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1 Introduction

The objective of this work is to present a preliarin analysis of a very heavy precipitation evemtt thccurs the 28
August 2013 in Bilbao city through the use of Eusiet Radar information available for the Basque @ouarea.

The synoptic situation is marked by the Atlanti¢cieyclone that goes in Europe, favouring the navthd in surface. In
the middle and upper layers of the atmospheresristidional circulation, with cold air (-15 © C%Q0 hPa level) over the
Bay of Biscay. Sea surface temperature in that nmbiisearound 22 © C. Although stability indices &, form convective
cells in the sea and close to the coast that gatlirt Cantabrian side, leaving heavy showers esibhei Bilbao.

In this episode, it is interesting to analyze cative cells generation, and to note that forecasatsdi observed stability
indices were not so high. Vertical structure ofrste cells were not exceptional. Cells with reldtvéttle vertical
development and a slow and irregular movement fnomh to south (not usually observed during sumimehis region)
promote heavy showers all around the area.

A study of this event, that it was a rather suipgssituation, is made analyzing different paramgtdased on the
available data and specially focused on the inggpion of the different imagery products of theskalmet radar.

Euskalmet radar is sited in Kapildui mountain, atca location at 1221 m. It is a polarimetric Cabdasystem Meteor
1500C, manufactured by Selex-Gematronik. The poletric features are limited to register only onéagmetric variable
that is Differential Reflectivity ZDR (dB). The smaing configuration consists on four polarimetréass. The first one is a
volumetric non Doppler scan with 300 km range, 3beond one is a volumetric Doppler scan with 100r&nge, the third
one is an elevation scan oriented to the coast @8@P) and the last one is an elevation scan odetatg¢he south (SW
241°). Both elevation scans are oriented to thet vhas to meteorological reasons and to avoid tagagcal barriers in
azimuth close to the main population areas. Scaisnerade every ten minutes. See Gaztelumendi €08l6) for more
details about Euskal radar system configuration Arathda and Morais (2006) for some details aboetrétdar installation,
construction and site selection.

2 Environment

The Atlantic anticyclone extends toward Europe,egating north flow in Bay of Biscay, which provideoisture to the
Basque Country. In the south of the Iberian Peténadhermal low is formed as is typical during soen (see Fig.1).

In the upper troposphere, at the level of 300 hifacirculation is closed forming a cold pool tieglso reflected in the
level of 500 hPa with temperatures around -15 %Craot closed cyclonic circulation over the Bay a$day (see Fig.2). In
lower layers the flow is from the northeast, wigmperatures at 850 hPa around 10 °C (see Fig.2}hesovertical
temperature gradient is not very important. At thieel does not reflect the detached or cyclonicutation that exist higher
levels, and north and northeast flow provides nooésin lower layers.

This cyclonic configuration at the middle and upfearels of troposphere generates an area of vedsments related to
the maximum vorticity advection. Moreover, we madt to this dynamic instability, thermal instalyildue to the contrast
with the sea temperature (22 °C ). The sea-suttroperature average in August in the eastern panecCantabrian sea is
22 °C. It is the time of year when the sea-surfaceperature is higher. This means that near copkteés TTI modified
shows more relevant values (see Fig.3) that TTl ldndn this case TTI and LI values are not reldvésee Fig.3). The
divergence is significant in high layers, favourthg ascent. The convective cells are generattdtbitand-sea boundary, so
perhaps the dynamic instability due to the reldiy@onounced cyclonic settings, along with therthal instability heavily
influenced by sea temperature and moisture conueggé lower layers due to light northeast windneyate convective
cells reach limited vertical development (6-7 knand electrical activity. The displacement of cartixe cells is slow with
northeast-southwest movement following the lightdvof the lower layers

The available sounding indicates that the top efdlouds is around 6000 m and the base around @00 Moreover,
the wind vertical profile shows that in surface tharest wind prevails but in the first 2500 m rotate northeast in
clockwise direction. Around 3100 m dominates sowthd and above 4000 m acquires westerly directidrerefore, the
vertical wind shear is weak, especially in mediuightevels (DLS, Deep Layer Shear is 6.4 m/s). €ha&svironments tend
to decrease the effects of cloud-environment mixing generate slower movements. On the other tla@dhodograph has
a cyclonic curvature, which favors the generatibnew cells to the right of translation movememrtg§ig.4).
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Figure 1:. See level pressure ,Geopotential anthksans at 850 mb and 500 mb (28/08/2013 12:00).
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Figure 2: Geopotential, wind and temperature at 3@ (21:00 UTC).
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Figure 3: Modified Total Totals index, Total Totatglex and Lifted Ind_ex (1é:06 UTC).
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Figure 4: Euskalmet sounding (12:00 UTC 28/08/2013)
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3 Episode description

Early in the morning the first storm cells begirféom over the eastern part of the Cantabrian Bear, France, and move
towards the eastern coast of the Basque Countryurt 8:00 UTC moderate showers begin to be regidtefhese
precipitations do not exceed 15 mm in one hounpalyh some of them are noteworthy.

