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RESUMEN

Se han determinado los tipos de clima según el procedimiento de Jenkinson y Collison de los 22 646 días 
del periodo 1948-2009 para la cuenca del Mediterráneo occidental, a partir de los valores de presión en 
uwrgtÝekg"fgn"tgcpƒnkuku"PEGR1PECT."rctc"wpc"tgv‡ewnc"fg"pwgxg"rwpvqu"eqp"xfitvkegu"gzvtgoqu"gp"67³"
P."7³"Y"{"57³"P."37³"G."nq"swg"rgtokvg"fkurqpgt"fg"wp"cornkq"ecvƒnqiq"ukp„rvkeq"rctc"nc"ekvcfc"tgik„p0"Ug"
han analizado las tendencias de los tipos y sus diferentes agrupaciones durante el mismo periodo. El tipo 
más frecuente es el U (indeterminado), con un promedio anual cercano al centenar de días (99.4, 27.2%); 
ng"ukiwgp"gn"vkrq"C"*cpvkeken„p+."eqp"9707"f‡cu1c‚q"*4209'+."{"gn"E"*fgrtguk„p+."eqp"890:"f‡cu1c‚q"*3:08'+0"
La elevada frecuencia del tipo U se debe a la presencia habitual de campos báricos con escaso gradiente 
*Ðrcpvcpqu"dctqofivtkequÑ+"uqdtg"ncu"ciwcu"ogfkvgttƒpgcu"gp"nc"okvcf"eƒnkfc"fgn"c‚q0"Rqt"twodqu."nqu"vkrqu"
rtqegfgpvgu"fgn"qguvg"uqp"nqu"oƒu"htgewgpvgu"{"nqu"fgn"uwt."nqu"ogpqu0"Gn"tfiikogp"ogpuwcn"fg"nqu"vkrqu"{"
agrupaciones más frecuentes es bastante regular; el tipo C y las agrupaciones advectivas y de tipos ciclónicos 
rtgugpvcp"o‡pkoqu"guvkxcngu"{"oƒzkoqu"gp"nc"okvcf"ht‡c"fgn"c‚q."okgpvtcu"swg"qewttg"nq"eqpvtctkq"eqp"nqu"
vkrqu"W"{"C0"Ncu"rtkpekrcngu"vgpfgpekcu"cpwcngu"guvcf‡uvkecogpvg"ukipkÝecvkxcu"fgn"rgtkqfq"3;6:/422;"uqp"nc"
fkuokpwek„p"fgn"vkrq"C"*Î603;"f‡cu1ffiecfc."gu"fgekt."Î4;02'+"{"gn"cwogpvq"fgn"vkrq"W."nqu"vkrqu"eken„pkequ"{"
nqu"fg"eqorqpgpvg"guvg0"Cn"eqorctct"nqu"uwdrgtkqfqu"fg"53"c‚qu"3;6:/3;9:"{"3;9;/422;."ug"eqpÝtocp"ncu"
tendencias de A y U, y se aprecian en general aumentos de los tipos con componente este y disminución de 
los que tienen componente oeste. La variación del tipo A fue de 2490 días en el primer subperiodo a 2192 en 
el segundo (p"?"20222+."eqpegpvtcfc"uqdtg"vqfq"gp"xgtcpq"{"qvq‚q0"Guvc"enctc"tgfweek„p"fgn"vkrq"C"eqkpekfg"
rctcf„lkecogpvg"eqp"wp"cwogpvq"fg"nc"xctkcdng"rtguk„p"*-2053"jRc1ffiecfc+"c"nq"nctiq"fg"nqu"84"c‚qu"fg"
cpƒnkuku0"Nc"vgpfgpekc"pgicvkxc"gpeqpvtcfc"gp"gn"vkrq"C"fkÝgtg"fg"nqu"tguwnvcfqu"jcnncfqu"gp"cniwpqu"guvwfkqu0"
Nqu"fkhgtgpvgu"rgtkqfqu"fg"cpƒnkuku."ncu"fkuvkpvcu"guecncu"q"ƒtgcu"fg"guvwfkq"{"nc"xctkgfcf"fg"ofivqfqu"wucfqu"
rctc"nc"fgvgtokpcek„p"fg"nqu"vkrqu"fg"vkgorq"rwgfgp"gzrnkect"nc"hcnvc"fg"eqpeqtfcpekc"gp"nqu"tguwnvcfqu0"
Cfgoƒu."gn"ecngpvcokgpvq"gp"ncu"¿nvkocu"ffiecfcu"fg"ncu"ciwcu"fg"nc"ewgpec"fgn"Ogfkvgttƒpgq"qeekfgpvcn."
cofip"fgn"ectƒevgt"octecfcogpvg"ekenqigpfivkeq"fg"nqu"iqnhqu"fg"Ng„p"{"Ifipqxc."rqft‡c"guvct"fgvtƒu"fg"nc"
disminución del tipo A y el aumento de los tipos con curvatura ciclónica.
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ABSTRACT

Yg"fgvgtokpgf"vjg"ygcvjgt"v{rg."ceeqtfkpi"vq"vjg"Lgpmkpuqp"cpf"Eqnnkuqp"rtqegfwtg."qh"vjg"44"868"fc{u"kp"
vjg"3;6:/422;"rgtkqf"hqt"vjg"yguvgtp"Ogfkvgttcpgcp"dcukp0"Vjg"cpcn{uku"ku"dcugf"wrqp"vjg"uwthceg"rtguuwtg"
xcnwgu"qh"vjg"PEGR1PECT"tgcpcn{uku."hqt"c"itkf"qh"pkpg"rqkpvu"ykvj"gzvtgog"xgtvkegu"cv"67³"P."7³"Y"cpf"
57³"P."37³"G."yjkej"rtqxkfgu"c"dtqcf"u{pqrvke"ecvcnqiwg"hqt"vjku"tgikqp0"Yg"cpcn{¦gf"vjg"vtgpfu"qh"vjg"v{rgu"
cpf"vjgkt"fkhhgtgpv"itqwrkpiu"fwtkpi"vjg"ucog"rgtkqf0"Vjg"oquv"htgswgpv"v{rg"ku"W"*wpfgvgtokpgf+."ykvj"cp"
cppwcn"cxgtcig"qh"crrtqzkocvgn{"322"fc{u"*;;06."4904'+."hqnnqygf"d{"v{rg"C"*cpvke{enqpg+."ykvj"9707"fc{u1
{gct"*4209'+."cpf"E"*fgrtguukqp+."ykvj"890:"fc{u1{gct"*3:08'+0"Vjg"jkij"htgswgpe{"qh"v{rg"W"ku"fwg"vq"vjg"
jcdkvwcn"rtguuwtg"qh"dctke"Ýgnfu"ykvj"c"nqy"itcfkgpv"qxgt"Ogfkvgttcpgcp"ycvgtu"kp"vjg"ycto"jcnh"qh"vjg"{gct0"
Ceeqtfkpi"vq"vjgkt"fktgevkqpu."vjg"v{rgu"htqo"vjg"yguv"ctg"vjg"oquv"htgswgpv"cpf"vjqug"htqo"vjg"uqwvj."vjg"
ngcuv0"Vjg"oqpvjn{"tgikog"qh"vjg"oquv"htgswgpv"v{rgu"cpf"itqwrkpiu"ku"swkvg"tgiwnct="v{rg"E"itqwru."cu"ygnn"
cu"cfxgevkxg"cpf"e{enqpke"ewtxcvwtg"itqwru."rtgugpv"uwoogtvkog"okpkoc"cpf"oczkoc"kp"vjg"eqnf"jcnh"qh"vjg"
{gct."yjgtgcu"vjg"qrrqukvg"qeewtu"ykvj"v{rgu"W"cpf"C0"Vjg"ockp"uvcvkuvkecnn{"ukipkÝecpv"cppwcn"vtgpfu"kp"
vjg"3;6:/422;"rgtkqf"kpxqnxg"c"fgetgcug"kp"v{rg"C"*Î603;"fc{u1fgecfg."vjcv"ku."Î4;02'+"cpf"cp"kpetgcug"
in type U, the cyclonic types and those presenting an easterly component. On comparing the 31-yr sub-pe-
tkqfu"3;6:/3;9:"cpf"3;9;/422;."vjg"vgpfgpekgu"qh"C"cpf"W"ygtg"eqpÝtogf."cpf"kpetgcugu"ecp"igpgtcnn{"
dg"uggp"kp"vjg"v{rgu"rtgugpvkpi"cp"gcuvgtn{"eqorqpgpv"cpf"c"fgetgcug"kp"vjqug"ykvj"c"yguvgtn{"eqorqpgpv0"
Vjg"xctkcvkqp"kp"v{rg"C"tcpigf"htqo"46;2"fc{u"kp"vjg"Ýtuv"uwd/rgtkqf"vq"43;4"kp"vjg"ugeqpf"qpg"*p = 0.000), 
ockpn{"eqpegpvtcvgf"kp"uwoogt"cpf"cwvwop0"Vjku"gxkfgpv"tgfwevkqp"qh"v{rg"C"eqkpekfgu."rctcfqzkecnn{."ykvj"
cp"kpetgcug"kp"vjg"ugc"uwthceg"rtguuwtg"xctkcdng"*-2053"jRc1fgecfg+"vjtqwijqwv"vjg"84"{gctu"qh"cpcn{uku0"Vjg"
negative trend found in type A differs from the results of some studies. The different analysis periods, the 
fkhhgtgpv"uecngu"qt"ctgcu"qh"uvwf{"cpf"vjg"xctkgv{"qh"ogvjqfu"wugf"vq"fgvgtokpg"vjg"ygcvjgt"v{rgu"ecp"ceeqwpv"
hqt"vjg"hcev"vjcv"vjgug"tguwnvu"ctg"fkueqtfcpv0"Oqtgqxgt."yctokpi"qxgt"vjg"ncuv"hgy"fgecfgu"kp"vjg"ycvgtu"qh"vjg"
yguvgtp"Ogfkvgttcpgcp"dcukp."cu"ygnn"cu"vjg"engctn{"e{enqigpgvke"ejctcevgt"qh"vjg"iwnhu"qh"Nkqp"cpf"Igpqc."
might account for the decrease in type A and the increase in the cyclonic curvature types.

