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Abstract. A torrential rain event took place in the Valen- (Fig. 1), located in the Eastern Iberian Peninsula, has his-
cia region in October 2007, mainly affecting coastal areastorically been affected by this type of heavy rain evetitds

and nearby mountains in the center-south of the region, irand Ruiz 1979 Armengot 2002 Pérez Cueva and Armen-
northern Alicante province. More than 400 mm in 24 h were got, 1983. This kind of meteorological event causes numer-
recorded at some stations in these areas, with lower accwsus economic losses, as well as human casualties in some
mulations in the rest of the region where rainfall was lesscases. Moreover, several studies show an increasing trend in
intense. In the first part of this work a description of the both the number of torrential rain events and their precipi-
meteorological situation is given. The synoptic frame of thetation amountsAlpert et al, 2002 Pdiarrocha et a].2002
event is characterised by an advection of easterly maritimeMill an et al, 2005, and the Fourth Assessment Report of
winds across the Western Mediterranean, lasting for at leaghe Intergovernmental Panel on Climate Changelgmon

48 h, driving moist air towards the Iberian Peninsula easterret al, 2007) also states that heavy-rain events are expected to
coast and the presence of an upper level isolated low ovebe more frequent in most future-climate scenarios. Thus, a
Eastern Iberian Peninsula. Then, the results of humericagjood knowledge about this type of event and about any im-
simulations using the Regional Atmospheric Modelling Sys- provement in its numerical modelling can be an invaluable
tem model are shown to study the rain event in detail. Theaid for forecasting and alert systems.

Regional Atmospheric Modelling System reproduces satis- Previous studies made clear that numerical modelling is
factorily the spatial distribution of the rainfall and the rain crucial for understanding and forecasting of torrential rain
period, but it underestimates precipitation in the areas withevents in the Mediterranean basin. First, the propitious en-
the most intense values. Finally, a sensitivity test was pervironment for heavy rains in the Mediterranean basin has
formed in order to evaluate the role of orography in the rainbeen extensively studiedvifll an et al, 1995 Armengot
event, showing the importance of orography as a triggering2002 Estrela et al.2002 2003 while the statistical study
mechanism. in Jansa et al(200]) correlate observations of heavy rains

in the Western Mediterranean with the presence of surface
cyclones. Numerous numerical modelling experiments on
flash-floods have been conducted in this area in recent years.
Some of these experiments have been focused on sensitivity
A flash-flood is defined in the AMS Glossary of Meteorol- testing Federico et a).2008 Bresson et al.2009, devel-

ogy (Glickman 2000 as a flood that rises and falls quite opment of forecasting systemidvolio et al, 2009, air-sea
rapidly with little or no advance warning, usually as the result interaction processe®éstor et a).2001; Lebeaupin et a).

of intense rainfall over a relatively small area. Such flash-2006 2009 or investigation of the mechanisms involved in

floods are common in the Mediterranean area and mosthjpeavy rain events\iglietta and Regan@008.
occur from late summer to winter. The Valencia region The Spanish eastern coast, and other areas in the Western

Mediterranean basin, are often affected by northeasterly to
southeasterly advections with trajectories over the Mediter-
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Fig. 2. Northern Alicante province orography. Highest peaks are on the southern side of the study area, reaching 1410 arCiolsteSn.
of Conselleria de Medi Ambient, Aigua, Urbanisme i Habitatge de la Generalitat Valenciana.

(cold) fronts as defined iBluestein(1993, understood as of a 30-year rainfall precipitation series covering the Spanish
a cold(er) air advection over a warm(er) Mediterranean seaMediterranean coast showed the notable impact of torrential
The Valencia region is also affected by these advectiongains in the Valencia region in particular in the northeastern
which drive moist air from the Mediterranean, in some casesarea of Alicante province (Sierra de Aitana). The orogra-
with long trajectories, and cause torrential rains. Some ofphy of this area (Fig2) is constituted by a narrow coastal
the authors have previously studied the synoptic patterns ansltrip and various mountain ranges, between 300 and 700 m
spatial rainfall distribution of these events in the Valencia re-high, close to the coast and mostly running from southwest
gion (Peharrocha et a].2002 as well as the relative contri- to northeast. These mountain ranges separate a series of
bution of these torrential rains to the total rainfall in the arealong, narrow valleys, open to the coast and closed inland by
(Mill an et al, 20095. higher mountains (more than 1000 m tall), which are very
The highest pluviosity in the Valencia region is registered well exposed to the northeastern or eastern maritime air ad-
in the northeastern part of Alicante province, located south ofvections. These moist maritime air fluxes are the main pre-
the Gulf of Valencia. The analysis lBomero et al(1998 cipitation input in this area both in intensity and in annual
values Pdiarrocha et al2002 Mill an et al, 2005. Annual

Nat. Hazards Earth Syst. Sci., 10, 133345 2010 www.nat-hazards-earth-syst-sci.net/10/1331/2010/



F. Pastor et al.: A flash flood in the Valencia region: the role of orography 1333

total precipitation averages in this area are always higher thar
650 mm with some sections registering more than 900 mm,
resulting in a subhumid climate. Pluviosity in the Northeast
of the province of Alicante is characterized by high irregu-
larity with a high percentage of the total annual rain concen- [§
trated in a few precipitating days, e.g., 750 precipitation val-
ues higher than 100 mm/day have been found from 1943 to
2008 in the meteorological stations database of the Spanist
Meteorological Agency (AEMET), with 112 records reach-
ing or exceeding 200 mm/day. A historical maximum of
878 mm was recorded on 2 October 1957 at Xabia station.
Annual rainfall distribution is characterized by a relatively
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autumn providing the most rain and exceeding by far the rain
accumulation in springRerez Cueval994. @

In this work, the authors present a description of an ex-
traordinary rain event through analysis of synoptic setting
and surface data, mainly on precipitation. Then the Regional
Atmospheric Modelling System (RAMS) is used to inves- : e
tigate the main characteristics of the torrential rains in the |2 2 5840
study area, focusing on the mechanisms feeding the precipi-j pree
tating system, especially the presence of strong and constar| e
maritime winds that allow the intense precipitation to per-
sist. After characterizing the rain event we evaluated the role _
of orography in its development, showing its importance in C ‘ﬁn : .

