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Abstract. The benefit of having a daily synoptic weather 1 Introduction
type catalogue and even more, a detailed catalogue for high
impact weather events is well recognised by both climatolo-Catalonia, situated in the Northeast of the Iberian Peninsula,
gist and meteorologist communities. In this way the Meteo-is @ region of complex relief. In the North it is delimited
rological Service of Catalonia (SMC) has produced some acby the Pyrenees range (mean average height of 1800 m) and
curate classifications for extreme events, such as hailstorm&om Northeast to Southwest by the Mediterranean Sea coast
or strong winds (SW). Within the framework of the MEDEX and the Prelitoral range. Inland, the region is open along the
project, the SMC has been collaborating to increase the levefbro valley (Fig. 1b). This orography strongly modulates
of awareness about these events. Following this line of workthe general flow of wind. The influence of the Pyrenees on
the aim of this study is to characterise the SW events in Catthe local wind regime was studied during the PYREX ex-
alonia. periment (Bougeault et al., 1997). It was proved that the

According to the guidelines of the MEDEX project we Synoptic flow is dynamically adapted to the presence of this
worked with its SW event database for the period June 1995ange (Campins et al., 1995¢Bech et al., 1998) but its re-
to May 2004. We also used the period 2005-2009 to test th&Pponse, direction and speed depend on the synoptic wind it-
methodok)gy_ The methodok)gy is based on principa| Com-Se":. Another factor that contributes to the different wind
ponent, cluster and discriminant analyses and applied to foufeégimes in this region is its situation at mid-latitudes. Thus,
variables: SLP, temperature at 850 hPa and geopotential atcan be affected by the passage of polar lows and, although
500 hPa on a synoptic-scale and local gust wind. We workedess frequently, by subtropical ones. Strong wind events in
with ERA-Interim reanalysis and applied discriminant anal- the Mediterranean Sea have lately been studied within the
ysis to test the quality of the methodology and to classify theframework of the MEDEX — MEDiterranean EXperiment
events of the validation period. on cyclones projechitp://medex.aemet.uib.¢¢Campins et

We found seven patterns for the SW events. The strongegtl-, 2006, 2007). From another point of view, requests for
event corresponds to NW-Flow with the Azores Anticyclone damages received at the Meteorological Service of Catalonia
and the passing of a low pressure through the Pyrenees. ThISMC) show that the impact on society is higher for strong
methodology has distinguished the summer events in an inwind events than for heavy rain events (@ast al., 2008;

dependent cluster. The results obtained encourage us to foRmaro et al., 2009b). Recently, on the 24 January 2009, an
low this line of work. explosive cyclogenesis took place in the Atlantic. This wind-

storm pounded the North of Spain and the South of France
with some casualties and important economic losses (Amaro
et al., 2009a). Moreover, in some wind events the synergy
with a heavy rain event increases the magnitude of the phe-
nomena and risk perception (Amaro et al., 2009a). Conse-
quently, it is necessary to build a wind synoptic classifica-

tion in order to characterise and improve the forecast of these
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Fig. 1. (a)lberian Peninsulap) Catalonia, red dots are SMC automatic weather stations.

Some other aspects of the synoptic scale circulation influtions (AWS). They manage to identify 16 wind patterns ap-
ence on local climate are analysed by Cassano et al. (2006plying a CA in two stages: a hierarchical accumulative clus-
The importance of identifying and cataloguing the atmo- ter analysis in the first stage and an non-hierarchical K-means
spheric flows that affect a region, not only for meteorol- analysis in the second stage to refine the groups obtained in
ogy and climatic aspects, but also for monitoring pollution the first step. The second is applied by 8imez et al. (2009)
episodes or making good use of wind energy cannot be unfor the Northeast of the Iberian Peninsula. They apply the
derestimated (Beaver and Palazoglu, 2009). same methodology but they also include a temporary region-

alisation of win data from 41 AWS applying a principal com-

Several studies have been made in relation to the atmopgnent analysis (PCA) in S Mode to compare the results be-
spheric flows and their application to wind energy (Palutikof yyeen both methodologies.

