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Abstract

In this work we analyzed the most important
precipitation events during 21st century that
generates floods impact in north part of Basque
Country (Cantabric basin). To select the relevant
events we have considered information coming
from different sources, including information
from damages, precipitation thresholds and
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Introduction

The Basque Country has two hydrographic watersheds, the Atlantic and
the Mediterranean side. In the first one, the steep slopes generate floods with
certain regularity, because the slopes have around 1000 meters or even more

However, rivers from the Mediterranean side have less risk of flooding, due to
the fewer amount of precipitation and the lower slope of their basins (see
Introduction and figure 2 in Gaztelumendi et al 2016-POSTERXX)

J.A. Aranda®s3

Active fronts

Name  Type of structures and cloud system des

It is the situation in which one or more fronts pass
through the Basque Country, leaving persistent rainfall.
They can be very active fronts or 2 succession of fronts
that pass through the Basque Country leaving lots of rain,

Circulation Shape Severe weather Description

even a succession of fronts and instability lines. Most of
the precipitation Is stratiform, although occasionally can
leave convective precipitation.

kilometers, together with episodes of very heavy rainfall.

Leave storm rainfall s shape and displacement mode
can make the amount of accumulated rainfal i higher or
lower. In any case, precipitation is associated with storms
and preciitation is largely convective. In the worst
situations in which an instability line moved slowl,
convective cells can pass through the same. point
generating heavy rainfal

Northwest flow situation at alllevels with a warm front it

moves from west to east, with a north-south elongation
and having a slow-moving. Rainfall s stratiform. These
situations can be accompanied by the passage of more
i

Convective cells are small-scale storm systems. They have.
different shapes, but do not bind in a line, and generally

each cell is independent and has its own movement,
sometimes when the flow is strong in height the different
cells are moved i the same direction. Rainfall i heavy in
ashort time.

internal Euskalmet severe weather reports. . These situations, when more rainfall is accumulated in the study area, “nﬂ"":”;
A meteorological analysis of the selected occur in the cold season , between October and April. The zonal clrt_:ulatlon warm front
descends from latitude and the areas of low pressure are deeper, with very
events i performed using _synoptic active fronts associated. Sometimes rainfall, together with fallen melting snow,
classification, and other weather types ignifi i N d ing th . tog ! 9 | N )
eal ype of oitation. doud €an iause significant floods. During t (Iewarm season , storms (I:an also leave Convecve
s significant precipitation or in singular situations, mesoscale convective
systems and severe weather categorization). . N
Meteorological parameters are analyzed based systems could Ieaye higher amquqts than the ones produced in cold periods,
) . with higher intensities of precipitation, but these situations are unusual. One
on data coming from numerical models, the such situation was that caused one of the major floods that have hit the
Automatic Weather Station network and other : J Mesoscale
P " . Basque Country in August 1983. "
data acquisition system available in the area Convective
(Radar, Meteosat, etc..). From the historical point of view, the August 1983 floods are the most systems.

Here we present the main meteorological
characteristics during 21t century floods
episodes and the key factors involved in such
events.

serious in recent years with loss of life and damage which reaches more than
800 million euros. We cannot forget the July 1988 event where again loss of
life and 52 million euros in damages occur. Another nearest event that leaves
extensive damage is occurred on June 1, 1997 with 110 million euros, but this

They are mesoscale systems dimensions, but ofsignifcant
size (usually the major axis exceeds 100 k), where more
or less active areas are grouped, with a mixture of
convective precipitation in the most active and stratiform
rainfal in less active zones. They can make very heavy
rainfal since in many cases they are systems that do not
follow the synoptic scale flow, and present self-
propagation, sometimes very slow.