Keywords:"Lgpmkpuqp"cpf"Eqnnkuqp."vtgpfu."ygcvjgt"v{rgu."yguvgtp"Ogfkvgttcpgcp0

1. Introduction

Uwduvcpvkcn" cfxcpegu" jcxg" dggp"ocfg" kp" tgegpv" {gctu"ykvj" tgictf" vq" vjg" qdlgevkÝecvkqp" qh"
u{pqrvke"encuukÝecvkqpu."ektewncvkqp"rcvvgtpu"qt"ygcvjgt"v{rgu."fwg"vq"vjg"rtqrqucn"qh"qdlgevkxg"
qt"cwvqocvke"ogvjqfu0"Vtcfkvkqpcn"uwdlgevkxg"qt"ocpwcn"encuukÝecvkqpu"qh"ygcvjgt"v{rgu."dcugf"
qp"uwdlgevkxg"etkvgtkc"ftcykpi"wrqp"vjg"tgugctejgtÓu"gzrgtkgpeg."jcxg"dggp"itcfwcnn{"tgrncegf"
d{" qdlgevkxg" qt" ugok/qdlgevkxg" cwvqocvke" encuukÝecvkqpu." dcugf" qp" swcpvkvcvkxg" etkvgtkc" cpf"
uwrrqtvgf"d{"vjg"ecnewncvkqp"ecrcekv{"qh"eqorwvgtu0"Cnvjqwij"vjg"gzrgtkgpeg"qh"vjg"tgugctejgt"
or the synoptic analyst is to be respected, subjective criteria prevents obtaining identical results 
kp"uweeguukxg"crrnkecvkqpu"qh"vjg"ucog"uwdlgevkxg"encuukÝecvkqp"kp"c"fgvgtokpgf"ctgc"cpf"rgtkqf."
and therefore these results cannot be transferred or transported. On the contrary, automatic 
encuukÝecvkqpu"ecp"dg"wugf"d{"cp{"kpxguvkicvqt"d{"ogtgn{"hqnnqykpi"vjg"rtgxkqwun{"guvcdnkujgf"
qdlgevkxg"etkvgtkc"cpf"vjg"eqttgurqpfkpi"ecnewncvkqp"cniqtkvjo."ykvj"kfgpvkecn"Ýpcn"tguwnvu0"Kv"
ku"vtwg."jqygxgt."vjcv"vjg"wug"qh"cp"cwvqocvke"encuukÝecvkqp"ecp"dg"dnkpf."qpn{"hqnnqykpi"vjg"
ecnewncvkqp"cniqtkvjo."cpf"vjgtg"ku"vjgtghqtg"c"pggf"hqt"gzrgtv"*cpf"uwdlgevkxg+"cpcn{uku"qh"vjg"
established criteria and the geographic and climatic coherence of the obtained results. To put 
kv"cpqvjgt"yc{."vjg"tguwnvu"rtqxkfgf"d{"qdlgevkxg"encuukÝecvkqp"ujqwnf"dg"tgxkgygf"d{"cp"gzrgtv"
vq"ejgem"vjgkt"uwkvcdknkv{"hqt"vjg"cpcn{¦gf"ctgc."cu"ygnn"cu"vjgkt"eqjgtgpeg"cpf"wughwnpguu0"Qpg"
qh"vjg"itgcvguv"ghhqtvu"kp"vjg"qdlgevkÝecvkqp"qh"u{pqrvke"encuukÝecvkqpu"ycu"fgxgnqrgf"ykvjkp"
vjg"htcogyqtm"qh" vjg"EQUV9555"Cevkqp"*Jctoqpk¦cvkqp"cpf"Crrnkecvkqpu"qh"Ygcvjgt"V{rg"
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EncuukÝecvkqpu"hqt"Gwtqrgcp"Tgikqpu."yyy0equv9550qti+."yjkej"kpxqnxgf"tgugctejgtu"htqo"45"
eqwpvtkgu"kp"vjg"swguv"hqt"vjg"oquv"uwkvcdng"cwvqocvke"encuukÝecvkqpu"hqt"vjg"Gwtqrgcp"eqpvkpgpv"
*Rjknkrr"et al.."4232="Jwvj."4232+0

Ownvkxctkcvg" cpcn{uku." kp" rctvkewnct" rtkpekrcn" eqorqpgpv" cpcn{uku" cuuqekcvgf"ykvj" enwuvgtkpi"
rtqeguugu."ku"pqy"ykfgn{"wugf"vq"encuukh{"ygcvjgt"v{rgu0"Kv"gpcdngu"wu"vq"fgvgtokpg"vjg"ockp"u{pqrvke"
cpf"uwthceg"ektewncvkqp"rcvvgtpu."cu"ygnn"cu"cv"fkhhgtgpv"vtqrqurjgtke"ngxgnu."dcugf"qp"gzvgpukxg"ugc"
uwthceg"rtguuwtg"cpf"igqrqvgpvkcn"cv"722"jRc"cpf"qvjgt"ngxgnu"fcvcdcugu."xgt{"qhvgp"tgcpcn{uku."yjkej"
ecppqv"dg"rtqeguugf"ocpwcnn{"*Jwvj"et al., 2008; Esteban et al.."4228+0"Jqygxgt."ownvkxctkcvg"cpcn{uku"
is not a totally objective process, but rather semi-objective, given that thresholds need to be established 
and that there is a need to choose from different options at different stages of application, such as 
guvcdnkujogpv"qh"vjg"ngxgn"qh"xctkcpeg"gzrnckpgf"d{"vjg"eqorqpgpvu."vjg"pwodgt"qh"u{pqrvke"v{rgu."
vjg"wug"qh"V"qt"U"oqfgu."tqvcvkpi"qt"pqv"vjg"eqorqpgpvu"qdvckpgf"*ykvj"vjg"ejqkeg"kp"vjku"ecug"qh"vjg"
tqvcvkqp"ogvjqf+."wukpi"c"jkgtctejkecn"encuukÝecvkqp"qt"pqv."gve0"

Vjg"oquv"qdlgevkxg"gzkuvkpi"encuukÝecvkqp"rtqegfwtg"ku"pqv"rctv"qh"vjg"itqwr"qh"encuukÝecvkqpu"
based on multivariate analysis; rather, it involves the Jenkinson and Collison method (Jenkinson and 
Eqnnkuqp."3;99+"*jgtgkpchvgt"LE+0"Wugf"uweeguuhwnn{"kp"vjg"Dtkvkuj"Kungu."kv"ycu"etgcvgf"rtgekugn{"vq"
hwnÝnn"vjg"vcum"qh"qdlgevkxk¦kpi"vjg"uq/ecnngf"NcodÓu"*uwdlgevkxg+"encuukÝecvkqp."cpf"rtqxkfgf"tguwnvu"
vjcv"ygtg"xgt{"ukoknct"vq"vjqug"qh"vjg"ncvvgt"encuukÝecvkqp"*Lqpgu"et al.."3;;5+0"NcodÓu"fckn{"v{rgu"hqt"
vjg"Dtkvkuj"Kungu"*ukpeg"3:83+"cpf"vjg"eqttgurqpfkpi"LE"v{rgu"*ukpeg"3::2+"ecp"dg"hqwpf"cv"jvvr<11
yyy0etw0wgc0ce0wm1etw1fcvc1nyv10"Wugu"cpf"crrnkecvkqpu"qh"LE"kp"Gwtqrgcp"tgikqpu."gurgekcnn{"vjg"
north of the continent, can be found in Buishand and Brandsma (1997), Trigo and DaCamara (2000), 
Nkpfgtuqp"*4223+."Rquv"et al."*4224+."Hqyngt"cpf"Mknud{"*4224+."Dwejcpcp"et al. (2002), Antonsson et 

al. (2008), Demuzere et al."*422:+."Rquv"cpf"M“tpgt"*422:+."gve0"Kp"qvjgt"tgikqpu"qh"vjg"rncpgv."vjg"LE"
ogvjqf"jcu"cu"{gv"dggp"nkvvng"wugf."cnvjqwij"qpg"qh"vjg"Ýtuv"rknqv"crrnkecvkqpu"ycu"kp"c"ueqrg"qwvukfg"
qh"vjg"okf/ncvkvwfgu."urgekÝecnn{"kp"Gi{rv"*Fguuqwm{"cpf"Lgpmkpuqp."3;99+0"Kp"uqwvjgtp"Gwtqrg"cpf"
kp"rctvkewnct"kp"vjg"Ogfkvgttcpgcp"dcukp."vjg"LE"encuukÝecvkqp"jcu"pqv"dggp"ykfgn{"wugf."rctvn{"fwg"
vq"vjg"hcev"vjcv"kv"qpn{"eqpvgorncvgu"vjg"uwthceg"ngxgn."yjkng"ogejcpkuou"kp"okf/vtqrqurjgtg"*722"
jRc+"kpkvkcnn{"jcxg"c"pqvgyqtvj{"ghhgev"wrqp"ygcvjgt"eqpfkvkqpu0"Kp"vjg"ecug"qh"vjg"Kdgtkcp"Rgpkpuwnc."
vjg"Ýtuv"crrnkecvkqp"qh"vjg"LE"ogvjqf"qxgt"vjg"yjqng"vgttkvqt{"ycu"rgthqtogf"d{"Urgnnocp"*4222+"
cpf"uwdugswgpvn{"fgdcvgf"d{"Octvkp/Xkfg"*4223+0"Qvjgt"tgugctej"qp"vjg"Kdgtkcp"Rgpkpuwnc"cpf"vjg"
uwttqwpfkpi"ctgc"kpxqnxgu"yqtmu"d{"Octvkp/Xkfg"*4224+"qp"vjg"u{pqrvkecn"encuukÝecvkqp"qh"fc{u"qh"
torrential rainfall in the Valencia region; Rasilla et al."*4224+."qp"ykpf"uvqtou"kp"pqtvjgtp"Urckp="
Xkegpvg/Ugttcpq"cpf"N„rg¦/Oqtgpq"*4228+."qp"ykpvgtvkog"ftqwijvu"kp"PG"Urckp="C¦qt‡p"et al. (2009), 
yjq"wug"LE"vq"encuukh{"fc{u"ykvj"dtgg¦gu"qp"vjg"Ogfkvgttcpgcp"eqcuv"qh"vjg"Kdgtkcp"Rgpkpuwnc."cpf"
Ramos et al."*4232+."qp"eqorcvkdknkv{"dgvyggp"nqy/htgswgpe{"xctkcdknkv{"rcvvgtpu"cpf"ektewncvkqp"v{rgu0