etal., 1987). There have been more numerous studies regard-

ing the transportation of contaminants and the identification Both studies are focused on associating synoptic wind
of those flows that originate it. At the beginning, they used patterns with a particular meteorological variable (temper-
the synoptic subjective catalogues to identify the principal at-ature, precipitation, radiation and wind direction and veloc-
mospheric trajectories that affected a region. It was not sincéty). However, they do not specifically identify synoptic situ-
the mid-eighties of the last century with the pioneer works ations for strong wind events, which are usually the ones with
of Moody (1986) and Moody and Galloway (1988) that ob- the highest social impact (Amaro et al., 2009b). Few studies
jective techniques such as multi-variant analysis to identifyhave been done to solve this problem with the generation of a
and catalogue the trajectories were applied, in particular usspecific catalogue that explains the relationship between the
ing cluster analysis (CA). Subsequently, applying a similaratmospheric circulation and this extreme event. It is worth
methodologyAvila and Alardn (1999) identified the prin- mentioning the study of Cassano et al. (2006) which identi-
cipal trajectories that could be susceptible to danger for thdied the synoptic patterns causing strong wind in Alaska us-
Iberian Peninsula. Later, Jorba et al. (2004) used the samieg a methodology based on a neuronal network algorithm,
methodology for the metropolitan area of Barcelona. Finally,known as Self-Organizing Map technique created by Koho-
Gallero et al. (2006) identified the principal trajectories in nen (2001). This algorithm treats data as a continuum and
relation to contaminant transport in the Strait of Gibraltar, has the advantage of identifying the local synoptic circula-
off the southern Iberian Peninsula. From another point oftion climate. However, multivariate analysis techniques are
view and following this line of work, different authors have widely accepted by researchers to elaborate synoptic cata-
created various climatologies of dominant wind patterns inlogues (Huth et al., 2008). There is also an important line
a region. We want to emphasise two studies that are basedf research that uses these techniques to look for some rela-
on multivariate analysis techniques applied at regions withtionship between atmospheric patterns and extreme meteoro-
an intricate topography. The first one was constructed forlogical events, such as heavy rainfall (Houssos et al., 2008;
Switzerland (Weber and Furger, 2001). It is based on theMartin Vide et al., 2008; Marhez et al., 2008; Vicente Ser-
classification of wind data from 115 automatic weather sta-rano et al., 2009), extreme summer temperatures and heat
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Table 1. Annual distribution of the strong wind events and percent- A
age of AWS wind data. 8
5 S 12T
> |
Year Number of strong  Percentage (%) %% ok
wind events of wind data % é e inlmle m 1996-2009
1996 1 56 cso S [011996-2004
1997 20 64 n.g 4 A0 ei [ 2005-2009
1998 72 85 2 2 1l
1999 93 91 0 R,
2000 83 97 1 2 3 4 5 6 7 8 9 10 11 12
2001 84 98 Month
2002 90 98
2003 83 97 Fig. 2. Monthly distribution of the Strong Wind Events for the pe-
2004 43 96 riods studied (in bars) and a polynomial adjust for the total period
1996-2009.