Undefined These are the stuations that occur in the summer, with heavy
Asores High showers (> 10 mm in 10 minutes or > 15 mm n 1 hour)or very
Zone
Batannic Low StOMMS | rong wind gusts (> 100 km / h) or arge hail ( above 2 cm
dimeter).
per Situations that generate high wind gusts (> 100-120 km / h)
N ) AT Murricane winds | Ee1Erted by deep depressions (could be  explosive
Maritime | Meridian Lvante gt cycogenesis, or remnants of hurricanes o ordnary
ritannic eyclogenesis).
705 (Coastal | Sharp wn fo the westrorthwest, with sudden dop in
Undefined rmme | temperaturs (> 510 “C in 20 minutes),and maimm guss
By Biscay Low sbove 60 km / . This disturbance isspreacing from west to
Detached east along the Basaue coast.
Miediterranean Lov s the Basq
Intense. northwest winds stuation, alo it is accompanied by
Lndefined persistent precigtaton (> 60 mm in 24 hours) and wave
Zone tedes cre (sinifcant wave height exceeding 3.5 meters)
Persistent and | Situations cold pool in middle and upper levels, attached to
Undefined y rai formation of
Gertre-curopean igh ¥ systems.
Theric Meridian e Suopeanig (cut-off low)
PP Swellarrival from
 of Biscay retamt doa | Waves generated Inremote aeas that reaches the coast and
Undefined Atant €8 | e background withhelghts excecing 4 metrs.
Detached Adantic ow epressions
Fay of Bscay Low
Three days or more with overcoming the maximum-minimum
Meridian T e thresholds. Arrival of a very warm air mass (temperature in
pean iy HeatWaves | 1. love of 850 ha above 20.22 ° C) of North Africa or
Continental edterone southern lberian Peninsul withgreat persistence
Detached e '\ day with extreme hgh temperatures, usually in combination
- Meatstrake | "t the aiel of a very warm air mass from North Africaor
Britannic European H southern lberian Peninsuia (temperature in the level of 850
Undefined HPa above 2022 ) with south lows.
Zone
Toerian Thermat Low Continental very cold air advection combined with radiation
herian High Severe fost | coping due to clear skis.
— Undefined Snow storm | €8 and moistre air that can leave snow at low Ievels.
Meridian Precipitation should exceed 5 mm in 24 hours.
Local Toerian Thermal Low
Undeine Active frontal | Situatons that often leave persistent raifal, with northerly
et systems | winds and quaskstationary frontal systems, o acivefronts.
Detacher oerian Lo
Togrian Thermal Low others | & e
Brtannic righ

Methodology

In order to select impact flood episodes
215 century are considered. On the one hand we have analyzed
information available from automatic weather stations network of
Basque Country. Firstly we focus on days when adverse thresholds
are exceeded for heavy rainfall and persistent rainfall, determining
the number of stations that exceed different thresholds. Secondly we
analyzed the information on river levels at gauging stations available,
checking whether the level is close to the maximum of the series.
Finally impact data are considered based on Spanish insurance
compensation consortium claims concerning floods risk, adequately
treated and segmented for Cantabric basins data extraction. Based
on those information .49 relevant events are selected

The selected events are
meteorological point of view
meteorological parameters. These events are classified on different
circulation patterns and weather types (see Table 1). It takes into
account the type of structure or cloud system prevailing in each event
(see Table 2), as well as the characterization of adverse weather (see
Table 3) and other factors of interest.

Synoptic  classification

Results and discussion

Table 2. Structures and cloud system.

Table 1. Synoptic classification.

Table 3. Categories of severe weather events.

In the table 4 we present a summary with the meteorological
characterization of the 49 studied events.

Considering the classification of severe weather , most situations
are due to cut-off lows or frontal systems. In the most serious events
are the only groups that are present. That is, for a severe flood
situation atmospheric is determined by a cut-off low or on the other
hand it can also be produced by active frontal systems (see Figure 1).

The predominant type of precipitation is stratiform during 53%
episodes. Only in 22% of the events predominant precipitation type are
convective. In the rest of events the two types of precipitation are
present (see Figure 2).

Systems and structures that predominate are frontal systems
(75%). They can be quasi-stationary fronts or different active fronts,
passing through the Basque Country consecutively. Among the quasi-
stationary fronts one of the groups consisting of a warm front moving
from west to east by a north-south shape and with a very slow
movement generate persistent low intensity precipitation. They can
accumulate important precipitation amount in the Cantabrian slope and
particularly in the east side, by instance the Urumea basin suffers
these situations relatively frequently (see Gaztelumendi et al 2016 -
POSTERXX). Rainfall are usually very widespread and occur in the
cold season. In some cases melting factor is important, since the

Conclusions and remarks

Severe events that promote floods in north part of Basque

Country can be grouped in three main configurations.

