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[. INTRODUCTION

In this work is presented a study about the
correlation between several instability indexes ahe
severe summer storm situations, focus on the usefal
supporting the actions of operational weather faseéor the
Basque Country area in this type of episodes.

In the Basque Country severe storms take place
usually from May to September (summer period). His t
work the cases are selected basing on a precipitatite
threshold criteria and lightning activity presencAs
representative for severe storms cases summertveetse
with precipitations that exceed ten millimetresany rain
gauge from the Basque Country Automatic Weather @tati
Network (BCAWSN) are studied in the last years.

II. PRESENTATION OF RESEARCH

Severe storms events for the summer period
(defined from May to September) for the last 10rgdwave
been considered. In the summer period, the tromyspis
warmer and can afford more water vapour. During thi
period, the sea temperature reaches the highests/af the
year (21-22 °C), the last years have been regisfradtual
values of 25-26 °C. Take into account these chaistits
the risk of heavy and intense precipitations inseeaAs an
example, the most important flooding in the Basqueriy
in last years happened in August of 1983.

Cases are selected basing on a precipitation rate
threshold criteria and lightning activity presendevents
with precipitations that exceed ten millimetredén minutes
usually produce some kind of problems in this aseadays
with this threshold surpassed in any rain gaugemfro
BCAWSN are considered.

To characterize severe storm events, an analf/sis o
the most significant parameters (500 hPa topograpbs
level pressure and some instability indexes), thate
influence in the development or activity of conveetcells,
will be made. The most used instability indexes tte
Basque meteorology agency operational tasks for the
forecast of these events will be taken into accoumhe
propose of this work is to do a study of the syiwpt
situations associated with these summer stormst&van
order to characterize these severe weather eventsta
improve some prediction techniques that are usethén
operational weather forecast in the Basque Metegicdb
Agency (EUSKALMET).

Due to climatic and meteorological variability, to
classify the synoptic patterns is a complex jobwkidays,
for the scientific community, don’t exist a unified
classification of weather types for the Iberian iRsuala. In
addition, due to the characteristics of the Basquen@p a
valid classification for the Iberian Peninsula ebide not

quite good for our region. In our case the clasaifon is
subjective and is the same we used for some anadysl
forecast tasks. Once the classification has beetethe
similar situations are grouped when, in generamser
comply with basics criteria. For example, being itirae

type, i.e. surface winds come directly from the aed exist
instability in height (due to a Cut Off Low or a rked

trough).

The most useful instability indexes or those which
warn better the risk of these extreme events inBthsgque
Country case are shown. Among others TTI (Total [Tota
Index), LI (Lifted Index) and CAPE (Convective Awdlile
potential energy calculated from surface) have been
analyzed.

Three sections are defined in our subjective syoopt
classification: type, circulation and shape. Typerélated
with surface flux direction. Maritime Type: Surfaednd
direction has north component (northwest, north aoh-
northeast). Iberic Type: wind direction has soudmponent
(southwest, south and southeast). Continental Tyast and
northeast winds. Local Type: wind direction is aaie.
Circulation is referred to the zonal circulation éxdin
medium and high levels of the troposphere. Higheind
zonal circulation; low index is meridian circulaticand
detached circulation when the zonal circulatiorbieken.
Shape is related with the surface pressure pattkwsand
high pressures location.

Ill. RESULTS AND CONCLUSIONS

In this study is taken into account, only, the
summer period. In the study area (Basque Countrydhhar
have been found, very heavy rain episodes (>10 mi0i
minutes) in the rest of periods. In summer peritahd out
June and September months (see fig 1). In June the
insolation reaches maximum values and heats signifiy
the Iberian Peninsula producing thermal lows irfasg. The
warming in low layers contributes to the creatioh o
convective cells than can turn to severe storm&rnéxist
suitable conditions in high levels. In Septembaketplace
the most of analysed events of this work. In themth, with
high sea temperature, begin the detaching of calirps
from high latitudes that favour the instability clitions.

The number of very heavy rain (>10 mm in 10
minutes) events, is also analyzed for the 2001-Z@xribd.
Tendencies can not be deduced, there are somewitiazn
increasing number of events that have been followed
years with a very little number of days (see fig 2)
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FIG. 1: Monthly distribution of events.
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FIG. 2: Evolution of number of events (2001-2010).
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residuals and are limited to a passage of a stjuell
Analyzing the synoptic classification for the studlyys, the
synoptic patterns can be grouped as is shownbie fa

Type Circulation shape Freq
(%)
maritime | meridian or Mediterranean or Euro- | 19
detached Mediterranean low
maritime | meridian or Bay of Biscay low 14
detached
maritime | zone Britannic low 8
maritime | meridian Britannic low 5
maritime | meridian Atlantic high 1
maritime | detached undefined 1
maritime | zone undefined 1 e e I ——
|0Cal merldlan Or Barometrlc Swamp 26 300 600 900 1200 1500 1800 2100 2400 2700 3000
detached ; [
local meridian or Iberian or Iberian 11
detached termal low
Local zone Iberian thermal low 6
Local meridian undefined 3
Local zone undefined 2
Iberic detached Atlantic low 3

TABLE. 1: Synoptic patterns and characterizatioew#nts by type.

The most part of convective intense precipitations
analysed are observed with few defined situationsuirface
i.e. barometric swamps or relative thermal lowsntjdo
instability in high levels. Cold pools in high lesatentred in
the west of the Iberian Peninsula or troughs withaixis
located in the west of the Iberian Peninsula attepes that
imply instability in high levels (see fig 4).
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FIG. 4: Synoptic characteristics and instabilitdéres of the most
frequent situation ( sea level pressure, Geop soteri for 500hPa,
sfc CAPE, TTland LI for 2008/09/09/ 18:00 asexample).

Instability indexes show high values, more
noticeable in local situations (see table 2). Inritime
situations, thermal instability is not required pooduce
intense precipitation. Instability in high leveladasurface
humidity contribution is enough, with a significanind
shear.

Type TTI (°C) LI (°C) CAPE (J/kg)
Local 52 -3,1 765
Maritime 51 -1,5 526
Iberic 50 -1,5 500
Total 51,4 -2,2 639

TABLE 2: Mean values obtained of instability indexe

The severe storm cells are observed with TTI
indexes greater than 53 °C, LI (Lift Index) lowkan -4 °C
and CAPE greater than 500 J/kg. These situationsrgen
precipitations higher than 10 mm in ten minuteshvai hail
sizes above 1 cm and can generate very strong gusts
associated. Anyway, these situations, usually trastsform
in mesoscale convective system (MCS).

MCSs have been observed with significant synoptic
patterns, with cold pool, and retrograde fluxe®r{frEast
towards west) in high levels with northeast andtmaevind
in surface.

The extreme values of instability indexes for the
analyzed days are LI = -6 °C, TTI=58 °C and CAPE£200
J/kg. These three values are similar to the ragisteowed
in other studies of extreme situations, speciallyahd TTI
values.

In the study of very heavy rain events (>10 mm@n 1
minutes), is observed that TTl and LI indexes allow
determine with a high degree of probability the esev
weather events, agreeing with similar studies antaas. In
the other hand, looking the analyzed days, CAPExrabes
not provide substantial information for these esent
comparing with the usefulness showed in severalksvor
related with forecast of possible severe weathisoeps.
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