waves (Garta Herrera et al., 2005: Kysehnd Huth, 2008), vyind data for the period 2005—2009 as well. In this last pe-
heavy snow and variability in snow cover (Esteban et al. 100, there were 327 strong wind events. _
2005; Lopez Moreno and Vicente Serrano, 2007), and ex- Figure 2 shows the monthly distribution of the strong wind
treme episodes of avalanches (Garet al., 2009). These e€vents in Catalonia for the whole series: the MEDEX period
studies both use multivariate statistics like PCA, CA or both (1996-2004) and the validation period (2005-2009). Strong
methods simultaneously (Esteban et al., 2006). wind events are more frequent in winter and 45% of the
The potential of the PCA and CA techniques has encourevents happen between November aqd February. On the con-
aged us to build a synoptic catalogue explaining the relationirary, in summer the number of cases is reduced to only 15%.
ship between atmospheric circulation and strong wind eventd e monthly distributions of the MEDEX period and the val-
in Catalonia. Section 2 gives details of data used. Section 4dation period have slight differences which are not signifi-
explains and justifies the methodology applied; Sect. 4 excant for our purposes.
amines the results. Finally, in Sect. 5 we will present our On the other hand, two different reanalyses were tested.
Conc'usions and topics for discussion_ The first one was NCAR-NCEP at 2§r|d resolution. As a
first step, the methodology was applied to two geographical
domains: the western-Mediterranean domair? (8648 N;
2 Data 9°W-15E) and a synoptic domain (301-70° N; 30° W-—
20° E) centred in South England. The results showed that
As a contribution to the knowledge of hazardous eventsthe small domain was not suitable for discerning the synop-
in the Mediterranean region and within the framework of tic situations when the main low and high centres were out of
the MEDEX project, this study was carried out using the the domain. Furthermore, the synoptic domain resolved the
MEDEX data base that includes the period June 1995 tamain situation better for each season (Aran et al., 2009). The
May 2004 (available online dtttp://medex.aemet.uib.@¢s/ next step was to carry out some proofs with ERA-Interim
A strong wind event is defined by the MEDEX project as reanalysis for the synoptic domain. We obtained better re-
one day when wind gust in an AWS overcomes 25ms sults and this encouraged us to redo the work using this other
or 33ms! for elevated stations (more than 1800 m). This reanalysis. The ERA-Interim reanalysis is an improvement
study is only focused on the Catalonian region and it usen the ERA-40 reanalysis because it has a higher resolu-
the AWS data only available from the Servei Meteomt  tion (horizontal-1.5 and vertical-37 levels). What is more, it
de Catalunya (SMC). has improved the atmospheric model and assimilation sys-
The annual amount of wind data available from AWS is tem (Simmons et al., 2007). This dataset is available on
variable, mainly for the Medex period. We have to discard line from 1989 onwardshttp://data-portal.ecmwf.int/data/d/
1995 because there is not enough data. Since 1996 theigterim.daily/).
is nearly 60% of wind data of all the stations (107). From
1999 onwards, there is more than 90% of wind data available.
The number of strong wind events detected in the whole pe3 Methodology
riod (1996—-2004) is 569 days; once more, the low number of
AWS and their geographic distribution determine the numberA good methodology should take into account the com-
of strong wind events (Table 1). As a further step to verify plex topography, the climatic variability that charac-
the robustness of the statistical technique used, led us to uderises Catalonia, the occurrence of extreme events, their
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In Sect. 3.2, it is explained how to classify a strong wind
for the validation period according to the results obtained

Initial Matrix previously in Sect. 3.1 of the reference catalogue. In other
sLp Principal Components (s Mode) words, we have applied the component score coefficient ma-
N Scores trix obtained from PCA analysis and Fisher’s linear discrimi-

850 PC, Discriminant H : :
1| Cluster Analysis Analysis nant functions of the DA analysis obtgmed from the propqsed
Za e, methodology to classify the strong wind events of the valida-
PCs Cluster | Cluster | Cluster | Cluster | cluster | cluster | cluster H H
e e[ g g e | g e[ tion period.
. () . . . .
Wind ¥, The main goal of applying this double process is to val-

idate the resulting synoptic catalogue and to use it in daily
_ _ weather forecasting systems.
Fig. 3. Diagram of the methodology used.