. . . . o o~ : 5280
triggering the rainfall event. The role of orography in heavy SRR a= - -
rain events in the Western Mediterranean has previously beer|{: @ e J ( H iz
investigated in papers lRomero et al(1997), Horvath et al. o0
(2006, Federico et al(2008, and Miglietta and Regano e
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2 Meteorological analysis

2.1 Synoptic analysis

The synoptic frame of the meteorological situation leading | -
to the torrential rains of 11-12 October 2007 in the Valencia |

region was characterized by an easterly maritime wind ad- 5500
vection across the Western Mediterranean, lasting for at leas : 5320
48 h and reaching the east side of Iberian Peninsula, and b) :;:Z
the presence of an upper-level isolated low over the Easterr .
Iberian Peninsula. This long-trajectory advection resulted in & 5200

the arrival of a moist air mass over the Valencia region which,
in conjunction with the presence of a cold pool aloft, caused
the torrential rains. There follows a description of the me-

event.
Figure 3 shows the sea level pressure and geopotential(C)
height of the 500 hPa isosurface from NCEP/NCAR Reanal-
Zglc??q;?‘lﬂay ezzirr-]liv(;loggl?girfgo%?éb%\ljg%%r?r:v:\llgs?ei;og?armc Fig. 3. Sea level pressure (hPa, solid line), geopotential height
P - P . ?gpm, shaded color) and temperaturé @ (dashed line) at 500 hPa
and south of the British Isles started moving southward, al-; (a) 10 October 2007 at 00:00UT@b) 11 October 2007 at

lowing the irruption of a strong anticyclonic ridge towards gg.g0uTC andc) 12 October 2007 at 00:00 UTC, obtained from
Northern Europe. This isolated upper-level low reachedNCEP Reanalysis.
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Fig. 4. Surface winds ata) 06:00 UTC 11 Octobei(b) 18:00 UTC 11 Octobel(c) 06:00 UTC 12 October an@) 18:00 UTC 12 October
2007.Quickscat Seawind data courtesy of Remote Sensing Systems.
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Fig. 5. Sea surface temperature&d) on 10 October 2007 derived
from the NOAA satellite by the CEAM meteorology department.

At surface level a strong anticyclone remained stationary
over most of Western and Northern Europe. Along the south-
ern side of these high pressures, an easterly wind flowed from
Central-Eastern Europe over the Western Mediterranean,
reaching the Valencia region (Fi¢). The initially colder and
drier air-mass driven by this easterly advection became moist
and potentially unstable because of the energy and moisture
exchanges between the atmosphere and a warmer Mediter-
ranean seaMill an et al, 1995 Estrela et a].2003 with tem-
peratures in the 23—-2% range in broad parts of its Western
basin (Fig.5).

Then, an easterly flux of moist and “potentially unstable”
air across the Mediterranean towards the Iberian Peninsula
converged on the Valencia region, especially northern Al-
icante. Both the presence of instability at middle and up-
per levels and the orographic trigger created an environment
favourable for a heavy rain event.

On 11 and 12 October 2007, maritime easterly winds

eastern Iberia and became situated just above the vertical afwept the Valencia region from north to south. From Fun-
the Valencia region on 11 October. The presence of an aidacbn Centro de Estudios Ambientales del Medaeeo

mass with temperatures belew20°C added strong instabil-

(CEAM) meteorological network data it can be seen that pre-

ity at middle and upper levels in the Valencia region on 11 cipitation started on the morning of 11 October in the north

and 12 October (FigB).

Nat. Hazards Earth Syst. Sci., 10, 133345 2010

of the Valencia region and later extended to its southern half.
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Fig. 6. MSG-2 Infrared image on 12 October 2007 =
at 04:00:00 UTC, ©Eumetsat. \j
38N

The persistence of the maritime winds, turning locally from
east to northeast, formed a low level jet at low and mid levels
which remained constant before, during, and after the rain  -2W -1w 0 1E
event. The moisture content of the winds helped to establish

a cloud system (Figp) that affected the southern half of the
Valencia region for 12—14 h and continuously fed the intense

and persistent rains recorded in the area. Proper exposur 39.0N
of the coastal valleys and mountain regions to the northeast-
erly winds favoured the channeling of the air fluxes up the
watersheds where the most intense and persistent rains wer
recorded.

BB EBBEEEER

2.2 Surface data

CEAM owns and operates a network of meteorological sta- W
tions and fog collectors, equipped with meteorological sen-

sors, covering the whole Valencia region. The network con-Fig. 7. 48-h accumulated precipitation (mm) during 11-12 October
sists of 44 measuring points distributed throughout the Va-2007:(a) Valencia region(b) northeastern Alicante. Data recorded
lencia region (14 on the heaviest rain area) from the coastay CEAM Meteorology Department, AEMET and Confededai
plains to the mountain areas inland, all of which are locatedHidrografica del dicar.