A. The most common is the zonal-meridional circulations, with
northwesterly flow at all levels along which different active fronts,
the most frequent being quasi-stationary warm fronts, leaving
stratiform rainfall, widespread and persistent. These are
situations that occur in the cold season and in these situations
must take into account factors such as melting and saturation.
These situations have high predictability and generate
widespread flooding, affecting most of the Basque Country.

B. Situations generated by cut-off lows in the Mediterranean, with
quasi-stationary fronts that leave persistent and widespread
rainfall, with a greater intensity of rainfall due to the origin of the
air mass. This aspect makes the uncertainty in quantitative
precipitation forecast increase, but remain situations with a
relatively high degree of predictability. The degree of
involvement of the different basins depends on the specific
position of the fronts and the most active areas. The prevailing
type of precipitation is stratiform, although there are areas of
convective precipitation due to origin of the air mass.

with options to generate intense and persistent rainfall.
Convective cells can form, which may end up being part of a
mesoscale convective system. These systems generate a large
area of stratiform rainfall with areas within the most active area
left convective precipitation. Thus you can obtain significant
accumulated precipitation in a short time. These are situations
that present maximum uncertainly. They are unusual situations
and compared with the other two groups are less frequent,
although potentially are the most dangerous.

The two most important events in the analyzed period are the
event May 31-June 1, 2008 and the event from 4 to 7 November
2011. The first affects especially west, and the second especially
affects to the east, being for the Urumea basin (situated in the east)
the most important event of the entire study period, comparable with
the famous floods of August 1983 in that area (see POSTER XX).

The storm episodes in which the degree of organization is not
high at synoptic level, can also cause damage, but are usually
localized and they have an order of magnitude much lower than
those generated severe flooding situations. In any case must be
taken into account, as they can generate pools of water and local

accompanied by hail and strong wind gusts , especially in extreme
situations when a supercells form. In any case, these situations dont
promote severe flooding in the area.

Weather conditions that create flooding problems are mostly
frontal situations, so the synoptic scale is the main driving factor and
precipitation are therefore largely stratiform However, in the most
dangerous events an interaction between the synoptic and
mesoscale are produced