3.1 Methodology to make the synoptic catalogue

relationship and connection with atmospheric circulationT
patterns. Also, it has to be useful to assist both the researc@
and operational weather forecasting of extreme events. For
all these reasons, we used multivariate analysis techniqu

in order to make a catalogue of atmospheric circulation Palintermediate step in order to reduce the number of variables

te_rns to explain the strong winq siftuatior?s in Catalon_ia. With for later classification that uses CA (Huth et al., 2008). Tra-
this method we got atmospheric circulation patterns 'ndepenaitionally, principal component analysis is performed on the

d_ent o_f each other and we alsq sy_nthes[sed the cqmplex re!"j‘s'ymmetric covariance matrix or on the symmetric correla-
tionships between atmospheric circulation and climate vari-

I , i tion matrix. We have worked with the correlation matrix and
aﬁ:lltyéLogei-lr\]/loretnobandb\l/lcte nte-Sle_r rano, 2t907)-' Orl thethe Scree Test has been used as a criterion to determine the
other hand, 1t has o be able o explain varations in almo-y, , ,her of factors; that is to say, we cut just when it detects
spheric flows when they interact with atopqgraphpally com- o change of slope in the sedimentation graph (Cattell, 1966;
plex area such as the northeast of the Iberian Peninsula, PrQiuth, 1996). Finally, the varimax orthogonal rotation was

ducing significant changes in short distances, as indicategipplieol to the factors, since this technique reduces the de-

bé sevelral s.lghlo s ": tk;e ggggs';’/l oft_otr\l/_e(; exE[rerIne 2%\6e8r?tf>endency between components and satisfies the orthogonal-
g/' onza eéz- idalgo el ;(')’09_ G  viar m-l '2802 a " ity condition model based on a minimisation of the number
icente-Serrano etal., ; Garclaetal,, )- of variables with a high loading factor (Richman, 1986).

o Irr:laskicg iilc\),:)?igv(l:l;; elggz]edf(ce)tra!trtgr?gmvﬁ;h dozsfrﬂz U_T_E?S The following step is to apply the CA to the scores of each
methodology is structured in three stages (Fig. 3). The fir of the four variables individually obtained by applying the

; - : o SIbCA. We used the non-hierarchical K-means method. The
two steps are aimed at obtaining a first classification. They ain critical point of this technique is to decide the defini-

are based on reducmg_t_he (_j|menS|onaI|ty of the data set anL]\]/e number of clusters. So, firstly, to solve this problem we

CA to obtain the classification as several authors have POl sed the Jump method, which uses a hierarchical algorithm
posed (Richman, 1986; Yarnal, 1993; Esteban et al., 2005 . ' .
2006, 2009; Pineda et al., 2008). The third step includes&md applies the Ward method (Ward, 1963) as a technique

a Discriminant Analysis (DA) with the objective of vali- %f f;]geg:fmg;tggti(?r:anroe;g's’ izotﬁ\(e));suTn??/v(i:tﬁierfntﬂzngll?slz\':gPs
dating the results obtained (Aran et al., 2010). Moreover 99 b !

given the complexity of atmaspheric processes that produc The number of groups is determined by detecting the greater

strona wind events and the complex topoaraphy of Catalo-%ismrtion of the coefficients in two consecutive steps. Sec-
g P pograpny ndly, once the number of clusters was decided, the K-Means

;l]a, rvr\]/h,'[f]h ésaln mtt:nsﬁynthilds pr)hberlﬁmegoniiwe :jwri adaptel(%ethod without iterations was applied in order to avoid the
€ methodology 1o consider Lo Synoptic and mesosca ?endency to equalise the size of the groups in which case the
factors. Therefore, to consider weather variability, severalresult may not be realistic (Huth et al., 2008)
atmospheric levels has been chosen: mean sea level pressureThe DA i the third and final step t(; validat.e this method-
(SLP), temperature at 850 hPa (T850) and geopotential at . o
500 hPa (Z500) (Maimez et al., 2008; Houssos et al., 2008; ology and it proposes a new classification for doubtful cases.
Aran and PBa. 2009: Aran et.éll 20i0) With re ara to thé Fisher’s linear discriminant method is applied to obtain the
' ' L ) €9 discriminant functions (Fisher, 1936). Previously, the selec-
complex topography, we have included a matrix of the scalar,

