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Abstract. This work focuses on the analysis and character-information about flow values during flash floods (on some
ization of the flash flood events occurring during summer inoccasions no gauge exists in the catchment areas due to their
Catalonia. To this aim, a database with information aboutnon-permanent flow). There is accordingly a need to work
the social impact produced by all flood events recorded inon the basis of indirect information collected from meteoro-
Catalonia between 1982 and 2007 has been built. The sdegical data, impacts and observations. In this case it is usual
cial impact was obtained systematically on the basis of newdo classify flood events on the basis of their impact (Brazdil
press data and, occasionally, on the basis of insurance datat al., 1999; Barriendos et al., 2003), the convective features
Flood events have been classified into ordinary, extraordi-and rainfall intensity (Llasat, 2001) or the structure of the
nary and catastrophic floods, following the proposal of Llasatprecipitation system (Rigo and Llasat, 2004).

et al. (2005) HOWeVer, bearing in m|nd ﬂaSh ﬂOOd ef‘feCtS, Fo“owing these previous Works and try|ng to bu||d an in_
some new categories concerning casualties and car damagggrated approximation to the different scenarios of flood
have also been introduced. The spatial and temporal distrirjgk (Llasat and Siccardi, 2010), Llasat (2009) has pro-
bution of these flood events has been analyzed and, in aposed a qualitative floods classification, taking into account
effort to better estimate the social impact and vulnerability, the main characteristics of the precipitation event, size and
some indicators have been defined and analyzed for a sp&jope of catchments, and the potential impact of the floods.
cific region. These indicators allow an analysis of spacialThe |ast objective of a classification like this is giving syn-
and temporal trends as well as characterization of the eventshetic information useful for Civil Protection. The princi-
Results show a flash-flood increase in summer and early ailes of this classification have been already applied in Bar-
tumn, mainly due to inter-annual and intra-annual changes itera et al. (2006), Barnolas and Llasat (2007) and Llasat et
population density. al. (2008). Following this proposal (that will not be devel-
oped here), flash floods in West Mediterranean region can
be classified into two types. Type 1 considers short-lived
1 Introduction local events £3h, usually<1h) of very intense precipita-
tion (peaks above 3mm/min) that do not surpass 100 mm.

Floods are a complex hydrometeorological hazard. MeteoroThey are associated with strongly convective rainfall events
logical and climatic factors, drainage basin factors, drainagdllasat, 2001) produced by isolated cells or multicells (Rigo
network, channel morphometry and human factors p|ay Eﬁ.nd Llasat, 2004), that affect little basins with strong Slopes.
major role. For regions such as Eastern Spain, the South ohlthough some casualties can be produced by this kind of
France, Italy and the West of Balkan Peninsula, flash-flooddlash-flood (mainly as a consequence of the imprudent be-
are not infrequent and can be considered a climatic featurhaviour of people), damage is usually ordinary or extraor-
They are object of study of international projects such asdinary (Barriendos et al., 2003) (i.e. damage to cars placed
FLASH (Llasat et al., 2009a) or HYDRATE (Gaume et al., nhear the river or in its bed). We could call them as short-

2009). However, in the Spanish case, there is no systematitved/extraordinary events. On the other hand, flash floods
of type 2 usually cause catastrophic damages (Barriendos et

al., 2003). Indeed, although they last less than 24 h and the

Correspondence ta¥l. C. Llasat maximum precipitation is usually recorded in less than 6 h,
BY (carmell@am.ub.es) accumulated rainfall can exceed 200 mm. They are strongly
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convective events (Llasat, 2001) produced by multicells or
mesoscale convective systems (Rigo and Llasat, 2004) that
usually remain stationary, quasi-stationary or associated with
convective rains, and that can affect little and medium size
basins. Then, we could call them as short-lived/catastrophic
events. In this sense, the return period of these last events is
above the return period of the extraordinary ones.

Autumn is the most flood-prone season in Catalonia
(Barnolas and Llasat, 2007), but the distribution of convec-
tive rainfall (Llasat, 2001) points to summer as the most
probable season for flash-flood generation. Bearing in mind
that flash-floods usually affect the coastal region and moun-
tain region in holiday season, the increase of vulnerability
(as a consequence of the urban development in flood prone

areas), and exposure (as a consequence of the great increase

of population and tourism in summer season) makes these
phenomena a substantial risk.

This paper analyzes flood distribution and flash floods in
Catalonia over a period of 26 years (1982-2007) for which
data on impact are available, and it makes particular refer-
ence to their social impact, taking into account the increase
of population density in flood-prone areas.

2 Methodology

This work is centred in the analysis of the period 1982-2007.
The sources of information were:

— the INUNGAMA database (Barnolas and Llasat, 2007):
itis a GIS and ACCESS database developed by some of
the authors and other members of their team (GAMA)
which contains systematic information about all the
floods recorded in Catalonia since 1900;

the PRESSGAMA database (Llasat et al., 2009b): it is
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— An event is considered as a flash-flood if its duration is
equal to or shorter than one day.