Vjg"yguvgtp"Ogfkvgttcpgcp"dcukp"*Hki03+"eqpuvkvwvgu"c"eqorngz"rncpgvct{"tgikqp"ykvj"tgictf"vq"
cvoqurjgtke"ogejcpkuou0"Cnvjqwij"ygcvjgt"v{rgu"ctg"wuwcnn{"cuuqekcvgf"ykvj"vjgtoqf{pcoke"uvcdknkv{."
ykvj" ecno"uwthceg"ogvgqtqnqikecn" eqpfkvkqpu."xgt{" kpvgpug" uvqtou"cpf" ujqygtu" ctg"qeecukqpcnn{"
tgeqtfgf."yjkej"u{pqrvke"ecwug"kp"uqog"urcegu"ecp"dg"xgt{"xctkgf"*Octvkp/Xkfg"et al., 2008). In 
certain cases, it is said that their genesis is located in the medium and high layers of the troposphere, 
ykvj"ogejcpkuou"uwej"cu"ewv/qhh"nqyu"cpf"vtqwiju0"Oqtgqxgt."vjg"Ogfkvgttcpgcp"dcukp"ku"eqpukfgtgf"
vq"dg"qpg"qh"vjg"etkvkecn"tgikqpu"kp"tgncvkqp"vq"vjg"hwvwtg"ghhgevu"qh"inqdcn"yctokpi0"Vjku"lwuvkÝgu"vjg"
pggf"hqt"c"nqpi/vgto"uvwf{"qh"u{pqrvke"v{rgu"dcugf"qp"qdlgevkxg"encuukÝecvkqp."yjkej"kp"vjku"tgugctej"
ku"urgekÝecnn{"uggp"kp"vjg"LE"ogvjqf"hqt"vjg"3;6:/422;"rgtkqf0"Cu"kp"vjg"uvwf{"ctgc"vjgtg"ctg"ygcvjgt"
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v{rgu"qh"vjgtocn"pcvwtg."c"pqvqtkqwu"rgtegpvcig"qh"ugc"uwthceg."uwoogt"nqyu"cuuqekcvgf"ykvj"yctokpi"
cpf"ykpvgt"jkiju"rtqfwegf"d{"eqqnkpi"fgetgcug."kv"ecp"vjgtghqtg"dg"gcukgt"vq"xgtkh{"vjg"eqjgtgpeg"
qh"vjg"ogvjqf0"Hqnnqykpi"vjg"dcuke"uvcvkuvkecn"cpcn{uku"*htgswgpe{+"qh"vjg"v{rgu"hqwpf"cppwcnn{."yg"
performed a temporal analysis of their frequency during the study period, comparing the 1948-1978 
cpf"3;9;/422;"uwd/rgtkqfu."cppwcnn{"cpf"ugcuqpcnn{0"Vjg"eqpvgpvu"ctg"uvtwevwtgf"kp"vjg"hqnnqykpi"
manner: presentation of the JC method, the grid used and the database in section 2; results (annual 
frequencies, monthly and seasonal frequencies, tendencies, and comparison of sub-periods) in section 
5="fkuewuukqp"qh"tguwnvu"kp"ugevkqp"6="cpf"eqpenwukqpu"kp"ugevkqp"70"

2. The Jenkinson and Collison method: Application to the western Mediterranean basin 

data

Vjg"Lgpmkpuqp"cpf"Eqnnkuqp"encuukÝecvkqp"ku"dcugf"qp"gkijv"xctkcdngu"fgfwegf"gzenwukxgn{"htqo"
surface atmospheric pressure. These variables are:

R<" Cxgtcig"uwthceg"rtguuwtg"*jRc+0
Y<" ¥qpcn"eqorqpgpv"qh"igquvtqrjke"*uwthceg+"ykpf."ecnewncvgf"cu"vjg"rtguuwtg"itcfkgpv"dgvyggp"

57³"cpf"67³"P0
U<" Ogtkfkcp"eqorqpgpv"qh"igquvtqrjke"*uwthceg+"ykpf."ecnewncvgf"cu"vjg"rtguuwtg"itcfkgpv"dgvyggp"

37³"Y"cpf"7³"G0
F<" Ykpf"fktgevkqp"*c¦kowvj"fgitgg+0
H<" Ykpf"urggf"*o1u+0
¥Y<"¥qpcn"xqtvkekv{"eqorqpgpv0
¥U<" Ogtkfkcp"xqtvkekv{"eqorqpgpv0
¥<" Vqvcn"xqtvkekv{0

45º N

Iberian Peninsula

Gulf of

Lion

Gulf of

Genoa

Balearic

Islands Sardinia

Italy
Adriatic Sea

Tyrrhenian Sea

Sicily

Alboran Sea
Strait of 

Gibraltar

10º W

North Atlantic

Ocean

Western Mediterranean Basin

10º E 15º E5º W

5º W 5º E 10º E 15º E0º

5º E0º

40º N

35º N

45º N

40º N

35º N
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C"itkf"*Hki0"4+"ycu"eqpukfgtgf"hqt"vjg"yguvgtp"Ogfkvgttcpgcp"dcukp0"Kv"fgÝpgu"pkpg"rqkpvu<"vjg"
kpvgtugevkqpu"qh"rctcnngnu"57³."62³"cpf"67³"P"ykvj"ogtkfkcpu"7³"Y."32³"G"cpf"37³"G0"Kh"vjg"uwthceg"
atmospheric pressure is established at the nine points, the values of the eight variables are found. 
Vcdng"K"ujqyu"vjg"gzrtguukqpu"wugf"vq"ecnewncvg"vjgo0"

Dcugf"qp"vjg"xcnwgu"qh"vjgug"gkijv"xctkcdngu."vjg"hqnnqykpi"Ýxg"wpkxgtucn"ncyu"qh"vjg"LE"ogvjqf"
are applied:

30" Vjg"Þqy"fktgevkqp"ku"kpfkecvgf"d{"F"*c"ykpf"tqug"qh"gkijv"fktgevkqpu"ku"wugf."cpf"vjg"Y"cpf"U"
signs are considered).

40" Kh"̃¥̃">"H."cp"cfxgevkxg"qt"rwtg"fktgevkqpcn"v{rg"gzkuvu."fgÝpgf"ceeqtfkpi"vq"twng"3"*P."PG."G."
UG."U."UY."Y"cpf"PY+0

50" Kh"̃¥̃"@"4H."c"e{enqpke"v{rg"gzkuvu"*E+."kh"¥"@"2."qt"cpvk/e{enqpke"*C+."kh"¥">"20"

Vcdng"K0"Cpcn{vke"gzrtguukqpu"hqt"vjg"Kdgtkcp"Rgpkpuwnc"qh"vjg"crrnkgf"xctkcdngu"qh"vjg"Lgpmkpuqp"cpf"Eqnnkuqp"
method.

R"?" 202847]*R3"-"R5"-"R9"-"R;+"-"4*R4"-"R6"-"R8"-"R:+"-"6R7_
Y"?" 2047]*R9"-"4R:"-"R;+"Î"*R3"-"4R4"-"R5+_
U"?" 20875]2047*R5"-"4R8"-"R;+"Î"2047*R3"-"4R6"-"R9+_
F"?" ctevi"*Y1U+
H"?" *Y4"-"U4+314
¥Y"?"30278]*R9"-"4R:"-"R;+"Î"*R6"-"4R7"-"R8+_"Î"20;73]*R6"-"4R7"-"R8+"Î"*R3"-"4R4"-"R5+_
¥U"?" 30527]2.47*R5"-"4R8"-"R;+"Î"2047*R4"-"4R7"-"R:+"Î"2047*R4"-"4R7"-"R:+"-"2047*R3"-"4R6"-"R9+_
¥"?" ¥Y"-"¥U
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60" Kh"H">"̃¥̃">"4H."cp"j{dtkf"v{rg"gzkuvu."ceeqtfkpi"vq"vjg"¥"ukip"*twng"5+"cpf"vjg"Þqy"fktgevkqp"
*twng"3+"*EP."EPG."EG."EUG."EU."EUY."EY."EPY."CP."CPG."CG."CUG."CU."CUY."CY"cpf"
CPY+0

70" Kh"H">"8"cpf"̃¥̃">"8."cp"wpfgvgtokpgf"v{rg"gzkuvu"*W+0

*Jgtgkpchvgt." v{rg"E."qt"e{enqpke."yknn"dg"ecnngf"fgrtguukqp."cpf"v{rg"C."qt"cpvk/e{enqpke."cpvk/
cyclone.)

The database contains the sea level pressure for 12 h UTC of each day in the period 1948-2009 
qh"vjg"PEGR1PECT"tgcpcn{uku0"Kp"vqvcn."vjg"fcvcdcug"cpcn{¦gf"kpxqnxgf"425":36"xcnwgu"hqt"uwthceg"
pressure (22 646 days per nine daily data). 