away from urban environments and follow the WMO specifi-

cations for meteorological measurements. In addition to the

data from this network, data from AEMET (25 in the Valen- The stations with the highest accumulated values are
cia region with 13 in the main rain area), the hydraulic au- shown in Tablel, while their locations are shown in Fi§.
thorities of the Confederamn Hidrogiafica del dicar (CHJ)  Tablel and the stations location map again highlight the in-
(36 stations in the rain area) and the Ministry of Agricul- tensity and focalization of the rain event. Two automatic sta-
ture (45 stations in the Valencia region, 27 of them in thetions in the Fundaén CEAM network have been selected to
rain area) have been also used in the characterization of thehow the intensity of the rain event. FigBeshows the rain
event. Figure7 shows the rainfall spatial distribution map intensity (precipitation recorded in 10 min) during the event
constructed from all the recorded data. This precipitationat the Tollos and Callosa d’'En Sarstations. The maxi-
map shows a relatively wide region with precipitation greatermum intensity recorded at the first one was close to 90 mm/h
than 100mm around a highly focalized area of maximumwhile at the second it barely reached 50 mm/h. Rainfall in the
precipitation, surpassing 300 mm, in northeastern Alicantestudy area is seen to start late in the day on 11 October, with
especially over the mountain ranges close to the coast. most rain falling during the first half of 12 October. Worthy

-0.5w 0
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39.2N

Table 1. 48-h accumulated precipitation (mm) from 00:00 UTC a)
11 October to 00:00 UTC 13 October 2007. 39.0N 1800
1700
1600
Accumulated precipitation (mm) o § o
Station Acronym 110Oct 120Oct Total s /\ i
2007 2007 s s A GAL Hiioo
pye e
calalf ALC 22.0 4156 437.6 - e P Mlsee
Gallinera GAL 152 398.0 4132 o i
Tollos TOL 25.6 359.8 385.4 38.6N Hsao
Isbert ISB 144 3652 379.6 il
Benissa BSA 181.0 1540 3350 e e
Beniargés BEN 18.8 296.4 315.2 38N Ha
Abdet ABD 12.0 262.6 274.6
Marina Baixa MAR 11.0 245.8 256.8 ILIW W ODW OBW O.W 06w O05W OW G.0W O02W O.1W 0 O01E 02E 0.4€
Callosa d’En Sarda  CAL 18.0 236.6 254.6 20 ‘ . . . y . r
Guadalest GUA 80 2304 2384 b) 10 minutes accumulated precip (mm) —
Xativa XAT 16.8 169.2 186.0
Sierra Helada SIE 9.0 170.4 179.4
Alfas del Pi ALF 15.3 154.8 170.1 Br

E w0t
of note are not only the accumulated precipitation values, but
also their intensity and persistence. Remarkable cases are th
Alcalali and Gallinera stations which exceeded 400 mm in  °[
14 to 16 h. Seven other stations also recorded values greate
than 200 mm, three of which were over 300 mm. It should l i

be noted that, at all stations, most of the precipitation was o 0600 00 1800 00:00  06:00 12:00 18:00 1800
recorded during the dawn and early morning of 12 October. R N

T T T T T T T
c) 10 minutes accumulated precip (mm)  —

3 Numerical modelling

3.1 RAMS Model

10

The non-hydrostatic version of the Regional Atmospheric :

Modelling System (RAMS), in its version 6.0, has been used

to carry out the numerical experiments in this study. Exten-

sive information about RAMS can be found Rielke et al. oF 1
(1992 andCotton et al(2003. RAMS has previously been

used by researchers at FundacCEAM in the Valencia re-

gion to determine the optimal configuration of the model T R T T T T T
(Salvador et a).1999, to study the effects of sea surface tem- R 00N 12107200
perature on torrential rain®astor et al.2001), to study air

ggggggn dlzpte rilon wal?ﬂ ettal.20e(é5 tPelrez-tLalnzd(;cloet_al. location of vertical cross sections on RAMS grid @) Precipita-
) and to forecast heat waveSgrela et al. 7 in tion intensity (mm/10 min) during 11-12 October 2007 measured

the Valen.Cia f‘?‘gi‘?”- RAMS _has also been used in the Studlf)y CEAM Meteorology department meteorological network at Tol-
of torrential rains in the Mediterranean area by other authorgas (ToL) and(c) at Callosa d’En Saréi (CAL) stations.

like Meneguzzo et al200Q 2001, 2004 andFederico et al.
(2008.

In this study we have performed two different simulations up with four domains of decreasing size at increasing spa-
of the event; the first is the control run (CTRL), aimed at tial resolution. A series of two-way interactive nested do-
evaluating the performance of the model while the secondmains were configured at grid spacings of 40.5, 13.5, 4.5,
(NOORO1) is performed to investigate the role of local orog- and 1.5km, respectively (Fi®). The vertical discretization
raphy in the model results by removing orography in the areds a 45-level stretched vertical coordinate with a 30 m spac-
within grid 4. In both simulations, RAMS model was set ing near the surface increasing gradually up to 1000 m near

Fig. 8. (a) Location of the meteorological stations in Table 1 and

Nat. Hazards Earth Syst. Sci., 10, 133345 2010 www.nat-hazards-earth-syst-sci.net/10/1331/2010/
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1800
1700
1600
1500
1400
1300
1200
1100
1000
900

lower 1000 m. A summary of the grid parameters is provided s
in Table2. RAMS includes theMellor and Yamadd1982 o]
level 2.5 turbulence parameterization, a full-column two- |
stream single-band radiation scheme that accounts for cloud: , |
to calculate short-wave and long-wave radiati@hén and

Cotton 1983 and a Kuo-modified parameterization of sub- h
"

grid scale convection processes in the three outer domain¢™ .
(Molinari, 1985, whereas grid 4 utilizes explicit convection ] /\.«,‘//f\ )"
only. The cloud and precipitation microphysics scheme from 47
Walko et al.(1995 was applied in all the domains. |

Atmospheric boundary and initial conditions are derived 3o+
from the National Centre for Environmental Prediction ae{-7a v
(NCEP) Global Final Analyses (FNL), available every 6 h at | c—r