The most dangerous situations occur in the warm season with a
small cut-off low located in the area of the north of Iberian
Peninsula, leaving the Basque Country in the northeast edge of it,
the most favorable area to form mesoscale convective systems. In
high levels there is a retrograde motion. In surface predominate low
relative pressures centered in the Pyrenees, which provide
northerly flow, and therefore a relatively warm and wet air mass in
lower layers. Moreover, this situation favors a slow movement of
systems that can be formed. These situations can generate very
heavy rainfall in a short period of time in a relatively large area.
There are infrequent situations, we can estimate a return period of
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time no deaths occur. Already in the 21st century the two most important Synoptic
events are the 1 June 2008 and 4-7 November 2011. selected d Event type shape Severe weather Type prec Systems and structures
elected events 45 May 2001 |Maritime| _Detache i Tow Cutofflow Stratiform Quasi-stationary warm front
89 May 2002 __|Maritime| _Detache Tow Cut-off low Stratiform Quasi-stationary front
, different data for the ~circulation and shape. Type refers to the flow of wind in lower 24-28 August 2002 UEERHIR Detache E fow) CUSoffllav] i ComeciElcall]
layers, circulation to the ratio of the component u and v wind u 910 October 2002 Maritime)_Detacher - low Cutofflow n —
yers, P P 30 October 2002 |Maritime| _Detached Bay of Biscay low Cut-off low Convective Instability line
describing the movements that occur in middie and high levels. The 1-4 December 2002 iti idi Azores high Active frontal systems Stratiform Quasi-stationary warm front
shape describes the situation of different pressure systems in surface 2 February 2003 |Maritime| _Meridian i oW Northwest gale Stratiform
(see Table 1). 6-7 May 2003 | Maritime| Detached Tow Cut-off low Stratiform Quasi-stationary front
The categories of adverse weather events that can promote 7 June 2003 Local Meridian Thermal low Storms Convective [ Convective cells |
floods are limited to 4 options: cut-off lows, active frontal systems, 24 January 2004 |Maritime| Zone Azores high Active frontal systems Stratiform Quasi-stationary warm front
northwest gale and storms. The most relevant situations occur with a 19 July 2004 Maritime!| Zone. Undefined Storms Convective
cut-off low or due to frontal systems (table 2) 16-17 May 2005__|Maritime| Detached i Tow Cut-off low Convective
Moreover it has taken into account the type of structure or 29-30 December 2005 |Maritime| _ Zone Azores high Active frontal systems stratiform At
prevaing coud sysem (atles 9 and e ype of  [IoLvhcor el ame | wwner | ol | siiom | G st wrn o
haracterved  from  the z:ec'p'ta"‘)”‘ Being S'ra‘:ff‘)l'h"; when the |Irl1ltensuy of 'a'E;m'S(';r’gezt 21-22 November 2006 |Maritime| __Zone Azores high ‘Active frontal systems Stratiform Quasi-stationary warm front
N y , ! 19-22 March 2007 _|Maritime| _Meridian Azores high Northwest gale Instability line
, including analysis of all available very strong rainfall. 2124 August 2007 _|Maritime| _Detached i &o Cut-off low
Considering precipitation data registers each 10 minutes, it has 25-may-08 Local | Detached Tberian low Storms Convective Instability line
been established a threshold of 1.9 mm to determine the type of 31May-1June 2008 _|Maritime| Detached Undefined Cut-off low Convective Mesoscale Convective systems
precipitation, being stratiform when it is less and convective when 9-11June 2008 __|Maritime| Detached i low Cut-off low Convective Instability line
exceeds this threshold, based on the relationship between 2-3 November 2008 [Maritime| Detached Eu low Cut-off low Stratiform Quasi-stationary front
and i (Marshall-Palmer) since the i 23-26 November 2008 [Maritime| Meridian Eu low Northwest gale
is based on three aspects: type, o'aconvecuve cell is usually produced for a reflectivity over 40 dBz. 26-27 January 2009 _|Maritime| Meridian | E low Active frontal systems Stratiform Quasi-stationary warm front
11-12 February 2009 _|Maritime| _Meridian Azores high Active frontal systems Stratiform Quasi-stationary warm front
18 September 2009 _|Maritime| _Detached Undefined Cut-off low Convective Mesoscale Convective systems
10 November 2009 _|Maritime| _ Zone Azores high Active frontal systems Stratiform
30 January 2010 _|Maritime| Meridian Atlantic high Active frontal systems Stratiform
arrival of these fronts rises temperatures and if this situation occurs 16 June 2010 Maritime| Detached i low Cut-off low
after an episode of snow, melting may be a relevant factor in flooding. | 21-23 February 2011 [Maritime| _ Zone Szareslhig L ez SIS ETE
Another important consideration is the soil water saturation factor (see 16 March 2011 |Maritime| Detached i low Cut-off low
Figure 3). 24 April 2011 |Maritime| Detached Tow Cut-off low
6-7June 2011 |Maritime| Meridian Undefined Storms
The synoptic surface configuration is domlnated by two large 3 September 2011 |Maritime| Detached Undefined Cut-off low
groups: Situations in which dominates Azores and 4-7 November 2011 |Maritime| Detached i low Cut-off low
situations influenced by the Mediterranean depression. In the first 18-21 October 2012 ESERENE ~ Detached Undefined Cut-offlow et
case, affect the Basque Country Atlantic fronts. The second one, often 14-16 January 2013 ERREIE  Zone zoresiigh I iNorthwestigalel Stratiformi
associated with a cut-off low, affecting us air masses of 18 January 2013__|Maritime| __ Zone Low latitudes circulation | _ Active frontal systems Stratiform
origin (see Figure 4) 24 January 2013 _|Maritime| _Meridian Bay of Biscay low Active frontal systems Stratiform
. 80 February2013 _|Maritime| Meridian Atlantic high Active frontal systems Stratiform
At the end the situations that cause serious flooding problems in 11-12 February 2013 |Maritime|] Detached | E i low Cut-off low Stratiform
north part of Basque Cantabric can be grouped into 3 types: 17-18 May 2013 {SEREHEN Detached | F oW iy
13 November 2013 _|Maritime| _Meridian Azores high Active frontal systems Stratiform
A. Zonal- al ci ion, with ly flows at all levels 25 January 2014 [Maritime| Meridian Azores high Active frontal systems | Stratiform
and active or quasi- stallonary fronts in the cold season (see Figure 1February 2014 [Maritime|  Zone Britannic low Active frontal systems Stratiform
5) 3-4July 2014 Maritime| Detached i low Cut-off low
29-31 January20 i Azores high Active frontal systems Stratiform
B. Cut-off lows in the Mediterranean, with active or quasi-stationary 25-26 February 2015 d Azores high ‘Active frontal systems ‘Stratiform
Mediterranean origin fronts (see Figure 6). 26-27 April 2015 |Maritime| Detached i low Cut-off low
C. Cut-off lows in the Iberian Peninsula, with retrograde movement at North Storms Stratiform- Mesoscale tqt““" Bay of Biscay. Low latitudes
high and mid-levels. In this synoptic environment can form ontesty 0% Convective, Figure 2. Comvective XY low ciregation Figure 4.
mesoscale convective systems (see Figure 7). gs% r'ec'p‘“"”" systems 19% mtwnarvﬁom A_iberian low Synoptic
ype. 6% Britanniclow  surface
g 2 configuration.
Fgue1,  Active Cmg;hw Instability line. Thermal low. Euro-
Adverse weather,  frontal 2%
systems Convective Stratiform - Comvective Mediterranean
37% 2% P low
C. Situations of the warm season with cut-off lows located in the  flooding, being more relevant in urban areas where intensities of ~ Active fronts we
Iberian Peninsula with retrograde flow in middle and high levels,  rainfall exceeding 10 mm in 10 minutes, and often because they are Figure 3. Structures and “”"1‘;::‘"