X . . tion of the independent variables contributing to distinguish
wind gust values measured with the AWS which manages th%etween different clusters is obtained applying the Wilks’
SMC (Aran et al., 2009).

lambda criterion (Sioutas and Floucas, 2003). In this pro-
cess, the factors of the PCA scores are used as predictors,
and each event is assigned to a synoptic type according to

he PCA is applied in S-Mode (the variables are grid points —
olumns —and the days are the observations — rows) and anal-
sed individually for each of the variables considered (SLP,
850, Z500 and wind gust data). This analysis is used as an
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Fig. 4. Scree test of the eigenvalues obtained from each @idSLP, (b) T850,(c) Z500 and(d) Wind Velocity. Shaded area corresponds
to one significant slope change.

the scores obtained from the discriminant functions. Finally,whereN is the total number of grid points, C;; is the stan-
a cross-validation process is used for the new classificationdardised variable and; ; is the component score coefficient
This process consists of taking an event and classifying it usef the factorf of the variable analysed in each grid pojnt
ing the discriminant functions derived from all other cases. Once the scores are knowR;f) for each variable, the dis-
In the next subsection it is explained how these functions areriminant functions are used to classify this day in the re-
used to classify events not included in the original database spective synoptic pattern. Each cluster has its corresponding
Fisher’s discriminant function (see Sect. 3.1). For each clus-
3.2 Methodology to classify new events ter, punctuations are computed according to Eq. (2) defined
as

This section presents how to use the methodology explained
in Sect. 3.1 to classify a strong wind event from the validation L =@1P1i +a2P2i +....+an Pri +c. 2
period. where for a dayi, FcL is the discriminant punctuation for

Firstly, it is necessary to standardise the four matricesone of the clusters Clg, are the coefficients corresponding
(variables) used in the original classification (SLP, T850, to the Fisher linear discriminant function for that cluster and
Z500 and VV). The standardisation is carried out spatially,¢ is a constant term. For each day, the cluster with maximum
that is, by column, as they have an order in S-Mode. We will discriminant punctuation is chosen as the more relevant syn-
use the mean and standard deviation of each column, i.egptic type.
each grid pointj, to standardise the news dai$rom the
validation period.

The Eq. (1) is used to estimate the scorgs ) for each 4 Results

Ssaé/d@ and for each of the four standardised variables anal-4.1 Principal Component Analysis

N The PCA is used as an intermediate tool for data reduction.
Py ZZCU Vif. (1)  The procedure is applied to every four datasets and an S-
I mode data matrix is used. Eight factors were retained for
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1200 Table 2. Frequency (in %) of strong wind events for each cluster

and for the MEDEX and validation periods.

1000

800
Cluster MEDEX period Validation period

Distance
(2]
o
o

C1 16.7 8.6

400 Cc2 16.7 55

200 C3 16.5 25.7

C4 14.2 11.3

0 C5 22.7 14.1

3533312927 2523211917 151311 9 7 5 3 1 C6 7.0 29.4

Number of groups cr 6.2 5.5
Fig. 5. Scree test of the distance between consecutive coefficients
obtained from the agglomeration schedule. The shaded area corre-

sponds to one significant slope change. 4.4 Synoptic patterns

Figure 6 shows the main characteristics of the seven pat-
SLP grid using Scree test criterion (Fig. 4), six factors for tarns obtained. In the first column, the mean values within
T850 and Z500 grid, and, finally, three factors for the gusteach geopotential pattern at 500 hPa in geopotential metres
wind matrix. Then, Orthogonal Varimax procedure is used(shaded) and mean sea level pressure in hPa (solid lines) are
for rotating the components. It redistributes the variance eXpresented and in the second column temperature at 850 hPa
plained among the rotated components. Thus, for SLP gridis shown in°C. Although it did not seem that the T850 was
90% of the total variance is explained by the eight compo-gjitaple to to analyse wind events, it has been proved as a
nents retained, 82% for the T850 grid, 90% for the Z500 grid getermining factor to discern seasonal patterns. In order to
and 56% for the wind matrix. As can be seen, the three windnderstand a little bit more the affected areas in a pattern,
factors explain a very low variance. This can be explained byihe third column presents the percentage of strong wind days
the complex topography of Catalonia and when taking morezompared to the total number of days in each AWS. Finally,

