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Abstract. Between the 11 and 13 October 2005 severalinfluencing meteorological processes: The Littoral range, the
flash floods were produced along the coast of Catalonia (NEPre-littoral barrier and the Pyrenees in an increasing altitu-
Spain) due to a significant heavy rainfall event. Maximum dinal order. They have an important role on pluviometric
rainfall achieved values up to 250 mm in 24h. The total events enhancement (Llasat et al., 1999).

amount recorded during the event in some places was close to Catalonia has been periodically affected by heavy rainfall
350 mm. Barcelona city was also in the affected area wherevents during the last years. These events occur mainly in
high rainfall intensities were registered, but just a few small autumn, which is the rainiest season in the region. Recent ex-
floods occurred, thanks to the efficient urban drainage sysamples of such type of events are the cases of 9—10 June 2000
tem of the city. Two forecasting methods have been ap-Llasat et al., 2003), 21-24 October 2000 (Barnolas, 2004),
plied in order to evaluate their capability of prediction re- 8—10 October 2002 (Llasat et al., 2004), 16—18 October 2003
garding extreme events: the deterministic MM5 model and(Altava-Ortiz et al., 2006) and 6 September 2004. As a re-
a probabilistic model based on the analogous method. Theult of the heavy rainfall frequency in Catalonia, flash floods
MMS5 simulation allows analysing accurately the main me- are usually recorded in the coastal little basins with a strong
teorological features with a high spatial resolution (2 km), slope towards to sea. For example the city of Barcelona has
like the formation of some convergence lines over the regionbeen affected by 54 flash floods since 13511 flash flood

that partially explains the maximum precipitation location per 10 years) (Barrera et al., 2006).

during the event. On the other hand, the analogous tech- Statistical and deterministic methods are applied in the
nique shows a good agreement among highest probabilit¢urrent paper, to analyse how they work when an ex-
values and real affected areas, although a larger pluviometreme rainfall event is registered. A first dual treatment
ric rainfall database would be needed to improve the results(deterministic-statistical) for extreme cases was performed
The comparison between the observed precipitation and fronh Altava-Ortiz et al. (2006). Here, more detailed probabilis-
both QPF (quantitative precipitation forecast) methods showsic outputs in addition to new MM5 simulations have been
that the analogous technique tends to underestimate the raigteveloped and applied to one of the last heavy rainfall events
fall values and the MM5 simulation tends to overestimateregistered in Catalonia: the 11—13 October 2005 event.
them.

2 Meteorological situation and event overview

1 Introduction .
On 11 October 2005 a strong anticyclone was located over

Catalonia is located in the Northeast corner of the IberianE@stern Russia producing a high pressure blocking. At the
Peninsula. The orography of the country is very complex,Same time, a trough was formed in front of the Portugal

and it has a strong influence on pluviometry. Therefore, re-c0ast. Due to the blocking, forced by the high pressure cen-
markable contrasts are observed in a few kilometres. Thre&® this trough moved towards the South-East during the fol-

mountain ranges are the most important geographical factor¥Wing days, reaching the centre of Iberian Peninsula in the
form of a very well-defined cut-off low on 13 October at

Correspondence toA. Barrera 12:00 UTC. This configuration implied an important advec-
(tbarrera@am.ub.es) tion of warm and moist air masses against the littoral and
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Fig. 1. Recorded precipitation from 00:00 to 24:00 UTC over Catalonia on 11 October(aJ(& October 200%b), 13 October 200%c)

and total accumulated precipitation from 11 October 2005 at 00:00 UTC to 16 October 2005 at 00:0@)UD&ta obtained from 313
stations.

pre-littoral ranges of Catalonia at low levels. At surface ana more moderate intensity without any flash flood recorded.
important low was installed over the centre of the Iberian As a summary, more than 340 mm in the entire episode were
peninsula during the event and produced a southern wind fluxecorded in some places of the north Catalan coast (Fig. 1d).
against Catalonia. As a result, heavy precipitations and flash Figure 2a shows the municipalities affected by flash
floods were recorded during the event resulting in 4 casufloods, while Fig. 2b presents the affected basins. The af-
alties and several material damages. This event had simifected basins have areas between 90 and 340(Kig. 2b),

lar characteristics to the September 1971 event (Llasat et alshort response time and are periodically affected by flash
2007), but it has been less damaging and catastrophic. floods. For example the Maresme basin (Fig. 2b) has been
affected by 131 flash floods during the 20th centurl 3
flash floods per year) (Barnolas and Llasat, 2007). Concern-
ing material losses, approximately 4000 houses, more than
000 shops, and 1500 cars were damaged in the municipali-
es of Platja d’Aro, Santa Cristina d’Aro, Calonge and Sant
Feliu de Gixols. There were other damages in infrastruc-