18w 15w 12w aw W w a 3E

the model top, at about 17000 m, and with 15levels in the sw{o 57 ~§{

Grid 2

2
<3

700

g5 88
8 6 66

200
100

-
[T T T T T T 1T T T -3

o

1x1degree resolution. A Four-Dimensional Data Assimila-
tion (FDDA) t_echnique i_s used to define'Fhe forcing at the lat- Fig. 9. RAMS model domains (all simulations) and orography
eral boundaries of the five outermost grid cells of the Iargest(Contlrol run) in m.
domain. Surface boundary conditions include USGS land
cover datasetAnderson et aJ.1976. The LEAF-2 soil-
vegetation surface scheme is used to calculate sensible arff@ble 2. Rams model settings.
latent heat flux exchanges with the atmosphere, using prog-
nostic equations for soil moisture and temperatialko Grid nx ny nz dx(m) t(s)
et. al, 2000. For S|mpI|_C|ty, we have prescribed LEAF-2 1 90 80 45 40500 60
W|t_h a homogeneous sgll texturg of the.cllay—lqam type. The > 110 101 45 13500 30
soil column at each grid point is subdivided into 11 layers 3 83 101 45 4500 15
down to a depth of 2 m. The soil moisture was initialized with 4 128 101 45 1500 5
a uniform profile at a value of 0.38%wf water per m of to-
tal volume. The initial soil temperature profile is obtained by
subtracting from the surface air temperature a value of@.3
in the top soil, which linearly decreases down to a decreasavhen the torrential rains took place. In RAMS results, the
of 1°C in the bottom soil Pérez-Landa et §120070. Over  low slightly moves to the south of its actual position during
the ocean, we prescribe the sea surface temperature climatéie night, arriving over the Mediterranean and slowly dis-
logical dataset provided by RAMS. sipating some hours before the actual evolution of the low
As the rain event took place from the final hours of 11 Oc- (see Fig3). In the coarser grid (grid 1) RAMS correctly
tober to the first half of 12 October our simulation lasts for captures the easterly-northeasterly low level flow across the
48 h, starting at 00:00 UTC on 11 October 2007 and finishingWestern Mediterranean towards the Eastern Spanish coast,
at 00:00UTC on 13 October. Model results are saved evenghecked against QuickScat seawinds (B)g.Winds reach-
hour at the four grids and at all levels for the two days of theing the Valencia region and specifically the rainy area in the

simulation. northern part of Alicante province are mostly from the north-
east.

3.2 Modelling results Figure 12 shows the surface wind field during the rain
period every 6h from 18:00UTC 11 October 2007 to

3.2.1 Control run 12:00 UTC 12 October 2007. These wind maps clearly show

the entry of sea winds with an easterly and, mostly, north-
As explained previously in Seck.1, the general environ- easterly component. At 18:00 UTC on 11 October, offshore
ment of the rain event was constituted by an easterly adwinds are from the east, coastal winds to the north of the rain
vection and the presence of a cold air pool above the Eastarea are from the northeast and winds inland show no clear
ern |berian Peninsula. These settings are well captured bgrganization, with weak northerly to westerly winds, the lat-
grid 1 (Fig. 9) of the RAMS model for both simulations, ter on the coastal areas. 6 h later, at 00:00 UTC on 12 Octo-
as can be seen in Fig&0 and 11 for the control simula- ber, easterly winds become generalized along the coast and,
tion. The upper-level low moved southward over the Easterralthough weaker than offshore, start to penetrate inland. Dur-
Iberian Peninsula from the northern area where it was ini-ing the following hours the easterly winds become stronger
tially located at 00:00 UTC 11 October, arriving at the ver- and turn northeasterly, thus affecting not just the coast but
tical of northern Alicante at 12:00 UTC, 11 October. It re- the coastal strip and the first mountain barriers inland. This
mained stationary at this position during the following night situation lasts most of the day, as can be seen inlzg.

www.nat-hazards-earth-syst-sci.net/10/1331/2010/ Nat. Hazards Earth Syst. Sci., 10,34532610
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Fig. 10. RAMS model sea level pressure (hPa, solid line), temperaf@edashed line) and geopotential height in (gpm, shaded color)
at 500 hPa for the control simulation @) 00:00 UTC 11 October(b) 12:00 UTC 11 Octobel(c) 00:00 UTC 12 Octoberd) 12:00 UTC
12 October.

There is a strong focalization of the winds along the north-moist advection plus vertical ascent, in addition to the pres-
eastern coast of Alicante province which drives the humidence of a cold air pool aloft (FidL0) favours the onset and
air mass through the coastal valleys to the mountains negpersistence of heavy rains in the area.
the coast, thus enhancing the orographic trigger mechanism.

. . . . With respect to the precipitation, let us look at the results
Figure 13 shows equivalent potential temperature, vertical b precip

locit d wind tors in a W-E vertical i tof the inner grid (4) which is centered on the area where the
\;;?3 %(’:INy ?n F‘W "13;'6(: ors ina - vler 'C? r(]: rqss-ste<l: |0n.at rain event took place and has the highest spatial resolution.
A we can see an aimost honizontal MoISt +q 500y muylated precipitation calculated by RAMS model is

low-level easterly advection towards the coast. Some verticagh own in Fig.14 for both days of the event and for the total

motion arises just above the first coastal orographic barrierﬁs_h accumulated values (panels a, b, and c). On 11 October
at 00:00 UTC on 12 October. 6h later (Figh) a strong  ,447 pAMS correctly captures the rain area (Fida) lo-
upward motion is located by RAMS just above the first sig- cated on Cape La Nao (0-0.2 and 38.7-38°9N) but with
nificant elevations (close to 700 m) from the coast, this Ver-¢omewhat lower values and with the precipitation peak dis-

fucal wind maxima 1S mainly due to_ the orographic trigger- laced slightly to the north from the observed maximum. But
ing, along with some convergence lines at surface levels an AMS also shows a larger rain area located along 39.0
the presence of instability in middle and upper layers; this . y

h ; . ! that was not present in the recorded data. Most of the pre-
vertical motion weakens but persists at 12:00 UTC on 12 Oc- P P

