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1. Introduction

On September 3 of 2011, heavy and persistent pragm is registered in the east of the Basquen@yguaccumulating
approximately 80 mm during the episode. In the oéghe region, precipitation is substantially lawe

A cut-off low (COL) cross, from west to east, thgbuthe south region of the Iberian Peninsula. Asveisited instability
line is formed in the eastern part of this perttidmg which moves from south to north, through tieetheast region of the
Iberian Peninsula, generating precipitation. Irfaee, the Iberian Peninsula is located betweeraftizyclones, one of them
continental and the other one Atlantic. Meanwtslall low pressure areas developed in the soulitaofce and in the west
region of the Mediterranean Sea.

With this synoptic pattern, a Mesoscale Convectystem (MCS) develops in the north of the instgbiine, when
different convective nuclei, that have a retrograt®ement, join among them to create a convectistem with relatively
large dimensions and with a quasi-stationary moveniehese systems are common in the western Medlitean Sea and
are usually one or twice larger and more duratiam tordinary storms.

On the other hand, the MCS has a specific intestratture, with a particular life cycle, sometinmesdifies the synoptic
patterns surrounding it. Although meteorologicaldels provide valuable information of these phenai@nmation, it is a
difficult task to know the moment when ordinary weative nuclei become an organized mesoscale sy3teus, it is very
important to use short-term surveillance and otbels, such as Weather Radar.

The most common time for the formation of thesetesys is the period of transition between summer ammgimn,
especially in September. At this time, easternifirePeninsula is often affected by heavy preciigitest and storms which are
particularly virulent.

The weather radar of the Basque Meteorology Agdiiayskalmet) is a polarimetric C-band system Met&600C,
manufactured by Selex-Gematronik. The polarimdgatures are limited to register only one polariinetariable that is
Differential Reflectivity ZDR (dB). The scanning miiguration of the Euskalmet Radar consists on fmiarimetric scans.
The first one is a volumetric non Doppler scan V@f@t® km range, the second one is a volumetric Bogaan with 100 km
range, the third one is an elevation scan orietadtle coast (NW 339°) and the last one is an &@@vacan oriented to the
south (SW 241°). Both elevation scans are oriettetthe west due to meteorological reasons and éidawpographical
barriers in azimuth close to the main populaticeaar

2. Synoptic environment

During the episode, the 500 hPa level is charasdrby the cross of a COL in the southern peningtdan west to east
(Fig 1). A line of instability is formed, just irrdnt of this perturbation, which moves from southniorth, through the
northeast region of the Iberian Peninsula. So, édlimm and high levels of the troposphere, easfly is predominant,
causing a retrograde movement on the mesoscatdwss coming from the instability line. Subseqlgribe flow tends to
be null in the area where the MCS is formed, fawguthe stagnation of the system.

Cold air moves over the Iberian Peninsula and & rtreantime, stability indices LI and TTI are arouBdand 51,
respectively, over the Mediterranean Sea. The Q@&ses from west to east until it disappears.
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Fig. 1. Geopotential and Isotherms in 500 mb.

On the other hand, in low levels and in SLP (Figi®rthwest winds become predominant, so there limiraidity
contribution which feeds these mesoscale structukdditionally, sea surface temperature is highyenmg around 22 °C
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during this period.

The interactions among convection nuclei comingnftbe south create very complex structures whiallfi join among
themselves, turning into a MCS. This principal sgst located in the southwest of France, remainsiegiationary and
persists for a long time (because there is no wirlteight), affecting especially the east of thes@@ae Country. The system
gets weaker in the early hours of day 3, when aglthegins to disappear in high levels.

