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Abstract. During winter cold strong winds associated with 1 Introduction

snowfalls are not unusual for South and Southeastern Roma-

nia. The episode of 2—4 January 2008 was less usual duét polar and temperate latitudes the blizzard is a severe
to its intensity and persistence. It happened after a long peweather event of highest risk, often leading to important
riod (autumn 2006—autumn 2007) of mainly southerly cir- damages. Every year Romania experiences at least one bliz-
culations inducing warm weather, when the absolute recor@ard episode. Consequently the conditions when it is pro-
of the maximum temperature was registered_ The impor.dUCEd and its characteristics were studied by Romanian me-
tant snowfalls and snowdrifts, leading to a consistent snowteorologists, many times in connection with the local wind
layer (up to 100 cm), produced serious transport and electriccrivatz dynamics Draghici 1983 1984 Cordoneanu et al.

ity supply perturbations. 1997 Popa and SocR002).

Since this atypical local weather event was not correctly ~The blizzard of 1-4 of January 2008 was chosen for the
represented by the operational numerical forecasts, sever@fesent study due to its severity and to the fact that it occurred
cross-comparison numerical simulations were performed tafter a long period of warm weather. The blizzard affected
analyze the relative role of the coupler/coupling models andthe southern part of Romania and the north of Bulgaria by
to compare two ways of process-sca|e uncertainties mitigaCOﬂSiderame snowfalls and snowdrifts that were associated
tion: optimizing the forecast range and performing ensemblewith low visibility; it seriously perturbed the socio-economic
forecast through the perturbation of the lateral boundary conactivity. For instance, in Bucharest just in twelve hours the
ditions. The results underline, for this case, the importance onow layer reached seventy centimeters.
physical parametrization package on the first place and sec- An essential condition for generating blizzards is the pres-
ondary, the importance of the model horizontal resolution.ence of intense gradients of pressure, and often, temperature.
The resolution increase is beneficial only in the local procesdn Western, Northern and Central Europe they are produced
representation; on larger scale it may either improve or deat the extremity of very active cyclones, usually developed in
crease the accuracy effect, depending on the specified nudde North Atlantic basin, afterward engaged on continental
ing between large-scale and small-scale information. Therajectories Rinto et al, 2007). In these situations the sever-
event capture is likely to be favored by two elements: a moreity of the weather is due to the energetic input of the surface
appropriate time-scale of the event's physics and the qualheat fluxes (latent and sensible) contrast between land and
ity of the transmitted large-scale information. Concerning Ocean.
the time scale, the statistics on skill as a function of forecast In the South-East Europe the winter storms appear in
range are shown to be a useful tool in order to increase thépecific conditions in the coupling zone of an anticyclone
accuracy of the numerical simulations. Ensembles forecastti-e. East-European, Azores or Scandinavian origin) and a
ing versus resolution increase experiments indicate, for suciediterranean cyclone. Especially in this season, the large-
atypical events, an interesting supply in the forecast accuscale lows and troughs evolving along the polar front jet seem
racy through the ensemble method when applied to correcto directly influence the cyclogenesis in the Mediterranean

the minimum skill of the deterministic forecast. Sea {rigo et al, 2002 Flocas and Karacosta$996. In
the presence of a cut-off structure the mass penetration from

the middle latitudes has a decisive influence on precipitation
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Fig. 2. The RegCM3 model domain and orography (in meters on
color bar): Ax=10 km, Lambert conform projection.

ulation have been carried out in order to find a solution for

a better representation of such an extreme event. They allow
us to analyze the sensitivity to coupler/coupled models, fore-
cast range, initial and boundary conditions and to compare
alternate solutions for uncertainty mitigation through reso-

Fig. 1. The ALADIN model domain Ax=10km, Lambert con- lution increase and ensemble prediction systems (EPS). The
form projection) and orography (the same color palette as in Fig. 2):€XPeriments organization corresponding to their aim and the

the red line indicates the position of the vertical cross section (se@btained results are presented in Sect. 4. Finally, the conclu-
Sect. 3.3). sions of this study are summarized in Sect. 5.