. . . cipitation occurred during the first 12 h of 12 October. The
tober (Fig.13c). The persistence of these motions, eaLSterlyaccumulated rain on 12 October calculated by RAMS model

Nat. Hazards Earth Syst. Sci., 10, 133345 2010 www.nat-hazards-earth-syst-sci.net/10/1331/2010/
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Fig. 11. RAMS model sea level pressure (hPa, solid line) and wind (arrows) for the control simula{@n0&:00 UTC 11 October(b)
12:00 UTC 11 Octobefc) 00:00 UTC 12 Octobelfd) 12:00 UTC 12 October.

is shown in Fig.14b and it fits well with the recorded data. The quantitative evaluation of the precipitation is done by
RAMS rainfall shows the actual rain area in northeastern Al-comparing forecast data against observed data. The temporal
icante province, with the largest rainfall amounts in an areaevolution of the rain simulated by RAMS has been checked
inland and slightly to the west of Cape La Nao, in agreementagainst surface recorded data for three selected stations in the
with the observations. The two recorded maximum precipi-rain area. Accumulated and hourly rainfall intensity values,
tation areas also appear in the RAMS results, but again théoth forecast and observed, are shown in Ey. From the
rainfall amounts are underestimated, showing a maximuncomparison of observed and simulated rainfall it can be seen
lower than 300 mm when this value was in fact exceededthat RAMS correctly catches the initiation and ending times
as can be seen in Tabhle With regard to the total accumu- of the rain event for the 3 stations, as well as for other stations
lated values for the whole event, i.e, the sum of both 11 andnot shown). However, RAMS fails to reproduce the inten-
12 October, RAMS captures well the spatial distribution of sity at the times when peak intensities were recorded. For the
the rain but underestimates the precipitation values (comparéhree stations, maximum precipitation intensity occurs 32—
Fig. 7b and Fig.14c). 36 h after the start of the simulation, and RAMS does not re-
produce it well. As a consequence, RAMS total accumulated
precipitation underestimates the observed quantities.
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Fig. 12. RAMS model simulated wind field at surface (grid 4) for the control simulation on 11 Oc{ab&B:00 UTC and 12 Octobé€b)
00:00UTC,(c) 06h UTC, d)12:00 UTC.

3.2.2 NOOROL1 run (W-E vertical cross-section at 38.R) illustrates the advec-
tion of moist air from the sea that extends slightly farther in-

A sensitivity test has been run to investigate the impact of lo-land than in the CTRL run. The vertical velocities presented

cal orography on the model results, especially in terms of thdn Fig. 13d) show a clear ascent close to the western bound-
precipitation forecast. The RAMS simulation without orog- ary of model grid 4 at 00:00 UTC on 12 October where the

raphy within the rain area (NOORO1) uses the same griceir mass is influenced by the presence of the orography of
specifications and RAMS physical settings as the CTRL run the grid 3 domain, at the boundary between grids 3 and 4. At
except that orography has been completely removed (set t86:00 UTC (Fig.13e) a stronger upward motion is located

0) from all model grids in the area corresponding to modeljust above the rain area but it is clearly weaker than in the
grid 4. CTRL run and slightly displaced eastward, probably due to

The synoptic settings simulated by RAMS in the coarserconvergence of the maritime low level jet and the drier con-

model grid (not shown) are essentially the same as thosgnental air mass and to the presence of instability at middle
obtained in the control run (Figsl0 and 11), showing and upper levels. 6 h later, at 12:00 UTC on 12 October, the

the easterly-northeasterly advection at low levels over theyertlcal velocity decreases and remains well below the values

Mediterranean and the presence of a cold air pool above thi! the CTRIT r_un_(Fig_‘LSf).
Valencia region. Moving to higher spatial resolution (grid 4) | N€ Precipitation forecast by RAMS for both, CTRL and

in the rain area, the NOOROL1 run shows very similar wind NOORO1, simulations is shown in Figi4; panels d, e, and f
fields to those shown in Figl2 for the CTRL simulation. show the accumulated precipitation in the NOORO1 simula-

Only minor differences can be found, but in this case it i ion. It can be seen that the forecast precipitation areas are
worth noting that at certain times in the simulation the mar-Weaker and displaced inland with respect to the CTRL run for

itime winds extend further inland than in the CTRL run. both 11 and 12 October, and also for the 48-h accumulated

o . precipitation. Moreover, NOORO1 produces only a narrow
NOORO1 shows a strong_focallzanon of the _vv_mds along area of intense precipitation, while CTRL run forecasts sev-
the northeastern coast of Alicante province, driving the hu-

o . . | localized regi ffected by h infall.
mid air mass through the coast across model grid 4. Fit8ire eratlocalized regions afiected by heavy rainta
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4 Conclusions The general framework of the rain event studied in this pa-

_ o B . _per is an easterly advection of cold(er) air over a warm(er)
The Valencia region is a propitious area for torrential rains, Mediterranean sea, in addition to the presence of a cold air

especially the northern part of Alicante province and thepool aloft. This situation led to the arrival of a moist and po-
southern part of Valencia province. An extreme rain eventtentially unstable air mass over the Valencian coast where it
took place on 11 and 12 October 2007 which caused extenmitiated an ascent due to orographic triggering. Then cloudi-
sive economic losses, damages to infrastructures and somgess developed at the coast and at the first orographic barri-
human casualties. In this work we have described the syners near the coast, and the rainfall began, going from light
optic environment of the event and the precipitation distribu-to strong. The presence of an isolated low or colder air at

tion, and then we have simulated the event by means of thepper levels enhanced the instability, providing propitious
meteorological model RAMS.
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conditions for the development of severe or mesoscale confMill an et al, 1995 Pastor et a).2002; Mill an et al, 2005,
vective systems. The persistence of marine feedback, i.ethe authors have identified this mechanism as the cause of
moisture feeding by maritime winds at low and mid levels, torrential rains in the Valencia region.