factors, the result did not improve. the monthly distribution of each pattern can be seen in the
42 Cluster Analvsi fourth column. In order to evaluate the spatial impact of a
: uster Analysis synoptic pattern, Fig. 7 shows the total number of AWS for

CA is applied to the factor score matrix, comprised of eacha" the events included in each cluster that has recorded a
of the four individual factor scores resulting from the PCA. wind gust threshald in the different periods. These seven

The number of groups required for clustering was decidedsynoptic: patterns are described in the following subseptions.
by applying the “jump method”, so that, from the analysis of The frequency of strong wind events for each cluster is pre-

the coefficient given in the agglomeration schedule, the totaﬁentecj in the first column of Table 2.
number of groups can be 7 (Fig. 5). Then, the K-means pro- )
cedure is applied without iterations with the goal of classify- 44.1 Cluster 1. northeast flow (NE)

ing the 569 strong wind events into seven predefined clusters.rhiS first cluster is quite frequent with 17% mainly during

winter, late autumn and early spring (Fig. 6, fourth column).
The anticyclone is situated over the Northwest of the Iberian

of the Wilks’ lambda { = 0.009) shows that the model is €xtends to central Europe. The presence of a low in southern

able to discriminate and re-classify the strong wind eventdtaly increases the pressure gradient in the north-eastern re-
correctly in the seven synoptic patterns defined in the CA.gions of Catalonia, where the strongest winds are recorded.
The model showed that 94% of original grouped cases werd he mgin regions affected are situated in the northern part of
correctly classified and the cross-validation result was thathe region.

89% of the original cases were well classified. These values

were good enough and encourage us to use this classificatigh#-2 ~ Cluster 2: west-northwest flow (WNW)

to define the most important synoptic patterns that explain o .
high impact wind events over the study area. Although the frequency and a seasonal distribution of this

second cluster are very similar to the NE-Flow, its charac-
teristics are completely different. The anticyclone is situ-

ated over the Azores islands. The main flow over the cen-
tral and northern parts of Europe is westerly and also affects

4.3 Discriminant Analysis

Nat. Hazards Earth Syst. Sci., 11, 1455 2011 www.nat-hazards-earth-syst-sci.net/11/145/2011/
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Fig. 6. Mean values of ERA-Interim reanalysis for each cluster (see acronym in Sect. 4.4). First column, geopotential at 500 hPa in mgp
(shaded) and mean sea level pressure in hPa (solid lines). Second column, temperature at 830 (gPadted). Third column, % of strong
wind days with respect to the total number of days in the cluster. Fourth column, monthly distribution of the number of strong wind events.

the Iberian Peninsula. In Catalonia, most of the regions aret.4.3 Cluster 3: northwest flow (NW)

affected yet in the downwind regions of the northern Pre-

litoral range where altitudes are higher (some peaks higheThis pattern is similar to the second one but the main pressure

than 1700m). This is the second pattern with more AWScentres are more intense. Consequently, the pressure gradi-

that has exceeded the threshold of 20Ths ent is higher and the intensity of the events is greater and
the whole region can be affected except for the downwind
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Fig. 7. Total number of AWS for all the events included in each cluster and gust intensity threshold (it):m(a) MEDEX period,
(b) validation period(c) the whole period of the database.

regions of the Pyrenees (low areas of the Pre-Pyreneebighest percentage of AWS with gusts exceeding 10's
range). These situations are frequent in winter, spring andFig. 7a).
late autumn.

