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Abstract. During the MAP D-PHASE (Mesoscale Alpine (QPF) are required. However, forecasting heavy rainfall, es-
Programme, Demonstration of Probabilistic Hydrological pecially when associated with deep moist convection, is still
and Atmospheric Simulation of flood Events in the Alpine re- a major challenge for numerical weather prediction (NWP)
gion) Operational Period (DOP, 1 June—30 November 2007pystems, since it requires an adequate simulation of many
the most intense precipitation event observed south of th@rocesses acting on different scales and of their complex
Alps occurred over the Venice Lagoon. In the early morn-interactions, whose knowledge and modelling is far from
ing of 26 September 2007, a mesoscale convective systerbeing accurate. Moreover, moist convection is an intrinsic
formed in an area of convergence between a south-easterlgource of forecast uncertainty, therefore limiting predictabil-
low level jet flowing along the Adriatic Sea and a north- ity of heavy precipitation events, even if we assume having
easterly barrier-type wind south of the Alps, and was respona perfect model and a perfectly predictable large scale situ-
sible for precipitation exceeding 320 mm in less than 12 h,ation (Hohenegger and Sih 2007). Therefore, despite the
240 mm of which in only 3 h. remarkable improvements obtained in the last years, NWP
The forecast rainfall fields, provided by several convectionmodels, even at high horizontal resolution and short forecast
resolving models operated daily for the D-PHASE project, times, are usually not yet able to predict timing, spatial lo-
have been compared. An analysis of different aspects of theation and intensity of precipitation (Anquetin et al., 2005;
event, such as the relevant mechanisms leading to the floodRichard et al., 2007) with satisfactory accuracy.
the main characteristics of the MCS, and an estimation of The MAP D-PHASE project aimed at demonstrating a
the predictability of the episode, has been performed usinglear advance in forecasting capability over complex ter-
a number of high resolution, convection resolving modelsrain. The emphasis was put on high resolution operational
(MOLOCH, WRF and MM5). modelling, be it probabilistic or deterministic (Rotach et al.,
Strong sensitivity to initial and boundary conditions and to 2009). The D-PHASE provided, for the first time in Eu-
model parameterization schemes has been found. Althoughppe, the opportunity of having access to real time, very high
low predictability is expected due to the convective nature ofresolution forecasts issued by a number of different convec-
rainfall, the forecasts made more than 24 h in advance indition resolving models, operated both by meteorological ser-
cate that the larger scale environment driving the dynamics of/ices and research institutions. The very intense precipita-
this event played an important role in favouring the achieve-tion event that affected an area near Venice on 26 Septem-
ment of a relatively good accuracy in the precipitation fore- ber 2007 represents an interesting case study: it allows to
casts. evaluate the ability of state-of-the-art convection resolving
models to forecast the mesoscale phenomena that determine
location and timing of thunderstorm activity and thus to eval-
uate if organized convection can be predicted in the short
range by different models. In this context, after a description
Heavy precipitation events have a strong impact on humarpf the meteorological situation presented in Sect. 2, QPF of
activities. In order to limit the risks associated with precipita- 10U high resolution models, operational during the project,

tion and flooding, reliable quantitative precipitation forecasts&€ compared in Sect. 3. Further experiments are discussed
(Sects. 4 and 5) in order to provide a deeper insight into the

main mesoscale features responsible for the occurrence of
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Fig. 1. (a) Observed accumulated precipitation (mm) from 00:00

to 12:00 UTC, 26 September 2007, obtained by interpolating rain-F- 2 ECMWE lvsis of 10-m wind field (m/s) at 06:00 UTC
fall data from 43 weather stations (indicated by the dots). Rainfall 9. 2. (@) analysis o m wind field (m/s) at 06: '

. ) - . _ 26 September 2007b) wind observations and convergence
analysis was generated using the Cressman interpolation technlqtt P ) 9 ts

? . ) A4S lour shading) from 37 weather stations over the Veneto Region,
ﬂjrgsl )gisliitlj) I'Dr;;ﬂg;%r;;sgm;tgi /GrADi:; Ssrip:;'cglrg;ilﬁ;%?ng;”dfor the same time. Convergence was computed on the observed
L LI ind field obtained by int lation of th ilable data. Int la-
indicates orographyb) MSG satellite VIS image at 06:00 UTC, 26 win@ ie'c outained by interporation orihe avarable data. fnterpo’a

ti rf d as for the rainfall field ti f Fig. 1).
September 2007 (courtesy of LAMNIA, EUMETSAT copyrighy. Lo 23 Perormed as o the rainalfleids (see capion ofFig. 1)