helped the precipitating system to stay stationary over the In our case, the event was an extraordinary one with more
rain area for some hours producing both high intensity andthan 400 mm of accumulated precipitation in less than 12 h
high accumulated precipitation values. In previous worksin the northeastern area of Alicante province in the Valencia
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region, on the Mediterranean coast of Spain. From our studyRAMS shows the presence of an easterly to northeasterly
of the NCEP/NCAR Reanalysis data, the synoptic settingswind flux that drives moisture towards the Spanish Mediter-
responded to the theoretical framework previously explainedranean coast. At upper levels (500 hPa) RAMS successfully
A long-track eastern advection through the Mediterraneariocates an isolated low over eastern Spain moving southward,
was driven by an anticyclone located over Northern and Cenalthough its evolution in RAMS simulation locates it over
tral Europe. When this persistent moisture advection methe Mediterranean sea some hours in advance with respect to
an upper-level isolated low moving south over the easternwhat is shown by the NCEP/NCAR Reanalysis.
Iberian Peninsula, heavy rains were generated in the Valen- By looking at the inner grid, the one with highest spa-
ciaregion, especially in its central area. Surface observationsial resolution (1.5km), we have shown the wind affecting
show that strong precipitation lasted from 8-12h, startingthe study area in detail. Strong and persistent northeasterly
late on 11 October, with the most intense rains concentratesvinds reaching the coastal valleys and mountain chains near
in a 2—4 h period in the first hours of 12 October. the coast were simulated. With this orography, the moisture
After characterizing the event, we have analysed it usingfeeding and the instability at upper levels, RAMS model re-
the RAMS model output. RAMS well captures the synoptic produces the heavy rains in the study area. The spatial dis-
settings, correctly locating the high pressures over northerrribution of the rainfall is correctly determined by the model,
and continental Europe with the anticyclone centered ovemwhich successfully locates the maximum precipitation area.
Southern England and Northern France. Atlower levels Nevertheless, the results are not so satisfactory with respect
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to the amount of precipitation. RAMS mainly gives val- We also want to thank the reviewers, whose comments and
ues between 150-250 mm in the area where recorded daguggestions have greatly improved the paper, and Jackie Scheiding
are generally between 250-300 mm. With respect to maxifor the translation and review of the text.
mum values, RAMS well locates two small areas where 350— )
400 mm (or higher) were recorded but it shows smaller val-Edited by: A. Mugnai
ues of 250 and 300 mm, respectively. Reviewed by: three anonymous referees

Sensitivity tests have been run with the RAMS model to
investigate thg role of orography in the onset anq developReferences
ment of the rain event by removing the orography in the area
occupied by the inner model domain, corresponding to thealpert, P., Ben-Gai, T., Baharad, A., Benjamini, Y., Yekutieli,
rain area. Results from the control run show the presence of D., Colacino, M., Diodato, L., Ramis, C., Homar, V., Romero,
a strong updraft above the mountains close to the coast in the R., Michaelides, S., and Manes, A.: The paradoxical increase
rain area. This ascent becomes less important in the simula- of Mediterranean extreme daily rainfall in spite of decrease
tion in which orography is removed in the area corresponding in total values, Geophys. Res. Lett., 29, 31-1, doi:10.1029/
to the inner model grid, the one with the highest spatial res- 2001GL013554, 2002.

olution and located just above the rain area. Moreover, it jghnderson, J. R., Hardy, E. E., Rc_nach, J. T, and Witmer, R. E.. A
land use and land cover classification system for use with remote

S“g::.tly dlsplgced eastwar(: with rezpect o the control run.l sensor data, Government Printing Office, Washington DC, Tech.
In this experiment, RAMS forecast does not present severa rep., U.S. Geological Survey Professional Paper 964, 1976.

heavy precipitation areas close to the coast as in the Contrc)&rmengot, R.: Las Lluvias Intensas en la Comunidad Valenciana,
run. Moreover, rainfall is increased inland close to the west- Centro de Publicaciones, SecréaBeneral €cnica, Ministerio
ern boundary of the domain, where the flow is influenced by de Medio Ambiente, 2002.

the orography of the grid 3 domain. On the basis of theseBluestein, H. B.: Observations and Theory of Weather Systems,
results, the orography of the area appears to be a key factor vol. 2, Synoptic-Dynamic Meteorology in Midlatitudes, Oxford
in the rain event, acting as a trigger mechanism to start the University Press, 1993.

convection process leading to heavy rainfall and conditioningBresson, R., Ricard, D., and Ducrocq, V.: Idealized mesoscale
the location of the rain area. numerical study of Mediterranean heavy precipitating convec-

tive systems, Meteorol. Atmos. Phys., 103, 45-55, doi:10.1007/

This paper is intended as a first approach to an extraor- $00703-008.0338.2, 2000

d'”‘f’“y rain event. reglstergd |_n the. Valenc.|a region. Its Syn'Chen, C. and Cotton, W.: A One-Dimensional Simulation of the
optic and modelling description YV'" permit a better knowl- Stratocumulus-Capped Mixed Layer, Bound.-Lay. Meteorol., 25,
edge of the mesoscale convective systems and the mecha- 5g9_321 1983,
nisms driving torrential rains in the Western Mediterranean.cotion, W. R., Pielke, R. A., S., Walko, R. L., Liston, G. E.,
After having determined the important effect of orography in ~ Tremback, C. J., Jiang, H., McAnelly, R. L., Harrington, J. Y.,
this heavy rainfall event, we are currently conducting model Nicholls, M. E., Carrio, G. G., and McFadden, J. P.. RAMS
sensitivity tests to analyze the influence of different cumulus 2001: Current status and future directions, Meteorol. Atmos.
parametrizations for the same event. Future work will in-  Phys., 82, 5-29, 2003.
vestigate the role of sea surface temperature and latent arfg@volio, S., Miglietta, M. M., Moscatello, A., Pacifico, F., Buzzi,
sensible heat fluxes in the development of the rain event. ﬁap::g?lillj:?yncrl]gﬁeﬁﬁ: thNeul?rﬁ;ﬁaéggreNC:tStHzgirggaEl);tIE ;’;S"E‘
This work could help to develop better forecasting systems P : iy :
to prevent the high §ocial and epconomic impact h?aa\yy raing. >C 9 551-562, doi:10.5194/nhess-9-551-2009, 2009.

