact (which is also the case when
the global and limited area ensembles are compared, since the
two systems are compared on the same grid, so consequently,
possible verification deficiencies are affecting the two systems
equally).

The spread—skill relationship can be used as a quality indi-
cator of the ensemble system, that is, how the forecast error is
represented by the ensemble. The main goal of this diagnostics is
to determine whether the system is under- or overdispersive (the
error is then under- or overestimated by the ensemble), and in-
formation about the vertical characteristics of the perturbations
can be got from a diagnostic of the different levels.

In Fig. 2, the RMSE of the ensemble mean and of the
ensemble spread are plotted for 500 hPa and 2 m tempera-
ture. The diagrams show comparative aspects of the ALADIN
HUNEPS driven by PEARP1.5 and PEARP2.0, respectively.
With the downscaled PEARP1.5, the results show a strong
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Fig. 2. RMSE of the ensemble mean (thin lines) and spread of the ensemble (bold lines) for temperature at 500 hPa (left figure) and 2 m height
(right figure). Solid curves show the ALADIN-HUNEPS driven by PEARP2.0 and dashed curves show the ALADIN-HUNEPS driven by
PEARPL1.5. Verification period is 1 January 2010 to 28 February 2010. Verification was performed against ECMWF analysis (500 hPa) and

Hungarian observations (2 m).

underdispersive behaviour of the ALADIN system for tempera-
ture mainly at the lower atmospheric levels (Fig. 2, right panel).
With an upgraded PEARP, the skill of the ALADIN HUNEPS
becomes significantly better for the higher atmosphere, but re-
mains poor for lower levels and for the surface (though slightly
better than with the previous system). It is important to note that
this poor near-surface relationship is strongest for temperature
(in case of geopotential - not shown - it is not so meaningful).
Additionally, for the 500 hPa diagnostics, the new (ALADIN
HUNEPS based on PEARP2.0) system has a higher RMSE of
the ensemble mean after 18 h of integration than for ALADIN
HUNEPS based on PEARP1.5. This somehow surprising feature
(the new system is worse in that forecast ranges) might be related
to the fact that PEARP2.0 uses a multi-physics option to account
for the model uncertainties and the different physics packages

100
‘ ‘ Expecle& Value -----
ALADIN-HUNEPS(PEARP1.5) o

90 - ALADIN-HUNEPS(PEARP2.0) —— -

60 B

50 - b

Frequency (%)
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0 6 12 18 24 30 36 42 48 54 60
Forecast-range (hours)

used by the global EPS members might not be consistent with
the single physics package used for the ALADIN integrations
(the fact that the impact is seen only after 18 h indicates that the
influence is coming from the LBCs).

Percentage of outliers and Talagrand diagrams are also com-
monly used ensemble verification characteristics for the repre-
sentation of the spread and of the quality of the ensemble system
(Anderson, 1996; Talagrand et al., 1998).

Figure 3 shows the percentage of outliers for 500hPa
and 2m temperature. The difference between the old (based
on PEARP1.5) and the new ALADIN HUNEPS (based on
PEARP2.0) is significant. As it is the case for the spread—skill
relationship, the improvement of the new ALADIN HUNEPS
on the upper-air variables is quite manifest, which is not the case
for the near-surface fields, although some slight improvements
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Fig. 3. Percentage of outliers for temperature at 500 hPa (left-hand side) and for 2 m temperature (right-hand side). Solid curve for
ALADIN-HUNEPS (PEARP2.0) and dashed curve for ALADIN-HUNEPS (PEARP1.5). Verification period is 1 January 2010 to 28 February 2010.
Verification was performed against ECMWF analysis (500 hPa) and Hungarian observations (2 m).
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Fig. 4. Talagrand diagrams for 48 h temperature forecasts at 500 hPa (left-hand side) and 2 m height (right-hand side). White boxes for
ALADIN-HUNEPS (PEARP1.5) and dark boxes the increments for ALADIN-HUNEPS (PEARP2.0). Verification period is 1 January 2010 to 28
February 2010. Verification was performed against ECMWF analysis (500 hPa) and Hungarian observations (2 m).

can be noticed, the skill of the system falls short of expecta-
tions. The new PEARP system now provides a flawless skill at
500 hPa, which is a desired feature of a global EPS. All these
aspects are confirmed by the Talagrand diagrams (Fig. 4). The
U-shape of Talagrand diagrams decreases for PEARP2.0 in the
mid-atmosphere, but at 2 m and for the surface (not shown),
the verifying analysis is still quite often outside the interval
defined by the sorted ensemble members, hence the spread of
the LAMEDPS is insufficient near to the surface. The other im-
portant conclusion of the verification is that although the new
set of global perturbations in principle (since the global EDA
system-based perturbations are originated from the perturba-
tion of different near-surface observations as well) improves the
treatment of surface uncertainties, however in practise it does
not simultaneously improve the surface spread for ALADIN
HUNEPS, giving the impression that the surface behaviour of
the limited area model is somehow inherently constrained in
terms of further improvements during the downscaling proce-
dure. Furthermore, improvements for the near-surface should be
sought in the framework of the limited area model rather than of
the global one.