Around 9:30 UTC convective nuclei begin to formfiont of the western coast of the Basque Countryingslowly
northeast-southwest direction. It is a convectig with a multicellular structure and with contious generation of new
convective cells to the right of translation movemndt is a structure with anomalous movement aasl longer duration
than the other structures. In this case translatamainly due to subsynoptic factors and factdr¢he storm itself (self-
propagation) and not to the average general flow.

These cells produce heavy precipitation in somegslaf the west of the Basque Country. In Mungia@m in 10
minutes and 25.4 mm in one hour are recorded. Big# in the area of Bilbao where the showers angy ¥eavy and
important amounts of precipitation are registereteh-minute and hourly values (over 30 mm/h andrbh@LOminutes).

We have to emphasize notable records of more tBamrh in 10 minutes at various stations such as r®airy Abusu
and Deusto (see fig.5, fig 6 and table 1). In Dewsas measured a rate of 42.3 mm/h (14.4 mm/10amirl:50 UTC). If
this amount is compared to the total precipitag@eumulated throughout the day, 44.4 mm in 24 hauis possible to
have an idea of the virulence of rainfalls from Asg28, which are very localized in space and time&angroniz weather
station are collected 23.5 mm/h (11.6 mm/10-min 24d mm/24h) and in Abusu 20.7 mm/h (10.5 mm/16-and 22.8
mm/24h).

Table 1: Registered precipitation data on some Auattic Weather Stations (AWS) available in the area.
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Figure 5: Evolution of wind, precipitation and teerpture in Deusto AWS.
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Figure 6: Maximum 10-minute, maximum hourly andydaital precipitation (mm).

During August 28, lightning discharges have a veoncentrated distribution in the west of the Bas@auntry,
specifically in the area of Bilbao and from theoethe sea in north-east direction. This is dueneduite localized storm
events that occurred that day, with maximum lighgndlensities of about 6 lightning per krin the hourly distribution of
strokes (see Fig.7) we can appreciate that theddrstorms are produced in the morning and middaty, 12:00 UTC. 120
strokes are detected in the Basque Country, mosheh positives. The most intense positive Cloudu@d stroke
registered has a peak current of 60-100 kA andrthst intense CG negative stroke reaches intensiitgeen -10 and -30

KA.
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Figure7: Geographic and hourly distribution of ligting in the Basque Country August 28.

4 Radar analysis

Analyzing Max product from 2 to 10 km, it is obsedvthe multicellular structure of the storm andyvactive cells with
reflectivities of 50-55 dBZ in the northwest ardatme Basque Country (see Fig.8). They do not shoxery large vertical
development (6-8 km), and even if in their movemamvails north-south direction, they have a qeiteatic movement.
Probably because the maritime origin of the stottms,vertical profile reflectivity could be typicklom warm seas, where
the reflectivity increases more than usual asts glwser to the surface. The area where the sttakasplace is distant from
the Radar location, so is very difficult to makebysis of lower layers in this area.
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Figure 8: Max 2-10 km (from 09:00 UTC until 13:0070 every 10 minutes (28 August 2013)

The image of CAPPI (wind) in the vicinity of Bilbdeee Fig.9) shows that the radial velocity at 2dmve the sea level
is from southeast in the south of the convectiear® from north in the north of the storm. Thanhfirms that in the most
active cells, at this level, there is a rotationvetoent.

The echotop values of 15 dBZ show that the conveaell reach 6-8 km, same values as presentsttieal scan in 339
° direction (see Fig 10 and Fig 11). On the otharchin Zhail products no probability of hail aregent, as usual in such
events with reduced convective vertical developmbnthe ZDR product, areas of maximun attenuatanescorrelated to
maximun rain records in the AWS ( area of Bilbadl&t32 UTC). The attenuation of zdr (the white dhge colours in
figure 11) are associated with areas of very hemegipitation.
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Figure 9: CAPPI V (Constant Altitude Plan Positiomicator 2 km - VI) at 11:42 UTC 28 August 2013.
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Figure 10: Range Height Indicator NW ( RHI 339°) 18 UTC 28 August 2013.
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Figure 11: 15 dBZ Echotop and ZDR 11:32 UTC 28 Atug043.

5 Summary and conclusions

In this work we have analysed a very heavy prediijoih event that occurs the 28 August 2013 in Rilbdy. The storm
that is formed in the area is not a typical sumsterm. During summer, usually storms movement iglsgest-northeast
due to southwest wind in high layers, usually hiarge vertical developments and high electricaivigt and they can
generate very heavy precipitation, very large kales and very strong wind gusts. Nevertheless) #ss case, the storms
with maritime origin show limited vertical developmts with low electrical activity, without hail amdth high precipitation
efficiency.

The storms are registered in the morning and midd@ag principal cause for the formation of the cective nuclei is
rather more dynamic instability than thermal indiab The sea surface temperature (maximum valfi¢ghe year) also
contributes to destabilize lower layers.