; ) tures and public ownerships. All these damages were evalu-
134mm in few hours (Fig. 1a). The next day (12 October, ated in more than 21 million euros (economic losses in public

Fig. 1b) the instability moved northwards and heavy rain- infrastructures rose above 6 million euros in Santa Cristina

fall was recorded over Barcelona city, its metropolitan area |, ; .
' . d’Aro). Between 8000 and 10000 claims were received b
and central northern Catalan coast. The third day (13 Octo: ) W Ims W v y

; : . ) the Spanish National Consortium of Insurancésr{sorcio
ber, Fig. 1c) the heaviest rainfalls occurred in the Northern P A

coastal region with maximum daily precipitation amounts upde Compensaoh de Segurgs However, the counting is dif-
. . . ficul me claims were m hrough private insur-
to 250 mm and 5-min intensities close to 100 mm/h (Fig. 3). cult because some claims were made through private insu

: ance companies.
As a result, a large number of ephemeral rivers were over-

flowed and flash floods were produced (catastrophic damages
in Calonge ephemeral river, Fig. 2a). The Band Ridaura
rivers were also within the affected catchments (Fig. 2a).
During the 14-15 October the rainfall continued, but with

Figure 1 shows the rainfall evolution of the entire episode,
from 11 to 13 October and also the total amount recorded
The event began on 11 October with heavy rainfalls over
the central southern Catalan coast. The Creixell ephemera{
river was overflowed (Fig. 2a), producing an important flash
flood in that locality, due to an amount of precipitation of
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Fig. 3. Hyetogram for La Bisbal d’Empogdshowing the high 5-
min rainfall intensities reached during the 13 October 2005.
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Fig. 2. (a)Municipalities affected by flash floods. In red are shown
the municipalities with catastrophic floodin¢b) Affected basins:
location and area.

Fig. 4. Distribution of the 313 rainfall stations used in the present
work. Red dots are the stations used in the analogous methods and
3 Data and methodology blue ones are the other stations used for developing observed rain-
fall charts.
Different sources of data have been used for developing the

present study. To develop the observed daily rainfall charts

313 rainfall stations has been compiled within Catalonia andneans of establishing statistical relations among past and
surroundings areas (Fig. 4). The data used in the analogousrecast meteorological situations. The pressure data val-
technique and for the MM5 model simulations are detailedues are provided by the NCEP-NCAR Reanalysis Project

as follows. (NNRP). The rainfall database has good coverage over East
Catalonia (Fig. 4) with more than 120 stations for an area of
3.1 Analogous method 16 000 kn? and for the period 1996—2005. This is the period

used for the development of the analogous model. For fur-
The analogous method applied here is a statistical downther details of the applied analogous model see Altava-Ortiz
scaling method using the geopotential height at 1000 hPagt al. (2006).
850 hPa and 500 hPa as primary predictor fields, and the Probabilistic outputs are calculated taking into account
geopotential height and humidity at 1000 hPa as secondarthe best 20 meteorological analogous situations. The in-
predictor fields. The method estimates the probability ofterpolation (using the kriging procedure) is carried out at
exceeding a certain rainfall value in 24 h, according to an0.04 x0.04 of grid resolution. Probability of exceedance
ensemble of rainfall patterns that occurred in the past, b ERP) 0.5 mm, 2mm, 10 mm and 20 mm in 24 h in addition
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ROC curve US National Centers for Environmental Prediction) available

1.0 ————T— v —— e —————— every six hour from 00:00 UTC, which are improved using
i 1 surface and upper-air observations (ADP, Automated Data
g 1 Processing observations from the NCEP). This improvement
oA 7] is applied by an objective analysis tool included in the pro-
gram scheme of the MM5 model. Full physics is used and
a Kain-Fritsch (Kain and Fritsch, 1993) scheme is applied
to parameterise convection for the first, second and third do-
[ ] mains while no convective parameterisation is activated over
D4 - the fourth domain. Similar parameterisation has been used
i | with good results in other similar extreme meteorological
- . events in the West Mediterranean area (Arreola et al., 2003;
& ] Romero et al., 2005).
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4 Results and discussion