2 The event only three hours. Rain rates locally exceeded 100 mm/h. The
MCS developed in an area of convergence between a south-
During the Operational Period of the project, the most in- easterly low level jet (LLJ), flowing along the Adriatic Sea,
tense precipitation event south of the Alps occurred over aand a north-easterly “barrier-type” wind south of the Alps.
flat area near Venice in the early morning of 26 Septem-| ater in the morning of 26 September, a colder airflow cross-
ber, producing a local severe flood in the nearby towns ofing the Eastern Alps merged with this barrier flow (Fig. 2a),
Marghera and Mestre. reinforcing the north-easterly wind over the Veneto region.
A mesoscale convective system (MCS) formed west of theSuch mesoscale circulation patterns were associated with
Venice Lagoon producing precipitation in excess of 320 mma mid-tropospheric trough that, deepening while approach-
in less than 12 h (Fig. 1a), of which more than 240 mm fell in ing the western Alpine region, favoured the development of
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M.S.L. PRESSURE convection and severe flooding affecting the Montserrat area
FORECAST tit w100 60, VaLID A1 58/08/2007 0000 UTC (a) ons in Catalunya (Zampieri et al., 2005). In that case, known
' I 0 as the “Montserrat-2000 event”, the orographically modified

mesoscale flow was induced by the Pyrenees and converged
with a warm and moist LLJ that developed over the Western
Mediterranean.

Different scattered convective cells formed in the area lo-
cated between the Veneto Alps and the Venice Lagoon, start-
ing around 02:00 UTC, 26 September. Deep convection de-
veloped 2-3 h later into a MCS that formed about 20 km to
the west of Venice and insisted over the same region for more
than 6 h. The surface wind configuration and related conver-
gence zone persisted throughout the MCS activity (Fig. 2a
and b), suggesting that the moist south-easterly flow played
an important role in feeding the convection. Finally, the MCS
moved slowly to the east, over the Adriatic Sea. The MCS
was characterized by a distinct V-shaped cloud top (Fig. 1b),
oriented SW-NE, and was quite deep (top temperature about
—55°C, corresponding to a height of about 12 km).

BOLAM MODEL, ISAC-CNR, BOLOGNA
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= se00 Different high resolution forecasts were compared and anal-
= 5790 ysed for this event in terms of accumulated rainfall and of
[ the main aspects of the mesoscale circulation responsible for
= sro0 the development of the convective system. Among all the
= 5640 operational convection resolving models available during the
[ i D-DPHASE, only three suitably covered the area of interest,
= soo0 namely AROME (Bouttier and Roulet, 2008), COSMIH
= 5490 (www.cosmo-model.otgand MOLOCH (Malguzzi et al.,
2% 2006). The latter was run with two different set up, using
sa00 independent initial conditions. Both MOLOCH runs were
5340 nested in BOLAM (Zampieri et al., 2005), so that a total of
e four forecasts is analysed in this section. Operational data
5250 assimilation was implemented in AROME (3D-Var scheme;

Fischer et al., 2005) and COSMCH (nudging of SYNOP,
surface observations and radiosonde data; Schraff, 1997).

5100 The main characteristics of model set up are summarized in
BOLAM MODEL, ISAC—CNR, BOLOGNA 5070 Table 1
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Precipitation fields, predicted by the different models over
the time interval from 00:00 to 12:00UTC, 26 September
(Fig. 4a), were analysed and compared with the correspond-
ing observed rainfall. Observed precipitation was obtained
by interpolating rainfall data from 43 weather stations of a
quite dense network (on average, the weather stations are
a moderate mesoscale orographic cyclone centred over thgg km apart) managed by ARPA Veneto, Comune di Venezia
Gulf of Genoa (Fig. 3a and b). The orographic cyclone con-znd ISMAR-CNR (see locations in Fig. 1a).
tributed to enhance the south-easterly flow over the Adriatic AROME forecast produced a distinct portion of precipita-
Sea, responsible for advecting moist and unstable air towardg,n, over the Adriatic Sea with a maximum of about 160 mm.
the eastern Po Valley. The northernmost precipitation peak, of about 140 mm, was

The occurrence of a long lasting MCS associated with themodelled over the coastal area adjacent to the eastern tip of
convergence among a moist south-easterly flow from the sedhe Venice Lagoon. COSM@H model gave the smallest
an orographically-induced current from the north-east and grecipitation amount among the selected models. Some scat-
westerly flow has been found in a similar episode of deeptered peaks of about 40 mm (not shown) were simulated over

Fig. 3. GFS-NCEP analysis fields for 00:00UTC, 26 September
2007. (a) mean sea level pressure (hP#&)) geopotential height
(gpm) at 500 hPa.
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Table 1. Main characteristics of D-PHASE models configuration. The coupling among the corresponding coarse and fine resolution models

is performed through one-way nesting.