The climatological studiesMaheras et a.200]) reveal 5 pata and methods
the presence of three cyclogenetic regions in Western, Cen-
tral and Eastern Mediterranean. The Eastern Mediterraneapor the large-scale conditions analysis of this blizzard
is in generally a weaker cyclogenetic regioRagdinovic episode the analysis of the ECMWEWropeanCenter for
1965 Alpert et al, 1990 in comparison with the cycloge- Medium Rang&VeatherForecast) deterministic model and
netic regions of the Western Mediterranean. Generally, thehe satellite water vapor channel imagery (METEOSAT 9,
surface fluxes due to the sea-land contrast contribute to thgyv6.2 um channel) have been used. For a more detailed
cyclogenesis process. On the other hand, in winter the oroganalysis we benefited from the numerical limited area model
raphy plays a major role in the Genoa Gulf cyclogenesis(LAM) ALADIN ( Bubnova et a].1995 Horanyi et al, 2006
(where the highest number of intense cyclones is registereddperationally integrated in Romania at a 10km horizontal
while in the Eastern Mediterranean the upper level dynam-resolution (the model domain and orography are presented
ics seems to constitute a dominant featuvtalferas et al.  in Fig. 1). The surface observations (with a quite high den-
2002. sity over Romania) complement the information for the case
When the generated atmospheric flow in the coupling zoneanalysis.
of an anticyclone and a Mediterranean cyclone is a block- For the numerical simulations (explained in detail in
ing one, the duration of the blizzard may be of several daysSect. 4) the following models were used:

et 1 o ~The LAM_ ALADIN. coupled_ater it
! P : Lo P IFS/ARPEGE or with the IFS/ECMWF determin-
nomenon is the orographic forcing induced by the presence .
istic global models for short range forecasts. The

and the shape of the Romanian Carpathians (see Fig. 1) . . . .
and the diabatic one due to the proximity of the Black Sea mtegraﬂon domgm (13.001300 km) covers Romania
and its surroundings (Fig. 1).

(Draghici 1983 1984).

The data and models used within the paper are shortly pre- — The regional model RegCM3 at 10 km resolution (the
sented in Sect. 2 while the analysis of the specific charac-  integration domain is presented in Fig. 2) was coupled
teristics of the blizzard of 1-4 January 2008 is the subject  with ECMWEF deterministic model. For longer range
of Sect. 3. Since this atypical local weather event was not  forecasts up to 10 days it was used for downscaling
correctly represented by the operational numerical prediction  (at 50 km resolution) a reduced number of the global
models (usually having a good skill), several numerical sim- ECMWF ensemble prediction system (EPS).
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The development of IFS (ECMWF'slntegrated
Forecasting System) was begun in 1987, in collabora-
tion with Méteo — France. This is the basis of all numerical .~
weather applications at global level in both organizations.
Sharing the dynamical and data assimilation structuregs» >
the IFS/ECMWF and IFS/ARPEGE models use different }
physical parametrization packages.

The ALADIN model, developed as a limited area counter ..[=~
part of the IFS/ARPEGE model within an international
project (initiated in 1990 by Mteo — France which now en-  “*[5
compasses 16 countries, including Romania), was especially, |/}
designed for mesoscale phenomena simulation. It was built |
entirely on the notion of compatibility with his “mother” sys- s~
tem ARPEGE Courtier and Geleynl988, but in a flexible
manner, being possible to integrate it at different resolutions _
and geographical positions. Thus, the high compatibility be-=
tween the models offers a special framework for the devel- |~
opment and research activities. P