3. Results

3.1. Annual frequency of the types

Qpeg"vjg"44"868"fc{u"qh"vjg"uvwf{"rgtkqf"jcf"dggp"encuukÝgf"ceeqtfkpi"vq"vjg"v{rgu"qh"vjg"LE"
encuukÝecvkqp."vjg"xcnwgu"qh"vjg"dcuke"uvcvkuvkecn"rctcogvgtu"ygtg"tgeqtfgf"kp"Vcdng"KK0"Vjg"oquv"
htgswgpv"v{rg"ku"W"*wpfgvgtokpgf+."ykvj"cp"cppwcn"cxgtcig"qh"ctqwpf"qpg"jwpftgf"fc{u"*;;06."yjkej"
tgrtgugpvu"4904'"qh"vjg"yjqng"rgtkqf+0"Kv"ku"hqnnqygf"d{"v{rg"C"*cpvke{enqpg+."ykvj"9707"fc{u"rgt"
{gct"*4209'+."cpf"E"*fgrtguukqp+."ykvj"890:"fc{u"rgt"{gct"*3:08'+0"Vqigvjgt."v{rgu"W."C"cpf"E"
itqwr"vyq"vjktfu"*8807'+"qh"vjg"vqvcn0"Pqpg"qh"vjg"tgockpkpi"v{rgu"gzeggfu"35"fc{u"c"{gct."i.e. they 
fq"pqv"tgcej"507'="vjgtghqtg."vjg{"hcnn"hct"htqo"vjg"vjtgg"cdqxg"ogpvkqpgf"qpgu0"Vjg"v{rgu"vjcv"
hqnnqy"vjg"vjtgg"oquv"eqooqp"qpgu"jcxg"frequency percentages"qh"dgvyggp"407"cpf"507'."cpf"cnn"
qh"vjgo"ctg"rwtgn{"cfxgevkxg<"Y"*506'+."PY"*505'+."PG"*503'+"cpf"P"*407'+0"

Vjg"vjtgg"oquv"htgswgpv"v{rgu"rtgugpv"vjg"hqnnqykpi"cppwcn"oczkoc<"W."344"fc{u"kp"3;;6="
C."349"fc{u"kp"3;6:="cpf"E."326"fc{u"kp"422;0"Vjg"tgockpkpi"qpgu"jcxg"pgxgt"gzeggfgf"47"
fc{u"kp"qpg"{gct0"Cv"vjg"qvjgt"gzvtgog."oqtg"vjcp"jcnh"qh"vjg"v{rgu"*38."yjkej"kpenwfg"G."UG."
U."EG."EUG."EU."EUY."EY."CP."CPG."CG."CUG."CU."CUY."CY"cpf"CPY+"fkf"pqv"crrgct"
kp"cp{"{gct0"Hwtvjgtoqtg."kv"ku"kpvgtguvkpi"vq"pqvg"vjcv"vjg"v{rgu"ykvj"c"jkijgt"eqghÝekgpv"qh"
variation (over 80%) present a southerly component.

Qp"itqwrkpi"vjg"rwtgn{"cfxgevkxg"v{rgu"*P."PG."G."UG."U."UY."Y"cpf"PY."jgtgkpchvgt"CFX+."
vjg"e{enqpke"cfxgevkxg"v{rgu"*EP."EPG."EG."EUG."EU."EUY."EY"cpf"EPY."jgtgkpchvgt"CFXE+"
cpf"vjg"cpvk/e{enqpke"cfxgevkxg"v{rgu"*CP."CPG."CG."CUG."CU."CUY."CY"cpf"CPY."jgtgkpchvgt"
CFXC+"vjg"ogcp"pwodgt"qh"fc{u"rgt"{gct"ku"8607."5307"cpf"4807."tgurgevkxgn{."yjqug"rgtegpvcigu"
are 17.7, 8.6 and 7.3% (Table III). 

Adding the number of type C days and vjg"pwodgt"qh"fc{u"ykvj"e{enqpke"cfxgevkxg"v{rg"*CFXE+"
8377"fc{u"ykvj"e{enqpke"ejctcevgt"qt"ewtxcvwtg."qt"rqukvkxg"xqtvkekv{"*jgtgkpchvgt"E[E+"ctg"qdvckpgf."
yjkej"tgrtgugpv"4904'"qh"vjg"vqvcn0"Vjgug"xcnwgu"ctg"xgt{"ukoknct"vq"vjqug"eqttgurqpfkpi"vq"vjg"
uwo"qh"v{rg"C"cpf"cpvk/e{enqpke"cfxgevkxg"*CFXC+"fc{u<"8549"fc{u"ykvj"cpvk/e{enqpke"ejctcevgt"
qt"ewtxcvwtg."qt"pgicvkxg"xqtvkekv{"*jgtgkpchvgt"CPV+."yjkej"tgrtgugpv"4:02'"qh"vjg"vqvcn0"

Yg"cnuq"ecnewncvgf"vjg"cduqnwvg"cpf"rgtegpvcig"htgswgpekgu"qh"vjg"itqwrkpiu"qh"v{rgu"ykvj"pqtvjgtn{"
fktgevkqp<"P."EP"cpf"CP"*jgtgkpchvgt"]P_+="gcuvgtn{"fktgevkqp<"G."EG"cpf"CG"*jgtgkpchvgt"]G_+="uqwvjgtn{"
fktgevkqp<"U."EU"cpf"CU"*jgtgkpchvgt"]U_+="cpf"yguvgtn{"fktgevkqp<"Y."EY"cpf"CY"*jgtgkpchvgt"]Y_+0"
Yg"ecnewncvgf"vjg"ucog"hcevu"hqt"vjg"itqwrkpiu"qh"v{rgu"ykvj"c"pqtvjgtn{"eqorqpgpv<"P."EP."CP."
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PG."EPG."CPG."PY."EPY"cpf"CPY."jgtgkpchvgt">P@="ykvj"cp"gcuvgtn{"eqorqpgpv"*G."EG."CG."
PG."EPG."CPG."UG."EUG."CUG."jgtgkpchvgt">G@+="ykvj"c"uqwvjgtn{"eqorqpgpv"*U."EU."CU."UG."EUG."
CUG."UY."EUY."CUY."jgtgkpchvgt">U@+="cpf"ykvj"c"yguvgtn{"eqorqpgpv"*Y."EY."CY."PY."CPY."
EPY."UY."EUY."CUY."jgtgkpchvgt">Y@+0"Vjg"tguwnvu"ctg"ujqyp"kp"Vcdng"KX0"

3.2. Monthly and seasonal frequencies of the types

Oqpvjn{"htgswgpekgu"qh"v{rgu"W."C."E."cpf"qh"itqwrkpiu"CFX."CFXE"cpf"CFXC"ctg"ujqyp"kp"Hki0"50
Vjg"oqpvjn{"tgikog"qh"CFX"rtgugpvu"c"okpkowo"kp"Lwn{/Cwiwuv"cpf"c"oczkowo"kp"Fgegodgt."

ykvj"c"engctn{"eqpecxg"tgiwnct"ewtxg0"Vjg"CFXE"tgikog"gzjkdkvu"c"okpkowo"kp"Lwn{"cpf"c"oczkowo"
kp"Fgegodgt/Lcpwct{0"Vjg"CFXC"tgikog"ujqyu"c"okpkowo"kp"Cwiwuv"cpf"gswkpqevkcn"oczkoc"kp"
Octej"cpf"Qevqdgt0"V{rg"E"rtgugpvu"c"oczkowo"kp"Fgegodgt"cpf"c"okpkowo"kp"Lwpg."ykvj"c"
unkijv"ugeqpfct{"oczkowo"kp"Lwn{/Cwiwuv0"V{rg"C"rtgugpvu"c"tgikog"tgncvkxgn{"qrrqugf"vq"vjcv"qh"
v{rg"E."ykvj"c"oczkowo"kp"Oc{/Lwpg"cpf"c"okpkowo"kp"Fgegodgt."cnvjqwij"ykvj"c"ugeqpfct{"

Table II. Total number of days, annual mean and percentage, annual 
oczkowo"cpf"okpkowo."uvcpfctf"fgxkcvkqp"*UF+"cpf"eqghÝekgpv"
qh" xctkcvkqp" *EX+" qh" vjg" LE" encuukÝecvkqp" v{rgu" kp" vjg"yguvgtp"
Mediterranean basin (1948-2009).

JC type Days Mean % Ocz0 Min. SD CV

N 787 9.1 407 20 2 4.1 67
NE 701 11 3.1 23 3 4.2 37
E 727 8.1 2.2 19 0 3.8 46
SE 182 2.9 0.8 8 0 2 70
S 131 2.1 0.6 14 0 2.4 112
UY 386 6.2 1.7 21 1 3.4 77
Y 777 13 3.4 47 3 703 41
PY 974 12 3.3 21 3 4.4 36
C 6"427 68 19 104 33 14 20
A 4 682 76 21 127 38 17 22
CN 336 706 307 11 1 2.2 40
CNE 756 8.6 2.4 18 2 4 47
CE 209 3.4 0.9 9 0 2 7;
CSE 120 1.9 207 6 0 1.6 84
CS 80 1.3 0.4 7 0 1.2 89
EUY 144 2.3 0.6 7 0 1.6 70
EY 219 507 1 10 0 2.1 7:
EPY 308 7 1.4 12 1 2.4 48
AN 177 2.9 0.8 11 0 2.2 78
ANE 280 607 1.2 11 0 407 76
AE 349 708 307 13 0 2.6 47
ASE 162 2.6 0.7 6 0 1.6 61
AS 76 1.2 0.3 4 0 1.1 88
CUY 146 2.4 0.6 9 0 1.8 76
CY 427 3.3 0.9 12 0 2.6 78
CPY 472 4 1.1 10 0 2.3 78
U 8"387 99 27 122 87 10 10
Total 22 646 587 100



82 M. Grimalt et al.

okpkowo"kp"Lwn{/Cwiwuv0"Ncuvn{."vjg"wpfgvgtokpgf"v{rg"rtgugpvu"vjg"oquv"eqpvtcuvgf"tgikog."ykvj"
c"engct"oczkowo"kp"Lwn{/Cwiwuv."yjqug"cduqnwvg"oqpvjn{"xcnwgu"rtcevkecnn{"ownvkrn{"d{"Ýxg"vjqug"
qh"Fgegodgt/Lcpwct{/Hgdtwct{."yjgp"vjg"okpkowo"qeewtu0"Vjg"dgnn"ujcrg"qh"v{rg"W"uvcpfu"qwv"
qxgt"vjg"qvjgtu0"Vjgtg"ku"c"octmgf"rtgfqokpcpeg"qh"v{rg"W"kp"Lwn{"cpf"Cwiwuv."ykvj"jcnh"kvu"fc{u"
falling under this type. 