In Meteosat IR10.8 channel, it can be observecttndution of the MCS, covering an axis larger ti®® km during its
maximum extension. It is also observed how, duitistjfe cycle, temperatures below -32 °C are pneseheight (see colour
zone in maps in Fig 4). First storms take placénduthe evening of September 2 and the time of maxi development of
the MCS, is between 18:00 and 24:00 UTC. The maxirpuecipitation over the Basque Country occurredrahidnight
and in the morning of September 3. Around 8:00 U @e morning of day 3, MCS is almost defused.

ste Best (4-1av) LI[K] 2011/09/02 12:00 sfe Best (4-lav) LI[K] 2011/09/02 18:00 ste Best (4-1av) LI[K] 2011/09/03 00:00 sfe Best (4-lav) LI[K] 2011/09/03 06:00

2011/09/02 18:00

Fig. 3 Sea Level Pressure
s

LAY ] . 23 4

Fig.4. Images of Meteosat IR 10,8 um, at diffetenés of its evolution (17:30 and 20:45 UTC Septenah 00:00 and
06:00 UTC September 3). Creation and dissipatiothefMesoscale Convective System
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3. Episode description

Around 23:00 UTC, on September 2, precipitationgibé the east of the Basque Country. From tietuntil noon on
September 3, precipitations become persistent. ratated precipitation is remarkable, since exceedfechm in 12 hours
in the stations of Erefiozu and Oiartzun. In thréeiostations (Lasarte, Higer and Jaizkibel), giéation exceeded 60 mm
in the same time period. Apart from persistencinisity of precipitation is also noteworthy. It eeded 30 mm in one hour
in the station of Higer, where a rate of 32.8 mmthwas measured. This rate of rainfall is clasdifees very heavy
precipitation. In many stations, it exceeded mbent1l5 mm in one hour. In the station of Lasanpeegipitation rate of 9.2
mm in ten minutes was measured (see table 1 an®)-ig

Although precipitation is continuous along thetfii2 hours on September 3, there are two predipitaieaks. One of
them is around midnight and the other one arouf@-8:00 UTC. It should be mentioned that no morecipitation was
measured after 11:00-12:00 UTC in automatic weattaions (AWS) network (Fig. 6).

The largest amount of precipitation was recordetheeast of the Basque Country, as shown in théadmlistribution
map of total observed precipitation (Fig 5), whileghe rest of the AWS, a small amount of precijptawas recorded.

In general, observed precipitation is higher in #eszond peak. However, both peaks are notewortbguse their
activities are similar. For example, the highesbord of recorded precipitation in ten minutes wasrd) the first peak, in
Lasarte, where 9.2 mm in ten minutes were measured.

Total Hourly 10-minute .
Precipitation Precipitation Precipitation N /
Station (mm) Station (mm) Station (mm) e
o Higer

Erenozu 82.3 Higer 32.8 Lasarle 9.2 i ) ik

- - p-Zarputz, Mo, oo
Oiartzun 80.9 Lasartg 27.6 Hige 8.7 wl s E;ZZ”” il
Lasarte 76.2 Oiartzup ~ 26.3 Oiartzun| 6.8 DR L il I

Higer 71.2 ZarautZ 24.9 Zaraujz 6.8 N i ,t{'
Jaizkibel 70.8 Jaizkibgl 233 Jaizkibe 5.7 T
Berastegi 62.1 Miramon 19.7 Miramon| 5.1 =V ‘ :
Belauntzd 60.5 Erenozy 17.2 Berastg¢gi 4.6 -

Table 1. Accumulated precipitation (mm), hourlygipé&ation (mm) and 10-minute data precipitationniin
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Fig. 5 Daily total, maximum hourly and maximum 1iBwne pFécipitation (mm).
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Fig. 6: Ten-minutes precipitation on some repreattmé AWS from 18:00 day 2 to 18:00 day 3.
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4. Radar analysis

Analyzing the weather radar data available for #yssode, it is observed that the MCS system shtoatiferm and
convective features over the Basque Country. Riflgc maximums can be observed in PPl and MAX iemgaround
00:00 and 8:00 UTC, when largest amount of preatijpih was recorded (Fig 9 and Fig 10). There aie dveas clearly
remarkable in the 15 dBz ECHOTOP images (Fig. tdyiasd 00:00 UTC, one in the east of the Basque pand another
one over the south of the region.