Fig. 5. ROC curve for the highest threshold (precipitati®20 mm Figure 6 shows the probability of exceeding 0.5 and .20 mmin

in 24 h) in the statistical analogous method. HR is the hit rates and24 has well as MER on 11 and 13 October, as derived from

FAR represents the false alarm rate. the analogous method. In general, good agreement among
highest probability values and real affected areas can be ob-
served. Moreover, in some days, MER distribution shows

to Average Expected rainfall (AER) and Maximum Expected 900d agreement with the ob.served rainfall patterns, a_llthough
rainfall (MER) values for each day in the analysed episodevalues are usually underestimated. The 11 October is an ex-
have been calculated. ception, when the analogous method overestimates them. At

The results obtained in the recently finished INTERREG this point it should be taken into account that this event was
lI-B AMPHORE project showed that this method is a pharacterised by very heavy rainfa]l, such events are quite
good statistical prediction tool. Model reliability has been infrequent and thus it is more difficult for the analogous
performed using Receiver Operating Characteristic Curvegnethod to reproduce them. In addition in order to further
(ROC curves). A ROC curve for each considered thresholdMProve the method a much denser pluviometric network is
as well as for each station forming the surface rainfall net-needed.
work has been calculated. The most interesting result for the The MM5 simulation allows analysing accurately the main
current paper is the ROC curve corresponding to the highmeteorological features with high spatial resolution. The
est rainfall threshold (Fig. 5). This ROC curve was obtainedevolution of the 10-m wind field for the 2-km domain shows
from averaging the 126 ROC curves associated to each rairthe formation of different convergence lines at different
gauge of the observation network for the entire 1996 year, Places of the region. This partially explains the location of
very rainy year in Catalonia. The greater the area under théainfall maxima during the event (not shown). These con-
curve, the better is the model. A value around 0.95 has beeMergence lines enhanced the triggering effects of the ranges

obtained for the 20 mm exceedance rainfall. close to the sea, facilitated the advection of moist air over
those zones and implied high values of potential temperature
3.2 The MM5 model at medium levels (850 hPa). The eastern parts of the Pyre-

nees and the Pre-Littoral range plays an important role on
The MM5 mesoscale model (Grell et al., 1994; Dudhia et al.,the enhancement of precipitation, as in the simulations and
2004) is one of the most widely used models by the scien-Observations, all main maxima are recorded in those zones
tific community. This numerical model has been run for a (Fig. 7). In addition, the high spatial resolution used for the
72 h simulation starting at 00:00 UTC from 11 to 14 Octo- MMS5 simulations permitted to reproduce the maxima of ac-
ber 2005. Four two-way nested domains with 54, 18, 6 andcumulated rainfall quantities, but their locations are not well-
2km horizontal grid resolution and 23 vertical levels have placed (Fig. 7).
been used. The outer domain (domain 1) is centred in the With the MM5 outputs, in addition to the analogous
NE Spain at geographical coordinate (0H) 40.C N). Ini- method ones, and taking into account the event observations
tial and boundary conditions are obtained from tRhedso-  some conclusions appear clearly:

lution FNL NCEP analyses (Global Final Analyses from the
i) Both methods, probabilistic and deterministic, get quite

Linformation concerning AMPHORE project is availabe within reasonable rainfall forecasts or probability distribution
http://amphore.medocc.org/ if they are compared with the observations, although
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Fig. 6. Probabilistic outputs for the lowesd andd) and highestlf ande) rainfall thresholds as well as the MER (on 11 October 2005 from
00:00 to 24:00 UTC (upper figures) and on 13 October 2005 from 00:00 to 24:00 UTC (lower figures).

some important disagreements (an important overestiral daily rainfall database with a good coverage in the re-
mation) appear in SW Catalonia. gion, and the proof of other effective predictor meteorologi-

.. . cal fields.
i) Whereas the analogous technique tends to underesti-
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Fig. 7. Comparison between observedandc) and 2-km resolution MM5 forecastb &ndd) for accumulated daily rainfall for 11 October
2005 from 00:00 to 24:00 UTC (upper figures) and for 13 October 2005 from 00:00 to 24:00 UTC.
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