— Following Barriendos et al. (2003) and Llasat et
al. (2005), ordinary floods or simple high waters are
events characterized by the increase in the flow of flu-
vial courses, without causing overflow in their banks.
Such episodes can cause damages if activities are be-
ing carried out in or near the river or torrent at the
time; they will be identified by category 0. Extraordi-
nary floods (category 1) are produced by precipitation
episodes which cause overflowing of banks of an inten-
sity or duration which does not cause serious damage
in the locality. Usually, these episodes can cause dis-
comfort and inconvenience to the dalily life of the pop-
ulation, but sometimes they can produce some damages
in those structures placed near the river. We include
here the inundation of basements as a consequence of
drainage problems (as is the case of Barcelona city,
where torrents are covered). Finally, catastrophic floods
(category 2) are produced by the overflowing of banks
leading to serious damage or destruction of infrastruc-
ture (bridges, mills, walls, and paths), buildings, live-
stock or crops. This kind of classification has been ap-
plied to historical and recent floods, but it does not con-
sider the casualties due to different criteria when his-
torical archives are analyzed. Then, to take account of
flash-flood effects, a new category concerning casual-
ties (5) and car damage has also been introduced (0.5 if
the flood swept away some cars)

— The identified events were checked using the various
sources of information.

In order to better estimate social impact and vulnerabil-

an ACCESS database developed by the GAMA teamty some indicators have been defined and analyzed for spe-
that contains more than 14000 news items about naturafific cases and a specific region. Besides the indicators ap-
hazards and climate change, published by the “La van-Plied in the Plan to obtain the cartography of flood risk in

guardia” newspaper and complemented by other newsCatalonia, called INUNCATHttp://www.gencat.cat/interior/
papers, since 1982: esc/docs/INUNCAT.pdf others such as the number of cars

affected or the number of requests received by the meteoro-
some scientific and technical publications devoted tojogical service, as well as the indicators proposed by Mess-
specific floods that have affected Catalonia (i.e. Llasatner and Meyer (2006) and Blaikie et al. (1994) have been
and Rodiguez, 1992; Pascual, 1999; Ramis et al., 1994;3|so taken into account. These indicators allow analysis of
Guijarro, 1997; Llasat et al., 2003) spatial and temporal distributions as well as characterization

The criteria to define a day of flood and a flood event is ©f €vents (Fig. 1). In this paper, we have classified the events
based in these ones applied when flood series are built (i.dN ordinary (0), extraordinary (1) or catastrophic (2) ones in
Brazdil et al., 1999: Barriendos et al., 2003: Glaser et a|_’baS|s to the direct material damage. Human fatalities are con-
2003; Barnolas and Llasat, 2007). The following criteria sidered in a parallel classification (5), as well the fact that the
were used: flood swept away some cars. For instance, an event can be of

type 0 and 5 (although it is not usual it is not impossible, due
— One day of flood is a day in which one or more floods to an imprudent behaviour).

occurred. One flood event is this one that can be pro-
duced by a meteorological episode that can last more
than one day and that can register the overflow of one or
more rivers and stream flows.
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A total of 202 rainfall episodes which generated floods inthe o D D D D H
area (flood events) have been identified for the period 1982- Months of the year
2007. This fact shows a considerable increase in comparison
with the 217 flood events identified for the 20th century in Fig. 3. Monthly distribution of flood events recorded in Catalonia
Barnolas and Llasat (2007). After the present study that ha§1982-2007).
allowed the systematic analysis of the daily press since 1982
(Llasat et al., 2009b), the final figure for the period 1900—
2007 is of 356 flood events, 289 of them during thé”20 of the ordinary flood events have also produced casualties
century. This change confirms that an in deep analysis ofind 10% of them have swept away some cars. Obviously,
daily press for the period 1900-1981, could increase the to€atastrophic events have the major percentages of casualties.
tal number of events identified for the 20th century, including  Most of the flood events have affected the Llobregat basin,
ordinary floods. near the coast, and the Maresme basin, with a total number of

Table 1 shows the distribution of 196 events (there is not67 and 101, respectively (Fig. 2). September has recorded the
enough information to classify 6 events). 54% of the eventsmaximum number of floods (23%) followed by August and
have been classified as “extraordinary” and 17% of themOctober with 17% and 16% of the total, respectively (Fig. 3).
have produced casualties. It is interesting to see that 14%ebruary has recorded less than 1%. As a consequence, the
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Table 1. Distribution of the number of flood events by category.  Seasonal distribution of floods (summer=JAS) 1982-2007
Columns two and three show the number of each type of flood
events that have swept away some cars (0,5) or that have produced

casualties (5). 7%
Number events Category 0,5 Category 5 12%
32%
Ordinary 82 9 12
Extraordinary 105 31 18
Catastrophic 9 4 6 a
TOTAL 196 44 36