High Resolution  Resolution Initial time Forecast IC/BC DRIVING GLOBAL
Model (km) (UTC) [h] range [h]  (run) MODEL

AROME 25 00:00, 26 Sep 30 ALADFR ARPEGE (00:00, 26 Sep)
COSMQCH 22 00:00,26 Sep 24 COSMOCH7 ECMWEF (00:00, 26 Sep)
MOLOCH.GFS 2.2 09:00, 25 Sep 39 BOLAM GFS (00:00, 25 Sep)
MOLOCH.EC 2.2 00:00, 26 Sep 48 BOLAM ECMWEF (18:00, 25 Sep)

the coastal area east of the Lagoon. The most intense pre-
cipitation was located over and at the foothills of the Alps, 12-h accumulated precipitation (mm) (a)
northwest of the focus area, with a peak of about 80 mm. 9012 UTE 25 Septemper 2007

e AROME -

MOLOCH_EC run showed a precipitation pattern covering s —— coswo_cn -
the region extending from the Lagoon area to the Alps. The MOLOCH_GFS

precipitation maximum was located over the flat region in 46.5N | Moroch T
between the two areas, with a maximum of about 150 mm. |

Rainfall up to 120 mm was reproduced over the area where § Y
J/ X

OBS

300

the most intense precipitation was observed, while weak  “*]
rainfall was predicted over the sea. MOLOGHFS run pro- 45.6N 1
vided the highest and most realistic precipitation among the
four forecasts. Intense precipitation was produced over the
sea facing the area of interest and the adjacent flat region: 45N
a maximum of about 240 mm was located close to the ob-
served one. In the same forecast, a wide area of intense
simulated precipitation also affected the mountainous region AN
with a secondary maximum of 180 mm in 12h. The latter
corresponded to an observed rainfall maximum, although re- Area—averaged precipitation time series
markably weaker (about 50 mm). ] T
Figure 4b shows the hourly observed and forecast pre- B D
cCipitation rates averaged over an area dk1° (shown in 1o = MoLocH_EckuE
Fig. 4a) surrounding the observed precipitation maximum T
northwest of Venice. Observations were interpolated using
hourly data available in the area. It can be seen that all
the models except COSMGH reproduced a distinct rainy
phase starting and culminating during the first 12h of 26
September. The timing of the rainfall peak was captured
best by AROME (initialized at 00:00 UTC of 26 Septem-
ber 2007), while it was affected by a delay of about 3h in
MOLOCH_GFS (nested in BOLAM, which was driven by e T X rany ns |
the GFS forecast from 25 September at 00:00 UTC). The Sob7 Time (hr) e
maximum hourly intensity was underestimated by AROME
and overestimated by MOLOCBFS. The MOLOCHEC F_ig_. 4._ (a) Observed (blue shading) and forecast accumulated pre-
run (nested in BOLAM, which was initialized from the cipitation (mm) from 00:00 to 12:00 UTC, 26 September 2007. 100-

ECMWF forecast from 25 September at 18:00 UTC) still '™ iseline is drawn for AROME, and MOLOCH forecasts, 50-mm
. . ... isoline for COSMQCH. Positions and amounts of forecast precip-
produceq |_nte_nse conve_ctlon over the same area, but with fation maxima are indicated by crosses and their respective values.
less realistic time evolution. Gray shading indicates orography. The square delimits thell
The largest amounts of precipitation in all the four runs ex- area where averaged precipitation is computga).time series of
tended along a direction roughly from southeast to northwesthourly mean precipitation rate (from 00:00 UTC 26 September, to
that is from the coastal to the mountainous region, indicat-00:00 UTC 27 September 2007) over the square domain shown in
ing the occurrence of two different lifting mechanisms, due (a). Lines refer to observations (blue) and various convection re-
to low-level convergence zones over the flat terrain and ovepolving models as indicated in the inlet.