. . . %I’las, F. and Ruiz, L.: Precipitacionesiimas en Esg@, ICONA,
produce in Mediterranean countries. 1979.

Estrela, M., Millan, M., P&arrocha, D., and Pastor, F.: De la Gota

AcknowledgementsThis work has been funded by the Spanish  Fria al Frente de Retroceso, Centro Franciscod®snValiente,
Ministerio de Educaéin y Ciencia through the projects NIEVA UNED Alzira-Valencia Fundaéin CEAM, 2002 (in Spanish).
CGL2008-04550/CLI, CONSOLIDER-INGENIO 2010 (Proyecto Estrela, M., Pastor, F., and Milh, M.: Air Mass Change along Tra-
GRACCIE) CSD2007-00067 and the EU-funded Integrated Project jectories in the Western Mediterranean Basin in the Torrential
CIRCE (Project. No. 036961). Rain Events in the Valencia Region, in: Mediterranean Storms,
CD of Proceedings of the 4th EGS Plinius Conference 2002
(ISBN: 84-7632-792-7), 2003.
trela, M., Pastor, F., Mix J., @mez, |., and Barbé& M.: Heat
waves prediction system in a Mediterranean area (Valencia re-

QuikScat data are produced by Remote Sensing Systems and spon-
sored by the NASA Ocean Vector Winds Science Team. Data areE

available at www.remss.com. FNL data used for RAMS initializa- =
tion are from the Research Data Archive (RDA) which is maintained ! - .
by the Computational and Information Systems Laboratory (CISL) gion), in: 7th EMS Annual Meeting/8th European Conference

at the National Center for Atmospheric Research (NCAR). NCAR F gn Appllé:atfnsl_of II\E/Ietgolrlology,cZO(BI ini. A Colacino. M
is sponsored by the National Science Foundation (NSF). The origi- ederico, ., Avollo, ., befleccl, L., Lavagnini, A., L-01acino, M.,
and Walko, R. L.: Numerical analysis of an intense rainstorm

| dat ilable f the RDAt{p://dss. .edun dataset
zﬁmt?e?;srgsag;l able from the (p//dss.ucar.equn datase occurred in southern Italy, Nat. Hazards Earth Syst. Sci., 8, 19—

35, doi:10.5194/nhess-8-19-2008, 2008.

Nat. Hazards Earth Syst. Sci., 10, 133345 2010 www.hat-hazards-earth-syst-sci.net/10/1331/2010/


http://dss.ucar.edu

F. Pastor et al.: A flash flood in the Valencia region: the role of orography 1345

Glickman, T. (Ed.): Glossary of Meteorology, American Meteoro- Pastor, F., Estrela, M. J., Rarrocha, D., and Mifin, M. M.: Tor-

logical Society, 2000. rential rains on the Spanish Mediterranean coast: Modeling the
Horvath, K., Fita, L., Romero, R., Ilvancan-Picek, B., and Stiper- effects of the sea surface temperature, J. Appl. Meteorol., 40,

ski, I.: Cyclogenesis in the lee of the Atlas Mountains: a  1180-1195, 2001.

factor separation numerical study, Adv. Geosci., 7, 327-331,Pdiarrocha, D., Estrela, M. J., and Mil, M.: Classification of

doi:10.5194/adgeo-7-327-2006, 2006. daily rainfall patterns in a Mediterranean area with extreme in-

Jansa, A., Genoves, A., Picornell, M., Campins, J., Riosalido, R., tensity levels: The Valencia region, Int. J. Climatol., 22, 677—
and Carretero, O.: Western Mediterranean cyclones and heavy 695, 2002.
rain. Part 2: Statistical approach, Meteorol. Appl., 8, 43-56, Pérez Cueva, A. (Ed.): Atlas Cliatic de la Comunitat Valenciana,

2001. Generalitat Valenciana, Conselleria d’Obres Publiques, Urban-
Kalnay, E. and Coauthors: The NCEP/NCAR 40-Year Reanalysis isme i Transports, 1994 (in Valencian).
Project, B. Am. Meteorol. Soc., 77, 437-471, 1996. Pérez Cueva, A. and Armengot, R.: El Temporal de Octubre de

Lebeaupin, C., Ducrocq, V., and Giordani, H.: Sensitivity of tor- 1982, Cuadernos de Geogesf la Riada del iicar (Octubre
rential rain events to the sea surface temperature based on high- 1982), 1983 (in Spanish).
resolution numerical forecasts, J. Geophys. Res.-Atmos., 111Pérez-Landa, G., Ciais, P., Gangoiti, G., Palau, J. L., Carrara, A.,
12110-12110, 2006. Gioli, B., Miglietta, F., Schumacher, M., Mdh, M. M., and

Lebeaupin, C., Ducrocq, V., and Giordani, H.: Two-way one- Sanz, M. J.: Mesoscale circulations over complex terrain in the
dimensional high-resolution airsea coupled modelling applied to  Valencia coastal region, Spain - Part 2: Modeling Q@nsport
Mediterranean heavy rain events, Q. J. Roy. Meteorol. Soc., 135, using idealized surface fluxes, Atmos. Chem. Phys., 7, 1851
187-204, doi:10.1002/qj.338, 2009. 1868, doi:10.5194/acp-7-1851-2007, 2007a.