Vcdng" KKK<"Vqvcn" pwodgt" qh" fc{u." cppwcn"ogcp" cpf"rgtegpvcig." cppwcn"oczkowo"cpf"
okpkowo."uvcpfctf"fgxkcvkqp"*UF+"cpf"eqghÝekgpv"qh"xctkcvkqp"*EX+"qh"v{rgu"E."C."W"qh"vjg"
LE"encuukÝecvkqp"cpf"qh"itqwrkpiu"CFX."CFXE"cpf"CFXC"kp"vjg"yguvgtp"Ogfkvgttcpgcp"
basin (1948-2009).

C A U ADV ADVC ADVA Total

Days 6427 4682 8387 3999 3;72 3867 22 646
Mean 67.8 9707 99.4 8607 5307 4807 587048
% 18.6 20.7 27.2 17.7 8.6 7.3 100.0
Ocz0 104 127 122 89 46 43
Min. 33 38 87 42 19 14
SD 3507 16.6 10.4 8.6 70; 6.3
CV 20 22 10 13 19 24
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Fig. 3. Monthly regimes of types U, C and A and groupings ADV, ADVC 
and ADCA (1948-2009).

Table IV: Total number of days, annual mean and percentage of the groupings of advective types of the JC 
encuukÝecvkqp"kp"vjg"yguvgtp"Ogfkvgttcpgcp"dcukp"*3;6:/422;+0

Northerly 
direction 
]P_

Easterly 
direction 

]G_

Southerly 
direction

]U_

Yguvgtn{"
direction 
]Y_

Northerly 
component

>P@

Easterly 
component

>G@

Southerly 
component

>U@

Yguvgtn{"
component

>Y@

Total 1078 1063 287 1201 3903 3042 1427 3187
Mean 17.4 17.1 4.6 19.4 63.0 49.1 23.0 7306
% 4.8 4.7 1.3 705 17.2 13.4 6.3 14.1

Itqwrkpiu"]U_."ykvj"qpn{"305'."cpf">U@."ykvj"805'."ctg"vjg"ngcuv"htgswgpv"kp"gcej"encuu0"Itqwrkpiu"]Y_."
ykvj"705'."cpf">P@."ykvj"3904'."ctg"vjg"oquv"htgswgpv0
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Vjg"cppwcn"tgikogu"qh"itqwrkpiu"E[E"cpf"CPV."ukoknct"vq"vjqug"fguetkdgf"hqt"v{rgu"E"cpf"C."
ctg"ujqyp"kp"Hki0"60"Vjg"oquv"tgngxcpv"gxgpvu"ctg"vjg"ykpvgt"oczkowo"cpf"vjg"uwoogt"okpkowo"kp"
vjg"v{rgu"rtgugpvkpi"c"e{enqpke"ejctcevgt."cu"ygnn"cu"vjg"gswkpqevkcn"oczkoc"cpf"ykpvgt"okpkowo."
ykvj"c"ugeqpfct{"okpkowo"kp"Lwn{"cpf"Cwiwuv."kp"vjg"v{rgu"qh"cpvk/e{enqpke"ejctcevgt0"

3.3. Annual temporal analysis of types

Yg"cpcn{¦gf"vjg"vgpfgpekgu"qh"vjg"fkhhgtgpv"LE"v{rgu"cpf"qh"vjg"oquv"ukipkÝecpv"itqwrkpiu0"Vq"
guvcdnkuj"ukipkÝecpv" vtgpfu"yg"wugf" vjg"UvwfgpvÓu" t-parametric test (the normality of the series 
ycu"rtgxkqwun{"xgtkÝgf+0"Vjg"vgpfgpekgu"uwrrqtvgf"d{"vjg"vguv"ygtg"cfokvvgf"cu"ukipkÝecpv."ykvj"
g"?"20270"Kp"c"ecug"kp"yjkej"vjg"pqtocnkv{"qh"vjg"ugtkgu"ecppqv"dg"cfokvvgf."yg"wugf."d{"yc{"qh"c"
eqorngogpv."vjg"Ocpp"Mgpfcnn"pqp/rctcogvtke"vguv0"Vcdng"X"ujqyu"vjg"v{rgu"qt"itqwrkpiu"ykvj"
ukipkÝecpv"vgpfgpekgu0"Qh"cnn"vjg"v{rgu"cpf"itqwrkpiu."ukipkÝecpv"vgpfgpekgu"ecp"qpn{"dg"ceegrvgf"
kp"vgp<"C."CPV."E[E."CFXE."W."EPG."EUY."CUG."CUY"cpf">G@0"Ikxgp"vjg"nqy"pwodgt"qh"fc{u"
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Hki0"60"Oqpvjn{"tgikogu"qh"vjg"E[E"cpf"CPV"itqwrkpiu"*3;6:/422;+0

Vcdng"X0"UkipkÝecpv"nkpgct"vgpfgpekgu"*g"?"2027+"kp"v{rgu"cpf"itqwrkpiu"qh"LE"v{rgu"kp"vjg"
yguvgtp"Ogfkvgttcpgcp"dcukp"*3;6:/422;+0"Uvcvkuvkecn"ukipkÝecpeg"d{"ogcpu"qh"vjg"UvwfgpvÓu"
t-test (t+"cpf."eqorngogpvctkn{."vjg"Ocpp"Mgpfcnn"vguv"*OM+0

V{rg1
group

Test Gauss Vtgpf1fgecfg"
(%) (62-yr)

Linear regression

A t Á –4.19 (–29.0%) y"?"Î2064z"-"::094
ANT t Á –4.61 (–24.2%) y"?"Î2068z"-"338078
E[E t Á +2.68 (+18.1%) y"?"-2049z"-";20:7

ADVC t Á -3023"*-4307'+ y"?"-2032z"-"4:048
U t Á -4042"*-3607'+ y"?"-2044z"-";4072

CNE t Á +0.80 (+79.1%) y"?"-202:z"-"802;
EUY t."OM Î2054"*Î7707'+ y"?"/2025z"-"5055
ASE t Á +0.23 (+63.9%) y = +0.02 + 1.89
CUY t Á Î2048"*Î7:03'+ y"?"Î2025z"-"503:
>G@ t Á +2.02 (+28.4%) y"?"-2042z"-"64092
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rgt"{gct"qh"v{rgu"EPG."EUY."CUG"cpf"CUY."vjgkt"vgpfgpekgu"ygtg"eqpukfgtgf"vq"dg"kttgngxcpv."
tgictfnguu"qh"vjg"uvcvkuvkecn"xgtkÝecvkqp0"Vjwu."vjg"vtwn{"korqtvcpv"qpgu"kp"vjg"uvwf{"ctgc"ctg"vjg"
pgicvkxg"vgpfgpekgu"qh"v{rgu"C"cpf"CPV"*Hki0"7+."cu"ygnn"cu"vjg"rqukvkxg"vgpfgpekgu"qh"vjg"qrrqukvg"
v{rg."E[E"*Hki0"8+."cpf"qh"vjg"CFXE"v{rg."W"*Hki0"9+"cpf">G@"*Hki0":+0"Cu"c"yjqng."vjg"cpvk/
e{enqpke"v{rgu"ujqy"c"fgetgcug"cpf"vjg"e{enqpke"qpgu"cp"kpetgcug."kp"vjg"igpgtke"ugpug0"V{rgu"C"
cpf"CPV"tgfwevkqpu"ctg"pqvcdng."ykvj"c"fgetgcug"qh"4;02"cpf"4604'"rgt"fgecfg."tgurgevkxgn{."qxgt"
c"rgtkqf"qh"84"{gctu."yjkej"hwnn{"eqorgpucvg"vjg"kpetgcugu"kp"E[E"cpf"CFXE."qh"3:03"cpf"4307'"
rgt"fgecfg0"Ikxgp"kvu"swcpvkvcvkxg"ukipkÝecpeg."vjg"v{rg/W"rqukvkxg"vgpfgpe{"*3607'1fgecfg+"ku"
cnuq"pqvcdng0"Hkpcnn{."vjgtg"jcu"dggp"c"pqvgyqtvj{"kpetgcug"kp">G@"*4:06'1fgecfg+0"

3.4. Differences in frequency of types between sub-periods 1948-1978 and 1979-2009 

Yg"fkxkfgf" vjg"84/{t"cpcn{uku"rgtkqf" *3;6:/422;+" kpvq" vyq"53/{t"uwd/rgtkqfu<"3;6:/3;9:"cpf"
3;9;/422;."cpf"eqorctgf"vjg"xcnwgu"qh"vjg"fkhhgtgpv"v{rgu"cpf"itqwrkpiu"qh"vjg"vyq"uwd/rgtkqfu"d{"
ogcpu"qh"vjg"¥/vguv"hqt"eqorctkuqp"qh"rtqrqtvkqpu0"Vcdng"XK"ujqyu"ukipkÝecpv"cppwcn"fkhhgtgpegu0"