A short comparative verification of the driving (global) and
the limited area (LAM) systems was also performed in or-
der to see whether the LAM (ALADIN HUNEPS) can pro-
vide an added value to the global EPS. The LBCs of the first
11 members of PEARP2.0 were post-processed at the same
latitude—longitude grid, where the operational forecast products
are considered. To be noted here that in terms of quality, no
real difference was found between the PEARP system repre-
sented by its first 11 members and the full 35 members (not
shown), consequently the conclusions below are also valid in
the context of the lower resolution full (35 members) global en-
semble (PEARP) and the higher resolution, but lower ensemble
sized (11 members) limited area system (ALADIN HUNEPS).
Figure 5 shows the spread—skill relationship of the global EPS

and the ALADIN HUNEPS for 500 hPa and 2 m temperature,
respectively. At 500 hPa, a slight overdispersive behaviour of the
global PEARP2.0 can be seen where the spread of the global sys-
tem is a bit larger than the RMSE of the ensemble mean, however
the spread—skill relationship is rather satisfactory at this level.
For the same level and for ALADIN-HUNEPS, a rather slight
underdispersive behaviour can be noticed with a very moderate
degradation of the spread—skill relationship with respect to the
global system. At 2 m (as shown in previous figures) the skill of
both ensemble systems is worse than for the upper air, however,
the ALADIN HUNEPS limited area ensemble significantly im-
proves in quality with decreasing values of RMSE (this being
due to the higher resolution limited area model and with a better
description of the corresponding surface). Therefore, the lim-
ited area ensemble is able to increase the quality of the global
EPS near the surface, nevertheless, the spread—skill relationship
is still far from being optimal, which means that the ALADIN
HUNEPS system needs to be improved (to be described in the
next section).

3. Computation of near-surface perturbations

The main objective of our efforts is to improve the skill of
the near-surface fields in the ALADIN HUNEPS. The opera-
tional ALADIN HUNEPS verification (see Section 2.1 for more
details), pointed out that one of the weakest aspect of the sys-
tem was its performance near the surface, therefore it seemed
a matter-of-course to start to deal with the generation of near-
surface perturbations on the top of the dynamical downscaling
of the PEARP2.0 system.

3.1. Methodology

In order to use all available information to determine the ini-
tial state of the atmosphere, modern data assimilation algo-
rithms are used to merge several kind of observations and model
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Fig. 5. RMSE of the ensemble mean (thin lines) and spread of the ensemble (bold lines) for temperature at 500 hPa (left-hand side) and 2 m
(right-hand side). Dashed curves show the PEARP2.0 and solid curves show the ALADIN HUNEPS driven by PEARP2.0. Verification period is 1
January 2010 to 28 February 2010. Verification was performed against ECMWF analysis (500 hPa) and Hungarian observations (2 m).

information (background) to the analysis. At the HMS, the initial
conditions of the ALADIN model are operationally produced by
the surface optimal interpolation (OI) and by the upper-air 3D-
Var (three-dimensional variational data assimilation) techniques
(Bouttier and Courtier, 1999; B616ni, 2006; Horanyi et al., 2006).

For the ensemble system, at this stage of the experiment,
the OI configuration of the ALADIN model is applied to inject
near-surface perturbations through a surface assimilation cycle.
SYNOP (surface synoptic) and TEMP (upper-air radiosonde)
observations for the 2 m temperature and humidity are used in
the surface assimilation in order to update the surface (soil) tem-
perature and the moisture (Bouttier et al., 1993; Giard and Bazile,
2000). The perturbation of near-surface observations (2 m tem-
perature and humidity) implies a perturbation in the initial soil
temperature and moisture, which impacts the background fore-
casts as well. This results in a combined EPS, composed of an
ensemble of surface assimilation cycles for the representation of
the surface initial uncertainties and of the downscaled PEARP2.0