cloud systems.

Figure 5: Example type A (SLP and geapotential and _ isotherms at the 500 hPa level.

—
nsomerms a the 500 hPa Ieve\

Figure & Example type B (SLP. and geopotental and

ponsanasmannagihpsans
Figure 7: Example type C (SLP and geopotential and  isotherms at the 500 hPa level.

+ Capel Molina, 3., 2000: n

+ Gazelumend, S., E inda 3

Mederrénea imero 032.

2016,
seaion 1

1216

Egana, J, Gaztelumend, S., Gelpi | R., Mugerza, 1. 2005,

+ Egata. 3, Geztemend. S, Gap LR, Ooa e A, K. Maru M, Hemdnger. 2008 s
ERAD 2008, Helsinki,

Anlys:
Finiand.

3. Gaztelumendi,S., ierna, D, Gelp, LR, Hemandez, R., Obxoa de Alda, K., 2010: Flash- B
floadsan'Basque Countyai the ond of anuary 2008, EMSIOIECACS. Zurch, Swhzgrand

- Gartelumend: 5. Egana J, Hermandes R, Oteoa de Ada K, Arards JA AT P, 2014, An overvien of
a regional meteorology waming system. Adv. Sci. Res. 8, 157-166.
+ Ibisate, A, Ollero, A, Ormaetxea, O., 2000: Las inundaciones en I vertiente cantdbica del Pais Vasco

Universidad del Pais

Vast
+ Lazano Valencia, P., 2006: Reégimen precipitacional en el norte de Navarra y Guipizcoa ¢Récord

B , Gazaumend, . Placo V. o, 1, Ooado Adn. . 2012 UsingEusalmet Radas
data !uvani\ys\s of a persistent preciioncuse. ERAD 2012 Yeu\uuse peninsular y eropeo?. Nimbus, 1°17-18, ISSN 1139-7136, 125-144

« Egana, . ez, ., Gl . Oeoa s All, K. 2013: Astuy ol + pejenauts Gon, 3, 109
depode m Basave oy, ECSS 2015, Hekink Finland. Luralde, 1

+ Egana. J Gaztelumend, S, Palacio, . 2015: A case study ofocal loods in Urumea area + Pejenaute Gof,
[Basais Comiy, EWSISECANLS S, Blgars ieto, C, La P

flooding in

+ Gaziokmend. S, Egata, , Piena, 0. Palao V. Gl LR, Hemdres, . OumadeA\da K.
2011

Egane, . Gazekumend. ., Pincpe, . Maria, M. 2015: Anaysis o an cpsode oftesy it

L.
datios por inundaciones. IGNE, pp. 24
Pt a3 oo . M, M, Gep, L. 2012:Acase sy of ey and
persistet ranal, ERAD 2012 Touloise,Fance

Ber + Uriarte, A, 1983:

‘Sofia, Bulgart

Germany

16th EMS Annual Meeting
11th European Conference on Applied Climatology (EC
12-16 September 2016 , Trieste, Italy

yNdela Iberica, Caja de

oo Fromdl e Gupiscon San Sometin.

AC)