The system based on RegCMGi¢rgi, 199Q Giorgi et
al., 1993 coupled with IFS/ECMWF deterministic model or
with its EPS Buizzg 2007 has been developed at the Roma- =
nian National Meteorological Administration during the last
years for medium and long-term applications. It was tuned
and tested in research studies over Romania. The system is.
able to represent multi time-scale physical processes inter-
actions, especially those involving the sea surface tempera="
ture time-variations with strong impact in winter for Roma-
nia (R. Bojariu, personal communication) and in deep-soil
hydrology. Those characteristics are absolutely necessary
for the representation of the analyzed event in medium range
simulations. Fig. 3. Mean sea level pressure [hPa] (pressgfd12 — green,

For the validation of the models precipitation forecasts >1012 — orange isoline) and 850 hPa temperatt@ (<0 — blue
for the entire integration domain there were used data fronflashed>0 — red isolines), ECMWF analysis: 31 December 2007,
the Romanian observation network (1§gopand 150 rain  18:00 UTC(a) and 2 January 2008, 00:00 UT®).
gauges) and from the GTS — Global Telecommunication Sys-
tem (about 115ynopstations). For the graphical representa- — the final stage (3 January 2008, 12:00 UTC — 4 January
tion the precipitation data were interpolated in a geographical 2008, 06:00 UTC) when the phenomenon gradually ex-
grid (0.2 x0.2). tinct.
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3 The case analysis 3.1 The precursory stage

In the evolution of the analyzed blizzard episode four stagesOn 31 December .2007’ in the lower troposphere a high pres-
) sure system dominated the most part of Europe. Over the
were revealed: . .

central Mediterranean Sea the pressure had relatively low
— aprecursory stage (31 December 2007, 18:00 UTC - Jvalues (minimum mean sea level pressure values were below

January 2008, 06:00 UTC) when the upper air trough1012.5 hPa; see the green curve south of Italy on Fig. 3a).
extended towards the Central Mediterranean enhancing In the upper troposphere, a deep trough with a closed low
the continental polar air advection; was extended from the Baltic Sea towards the Adriatic Sea,

— a beginning stage (1 January 2008, 06:00 UTC — 2 Jan&nabling the cold air and vorticity advection towards Western

uary 2008, 00:00 UTC) when the snowfalls and wind Romania (Figs. 4a and 5a). The wind vertical cross section

. (Fig. 6) performed along the 12.&, between 36and 60 N
gusts started to occur more and more frequently; (the red line in Fig. 7) indicates the position of the polar front

— a maturity stage (2 January 2008, 00:00 UTC — 3 Jan-et around the 300 hPa height. The jet streak (Fig. 7) was
uary 2008, 12:00 UTC) when the area coverage and thesituated on the upstream side of the trough (see also Fig. 4a),
intensity of the phenomenon reached its maximum; conditioning its further deepening.
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Fig. 5. 500 hPa relative vorticity [10° s~1], ECMWF model anal-
ysis: 31 December 2007, 18:00 UT@) and 2 January 2008,
00:00 UTC(b).
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3.2 The beginning stage

In the next thirty hours the trough continued to extend to-
wards the east of the Mediterranean Sea and the upper level
geopotential low, positioned in the previous stage over the
Baltic Countries descended over Serbia (Fig. 4b). In this
stage high upper level baroclinicity was noticed in the south-
west of Romania, where the relative vorticity increased to
— 12x10~°s1 (Fig. 5b). The cold air advection on the up-
et stream side of the trough enhanced the low level cyclonic
vorticity as well. Over Romania and Bulgaria there was a sig-
nificant humidity supply: in the lower layers from the Black
Sea area (Fig. 3b) and in the upper ones, from the Mediter-
ranean Sea on the downstream side of the trough (Fig. 4b).
Fig. 4. 300 hPa geopotential height [dam] (brick) and temperature The snowfalls appeared in the southwestern part of Romania,
[°C] (blue dash), ECMWF model analysis: 31 December 2007, where the orographic forcing was important.