Focusing on convective features, it can be appegtia significant vertical development, althougé tionvection is not
deep, especially in the first precipitation peakpuamd midnight. By instance, in Lasarte area, whe precipitation
intensities were very high (9.2 mm/10-min), thdeetivity observed is around 45-50 dBz in the heigh2 km (see Fig 9 y
FIG 12). When lower layers are analyzed in stuédaae.g. from PPI 0.5 ° products, must be congidé¢hat in addition to
the orographic blocking problem, altitude and dis&afrom radar location is a handicap. In the séqueak, in the early
hours of September 3, in radar products can be Beensystem loses activity and defuses. However,pitecipitation
efficiency is still high, since the activity pernsisn the east of the Basque Country, but with tegension (see Fig. 10 and
Fig. 11). The vertical development will also disapp except in this eastern part; where there Ik atisignificant
development (see Fig 10 and 11).

In stratiform areas, observed reflectivity values around 25-40 dBz and the precipitation rati®.&1mm/10-min. In
MAX products, it can be seen a vertical profildeefivity (VPR) typical of stratiform precipitatiosee Fig 10). Moreover,
as usual in stratiform situation, a bright band barobserved in the MAX images (Fig. 10), at a leaf four kilometres,
coincident with freezing level.
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Fig. 9 PPI1 0.5° (23:50 UTC September 2 and 00:7030 and 08:10 UTC September 3)
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Fig. 11 Echotop (23:50 UTC September 2 and 00:X@B®and 08:10 UTC September 3)
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Fig. 12 PCAPPI 2 km (23:50 UTC September 2 and@00Z:30 and 08:10 UTC September 3)

Finally focusing on QPE problem, in Fig 13 can bersaccumulated precipitation from PAC product (Ey. A strong
orographic blocking in the area of interest is obsd. Two areas of maximum precipitation are albseoved, one in the
east part of the Basque Country and other oneeirsdluth. PAC product was obtained from the sunudése rain intensity
product (SRI) for ten minutes intervals along tpésede. In order to calculate SRI, the Marshalki®al Z-R relationship is
used, considering the subtraction of ground clyfey 14).
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Fig. 13: PAC product during the episode (accumudgtescipitation, mm, during last hours of Septemband first 10
hours of September 3)
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Fig. 14: PPI 0.5 ° ground clutter reflectivities mand clutter mask

5. Summary and conclusions

During this episode, the synoptic situation favahesformation of a Mesoscale Convective System $)i@ moves from
south to north, until it reaches, with a retrogramevement, the southeast of France, when its dpr@at achieves the
maximum and its extension is larger than 100 kmmaiging quasi-stationary, affecting the east of Basque Country.
Precipitation is persistent with two peaks. In Itayers, northwest winds become predominant, soetligera humidity
contribution and sea surface temperature is higheting around 22 °C during this period. In thet,epsecipitable water
(PW) has maximum values, around 30 kg/m2.

This structure is composed of convective zones l#ate convective precipitation, especially in gastern part of the
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Basque Country in the early hours. Other areas,eliewy have a vertical profile of reflectivity typicof stratiform
precipitation. Since it is a situation where maofsthe precipitation is stratiform, Marshall-Palmatio could be applied in
order to obtain the intensity of precipitation reas without orographic blocking.

Reflectivity values in low layers of the criticalem are underestimated due to radar location amdite topography. In
other words, there is an orographic beam blockagks study area affecting low layers. In the fefunethods of horizontal
and vertical interpolation will be used to obtaitter QPE results. In the case of stratiform sibumat the hidden areas will
be replaced horizontally with the same elevatiolues For convective precipitation, the best repiaent would be the
vertical one, because vertical profile of refleityivs constant.

Situations of heavy precipitation with maritime gini are dangerous in coastal zone during warm ssadde vertical
profile of reflectivity (VPR) may have a curve withsubstantial increase of reflectivity in low legjeso it could not be
observed due to radar location. In this case, cadriilevelopment of storms is well observed by ragtaducts, and a
reflectivity increase close to the ground probablyot present.
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