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1 Introduction

The operational ALADIN model at the Hungarian Meteorol@gi€ervice (HMS) has been originally coupled
with the ARPEGE model for its lateral boundary condition8(@). Several attempts to use LBC data from the
ECMWF model have been made in the past 2 years in Hungary ixganignental framework, i.e. in a non-real-
time manner (Kertész, 2007). These investigations were @snpart of the ECMWF "SPFRCOUP" Special
Project led by Meteo-France with the participation of seV&LADIN partners. Results suggested a potential
improvement of our ALADIN forecasts when using LBC data frtime ECMWF model. Following a request
from HMS, ECMWEF started to provide LBC data for Hungary on dydaasis for pre-operational testing since
May 2008. This made possible to run real-time parallel tast$MS in order to compare the forecast accuracy
with ARPEGE and ECMWF LBC data. The parallel test proved &bgerformance with ECMWF LBC data,
which led to an operational use of these data since the 1sttob@r 2008. On one hand, the article will shortly
describe the most important technicalities of preparinglLdata for the ALADIN model from the ECMWF
global fields. On the other hand, results of the above mestigrarallel tests will be presented as well as the
most recent experiences since the operational use of theVE#EMBC data.

2 Preparation of the LBC datafrom ECMWF

The preparation of ALADIN LBC data from ECMWF files consistisranning appropriate configurations of
the ARPEGE/ALADIN software (see Fig. 1). First, one has tepare a global ARPEGE file from the global
ECMWEF file (conf. 901) and then to interpolate it to the LAM LB@ometry (conf. €927). Beside the format
change (ECMWEF grib —> FA), the first step includes an adjustroéthe surface fields in order to convert the
ECMWF surface variables into ARPEGE/ALADIN (ISBA) surfagariables because the surface schemes in
the two global models are rather different (different numbiesurface layers, etc.). We refer to Saez (2008),
Sahdan and B6I6ni (2005) and Kertész (2006) for more deltgglehnical description of the ALADIN LBC data
preparation from ECMWEF files. ECMWF has started to run thevabeentioned applications for HMS in May
2008 and disseminates the LBC files to our service. One cationdmere that ECMWF undertook only the
regular running of this application, but so far we do not hameagreement about its maintenance (executables,
increase of resolution of the LBC files if the ECMWF resolutie increasing, etc.)

3 Useof ECMWEF LBC datain an experimental phase

During the summer of 2008 three tests have been run usinggtudar real-time LBC data from ECMWEF. All
of them included a local 3DVAR atmospheric data assimitatipcle and 48 hour production forecasts starting
from 00 and 12 UTC analyses. Due to the data availability waimés, our ALADIN production runs used



LBC files from the previous ECMWF BC run, that is, with a shiftéhours. All the three experiments were
compared to our operational run as a control. Verificatiothefforecasts has been done against SYNOP and
TEMP observations over the whole operational model donfao ). The experiments and the discussion of
the results are detailed below.

3.1 Control run HUN2

The reference is our operational run which includes a 3DV&Rogpheric assimilation cycling with a 6 hour
analysis frequency. LBC data are used from ARPEGE both im$lsemilation cycle and the production runs.
No local surface analysis is included at the moment, whigblies that the interpolated ARPEGE analysis is
used as surface initial condition (IC) both in the assinolatcycling and the production forecasts. The atmo-
spheric analysis includes the assimilation of the follaywservation types: SYNOP, SHIP, TEMP, AMDAR,
Wind Profilers, MSG2/GEOWIND, NOAA(15/16/17/18)/IATOVS ASU-A, AMSU-B and MHS). For more
details on the operational ALADIN model of HMS we refer to Reamampianina (2006) and Boloni (2006).