Mellor, G. and Yamada, T.: Development of a Turbulence ClosurePérez-Landa, G., Ciais, P., Sanz, M. J., Gioli, B., Miglietta, F.,
Model for Geophysical Fluid Problems, Rev. Geophys., 20, 851- Palau, J. L., Gangoiti, G., and Malh, M. M.: Mesoscale circula-
875, 1982. tions over complex terrain in the Valencia coastal region, Spain -

Meneguzzo, F., Pasqui, M., Messeri, G., and Rossi, M.: High- Part 1: Simulation of diurnal circulation regimes, Atmos. Chem.
resolution simulation of a deep Mediterranean cyclone using Phys., 7, 1835-1849, doi:10.5194/acp-7-1835-2007, 2007b.
RAMS model, Proc. Second EGS Plinius Conf. on Mediter- Pielke, R., Cotton, R., Walko, R., Tremback, C., Lyons, W,
ranean Storms, Siena, Italy, EGS, 225-235, 2000. Grasso, L., Nicholls, M., Moran, M., Wesley, D., Lee, T., and

Meneguzzo, F., Menduni, G., Maracchi, G., Zipoli, G., Gozzini, B.,  Copeland, J.: A Comprehensive Meteorological Modelling Sys-
Grifoni, D., Messeri, G., Pasqui, M., Rossi, M., and Tremback, tem — RAMS, Meteorol. Atmos. Phys., 49, 69-91, 1992.

C. J.: Explicit forecasting of precipitation: sensitivity of model Romero, R., Ramis, C., and Alonso, S.: Numerical simulation of
RAMS to surface features, microphysics, convection, resolution, an extreme rainfall event in Catalonia: Role of orography and
in: Mediterranean Storms, 3rd Plinius Conference, edited by: evaporation from the sea, Q. J. Roy. Meteor. Soc., 123, 537-559,
Deidda, R., Mugnai, A., and Siccardi, F., GNDCI Publ. N. 2560,  1997.

ISBN: 88-8080-031-0, 79-84, 2001. Romero, R., Guijarro, J. A., Ramis, C., and Alonso, S.: A
Meneguzzo, F., Pasqui, M., Menduni, G., Messeri, G., Gozzini, B., 30-year (1964-1993) daily rainfall data base for the Spanish
Grifoni, D., Rossi, M., and Maracchi, G.: Sensitivity of mete- Mediterranean regions: First exploratory study, Int. J. Climatol.,

orological high-resolution numerical simulations of the biggest 18, 541-560, doi:10.1002/(SICI)1097-0088(199804)131%.::
floods occurred over the Arno river basin, Italy, in the 20th cen-  AID-JOC27(03.0.CO;2-N, 1998.

tury, J. Hydrol., 288, 37-56, doi:10.1016/j.jhydrol.2003.11.032, Salvador, R., Cali, J., and Milan, M.: Horizontal Grid Size Selec-
available at: http://www.sciencedirect.com/science/article/  tion and its Influence on Mesoscale Model Simulations, J. Appl.
B6V6C-4BSOFVN-2/2/cec126252elcadb77d7¢89403794e227  Meteorol., 39, 1311-1329, 1999.

2004. Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt,

Miglietta, M. M. and Regano, A.: An observational and numerical K. B., Tignor, M., and Miller, H. L. (Eds.): The Physical Science
study of a flash-flood event over south-eastern Italy, Nat. Hazards Basis, in: Intergovernmental Panel on Climate Change (IPCC):
Earth Syst. Sci., 8, 1417-1430, doi:10.5194/nhess-8-1417-2008, Climate Change 2007, Cambridge University Press, Cambridge,
2008. UK and New York, NY, USA, 2007.

Mill an, M., Estrela, M. J., and Caselles, V.: Torrential PrecipitationsWalko, R. L., Cotton, W. R., Meyers, M. P., and Harrington, J. Y.:
on the Spanish East Coast: The role of the Mediterranean Sea New RAMS cloud microphysics parameterization. Part I: The
Surface Temperature, Atmos. Res., 36, 1-16, 1995. single-moment scheme, Atmos. Res., 38, 29-62, 1995.

Mill an, M., Estrela, M. J., and Mat J.: Rainfall Components: Vari- Walko, R. L., Band, L. E., Baron, J., Kittel, T. G. F., Lammers,
ability and Spatial Distribution in a Mediterranean Area (Valen-  R., Lee, T. J., Ojima, D., Pielke Sr., R. A, Taylor, C., Tague,

cia Region), J. Climate, 18, 2682-2705, 2005. C., Tremback, C. J., and Vidale, P. L.: Coupled atmospheric-
Molinari, J.: A General Form of Kuo’'s Cumulus Parameterization,  biophysics-hydrology models for environmental modeling, J.
Mon. Weather Rev., 113, 1411-1416, 1985. Appl. Meteorol., 39, 931-944, 2000.

Palau, J. L., Brez-Landa, G., [Biguez, J. J., Monter, C., and MiH,
M. M.: The importance of meteorological scales to forecast air
pollution scenarios on coastal complex terrain, Atmos. Chem.
Phys., 5, 2771-2785, doi:10.5194/acp-5-2771-2005, 2005.

www.nat-hazards-earth-syst-sci.net/10/1331/2010/ Nat. Hazards Earth Syst. Sci., 10,34532610


http://www.sciencedirect.com/science/article/B6V6C-4BS0FVN-2/2/cec126252e1ca4b77d7c89403794e227
http://www.sciencedirect.com/science/article/B6V6C-4BS0FVN-2/2/cec126252e1ca4b77d7c89403794e227