18:00 UTC(a), 2 January 2008, 00:00 UT(®), 3 January 2008,

00:00 UTC(c). 3.3 The maturity stage

2

&
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On 2 January 2008 the snowfalls and the wind gusts extended
towards the eastern part of the country. The cyclogenesis
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process, initiated in the first part of the night over the South-
western Black Sea basin, was responsible for the trigger-,,.
ing of the blizzard on the Southeastern Romania, including
Bucharest. ”
The analysis of the upper and lower troposphere structure:w,
together with the water vapor satellite image patterns led |
to the recognition of the elements of the cyclogenesis con-
ceptual model within the baroclinic trougl$#nturette and
Georgiey 2005. The continuous cold air and vorticity ad- 7
vection of the last two days in the upper troposphere deter-_ |
mined the generation of a potential vorticity anomaly (values
of 6-8 PVU at 300 hPa level — Figs. 4c and 8) over Bulgaria, *|
at the trough base. In the satellite image this anomaly corre-ow-
sponds well to the gray zone south of Romania (Fig. 9) while  — P P Fer = =
the black band, surrounding it, indicates the polar front jet
position. In the same image the moist/cloud area (the nearlyjg . Horizontal wind speed [m/s] vertical cross section along
white zone southeast of Romania) has the specific “baroclinici2 50 £ |ongitude (the red line from Fig. 7, between°3énd
leaf” shape and is located just downstream of the potentiabo® N latitudes), ECMWF model analysis: 31 December 2007,
vorticity anomaly. In the lower troposphere the distinct baro- 18:00 UTC.
clinic zone (high gradient of the wet bulb potential temper-
ature over the Southwestern Black Sea — Fig. 10) is overrun
by the polar front jet, the jet streak being located upstream o
thléﬁot?]% other hand, in the lower layers, the latent heatThe operatiopal LAM ALADIN.C(?Uld. represgnt this weather
fluxes from warmer and more humid maritime air mass, inevent only with a six hpur ar_mCIpatlon, while _the ECMWF
S global model could indicate it 24 h before, being contradic-
cyclonic twist towards the northwest generate a thermal pos:

2 _tory to the results of both operational ALADIN and of its
itive anomaly aheadHocas anq Kgracost,a$99@, deep coupler (ARPEGE) initialized at the same moment. For this
ening the surface vortex (see in Fig. 10 the closed low of

1014 hPa over the Black Sea) and sustaining the altitude ondcason few numerical experiments have been conducted to

This process of mutual conditioning continued until the end assess. : -
of the day of 3 January, when the advection of polar air i) The effect of the coupling model for the same limited

. . ; . area model
mass from the Russian Plain became dominant, breaking the For this purpose the ALADIN model was coupled with

surface-altitude coupling. .
) . . ARPEGE and ECMWF models over the same domain (the
The cold air advected by the northeast air flow (Fig. 10) operational one) at 10 km. Due to the three models’ config-

following the Romanian Carpathians intensified the pressure ™ . . .
: uration (see Sect. 2), these experiments allow the analysis of
and temperature gradients on the southeastern part of th ) : .
: . X . the relative role of physics and resolution.

country, generating a low level jet. The Fig. 11 shows a verti-

cal cross section of the ALADIN model analysis on 3 January 4;()3 TRZe gfl\f/(lag trr?cf)ctiztlev]:/%ficnﬁt :Z?Sg fg:olrg jatoslaot Shaey:;me
2008, 00:00 UTC along a line (the red one in Fig. 1) through 9 9 Y

the northeasterly low-level jet. Accordingly to this section .10 km resolution, being coupled with the ECMWF determin-

. - istic model. These experiments allow the large time-scale
the low level jet developed within a 1-2 km layer close to the . .
. rocesses to develop and impact on event generation and
ground, where the wind speed reached 16 m/s (the green ar Rus, to indicate the best range that reproduces more appro-
at the figure bottom). The intensity of the blizzard was re- ' 9 P PP