the sea, and to orography near the Alps. The time evolution
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of the convective available potential energy (CAPE) com- MODEL OROGRAPHY
puted upstream of the Lagoon (not shown) indicates that Sen- Forcass t i 411 66" vatih st 5/09/2007 1200 vrC
sibly lower values of CAPE were simulated by COSMBI i Efﬂ , ; s
run, suggesting a possible reason for the remarkably smaller <
amount of precipitation of this model. K

We suggest that a key role for the generation and mainte-
nance of the MCS was played by the surface south-easterly
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LLJ, induced mainly by the synoptic scale environment. Dif-
ferences in the simulation of the dynamical and thermody-
namic properties associated with this LLJ and its interaction =
with other currents, especially the north-easterly flow south f i . . }
of the Alps, implied significant differences in precipitation ﬁ 234 mm, GFS, 25 00

amount and location. UGS i
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4 MOLOCH experiments

A large number of MOLOCH a posteriori forecast experi- : S o S ol =l i
ments were performed with the aim of assessing the Sensitiv- yocy, me-cxe, soroess ‘ 249
ity of the forecasts to various factors. In these experiments,
the horizontal resolution was the same as for the D-PHASEFig. 5. Position and intensity of precipitation maxima obtained us-
(2.2km), but in a slightly smaller domain, centred over the ing different global model initial conditions (see text). Each box
area of interest. The MOLOCH runs considered here, a|V\,ayé'ndicates the value of max precipitation, the driving global model
starting at 01:00 UTC of 26 September, were nested into BO{GFS 0r European Centre-EC), and date (day) and time (UTC) of
. : R . the initial condition. Location of observed max precipitation is in-

LAM runs (as in the operational suite) initiated at different di
times. icated by the magenta arrow.

In order to evaluate heuristically the forecast uncertainty
associated with the initial and boundary conditions, vari-
ous experiments were run starting with ECMWF analyses afS related to the vertical penetration and degree of organiza-
00:00 and 12:00 UTC of 25 September and 00:00 UTC of 26tion of the simulated MCS. The observed MCS was preceded
September, and GFS analyses at 00:00UTC of 25 and 28Y a multi-cellular stage, before developing into a V-shape
September, respectively. The boundary conditions were supstructure (Fig. 1b). The MOLOCH forecast initialized with
plied every 3h by the corresponding global forecasts. TheGFS analysis at 00:00 UTC of 25 September, which was the
two simulations starting at 00:00 UTC of 25 September pro-Simulation displaying the best agreement with rainfall obser-
duced the best forecasts, displaying similar intense precipvations, reproduced both stages of development, that is the
itation maxima (well above 200 mm in 12 h) over or close multi-cellular and the MCS stages. Maps of vertical velocity
to the Venice Lagoon. The GFS-based run, as for the opat 500 hPa reveal scattered convection in the early morning of
erational D-PHASE forecasts, gave the best localization 026 September (not shown) turning into organized convection
the precipitation peak. All the other simulations initialized at later. In particular, Fig. 6 shows the V-shape feature of the

later times produced weaker precipitation, with larger local- mid-high tropospheric updraft, closely reflecting the shape
ization errors. of the cloud top visible in Fig. 1b.

The position and intensity of the precipitation maxima ob- Model simulations showed that, although the MCS af-
tained in the five experiments are synthetically sketched infected a flat area, the surrounding orography played a key
Fig. 5, which shows also the model orography. Differentrole in determining a mesoscale environment favourable to
colours indicate precipitation ranges: blue200mm; red: its development. The MCS developed during a lee cyclo-
150-200 mm; yellow: 100-150 mm. The position of the ob- genesis process: at 00:00 UTC of 26 September, a distinct
served precipitation maximum is shown too. The blue cir- geopotential minimum is present over the Ligurian Sea, as
cle, having a radius of 40 km, encompasses all the precipindicated by mean sea level pressure analysis in Fig. 3a, also
itation maxima resulting also from other sensitivity experi- verified in the BOLAM model forecast. The lee cyclone
ments. The MCS developed in all the MOLOCH simulations circulation induced, together with the direct barrier effects
within this blue circle. of the Alps as well as of the Apennines and the Dinaric