Yg"eqpÝtogf"vjg"fgetgcug"kp"v{rg"C"cu"vjg"oquv"ukipkÝecpv."ykvj"rtcevkecnn{"522"fc{u"nguu"
kp"vjg"ugeqpf"uwd/rgtkqf"vjcp"kp"vjg"Ýtuv"qpg0"Yg"cnuq"fgvgevgf"cp"kpetgcug"kp"G"ukvwcvkqpu."
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dqvj"kp"fktgevkqp"cpf"kp"eqorqpgpv0"Vjku"kpetgcug"ku"pqv"eqorgpucvgf"d{"vjg"fgetgcug"kp"Y"
ukvwcvkqpu0"Vjg"kpetgcug"kp"v{rg"W"ku"ukipkÝecpv"cv";7'."dwv"pqv"cv";;'0"

Yg"cnuq"eqorctgf"vjg"rtqrqtvkqpu"qh"vjg"fkhhgtgpv"v{rgu"cpf"itqwrkpiu"qh"vjg"vyq"uwd/rgtkqfu"
ceeqtfkpi"vq"ugcuqpu0"Vcdng"XKK"ujqyu"vjg"ukipkÝecpv"fkhhgtgpegu0

Vjg"tguwnvu"kpfkecvg"vjcv"v{rg/C"fgetgcug"ycu"eqpegpvtcvgf"kp"uwoogt"cpf"cwvwop."cpf"ycu"pqv"
eqorgpucvgf"d{"c"egtvckp"kpetgcug"*cv" vjg";;'"ukipkÝecpeg"vjtgujqnf+"kp"ykpvgt0"Vjgtg"ycu"cp"
gxkfgpv"kpetgcug"kp"vjg"wpfgvgtokpgf"v{rg"kp"urtkpi0"Ncuvn{."vjg"kpetgcugu"kp"itqwrkpiu"]G_"cpf"
>G@"cpf"vjg"eqttgurqpfkpi"fgetgcugu"kp">Y@"ygtg"eqpegpvtcvgf"kp"vjg"gzvtgog"ugcuqpu." i.e. 
ykpvgt"cpf"uwoogt0

4. Discussion

The determination of the synoptic type, according to JC, of the 22 646 days in the 1948-2009 
rgtkqf"eqpuvkvwvgu"kp"kvugnh"cp"kpvgtguvkpi"fcvcdcug"hqt"hwvwtg"tgugctej"qp"vjg"yguvgtp"Ogfkvgttcpgcp"
dcukp0"Tgugctejgtu"tgswktkpi"cp"qdlgevkxg"encuukÝecvkqp"qh"u{pqrvke"ukvwcvkqpu"cv"c"fckn{"tguqnwvkqp"
hqt"vjg"chqtgogpvkqpgf"ctgc"cpf"kvu"uwttqwpfkpiu"qxgt"c"rtqnqpigf"cpf"tgegpv"rgtkqf"yknn"Ýpf"vjg"
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Fig. 7. Temporal evolution of U (1948-2009).

Hki0":0"Vgorqtcn"gxqnwvkqp"qh">G@"*3;6:/422;+0

0

10

20

30

40

50

60

70

80

1948 1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003 2008

D
a
y
s



86 M. Grimalt et al.

tguwnvu"rtqxkfgf"jgtgkp"eqpukfgtcdn{"wughwn0"Vjg{"yknn"cnuq"gpcdng"qdlgevkxg"eqorctkuqp"qh"u{pqrvke"
v{rgu."ceeqtfkpi"vq"fcvgu."cpf"qh"vjgkt"gxqnwvkqp"qxgt"c"nqpi"rgtkqf."hqt"vjg"yguvgtp"Ogfkvgttcpgcp"
dcukp."ykvj"vjqug"qdvckpgf"hqt"qvjgt"Gwtqrgcp"ueqrgu."uwej"cu"vjg"Dtkvkuj"Kungu"*Lqpgu"et al., 1993).

Ykvj"tgictf"vq"vjg"htgswgpekgu"qh"vjg"49"LE"u{pqrvke"v{rgu."kv"ku"ewtkqwu"vq"pqvg"c"jkij"rgtegpvcig"
*4904'+"qh"v{rg"W"*wpfgvgtokpgf+0"Hqt"c"itkf"egpvgtgf"qxgt"vjg"Kdgtkcp"Rgpkpuwnc."nkokvgf"d{"
vjg"ucog"rctcnngnu."dwv"32³"hwtvjgt"yguv."Urgnnocp"*4222+"cnuq"qdvckpgf"c"jkij"rgtegpvcig"qh"
v{rg"W"fc{u."cndgkv"nqygt"*3:06'+0"Kpfggf."cp{"encuukÝecvkqp"vjcv"Ýpfu"uwej"pqvcdng"rgtegpvcigu"
for undetermined cases or days can be suspected of employing criteria that do not discriminate 
uwhÝekgpvn{"cnn"vjg"uvwf{"ecugu."fq"pqv"eqxgt"c"uwhÝekgpvn{"dtqcf"ueqrg."qt"ctg"pqv"crrnkecdng"vq"
vjg"tgikqp"cpcn{¦gf0"Kp"vjku"tgurgev."jqygxgt."kv"ujqwnf"dg"pqvgf"vjcv"LE"v{rg"W"ku"cvvtkdwvcdng"kp"
c"jkij"rgtegpvcig"qh"vjg"fc{u"vq"uwthceg"dctke"Ýgnfu"ykvj"xgt{"ygcm"itcfkgpvu."cpf"ncz"qt"cnoquv"
pqp/gzkuvgpv"kuqdctu."kp"vjg"ykpfqy"qh"cpcn{uku0"Vjku"ukvwcvkqp"ku"xgt{"htgswgpv"kp"uwoogt"kp"vjg"
Ogfkvgttcpgcp"dcukp."cpf"ku"itcrjkecnn{"vgtogf"Ðrcpvcpq"dctqofivtkeqÑ"*Ðdctqogvtke"uycorÑ+"kp"
Urcpkuj"*Ecrgn"Oqnkpc."4222="Octvkp"Xkfg"cpf"Qnekpc."4223+."qt"Ðoctcku"dctqofivtkswgÑ"kp"Htgpej"
*Rfiffincdqtfg."3;92+0"Vjg"ugc"uwthceg"ogcp"rtguuwtg"ocru"rtgugpv."fwtkpi"cnn"vjg"oqpvju"qh"vjg"
{gct."c"ygcm"itcfkgpv"kp"uqwvjgtp"Gwtqrg"kp"eqorctkuqp"ykvj"vjg"pqtvj"qh"vjg"eqpvkpgpv"*Dcwo"
cpf"Uokvj."3;74="Vtgpdgtvj"cpf"Rcqnkpq."3;:2."3;:3="Mcnpc{"et al., 1996; Ansell et al., 2006; 
GTC/62"Cvncu+."dwv"kp"Lwn{"cpf"Cwiwuv"vjg"itcfkgpv"ku"rctvkewnctn{"ygcm"kp"vjg"Ogfkvgttcpgcp"

Table VI. Total number of days and percentage of the types and groupings of types of the JC 
encuukÝecvkqp"ykvj" ukipkÝecpv" xctkcvkqp"dgvyggp" vjg"3;6:/3;9:" cpf"3;9;/422;" uwd/rgtkqfu" kp" vjg"
yguvgtp"Ogfkvgttcpgcp"dcukp0

Type or group Number of days (%) 
(1948-1978)

Number of days (%)
(1979-2009)

Kpetgcug1fgetgcug R/xcnwg

A 2490 (11.0) 2192 (9.7) Decrease 0.000
U 3002 (13.3) 3163 (14.0) Increase 0.016
]G_ 478 (2.1) 7:6"*408+ Increase 0.001
]Y_ 649 (2.9) 774"*406+ Decrease 20227
>G@ 1402 (6.2) 1639 (7.2) Increase 0.000
>Y@ 1677 (7.4) 3732"*809+ Decrease 0.002

Vcdng"XKK0"Ugcuqpcn"pwodgt"qh"fc{u"qh"vjg"v{rgu"cpf"itqwrkpiu"qh"v{rgu"qh"vjg"LE"encuukÝecvkqp"
ykvj"c"ukipkÝecpv"xctkcvkqp"dgvyggp"vjg"3;6:/3;9:"cpf"3;9;/422;"uwd/rgtkqfu"kp"vjg"yguvgtp"
Mediterranean basin.

Type or group Number of days
(1948-1978)

Number of days
(1979-2009)

Kpetgcug1fgetgcug R/xcnwg

A summer 779 76: Decrease 0.000
A autumn 648 762 Decrease 0.001
C"ykpvgt 406 483 Increase 0.009
U spring 619 720 Increase 20227
]G_"uwoogt 73 116 Increase 0.002
>G@"uwoogt 228 308 Increase 0.001
>G@"ykpvgt 398 727 Increase 0.000
>Y@"uwoogt 73 40 Decrease 0.003
>Y@"ykpvgt 773 649 Decrease 0.001
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dcukp."gzjkdkvkpi"rtguuwtg"xcnwgu"enqug"vq"pqtocn"qp"ocp{"fc{u."c"tgÞgevkqp"qh"vjg"rqqt"ogtkfkcp"
vjgtocn"eqpvtcuv"cpf"vjg"jqoqigpgkv{"qh"vjg"ugc"uwthceg0"Kp"uwoogt"vjg"yguvgtp"Ogfkvgttcpgcp"
dcukp"dgeqogu"kuqncvgf"htqo"vjg"vtcxgnnkpi"nqyu"cpf"vjgkt"htqpvcn"u{uvgou"*Lkofipg¦"et al., 2007).