3.2 Experiment ECM1

In this experiment all ARPEGE fields have been replaced by BEMields. It means that ECMWF fields
have been used both for LBCs and surface ICs. In all otherctsfiee experiment is the same as HUN2. The
parallel test have been run for the period 17/07/2008 - 29008B. Verification results reflect a degradation of
the forecast for ECM1 compared to HUN2 near the surface (&im;h can be seen on Fig. 3. The degradation
is most pronounced for temperature and humidity. This featas been found also in our earlier tests (Kertész
2006) and the degradation is, in our understanding, dudypiaréhe surface ICs, and this is consistent with the
fact that far from the surface (above 850 hPa) ECM1 over peisdHUNZ2 for most of the variables (Fig. 4).
The reason for the inferior results of our surface ICs gardrtom ECMWEF fields most probably originates
from the different surface schemes applied in ARPEGE and BE&MThe applied surface schemes differ in
several aspects and it would need a detailed investigatidigtire out from where exactly the problem is
coming and to improve conf. 901 of the ARPEGE/ALADIN softean this aspect. It is to be mentioned that
both Fig. 3 and Fig. 4 are based on the 00 UTC runs but resalts tihe 12 UTC runs are very similar.

3.3 Experiment ECMW

This experiment is the same as ECM1 except that it uses sulf2e from ARPEGE just like in HUN2. In
other words, this experiment differs from HUNZ2 only in theews the LBCs and not in the use of the ICs. The
experiment has been run for the period 01/08/2008 - 14/082Results at 2m are rather neutral for most of
the parameters, however some improvement for temperasehd sea level pressure rmse can be seen (Fig.
5). One might also notice that a small degradation is vidiimi¢he 2m relative humidity bias during daytime
(forecast ranges +12h, +36h in the 0 UTC runs). Higher in theogphere ECMW has a smaller error than
HUNZ2 for most of the variables. An example for 700 hPa is showifrig. 6. Results based on the 12 UTC are
again very similar.

3.4 Experiment ECCA

This experiment differs from the previous two again in tleatment of surface ICs, namely by running a local
Ol assimilation for the surface instead of using interpdaARPEGE or ECMWF analysis fields. Previously
to our LBC tests described here, the local surface assionlatas found to improve the forecast at 2m and
a decision has been taken to implement it operationally. évew before this operational implementation,
we wanted to repeat the surface assimilation test using LfBflds ECMWEF instead of ARPEGE to see the
interaction of both modifications compared to our presemraional suite. Results from this test show an



improvement in the 2m forecast, which is mostly due to théasearassimilation (Fig. 7) and also higher in the
atmosphere, which is mostly due to the use of LBCs from ECMWIE.(8). One should notice that the 2m
relative humidity bias is degraded further compared to ECBIWnNg the day (forecast ranges +12h, +36h in
the 0 UTC runs), which should be a shortcoming of the locdbsearassimilation.

4 Useof ECMWEF LBC datain the operational phase

Based on the parallel tests above, the operational ALADINIehin Hungary is coupled with ECMWF LBC
data since the 1st of October 2008. This section summarizeexperiences on the performance of the oper-
ational model within the autumn and winter of 2008. It is nasyto choose a good measure of performance
now, as we haven't been running a reference model couplddARIPEGE LBCs since the operational switch
in October. However we have tried to find signals of the LBOngjgain our objective verification scores.

4.1 Timeevolution of the bias

One possibility is to plot the time evolution of bias and rreseres for a long period (01/05/2008 - 07/01/2009)
and see if a remarkable change appears by the time of thetiopatamplementation of the ECMWF LBCs. On
Fig. 9 2m temperature bias scores are shown for the +24 heeodst range. This figure reflects a pronounced
reduce of the bias around mid-September keeping near zenoidi November and then slightly increasing
again with an opposite sign. On these scores, thus, the LB@gehdoes not show up straight. We can also
state that the dependence of the bias on the actual weatlsestreager then the dependence on the LBC
change in this period. This statement is also strengthepddetfact that the bias of the ECMWF model (T799
deterministic) itself changed very similarly as those @& B_LADIN model. One might also notice that the
ECMWEF and ALADIN verification curves run more closely in thecend half of the period, i.e. the LBC
switch in ALADIN, however this fact does not match neithee tixact date of the switch. A last thing to add
is that beside the LBC change, the 2m scores shown on Fig. Btmaflect also another component of the
operational switch of October the 1st 2008, namely the impletation of an Ol surface assimilation. In order
to analyze the impact of the LBC switch more independentiynfithe surface assimilation switch we have
plotted bias time evolutions for 700 hPa on Fig. 10 for a sohewhorter period (September - October 2008).
On this figure temperature and humidity curves run a bit cltseero in the second half of the period, which
might be due to the use of new LBC data. However, one shoutdral§ce that temperature bias significantly
increased by the end of October, and even grew larger thanretlds period. As a consequence, we hardly
can state firmly, that the change to ECMWF LBCs is visible amtime evolution of bias scores within this
period.