system. The core of the near-surface perturbation procedure is a
pseudo-random-number generator which defines an initial ran-
dom number from a normal distribution. The algorithm provides
perturbations, which also take into consideration the observation
errors, therefore, every observation is multiplied by a random
value, which is computed based on a normal distribution, which
is characterized by zero mean and standard deviation equal to
the observation error. It was furthermore ensured and checked
that the analysis quality control did not filter out the perturbed
observations. 11 sets of near-surface perturbations were created
and then analysed with a 6 h frequency, providing 11 different
assimilation cycles. Every day at 18 UTC, integrations were re-
alised for 60 h (as it is the case for the operational ALADIN
HUNEPS). Regarding the LBCs the PEARP2.0 forecasts are
used to run data assimilation cycles (for each member of the
surface assimilation cycle ensemble, different boundary condi-
tions were used) as well as in production. Figure 6 shows the
schematic figure of the ‘perturbed’ assimilation cycle.

06 UTC 12 UTC

/!

Perturbed

/!

Perturbed

&L 0BS & 0BS £

CANARI CANARI

Tt 1 1

18 UTC ;
00 UTC —2
FORECAST
Perturbed Perturbed
OBS .P OBS 4,.{9'
CANARI CANARI

COUPLING TO PEARP

COUPLING TO

Fig. 6. The schematic figure of the perturbed assimilation cycle.
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Fig. 7. The spread of the different temperature perturbations related to the near-surface perturbation scheme. Upper left panel: the spread of the first

guess in the experimental data assimilation cycle and in the operational ALADIN HUNEPS. Dashed lines correspond with the spread of the first
guesses at 2 m. Solid line marks the spread of the 6 h operational ALADIN HUNEPS forecasts at 2 m. Upper right panel: the same as the left panel
except that the solid line corresponds with the spread of the first guess at 850 hPa level. Bottom panel: the spread of the surface temperature analyses

at two different surface layers in the data assimilation cycle with near-surface perturbations. Dashed line correspond to the surface values and the
thick dashed lines mark the values at soil level nearest to the surface (at around 1.5 m depth). Period: 1 January 2010 to 28 February 2010.

3.2. Results

The ensemble of surface assimilation cycles ran from the 1
January 2010 to the 28 February 2010.

The question of impact of the near-surface perturbations
through the inclusion of random near-surface observational per-
turbations correctly affecting the surface assimilation cycle was
first assessed. Several diagnostics were made (Fig. 7): the inter-
comparison of the spread of temperature in the data assimilation
first guesses and in the 6 h forecasts of the reference ALADIN
HUNEPS members; the comparison of spread at 2 m and at
850 hPa in the assimilation cycle first guesses; the spread of the
surface perturbations themselves in the data assimilation anal-
yses. The first diagnostics (Fig. 7, upper-left panel) gives an
indication as to the verisimilitude of the amplitudes of the in-
serted perturbations with respect to the global PEARP2.0 ones.
It seems that the new 2 m temperature perturbations, usually

larger than the PEARP2.0 ones, are of a realistic size. This
latter characteristic was expected since the PEARP2.0 system
does not directly include surface perturbations, consequently, the
downscaled PEARP2.0 (ALADIN HUNEPS) gets near-surface
perturbations only through the atmospheric forcing of the com-
bination of the SV- and the EDA-based perturbations. It is hoped
that the larger perturbations implied by the inclusion of the di-
rect surface initial perturbations might improve the quality of
the ensemble near to the surface. Additionally, it is noted that
no spin-up effects are visible, therefore it is not necessary to
exclude a spin up period from the investigations. Furthermore,
the near-surface perturbations have also an impact at the higher
atmosphere (upper-right panel of Fig. 7), which is weaker in
terms of amplitude of the spread. The generated near-surface
perturbations are growing reasonably during the assimilation
cycle. The last plot (lower panel of Fig. 7) indicates the im-
pact of the near-surface perturbations to the surface and to the

Tellus 63A (2011), 3



DEVELOPMENTS AROUND THE ALADIN OPERATIONAL LAMEPS IN HUNGARY 649

100

T T T
Expected Value - - - -
PEARP2.0ed ---+--
90 - ALADIN-HUNEPS —e—
ALADIN-HUNEPS PERT --- - -

Frequency (%)

40 t .

30 - q

20 - B

0 6 2 18 26 30 6 42 48 54 60
Forecast-range (hours)

Fig. 8. Percentage of outliers of 2 m temperature for PEARP (dotted),

for ALADIN HUNEPS (solid) and experimental with near-surface

perturbations (dashed). Period: 1 January 2010 to 28 February 2010.

soil (at around 1.5 m under the surface) temperature fields. The
values and the relative size of perturbations between the two
levels seem also realistic. Therefore, the basic diagnostics of the
surface perturbation scheme show that the surface perturbations
have a true impact on the surface, the near-surface and even
on the higher levels. The amplitudes and the relative sizes of
these perturbations seem adequate and reasonable, therefore as
the perturbation generation algorithm is behaving as expected,
it seems worthy to probe deeper into the performance of the
perturbed ensemble system.