Vjg"ugeqpf"oquv"htgswgpv"v{rg"hqwpf"ku"C"*4209'+"cpf"vjg"vjktf"qpg"E"*3:08'+."yjgtgcu"vjg"
rest (33.6%) correspond to pure and hybrid advective situations (ADV + ADVA + ADVC). The 
rgtegpvcig"eqttgurqpfkpi"vq"v{rg"E."tgncvkxgn{"jkij"kp"vjg"ncvkvwfkpcn"¦qpg"kp"yjkej"vjg"yguvgtp"
Ogfkvgttcpgcp"dcukp"ku"ukvwcvgf."tgÞgevu"vjg"e{enqigpgvke"ejctcevgt"qh"vjg"ctgc."kp"rctvkewnct"vjg"
iwnhu"qh"Nkqp"cpf"Igpqc."tguwnvkpi"htqo"e{enqigpguku"rtqeguugu"nggyctf"qh"vjg"Cnru"*Lcpu§."3;;9+."
coqpi"qvjgtu0"Hqt"vjg"Kdgtkcp"Rgpkpuwnc."Urgnnocp"*4222+"qdvckpgf"c"jkijgt"htgswgpe{"qh"v{rg"E."
kp"ceeqtfcpeg"ykvj"vjg"rtgugpeg"qh"vjgtocn"nqyu"qt"vjgtocn"vcnygiu"htqo"vjg"Ucjctc"kp"uwoogt."
tguwnvkpi"htqo"uwthceg"yctokpi"qh"vjg"kpncpf"Kdgtkcp"Rgpkpuwnc"cpf"qh"vjg"Ucjctc0"Vjgtg"ku"c"jkijn{"
ejctcevgtkuvke"cuuqekcvkqp"dgvyggp"c"vjgtocn"nqy"kpncpf"qh"vjg"Kdgtkcp"Rgpkpuwnc"cpf"kp"Pqtvj"Chtkec"
during the summer. These areas are considered by some authors as cyclogenetic in this season 
(Lionello et al., 2006), and a “dctqogvtke"uycorÑ"qxgt"vjg"uqogyjcv"eqqngt"Ogfkvgttcpgcp"ycvgtu"
(Capel Molina, 2000; Martin-Vide, 2001). 

Cnvjqwij"v{rg"Y"ku"vjg"hqwtvj"oquv"htgswgpv"kp"vjg"yguvgtp"Ogfkvgttcpgcp."kvu"htgswgpe{"ku"nqy"
*506'+."eqpvtcuvkpi"xgt{"owej"ykvj"kvu"rtgugpeg"kp"vjg"Dtkvkuj"Kungu"*Ncod."3;94="Fqtg"et al., 2006). 
Vjku"tguwnv"ku"eqpukuvgpv"ykvj"vjg"octikpcnkv{"qh"vjg"Ogfkvgttcpgcp"dcukp"kp"tgncvkqp"vq"vjg"yguvgtnkgu0"

Vjg"nqy"htgswgpe{"qh"vjg"itqwrkpi"qh"uqwvjgtn{"fktgevkqp"]U_"cpf"qh"vjg"uqwvjgtn{"eqorqpgpv"
>U@."coqpi"vjg"rquukdng"fktgevkqpu."ku"nqikecn"qp"eqpukfgtkpi"vjcv"vjg"dcukp"ku"fqokpcvgf"vjtqwijqwv"
owej"qh"vjg"{gct"d{"ocuugu"qh"vtqrkecn"*oV"cpf"eV+"qt"Ogfkvgttcpgcp"ckt."cpf"ygnn/guvcdnkujgf"
uqwvjgtn{"eqorqpgpv"Þqyu"ctg"kphtgswgpv0"Vjg"dctke"itcfkgpv"dgvyggp"vjg"Ogfkvgttcpgcp"dcukp"
cpf"Pqtvj"Chtkec"ku."qp"cxgtcig."ygcm0"

Vjg"E[E"cpf"CPV"itqwrkpiu"rtgugpv"ukoknct"htgswgpekgu."yjkej"ctg"uggp"kp"c"xgt{"ukoknct"
rgtegpvcig"qh"uwthceg"rtguuwtg"Ýgnfu"ykvj"rqukvkxg"cpf"pgicvkxg"xqtvkekv{0"Vjku"citggu"ykvj"vjg"
results obtained by Laita and Grimalt (1997). The annual regimes of types U, A and C, and of 
vjg"CFX"itqwrkpi"ctg"eqpukuvgpv"ykvj"vjg"tgikqpcn"ektewncvkqp"kp"vjg"Ogfkvgttcpgcp"dcukp0"Qp"
qpg"jcpf."vjg"cfxgevkxg"cpf"C"cpf"E"v{rgu."yjkej"wuwcnn{"korn{"ygnn/fgÝpgf"uwthceg"rtguuwtg"
Ýgnfu."rtgugpv"tgikogu"qrrqukvg"vq"vjcv"qh"v{rg"W."cuuqekcvgf"ykvj"xgt{"ygcm"dctke"itcfkgpvu0"Kp"
ykpvgt."vjg"u{pqrvke"rcvvgtpu"ctg"dgvvgt"fgÝpgf."fwg"vq"vjg"jgokurjgtke"ogtkfkcp"dctke"eqpvtcuvu."
yjgtgcu"kp"uwoogt"vjg"Ogfkvgttcpgcp"dcukp"ku"pqv"chhgevgf"d{"vjg"fqokpcpv"ektewncvkqp"htqo"
vjg"yguv"cpf"d{"qvjgt"dctke"cfxgevkqpu"cpf"u{pqrvke"eqpÝiwtcvkqpu0"Kp"Lwn{"cpf"Cwiwuv."jcnh"vjg"
fc{u"ctg"encuukÝgf"cu"v{rg"W."yjkej"vcnnkgu"ykvj"ogvgqtqnqikecn"eqpfkvkqpu"kp"vjg"Ogfkvgttcpgcp"
dcukp"vjcv"rtgugpv"rgtukuvgpvn{"ecno"ygcvjgt."ykvj"cdwpfcpv"uwpujkpg"cpf"vjg"rtgfqokpcpeg"qh"
nqecn"ykpfu"*ugc"dtgg¦gu+0"Vjku"ku"yjcv"ocmgu"vjku"ctgc"qpg"qh"vjg"oquv"cvvtcevkxg"kp"vjg"eqpvgzv"
qh" kpvgtpcvkqpcn" vqwtkuo0"Vjg"cvoqurjgtg" gpuwtgu"rngcucpv"ygcvjgt" hqt" vqwtkuo"fwtkpi"ocp{"
eqpugewvkxg"fc{u."yjkej"ku"kp"ceeqtfcpeg"ykvj"vjg"rgtukuvgpeg"qh"v{rg"W"kp"vjg"uwoogt"oqpvju0"
On the other hand, there is a problem related to accumulation of ozone and aerosols due to the 
nqy"fgitgg"qh"cvoqurjgtke"f{pcokuo"*Oknnƒp."3;;9="Lkofipg¦"et al., 2007). Furthermore, there 
ku"c"pqvgyqtvj{"itcrjke"tgiwnctkv{"kp"vjg"eqpxgzkv{"qh"vjg"W"tgikog"cpf"kp"vjg"eqpecxkv{"qh"vjg"
ADV grouping throughout the year (Fig. 3), resulting from the Mediterranean annual pattern. 

Vjg"rtcevkecnn{"qrrqukvg"tgikogu"qh"CPV"cpf"E[E."cpf"qh"C"cpf"E."ctg"eqpukuvgpv"ykvj"vjg"
vorticities of an opposite sign that they entail. 
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In relation to the annual trends observed in the types and groupings, different studies have 
established an increase in surface atmospheric pressure in the Mediterranean basin. Thus, at global 
scale, Gillett and Stott (2009) found an increase in atmospheric pressure in southern Europe and 
Pqtvj"Chtkec"hqt"vjg"rgtkqf"3:72/42260"Cv"tgikqpcn"uecng."Eqncekpq"cpf"Eqpvg"*3;;5+."uvwf{kpi"vjg"
rgtkqf"3:87/3;;2."hqwpf"c"igpgtcn"kpetgcug"kp"ugc"ngxgn"rtguuwtg"*UNR+"kp"vjg"egpvtcn"dcukp"xkukdng"
as from the 1940s, as did Maugeri et al."*4226+"kp"ykpvgt"ukpeg"vjg"3;92u"kp"pqtvjgtp"Kvcn{0"Kp"qwt"
ecug."vjg"R"xctkcdng"qh"LE"*i.e.."UNR+"cnuq"ujqyu"c"rqukvkxg"vtgpf"vjtqwijqwv"vjg"84"{gctu"qh"vjg"
uvwf{"*-2053"jRc1fgecfg+."cnvjqwij"v{rg"C"gzjkdkvu"c"engctn{"pgicvkxg"vtgpf"*Hki0"7+."yjkej"ycu"
eqpÝtogf"qp"eqorctkpi"vjg"vyq"53/{gct"rgtkqfu"cppwcnn{."cpf"kp"uwoogt"cpf"cwvwop0"Vjku"tguwnv."
indicating an increase in atmospheric pressure and a simultaneous decrease in type A (anticyclone) 
qpn{"crrgctu"vq"dg"eqpvtcfkevqt{."cpf"kv"ujqwnf"dg"rqkpvgf"qwv"vjcv"cpvke{enqpgu1fgrtguukqpu"ctg"
cnuq"fgÝpgf"kp"vjg"LE"ogvjqf"d{"vjg"tqvct{"fktgevkqp"qh"vjg"ykpfu"cpf"vjg"kpetgcug1fgetgcug"kp"
rtguuwtg"vq"vjgkt"egpvgtu."cpf"pqv"d{"vjg"xcnwg"qh"vjg"UNR0"Pqpgvjgnguu."Ycppgt"et al. (1997), using 
c"tgikqpcn"uecng"kp"vjg"Pqtvj"Cvncpvke."ujqygf"vjcv"vjgtg"jcu"dggp"c"¦qpcn"kpetgcug"kp"ektewncvkqp"kp"
Gwtqrg"fwtkpi"vjg"ykpvgt"ugcuqp"ukpeg"3;87."yjkej"ecwugf"kpvgpug"pqtvj/uqwvj"rtguuwtg"itcfkgpvu"
cpf"cp"kpetgcug"kp"vjg"htgswgpe{"qh"C"ygcvjgt"v{rgu"qxgt"uqwvj/yguvgtp"Gwtqrg0"Jqygxgt."vjku"
scale of analysis is much greater than the one employed herein. 