4.2 Seasonal and monthly averages

Another possibility to find a signal of the change in the opieral LBC use was to compare three-months
(October-December) bias averages for 2007 with those f08,28ssuming that a long period average of the
real weather was similar in these two years. Fig 11 showsdridgmse scores of 2m temperature comparing
the two years. One can observe an improvement for the yed& ®0Ghe bias, which may be due to both
the Ol surface assimilation and the use of ECMWF LBC data.tf®rmse, the scores are rather similar for
2007 and 2008, except the analysis, which shows up muclr bett2008 very probably due to the Ol surface
assimilation. A similar comparison has been done for thadiigitmosphere as well, namely temperature and
humidity scores are shown for the level 850 hPa on Fig. 12 fdoker 2007 and 2008. These scores reflect
an improvement for the year 2008, which is possibly due toutbe of the ECMWF LBC data but also can
come from the fact that October 2008 was more predictable @etober 2007. The unfortunate reason for
for plotting the 850 hPa scores only for October is that weehanssing data for the upper air verification in
November 2007 and December 2008.



5 Conclusions

The parallel tests of the experimental phase reflect thatBIMNforecasts can be improved by using LBC data
from the ECMWF model. On the other hand ECMWF data are at th@emb not recommended to be used as
ICs for surface fields because such data is very model depeniie a consequence, it is recommended to run
a local surface assimilation or to use interpolated ARPE@ase fields if one would like to run the ALADIN
LAM with LBCs from the ECMWF model. Due to the encouraginguks obtained with experiment ECCA,
the use of ECMWF LBC data was implemented operationally erigt of October 2008 at HMS, together with
a local Ol surface assimilation. In the operational phasdouad rather difficult to show straight signals of
improvements in the objective scores due to the fact thatefezence using ARPEGE LBC data has not been
running any more. However we found some improvement of tagstital scores computed for the autumn
and winter of 2008 compared to those of computed for 2007. rAgdahis improvement may possibly come
from the change in the LBC use. Last, but not least, we are geteful to ECMWEF for making possible to
realize the tests described above and and also for providagBC data with a very high reliability in the last
9 months.
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Figure 1: Main steps to prepare ECMWF LBC data for the ALADINM

Figure 2: The operational ALADIN domain at HMS
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Figure 3: rmse and bias scores at 2m for experiments ECM1 &hdH
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Figure 4: rmse and bias scores on 700 hPa for experiments EQMHUN2
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Figure 5: rmse and bias scores at 2m for experiments ECMW aidH
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Figure 6: rmse and bias scores on 700 hPa for experiments E@MVHUN2
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Figure 7: rmse and bias scores at 2m for experiments ECCA &ahdH
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Figure 8: rmse and bias scores on 700 hPa for experiments EQEAUN2
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Time-t for period 2008-05-01 - 2009-01-07,
for parameter Zm temperature.
Legend: model/fareastimestep/score
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Figure 9: Time evolution of T2m bias scores of the operatidisADIN model in Hungary for the +24 hour
forecast range. Red: operational ALADIN model, Black: ECI\eterministic (T799)
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Figure 10: Time evolution of 700 hPa bias scores of the oper@t ALADIN model in Hungary for the +24
hour forecast range
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2m Temperature, Period: 01/10/2008-10/01/2009
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Figure 11: T 2m rmse and bias scores of the operational ALADBdel in Hungary.
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Figure 12: 850 hPa rmse and bias scores of the operationaDANAnodel in Hungary. Red-dashed: scores
for October 2007, Black-solid: scores for October 2008
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