: L riately the process.
Ia_ted to th? presence of-the 'OW. level Jet’.Wh'Ch 'S expressecP ii.2) The effects of using a LAM ensemble prediction
climatologically as a regional wind callexdlivatz

system

The first 10 members of the ECMWF/EPS were dynam-
ically downscaled by using RegCM3 model over the same
This stage corresponds to the interval when the upper aiflomain used in ii.1) but at 50 km resolution (chosen to keep
geopotential low moved eastwards, this time decoupled fronthe same computation cost). The experiments were carried
the lower troposphere circulation where the cold air was con-Out in order to compare two ways of mitigating the sub-grid

tinuously advected over Romania from the Russian Plain (notincertainty: the direct resolution increase (10 km) and aver-
shown). aging a coarser resolution of a LAM EPBalmer 1999.

0

600

Numerical experiments

3.4 Final stage
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Fig. 7. 300 hPa wind speed [m/s] — color palette and wind vector, ECMWF model analysis: 31 December 2007, 18:00 UTC.
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Fig. 8. 300 hPa potential vorticity [PVU] (color palette), ECMWF

model analysis: 3 January 2008, 00:00 UTC.
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4.1 Sensitivity to coupling model

Figure 12 shows the 24 h cumulated precipitation forecast
by the global models ARPEGE (a) ECMWF (b) and by
the ALADIN limited area model coupled with ARPEGE (c)
and with the ECMWF model (d), respectively. The global
models have almost the same horizontal resolution (about
25km) over Romania (ARPEGE having a variable mesh),
but different physical parametrization packages. For both
experiments (c) and (d), the ALADIN model’s resolution
was 10km, like in the operational system, with the physi-
cal parametrization set-up close to that of ARPEGE; some
differences concern the radiation scheme and the diagnos-
tic/prognostic cloud condensed water. Both the global model
ARPEGE (experiment a) and the LAM ALADIN model cou-
pled with ARPEGE (experiment c), having as main differ-
ence the horizontal resolution, underestimate the observed
precipitation amount (Fig. 13). The ALADIN model ad-
ditionally generates two local maximums but they are po-
sitioned too southerly. The ECMWF model (experiment
b) forecasts a more realistic precipitation amount. How-
ever, ALADIN coupled with the ECMWF model could not

www.nat-hazards-earth-syst-sci.net/9/623/2009/
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Fig. 9. METEOSAT 9, WV 62um channel: 2 January 2008,
21:35 UTC.

generate, despite of its higher resolution, the local main max-_.
imum over central Romanian Southern Plain. This show!

ates/enhances local features when appropriate information

transmission function between large-small scale is put to 2

work (as in experiment d) and dump it in the opposite case.
It also turns out that this function has to depend on the main
physical parametrization hypothesis in order to let the high
resolution model extract crucial large-scale information for
the process development.

4.2 Uncertainty mitigation

The high-resolution solution accuracy was poor, while differ-
ent coupling model physics showed an improvement of the
global solution over the target limited area domain. However
this improvement was not transmitted further to the coupled
LAM solution. This sub-section is looking for a better so-
lution for uncertainty mitigation both in physical process de-
velopment representation and in the transmission of coupling
information towards the limited area.

Because the non-systematic failures of physical process
representation are often connected to non-linear interac-
tion and model feedback’ strengths rather than to a given
parametrization the first set (ii.1) of experiments aimed to

~
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Fig. 10. Mean sea level pressure [hPa] (black isolines), 925 hPa

. . . . . Swet bulb potential temperatur€] (color palette) and 10 m wind,
that the resolution increase is not sufficient; it only cre- o ApiN model analysis: 3 January 2008, 00:00 UTC.

determine a better forecast range for Capturing those t|meF|g 11. Aladin model horizontal wind vertical cross section, along
scales needed by the physical process to correctly develop.the line marked on Fig. 1, for 3 January 2008, 00:00 UTC. On the

On the other hand, the previous results (i) showed the rol
of the initial and lateral boundary conditions (LBC) in re-
producing the event and in conditioning the efficiency of

ection, Bucharest is in the middle of the line A-B; wind speed
m/s] — color palette and isolines, wind vector — arrows.

model resolution increase. In the second set — LAM/EPSand lateral boundary sub-grid scales information) re-assesses
— the unique LBC was replaced by the different solution of the LBC primarily role with respect to the direct resolution
ECMWF/EPS. An additional input expected from this exper- increase. For this reason, coarser resolution was used and

iment would be to see if the approach of ensemble forecasinstead, LBC ensemble provided the sub-grid information.