season with the maximum number of flood days is summer

if considered as the JAS months (Fig. 4a), or autumn, if con-

sidered as SON (Fig. 4b). This simple observation is impor- 49%
tant when seasonal analyses are undertaken. The compari-
son with the distribution obtained for the period 1901-2000
(Barnolas and Llasat, 2007) shows a decrease in the contri-
bution of the month of October to the average annual number
of flood events (24% for the 20th century) and an increase for
the month of September (20% for the 20th century), which
is probably related with the increase of population density in o

coastal areas (Llasat et al., 2008), where high rainfalls and

floods mainly arise during summer or the beginning of au-

tumn. &
Figure 5 shows the distribution obtained for flash-floods

and no flash floods: 82% of the flood events were related with

flash-floods. The monthly distribution is similar to this one b

corresponding to the total number of floods, with September o0%

as the month with the highest number (22%).
The temporal evolution of flood events shows a positive

trend that cannot be completely justified by changes in the 32%

‘ Bwinter @spring Osummer Dautumn ‘

Seasonal distribution of floods (summer=JJA) 1982-2007

press coverage (Fig. 6). Although press coverage on natural
risks and climate change has experienced a strong rise in the
last decades (Llasat et al., 2009b), there is not a clear trend
in the number of news about floods (Llasat et al., 2009c).
Barnolas and Llasat (2007) have found a positive trend that [ Bwinter  @sping  Osummer  Bautumn |

is statistically significant at 95% confidence level following

the Monte Carlo procedure, with a smooth increase in theFig. 4. Seasonal distribution of flood events recorded in Catalonia
number of floods (2 floods per century) over the last 30 year1982-2007).

of 20" century. The same authors show that this trend is

due to the growth in the number of floods in the littoral in .
recent years, mainly in the Maresme, Tordera and basin&U9ust (4 floods/century) and July (3 floods/century), while
placed at the north of Ter River. Due to the lack of sys- October showed a negative trend and the rest of the year did

tematic data about flow of torrential water courses, it is notnot Show any trend. _ _

possible to relate this increase with flow changes. Thus it  SUMmMer rainfall evolution does not experience any re-
is only possible to assess the rise in the frequency of eventgional trend, although we must recognize the period 1994
that affect the population, a result that is consistent with the?003 @s the driest decade in the last century (Altava-Ortiz
greater occupation of flood-prone areas and greater exposur8! @l 2010). The analysis of monthly rainfall evolution for

in addition to changes in land use (Llasat et al., 2008). TheS0me stations located on the coast (Llasat et al., 2009b) as

monthly analysis corroborates the strong summer contribu!Vell as the analysis of daily precipitation maxima corrobo-

tion to this evolution; in fact, the highest positive trend has "at€ this lack of trend (Barrera et al., 2006).
been found for September (6 floods/century), followed by
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Monbhly distribution of flash floods and no flash floods events 1982-2007 Distribution of flood events by category (0, 1, 2) (1982-2007)
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Fig. 8. Monthly distribution of casualties produced by floods in
Fig. 6. Temporal evolution of flood events in Catalonia for the pe- Catalonia (1982-2007).
riod 1982—-2007.

) population in Catalonia, which had near 5978600 inhabitants
4 Impact analysis in 1986 and rose to 7210500 inhabitants in 2007, shows

) o ) a correlation of 0.44 that improves when it only refers to
Figure 7 shows the distribution by categories: 52% of the t0-¢4a51a regions. Figure 10 shows the damage distribution in

tal number of flood events can be classified as extraordinaryne maresme region; the percentage for each type of dam-
floods, while 40% are only ordinary ones. Only 4.4% pro- 5qe has been calculated in basis to the rate between the flood
duced catastrophic floods during this perloc_j of study. 17%gyents that have caused damages of this type and the total
of the events produced one or more casualties (both extraok,mper of floods. Affected infrastructures are mainly roads,
dinary and catastrophic ones). October is the month thakghways and railways. Some roads and paths had been built
records the major percentage of catastrophic floods, althougl, the course of torrential rivers, or crossing them, as in the

the maximum number of casualties has been recorded iRase of the coast railway. Affected cars refer to those that are
September and August, usually as a consequence of an im ried away by flash-floods.

prudent behaviour (Fig.8). No catastrophic floods have been

recorded between December and May. A deep analysis has

shown that all the catastrophic floods recorded during thiss Conclusions
period were produced by flash floods of type 2.

Figure 9 shows the temporal evolution of floods by cate-A database with information about the social impact pro-
gories. It corroborates that the positive trend is consequencduced by all the flood events recorded in Catalonia between
of the increase of extraordinary floods, essentially due to thel982 and 2007 has been built. Social impact has been ob-
greater occupation of flood-prone areas in the coastal regiortained systematically on the basis of news press data and,
as well as a decreased level of tolerance of the populatiomccasionally, on the basis of insurance data and technical
(Llasat et al., 2009c). The comparison with the evolution of and scientific reports. A total of 202 flood events have been
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