Among the simulations considered here, one of the dis-Alps, a strong low-level flow confluence/convergence over
tinctive features that characterize the “successful” forecastshe area where severe convection was initiating. Over the
(in the sense that produce realistic amounts of precipitation)Adriatic, a south-easterly LLJ advected warm and moist air,

www.nat-hazards-earth-syst-sci.net/9/1671/2009/ Nat. Hazards Earth Syst. Sci., 9,668 2009
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while a north-easterly cold flow (partly a barrier wind) was oo OBSERVATIONS

present more to the north, over the Veneto plains. In the case
the BOLAM run was performed after the model orography
height was arbitrarily reduced to one fourth of its original
amplitude, the lee cyclone and related convergence were sup-
pressed (not shown), the cold front moved smoothly to the
southeast and severe convection did not develop in such ex- 3
periment. )
Finally, a number of additional experiments were per-
formed in order to investigate the sensitivity to the model
chain set up (including the intermediate BOLAM model), o on o o Em h E
model parameters and physical and dynamical schemes. A %o Time (hr) 2
detailed description of all these experiments is out of the
scope of the present paper. However, it is worth notingF'g'
that results were sensitive to the convective parameterization
scheme applied in the lower resolution model, the extension
of the inner domain, the time at which the fine resolution Grell (Grell, 1993), Kain-Fritsch (Kain and Fritsch, 1990, in
model was initiated, and the spatial resolution. In almost allMM5; Kain, 2004, in WRF) — were activated except in the
cases, the MCS developed in the model within the area surhighest resolution domains. Further details on the different
rounded by the blue circle depicted in Fig. 5. experiments are shown in Table 2.
Figure 7a and b presents the simulation results in terms of

precipitation time series, averaged over the area sketched in
5 MM5-WRF experiments Fig. 4a. WRF produced a satisfactory forecast only when

initialized with ECMWF data (Fig. 7a): the rainfall peak
Several simulations were performed also using WRF (Skawas well in agreement with the observations in terms of
marock et al., 2005) and MM5 (Grell et al., 1995) convec- both amount and timing, although the precipitation maxi-
tion resolving models, in order to investigate the mecha-mum was located just off shore, about 50 km away from the
nisms responsible for the flood and to test the predictabil-exact location (not shown). While WRF forecasts did not
ity of the event in a multi-model approach, complementing display remarkable sensitivity to the convective parameteri-
the previous analysis undertaken with MOLOCH. The WRF zation schemes employed in the lower resolution domains,
set up included two two-way nested domains while threeMM5 showed strong sensitivity to this factor. In general,
two-way nested domains were used in MM5 runs. Differ- when the Grell scheme was used, MM5 resulted in wetter
ent global forecasts (GFS and ECMWEF) were used as initiaforecasts. In MM5 the best performances were also ob-
and boundary conditions, and different convective schemes tained when the model was driven by ECMWF data (Fig. 7b).

Precipitation (mm)
w

——

oC

7. As in Fig. 4b, but for WRKa) and MM5 (b) experiments.
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Table 2. Main characteristics of WRF and MM5 experiments.

Experiment Model Initial/boundary conditions Resolution of nested  Convective parameterization
models (km) scheme

W_ECMWF25 WRF ECMWEF, 00:00UTC, 25 Sep 16-4 Kain-Fritsch
W_GFS25 WRF GFS, 00:00UTC, 25 Sep 16-4 Kain-Fritsch
W_GFS26 WRF GFS, 00:00UTC, 26 Sep 16-4 Kain-Fritsch
W_GFS25Gr WRF GFS, 00:00UTC, 25 Sep 16-4 Grell
M_ECMWFKF MM5 ECMWF, 00:00UTC, 25Sep 22.5-7.5-2.5 Kain-Fritsch
M_ECMWF.Gr MM5 ECMWEF, 00:00UTC, 25 Sep 22.5-7.5-2.5 Grell
M_GFSKF MM5  GFS, 00:00UTC, 25 Sep 22.5-7.5-2.5 Kain-Fritsch
M_GFSGr MM5  GFS, 00:00UTC, 25 Sep 22.5-7.5-2.5 Grell

In particular, the run initialized with the ECMWF analy- 474N 03 UTC

sis at 00:00 UTC of 25 September, implementing the Grell 7] —— o8 ute

scheme, did forecast a rainfall maximum above 400 mm in —— o9 utc

12h in the area of Venice Lagoon, in very good agreement ~ “**

with the observation. However, the predicted precipitation 46.5N

went on until late afternoon of 26 September, producing a 46.2N

remarkable overestimation. 4500

As for the MOLOCH cases (see Sect. 4), in the above sim- son P e
ulations the major mesoscale feature related to the triggering ' _,__V/;"://// >
and maintenance of convection is the confluence of the low- ~ * AR o=
level south-easterly wind with the north-easterly flow. The Rl et Al __ N
value of the adimensional mountain height (inverse Froude — ,al v nrt@ioans § Pe
number)H=hN /U (whereh is the mountain heighty the FNARREERRSASSS ’ -
Brunt-Vaisala frequencyU the environmental wind speed) 7 L