(standing for another way of parametrization of both initial

www.nat-hazards-earth-syst-sci.net/9/623/2009/
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Fig. 13. Observed 24 h cumulated precipitation [mm], 2 January
2008, 06:00 UTC-3 January 2008, 06:00 UTC.

4.2.1 Sensitivity to forecast range

A first series of experiments has been performed in order to
analyze the error growth as a function of forecast range and
its possible application to uncertainty estimation for opera-
tional and research activities. In all simulations the RegCM3
model was integrated at a 10 km horizontal resolution, over
the same domain (see Fig. 2) but started on different days
before the interval of interest (i.e. 2—3 January 2008, the
blizzard maturity stage). The initial state and boundary con-
ditions were provided by the ECMWEF deterministic model.
The results were compared for different forecast ranges, from
30 to 240 h, all valid for 3 January, 06:00 UTC.

Figure 14 shows the last 24 h cumulated precipitation sim-
ulated by the model for 30, 54, 126 and 174 h forecast ranges
(corresponding start day: 2 and 1 January 2008, 29 and 27
December 2007, 00:00 UTC), covering the 2 January 2008,
06:00 UTC-3 January 2008, 06:00 UTC interval. As one can
see, the 54 h forecast range solution (Fig. 14b) is comparable
to that of 30 h (Fig. 14a). With respect to the observations
(Fig. 13) it has better dynamics of the precipitation system
(moving south-eastwards), with better precipitation pattern,
both solutions being able to represent the system phase speed
and the good position of the isolated non-precipitating area
observed around Bucharest before midnight. Still the 126 h
forecast range solution (Fig. 14c) shows a good system posi-
tion, with the precipitating system center over Western Black
Sea (as it was observed, before midnight) while according
to the 174 h forecast range solution (Fig. 14d) the system re-
mains completely blocked in the western part of the domain.
In the case of 126 h forecast the system developed backwards
with respect to the Black Sea, over Mid-Southern Romanian

Fig. 12. 24h cumulated forecast precipitation [mm]: 2 January Plain, due to the latent heat supply provided by the sea sur-
2008, 06:00 UTC-3 January 2008, 06:00 UTC of ARPEGE modelface diabatic source. This source enhanced more the eddy

(a), ECMWF model(b), ALADIN coupled with ARPEGE model
(c), ALADIN coupled with ECMWF mode(d).

Nat. Hazards Earth Syst. Sci., 9, 6534, 2009

energy conversion compared to the 54 h forecast range solu-
tion, which, with less history behind, produced a shallower
system over the seacoast.

www.nat-hazards-earth-syst-sci.net/9/623/2009/
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e

Since the longest RegCM3 forecast was limited to 3
January 2008, 00:00UTC due to the availability of LBC
(ECMWEF deterministic model was operationally integrated
up to 240 h) for the longer simulations the precipitation was
cumulated on a slightly different interval (2 January 2008,
00:00 UTC-3 January 2008, 00:00 UTC) and was compared .,
with the corresponding observation (Fig. 15d). For an eas-  «=
ier comparison, Fig. 15 presents only the southern part of ™
the integration domain, where the maximum precipitation
amount was registered at 00:00 UTC. One can notice an un-  «x
expected improvement of the solution for the 240 h forecast

0.1 5 10 20 30 40 50 60 70 80 90

range (Fig. 15c — initial state 24 December 2007, 00:00 UTC) R R T Tl i ——— @)

compared to those for 216 and 168 h, respectively (Fig. 15b
— initial state 25 December 2007, Fig. 15a — initial state 27
December 2007).