The reflectivity values observed during the episddenot exceed 55 dBz over the area, the diffggeoducts of the Radar
do not indicate high vertical developments of st@nd neither high reflectivities, neverthelessgtecipitation was very
heavy, with intensities between 5-15 mm in ten r@su
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The severe storm that leave an amount of predipitatf 42.3 mm in one hour, affects Bilbao, the tquspulated area of
the Basque Country. It causes some problems dueater accumulation in several roads and plenty 16 @alls due to
minor incidents associate with heavy precipitatiothe city (see Fig.12).

Figure 12: Observed incident in the area of Billshaing the episode.
Acknowledgement

The authors would like to thank the EmergenciesMatkorology Directorate - Security Department s@#e Government
for public provision of data and operational seevfimancial support. We also would like to thankaalr colleagues from
EUSKALMET for their daily effort in promoting vallide services for the Basque community.

References

Aranda, J.A, Morais, A, 2006: The new Radar of Basque Meteorology Agesitg:selection, construction and installation. ER2ID6,
Barcelona, Spain.

Berne, A., G. Delrieu, H. Andrieu and J. D. Creutin 2004: Influence of vertical profile of reflectiyibn radar estimated rain rates at
short time steps. J. hydromet, 5, 296-310.

Capel Molina, J.J. 2000: Los sistemas convectivos de mesoescalaigflsencia en la Espafia Mediterranea. Papeles elegi@fia,
nimero 032. Universidad de Murcia, 29-43.

Donaldson, N, 2001: Combining C-band radars in Canada’s upgradesther radar network. Proc. 30th AMS Conf on Radar
Meteorology, Munich, Jul 2001, 261-263.

Egafia, J., Gaztelumendi, S., Gelpi, I.R., Mugerza,. 2005. Synoptic patterns associated to very heagyigtation events in the
Basque Country. EMS5/ECAM7 Utrech Netherland.

Egafia, J.; Gaztelumendi, S.; Gelpi, I.R.; Otxoa de Wa, K. 2007. A preliminary analysis of summer severemssoin the Basque
Country area: synoptic characteristics”. ECSS 200urth European Conference on Severe Storms. Ti{ksly).

Egafia, J., Gaztelumendi, S., Gelpi, I.R., Otxoa delda, K., Maruri, M., Hernandez, R., 2008: Radar Analysis of Different
Meteorological Situations in the Basque Country AEERAD 2008, Helsinki, Finland.

Egafia, J., Gaztelumendi, S., Palacio, V., Gelpi, |.ROtxoa de Alda, K, 2012: Using Euskalmet Radar data for analyse pérsistent
precipitation case. ERAD 2012. Toulouse, France.

Gaztelumendi, S., Egafia, J., Gelpi, |.R., Otxoa delda, K., Maruri, M., Hernandez, R. 2006: The new Radar of Basque Meteorology
Agency : configuration and some considerationstfooperative use. ERAD 2006, Barcelona, Spain.

Gaztelumendi, S., Egafa, J., Gelpi, I.R., Otxoa delda K., Maruri, M., Hernandez, R., 2008: Use of Kapildui Radar for analysis and
surveillance in a storm case. ERAD 2008. Helsinkiland.

Gaztelumendi, S., Egafia, J., Gelpi, I.R., Otxoa delda, K., Maruri, M., Hernandez, R., 2010: Using Euskalmet Radar data for
analysis on July 1st Hailstone storms in Vitoriy.dERAD 2010. Sibiu, Romania.

Gaztelumendi, S., Egafia, J., Gelpi, I.R., Otxoa delda, K., Maruri, M., Hernandez, R., 2012: A study of a very heavy precipitation
case in Basque Country: the 30th May 2011 event. ER&I2. Toulouse, France.

Germann U., G. Galli, M. Boscacci and MBolliger, 2006: Radar precipitation measurement incaintainous region. Q. J. R. Meteorol.
Soc., 132.

Laing, A.G. and Fritsch, J.M. 1997: The global population of Mesoscale ConvedBemplexes. Q.J.R. Met. Soc, Vol. 123, 389-405.
Maruri, M., Gaztelumendi, S., Egafia, J., Otxoa de Ala, K., Hernandez, R., Gelpi, I.R, 2008: Product Quality Monitoring of
Kapildui Weather Radar During Critical Meteorologi€alents. ERAD 2008, Helsinki, Finland.

Marzano F.S., E. Picciotti and G. Vulpianj 2004: Rain field and reflectivity vertical profileeconstruction from C-band radar
volumetric data. IEEE Trasn. Geosci. Rem. Sens.1@23-1046.

Ronald E. Rinehart, Ph.D, 2001: Radar for meteorologist. Third editidniversity of North Dakota. Rinehart Publicatiobmited States
of America.

Ruiz, M., Egafa, J., Gaztelumendi, S., Maruri, M.,Gelpi, I.R., 2012: A case study of heavy and persistent rdinfdlRAD 2012,
Toulouse, France.

Zawadzki, |. 1984: Factors affecting the precision of radar sneaments of rain. Preprints, 22nd internationaife@nce on radar
meteorology. AMS. 251-256.

ERAD 2014 Abstract ID 309 6