4.4.4 Cluster 4: west-southwest flow (W-SW) 446 Cluster 6: Mediterranean Low (ML)

The frequency of this pattern is 14% and it is more likely to The low is situated nearby the Balearic Sea. In these loca-
occur in autumn and late spring. The intensity of these eventsions wind directions are quite variable and wind gust can be
strongly depends on the position of the Irish low, which is important because in some events they might be associated
quite variable. Consequently, the extension affected is differwith heavy showers. This situation is not very frequent (7%).
ent from one situation to another but in general it affects onlyHowever, when the low is located in the Balearic Sea, it may
the AWS located up to 600 m in the Pyrenees or the Prelitoratause important structural damage to the coastal population
range. and sea wave erosion.

4.4.5 Cluster 5: north-northeast flow (N-NE) 4.4.7 Cluster 7: north flow (N)
This pattern corresponds entirely to summer and early au-

tumn. It justifies the use of the temperature at 850 hPa as iThe centre of the anticyclone is at high latitudes, west of Ire-
has been crucial to discern the seasonal character of strorignd, and the low, located in the North of Italy, is associated
wind events. Although this situation is very frequent (23%), with the passing of a frontal system (the trough is over central
the number of regions affected by strong wind events are veryeurope). In Catalonia, this front can take affect everywhere
low and correspond to higher altitudes or at both ends ofbut it is more likely in the northern areas (the Pyrenees and
the Catalan coast because of the dipole effect (Campins @he northern end of the Catalan coast) but these areas are lo-
al., 1995). On the other hand, this situation is the one withcally affected (there are few AWS with wind, see Fig. 7a).
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Table 3. Predicted percentage of the clusters obtained from the discriminant analysis. Diagonal values correspond to correctly classified
events, and the remaining values across a row the misclassified ones.

Cluster Predicted Group membership Misclassified ~Number of strong
Cl(%) C2(%) C3(%) C4(%) C5(%) C6(%) C7 (%) events (%) wind events
1 89 11 11 28
2 88 6 6 12 18
3 4 87 2 1 4 2 13 84
4 92 3 6 9 36
5 98 2 2 46
6 2 3 2 1 92 8 96
7 6 6 6 82 18 18
4.5 Classification results for the period 2005-2009 5 Conclusions and discussions

In order to classify the strong wind events recorded in theThis study presents a methodology based on multivariate
period 2005-2009, we used the component score coefficierdnalysis to build a catalogue of extreme events such as strong
matrix, obtained from applying PCA, and Fisher's Linear wind episodes. The methodology consists of applying a prin-
from DA. The results show that, of the 327 new events, 91%cipal component, cluster and discriminant analyses to 4 me-
have been well classified. After applying the cross validationteorological variables, 3 of them in a synoptic-scale matrix
process the result obtained is 85%. These high percentaggfmean sea level pressure, geopotential at 500 hPa, tempera-
corroborate the adequacy of the proposed methodology.  ture at 850 hPa) and one of them in a mesoscale matrix (wind
Table 3 shows the percentage of events that are well clasgust from automatic weather stations).
sified (central diagonal matrix) and the percentage of events Ty different periods were classified independently in or-
incorrectly classified for each cluster (rows). The correctly ger to evaluate the goodness of the technique. With the
classified events vary from 98% for cluster 5 (C5) to 82% for fjyst period (1996-2004), apart from obtaining the catalogue
cluster 7 (C7). On the other hand, in C1 11% of the days argor strong wind events in Catalonia, we obtained the main
misclassified, and they move into the cluster 6; 12% of mis-scores and discriminant functions necessary for classifying
classified events in C2 are reclassified in C3 and C6; 13% ogny strong wind event. With the validation period (2005—
the days in C3 misclassified are distributed between the C2009) we assessed the plausibility of the methodology to
and C6; 8% of C4 are moved to C5 and C6; 2% of C5 movesg|assify a strong wind event in the catalogue obtained in the
to C6; 8% of C6 is divided between C1, C3, C4 and C5; andj st phase.
finally 18% of the days misclassified in C7 are moved to C2, gpe of the main disadvantages of using PCA and CA is
C3 and C6. that the previous studies did not take into consideration the
The second column of Table 2 shows the percentage Ofejationships between the synoptic-scale circulation and lo-
events for each cluster for the validation period. There are g exireme events (Cassano et al., 2006). In this work, we