441N

was computed, at 00:00 UTC of 26 September, in the lower e T e e
1.5km over the region of easterly flow near the Alps (see

Fig. 8 for the location) for all the WRF simulations. The re-

sulting values ofH~2 is consistent with the occurrence of Fig. 8. WRF forecast (WECMWF25 experiment): 950 hPa

a “flow-around” regime (Miglietta and Buzzi, 2001), that is, wind (vectors; m/s) at 09:00 UTC, 26 September 2007 and wind
a blocking effect caused by the Alps. This argument sug-convergence (contour intervak@0~4s~1) at 03:00, 06:00 and
gests that the north-easterly flow, originating just before the09:00 UTC, as indicated in the inlet. The blue point denotes the
beginning of the convective event, was a barrier wind as-location where the Froude number was evaluated.

sociated with the main south-easterly flow more upstream

(Fig. 8). The low level wind pattern characterized by the . ] ]

north-easterly airflow converging over the Veneto coastal re-Physical mechanisms responsible for the MCS development
gion with the south-easterly flow prevailing over the Adriatic @d to evaluate to what extent organized convection can be
appears to be a distinctive feature of precipitation episodes ifprédicted by convection resolving models. Simulations high-

this area under large scale meridional flow conditions (Buzzillighted the importance of the larger scale features and of their
2004; Monai et al., 2006). interaction with orography (lee cyclone development), deter-

mining the low-level circulation affecting the area. The most

relevant characteristic was the convergence of south-easterly
6 Conclusions moist and unstable wind from the Adriatic Sea and north-

easterly flow. We suggest that the latter flow was initially
The analysis of an intense MCS that affected the Venice La-due to a barrier effect exerted by the Alps on the oncoming
goon area during the morning of 26 September 2007 withsouth-easterly flow and later in the morning of 26 Septem-
severe precipitation and flood has provided the opportunityber cold air crossing eastern Alps reinforced this barrier flow.
to evaluate the performance of high resolution, convectionThe above results indicate that, in spite of the large variability
resolving models, some of them employed for real-time fore-among models and even for the same model initialized with
casting during the MAP D-PHASE operational period. Diag- different large-scale conditions, forecasting severe convec-
nosis of the various simulations has allowed to investigate thdive events in advance of one day or so, with sufficient space

20
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and time accuracy for a suitable alert procedure, may be feaKain, J. S.: The Kain-Fritsch convective parameterization scheme:
sible in cases in which convection is embedded in mesoscale an update, J. Appl. Meteorol., 43, 170-181, 2004.
flows with some degree of predictability. Also in the sim- Kain, J. S. and Fritsch, J. M.: A one-dimensional entrain-
ilar case of Montserrat, the degree of predictability of the ~ng/detraining plume model and its application in convective pa-
event, using limited-area meteorological models, resulted to 'ameterization, J. Atmos. Sci., 47, 2784-2802, 1990. _
be high (Mariani et al., 2005). This is consistent with the M&/9uzZ, P., Grossi, G., Buzzi, ‘A, Ranzi, R., and Buizza,
recent finding of Weisman et al. (2008), regarding the fore- R.. The 1996 “century” flood in ltaly. A meteorological
N ’ ! and hydrological revisitation, J. Geophys. Res., 111, D24106,
past application of the WRF model over the North Amer— doi:10.129/2006JD007111, 2006.
ica. In fact they concluded that “The relative success in fore-\jariani. s., Casaioli, M., Accadia, C., Llasat, M. C., Pasi, F.,
casting seemingly unpredictable phenomenon such as con- payolio, S., Elementi, M., Ficca, G., and Romero, R.: A lim-
vection out to 36 h seems most directly related to its strong ited area model intercomparison on the “Montserrat-2000” flash-
connection to identifiable and more predictable synoptic or flood event using statistical and deterministic methods, Nat. Haz-
subsynoptic features, which establish the mesoscale environ- ards Earth Syst. Sci., 5, 565-581, 2005,

ment favourable for the convection as well as serving as the http://www.nat-hazards-earth-syst-sci.net/5/565/2005/
primary triggering agent”. Miglietta, M. M. and Buzzi, A.: A numerical study of moist strat-

ified flows over isolated topography, Tellus A, 53, 481-499,
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