To have more insights into this behavior and to under-
stand if this may contain some predictability information
connected to the model-intrinsic response, we analyzed the
precipitation prediction skill as a function of forecast range
for the past winter: 2006—2007. For that cold season, daily
10-day forecasts were already available. The cumulated pre-
cipitation over 24 h intervals were compared, for the near-
est grid points (10 km-spaced) to observations (A. Enculescu,
personal communication).

The normalized (to the maximum value) bias, averaged
for the observation points in the southern half of the domain
(Fig. 15d), is displayed in Fig. 16. This error growth func-
tion shows a minimum skill for the 192 h forecast range (8
days) and a qualitative improvement for the 240 h (10 days)
range, in agreement with our case study results (Fig. 15c in
comparison with observations in Fig. 15d). It also indicates a
steep slope of predictability loss for ranges between 144 and
192 h (six to eight days), which is reproduced by our case
study as well. A similar agreement between the 2006—-2007
winter bias and the model simulations for the blizzard case is
noticed for shorter ranges.

Accordingly to this result the uncertainty of the numer-
ical solution studied here seems be strongly related to the
modeling-system internal variability, and if so, this might
be used when estimating the likely probability of a forecast
event development.

This result should be further studied in connection with
the evolution of the energy spectrum contained in all motion-
scales represented by the model, as well as in connection
with observed-spectral distributioR¢ixoto and Oortl992),
in order to understand the predictability “gaps” in that vari-
ability. The result should be analyzed for longer time-series
in order to assess its statistical significance in both opera- ‘
tional work and research.

10 20 30 40 50 60 70 80 90 (b)

o

T Tl e i i—ti——
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C N e — ——; — — ——r
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Fig. 14. RegCM3 (Ax=10km) last 24 h cumulated precipitation
4.2.2 Ensemble simulation [mm] for different forecast ranges: 3Q(h), 54 h(b), 126 h(c) and
174 h(d), valid at 3 January 2008, 06:00 UTC.
Since statistically the predictability of the deterministic sim-

ulations (10km resolution) has a rapid decrease for time-
scales between six and eight days (in our case the seven days
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Fig. 17. Cumulated precipitation [mm] over last 24 h simulated by
RegCM/ECMWEF ensemble, based on 27 December 2007, valid for
3 January 2008, 06:00 UTC.
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forecast range — 168 h), an ensemble simulation was built by
using the REGCM3 model coupled with the first 10 members
of the ECMWF/EPS initiated on 27 December 2007 (like in
the experiment presented in Fig. 14d). The aim was to ana-
lyze the performance of the ensemble solution in filling this
longer inertia predictability gap.
; The resolution of the ensemble simulation was however
. - — 0 %) decreased (by a factor of 5 with respect to the determinis-
Observed precipitation tic simulation: Ax=50 km for RegCM3 and\x=125 km for
ECMWEF) in order to be able to eliminate the models reso-
Fig. 15. Cumulated precipitation [mm] over last 24 h for the numer- lution when attributing the result to different contributions.
ical experiments based on: 27 December 2007 00:00 W5  The reason was that, if assuming ensemble technique as a
December 2007, 00:00 UT(®), 24 December 2007, 00:00 UTC Sub_grid parametrization Concem&mer 1999, the effect

(c). All are valid for the 3 January 2008 at 00:00 UTC. The ob- of model and LBC resolution increase would be otherwise
served precipitation cumulated over the same interval (2 Jan”a%ver-accounted for

2008, 00:00 UTC-3 January 2008, 00:00 UTC) of time is shown in
(d).

.....

Comparing the deterministic and ensemble simulations for
the same forecast range, thus having the same time-scales
enabled for physical processes, the differences between them
might primarily be attributed to the method itself.

Figure 17 shows the precipitation field averaged for the 10
members of the ensemble: one can notice, despite the coarser
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