great differences compared to the distribution obtained withy, ;e presented a methodology that uses local data (AWS
the MEDEX period (first column). Clusters 6 and 3 have \ing data) to minimise this problem.

increased considerably. On the other hand, Fig. 7b shows The patterns obtained are in concordance with previous

the number of AWS affected in each cluster according to &studies (Font, 1983) and with our daily experience. NW flow

threshold. For the validation period the results are not So(cluster 3) has been one of the most damaging events due to

Qiﬁerent compared to 'tho§e obtained using the MEDEX P€the confluence of the Azores Anticyclone and the passing of
riod (Fig. 7a). The main difference can be found in cluster 7a deep low through the northern Iberian Peninsula, as hap-

where more AWS are affected, but this fact is correlated by ened on 24 January 2009 (Amaro et al., 2009a). On the
the increased number of events. Something similar can b ther hand, it has been interesting to find a pattern related

said Wi(tjh_ re?pect to cIuste(r) 3.f AItEoug?‘ ci‘lusterl 2dhas d€-only to strong wind events in summer (cluster 5). Although
creased its frequency (5.5%) for the whole perio (1996_the strength of these events is not as remarkable as others

2009), the number of AWS exceeding 20mtsis greater such as the NW pattern (cluster 3), this season is very critical

than the rest of '_[he c!uste_rs, except cluster 3 (Fig. 7c). Thig)o5,se of the high number of tourism practising sea sports
result is interesting since it highlights the fact that the NW- and the high number of rescue operations accomplished

flow pattern is the most dangerous one. Finally, the complex topography leads the main flow in
Catalonia. The general strong wind events in Catalonia are
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characterised by the presence of the Azores anticyclone oveBougeault, P., Benech, B., Bessemoulin, P., Carissimo, B., Clar,
the west of Europe. In this case, the main wind gusts are in A. J., Pelon, J., Petitdidier, M., and Richard, E.. PYREX: A
the northern region. However, when the Azores anticyclone summary of findings, B. Am. Meteorol. Soc., 78, 637-650, 1997.
is located more in the south the interaction of the synopticCampins, J., JaasA., Benech, B., Koffi, E., and Bessemoulin, P.:
flow with the Pyrenees develops a mesolow is developed in P\_(REX Observation and Model Diagnosis of the Tramontane
the Ebro Valley and the main wind is from the north-west at __Vind. Meteorol. Atmos. Phys., 56, 209-228, 1995.

. ) ampins, J., Jaas A., and Geno#s, A.: Heavy rain and strong
both ends of Catalan coast, as shown in clusters C2 WNV\F wind events and cyclones in the Balearics, Adv. Geosci., 7, 73—

and C3-NW. 77, doi:10.5194/adgeo-7-73-2006, 2006.

The SMC is carrying out a study on how to use this campins, J., Aran, M., Genés, A., and Jaris A.: High impact
methodology or the catalogue obtained, to implement an weather and cyclones simultaneity in Catalonia, Adv. Geosci.,
analogous forecast system and also its application to build 12, 115-120, doi:10.5194/adgeo-12-115-2007, 2007.

a climatological classification. Cassano, E. N., Lynch, A. H., Cassano, J. L., and Koslow, M. R.:
Classification of synoptic patterns in the western Arctic associ-
ated with extreme events at Barrow, Alaska, Clim. Res., 30, 83—
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