Some usual ensemble verification scores were also computed
in order to compare the reference (operational) and the experi-
mental (with near-surface perturbation) ensemble systems. The
percentage of outliers diagram was plotted and the near-surface
characteristics were carefully compared (Fig. 8). Clearly, some
slight improvements can be identified for the first 24 h of the
integration (although the value of the curve is still far from the
expected value). The comparison of the global PEARP2.0, the
ALADIN-HUNEPS and the experimental systems shows small
but substantial improvements and that the experimental sys-
tems based on the near-surface perturbations behave best and
PEARP2.0 worst. Concurrently, at higher levels, the influence is
slightly negative (not shown) indicating a too strong impact of
the surface perturbation scheme. This result casts a shadow as
the impact of near-surface perturbations is still too weak at the
lower atmosphere, but already too strong at the mid-atmosphere.
This might indicate that further improvements of the scheme at
the surface should be made simultaneously with a proper tuning
of the mesoscale downscaling model. The surface perturbation
method might be efficiently combined with another, upper-air
perturbation algorithm (for instance SV computations).

Improvements in terms of the spread—skill relationship are less
clear. For the 2 m temperature (upper panels of Fig. 9) the spread
and the RMSE of the experimental run are both slightly increased
with respect to the operational one with a similar gap between

Tellus 63A (2011), 3

the spread and the RMSE of the ensemble mean. Therefore, no
detectable improvements can be identified on the base of this
diagnostics. Looking at the 1000 hPa values (lower panels of
Fig. 9) a telling improvement is seen up to the 24 h forecast
range (which is in agreement with the results provided by the
percentage of outliers). The main enhancements are coming
from the reduced RMSE values of the ensemble mean at the
beginning of the integration. For any case, the scheme, based on
the presented ensemble verification scores of the near-surface
perturbation method, can improve the quality of the operational
ALADIN HUNEPS system.

4. Discussion

In this paper a limited area EPS for Hungary (called ALADIN
HUNEPS) was examined. The backbone of this system rests on
a dynamical downscaling of the global PEARP ARPEGE-based
EPS. The downscaling was ensured by the mesoscale limited
area model ALADIN. This version of the ALADIN HUNEPS
is entirely determined by the initial and LBCs provided by the
global system, therefore, the upgrade of PEARP (realised at the
beginning of December 2009) had a major impact on the per-
formance of the limited area ensemble system. The quality of
ALADIN HUNEPS before and after the upgrade was carefully
examined through standard EPS verification scores (spread—skill
relationships, percentage of outliers, Talagrand diagrams). The
impact of the new PEARP system is decidedly significant, with
better EPS characteristics especially at the higher model lev-
els. The comparison between the global (PEARP EPS) and the
limited area (ALADIN HUNEPS) EPS systems revealed that
some improvements near the surface could be gained, using
the high-resolution ALADIN model, however, this headway fell
short of expectations, making room for further upgrades. In or-
der to address this deficiency, the computation of near-surface
perturbations through perturbed surface assimilation cycles was
validated and tested. This method is thought to be helpful to
directly account for the weaknesses of the reference system near
to the surface.

5. Conclusions

The first (preliminary) tests of the near-surface perturbations
showed that although the implementation of the method brought
some improvements, these were rather thin near the surface
whereas some degradations was observed at higher levels. Re-
sults show that this method is potentially helpful, but it needs
to be further and carefully tuned to boost improvements near
the surface and prevent the negative impacts higher in the atmo-
sphere. Among other leads, this method could be combined with
other techniques (such as using SVs) to account for the upper-
air uncertainties, together with a proper tuning of the ALADIN
model (with special regard to the boundary layer mixing char-
acteristics) itself in order to stave off the detrimental impact
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temperature ones. Period: 1 January 2010 to 28 February 2010.

of the near-surface perturbations to the higher atmospheric
levels.

Good results, using the initial perturbations obtained on the
basis of the ALADIN SVs, should be brought forth in the near
future, paving the way to explore the SV technique (such as to
find the best optimization domain and time for mesoscale SVs,
the possible inclusion of physical processes into the SV compu-
tations, the optimization of the scaling of SVs towards thorough
studies of the impact of the singular-vector based perturbations
into the ALADIN HUNEPS).
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