"Hwtvjgtoqtg."uqog"cwvjqtu"jcxg"ujqyp"c"fgetgcug"kp"fgrtguukqpu"qt"kp"e{enqpke"v{rgu"kp"Ogfkvgttcpgcp"
areas, e.g. Trigo et al."*422:+"hqt"c"ujqtvgt"rgtkqf"*3;82/4222+"cpf"vjg"yguvgtp"Ogfkvgttcpgcp"kp"vjg"
dtqcf"ugpug0"Vtkiq"cpf"FcEcoctc"*4222+"ujqygf"c"fgetgcug"kp"vjg"htgswgpe{"qh"e{enqpke"ygcvjgt"v{rgu"
kp"Rqtvwicn."cpf"Rkgtxkvcnk"et al. (1997) and Brunetti et al. (2000) did the same for Italy. Corte-Real et al. 
*3;;:+"kpfkecvgf"vjcv"vjg"igpgtcn"fgetgcug"kp"rtgekrkvcvkqp"kfgpvkÝgf"kp"vjg"Kdgtkcp"Rgpkpuwnc"htqo"3;82"
vq"3;;7"*Jkufcn"et al.."4223+"eqkpekfgu"ykvj"vjg"fgetgcug"kp"vjg"htgswgpe{"qh"ygcvjgt"v{rgu"ujqyp"vq"
igpgtcvg"rtgekrkvcvkqp"*e{enqpke."yguvgtn{"cpf"uqwvj/yguvgtn{+"cpf"cnuq"ykvj"cp"kpetgcug"kp"cpvk/e{enqpke"
ygcvjgt"v{rgu0"Xkegpvg/Ugttcpq"cpf"N„rg¦/Oqtgpq"*4228+"hqwpf"vtgpfu"qh"v{rgu"C"cpf"E"qrrqukvg"vq"
vjg"qpgu"hqwpf"jgtgkp."dwv"hqt"c"itkf"egpvgtgf"qxgt"vjg"Kdgtkcp"Rgpkpuwnc"cpf"hqt"vjg"3;74/3;;;"rgtkqf."
cpf"c"rtgxkqwu"tgencuukÝecvkqp"qh"v{rg"W"fc{u0"Qp"vjg"eqpvtct{."vjgtg"ku"c"egtvckp"eqpeqtfcpeg"qh"tguwnvu"
ykvj"tgictf"vq"vjg"kpetgcug"kp"G"cpf"UG"cpf"vjg"fgetgcug"kp"UY0"

Kv"ujqwnf"dg"rqkpvgf"qwv"vjcv"kp"cnn"vjg"uvwfkgu"ekvgf."vjg"e{enqpke"v{rgu"ctg"gkvjgt"pqv"fgÝpgf"
according to JC or do not analyze the same study area or time period. In our case, the JC type C 
ujqygf"pq"ukipkÝecpv"vgpfgpekgu"vjtqwijqwv"vjg"uvwf{"rgtkqf."qt"dgvyggp"vjg"vyq"53/{gct"rgtkqfu"
eqorctgf0"Qp"vjg"qvjgt"jcpf."c"ukipkÝecpv"rqukvkxg"vtgpf"ycu"hqwpf"kp"vjg"E[E"itqwrkpi."yjkej"
encompasses type C and the cyclonic hybrid advectives. 

In other studies, the trends are not so clear, as a decrease in cyclonic types in some seasons of 
vjg"{gct"ecp"dg"crrtgekcvgf"cnqpi"ykvj"cp"kpetgcug"kp"qvjgtu0"Vjwu." vjg"tguwnvu"qh"Dctvjqn{"et al. 
*422:+"Ðuwiiguv"vjcv"e{enqpg"htgswgpe{"kp"vjg"yguvgtp"Ogfkvgttcpgcp"tgikqp"ujqygf"cp"kpetgcug"kp"
uwoogt"cpf"cwvwop."cpf"c"fgetgcug"kp"ykpvgt"cpf"urtkpiÑ"hqt"vjg"3;79/4224"rgtkqf0"Vjg"hqwtvj"KREE"
ecwvkqwun{"uvcvgu"vjcv"vjgtg"ycu"nkmgn{"cp"kpetgcug"cpf"c"rqngyctf"ujkhv"kp"PJ"ykpvgt"uvqto/vtcem"
cevkxkv{"fwtkpi"vjg"ugeqpf"jcnh"qh"vjg"42vj"egpvwt{."dwv"vjgtg"ctg"uvknn"ukipkÝecpv"wpegtvckpvkgu"kp"
vjg"ocipkvwfg"qh"vjg"kpetgcug."fwg"vq"vkog/fgrgpfgpv"dkcugu"kp"vjg"tgcpcn{uku"*KREE."4229+0"

Oqtgqxgt."fkhhgtgpv"cpcn{uku"qh"vjg"yjqng"qh"vjg"Ogfkvgttcpgcp"dcukp"cuuqekcvgf"vjg"Þwevwcvkqpu"
cpf"rtguuwtg"vtgpfu"ykvj"xctkcdknkv{"rcvvgtpu"uwej"cu"vjg"PCQ"cpf"gxgp"vjg"SDQ"*Tkdgtc"et al., 
4222+0"Qp"vjg"qvjgt"jcpf."Rktc¦¦qnk"cpf"Vqocukp"*4225+"hqwpf"c"igpgtcn"fgetgcug"kp"ykpf"cevkxkv{"
htqo"3;73"vq"ctqwpf"3;97."hqnnqygf"d{"c"rtgfqokpcpv"kpetgcug"wr"vq"vjg"gpf"qh"vjg"42vj"egpvwt{"
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kp"vjg"egpvtcn"Ogfkvgttcpgcp"cpf"Cftkcvke"ctgcu"cpf"nkvvng"eqppgevkqp"ykvj"vjg"PCQ0"Kp"eqpenwukqp."
ykpf"cevkxkv{"kp"vjg"egpvtcn"Ogfkvgttcpgcp"ctgc"fgetgcugf"htqo"cv"ngcuv"3;73"vq"vjg"okf/3;92u."
ujqykpi"cp"kpetgcug"wpvkn"vjg"gpf"qh"vjg"42vj"egpvwt{0"Uwej"vtgpfu"ctg"ukoknct"vq"vjqug"qdugtxgf"
kp"uwthceg"vgorgtcvwtg"ejcpigu."dwv"fq"pqv"eqttgncvg"ykvj"xctkcdknkv{"kp"vjg"PCQ"kpfgz"*Rktc¦¦qnk"
and Tomasin, 2003).

Cu"jcu"dggp"ogpvkqpgf."qp"eqorctkpi"vjg"vyq"53/{gct"uwd/rgtkqfu"*3;6:/3;9:"cpf"3;9;/422;+."
pq"ukipkÝecpv"ejcpig"ku"crrtgekcvgf"kp"v{rg"E"qt"kp"E[E."dwv"vjg"fgetgcug"kp"v{rg"C."qp"vjg"qvjgt"
jcpf."tgockpu"engct0"Nkmgykug."vjg"kpetgcug"kp"v{rg"W."eqpegpvtcvgf"kp"urtkpi."ku"eqpÝtogf0"Vjgug"
vyq"tguwnvu"ctg"eqpukuvgpv"ykvj"vjg"yctokpi"qh"vjg"ycvgtu"kp"vjg"yguvgtp"Ogfkvgttcpgcp"dcukp"ukpeg"
vjg"3;92u"*Xcticu/[ƒ‚g¦"et al.."422:."4232+."ikxgp"vjcv"yctokpi"qh"vjg"uwduvtcvg"eqwnf"ygcmgp"
vjg"cpvke{enqpgu."qt"vjgkt"tkfigu."qxgt"Ogfkvgttcpgcp"ycvgtu."vwtpkpi"vjgo"kpvq"v{rg"W"kp"c"nctig"
number of cases. The advance of summer appears to account for the fact that the increase in type U 
qeewtu"ockpn{"kp"urtkpi0"Nkmgykug."cpf"d{"yc{"qh"cp"j{rqvjguku."vjg"kpetgcug"kp"vjg"E[E"itqwrkpi"
throughout the period 1948-2009 could be due to the same cause. 

Kp"vjg"eqpvgzv"qh"enkocvg"ejcpig."inqdcn"yctokpi"ikxgu"tkug"vq"c"tgfwevkqp"qh"vjg"gswcvqt/rqngu"
vjgtocn" itcfkgpv"ykvj"yjkej" vjg"oqxgogpv" vqyctfu" vjg" pqtvj" qh" vjg" uwdvtqrkecn" cpvke{enqpgu"
(including the Azores one) could be associated (Colacino and Conte, 1993), a result contrary to 
vjcv"qh"Ycppgt"et al. (1997). These authors, using three long series, demonstrate an increasing 
rtguuwtg"vtgpf"kp"vjg"egpvtcn/yguvgtp"dcukp"qh"vjg"Ogfkvgttcpgcp."ykvj"yjkej"vjg"tgfwevkqp"qh"kpvgpug"
cyclogenetic events and increased blocking situations are connected. The variations recorded to 
fcvg."gxgp"kh"eqpukuvgpv"ykvj"vjg"hqtgecuvu"qh"enkocvke"uegpctkqu."ecp"uvknn"hcnn"ykvjkp"vjg"pqtocn"
xctkcdknkv{"qh"vjg"rjgpqogpc"*Eqncekpq"cpf"Eqpvg."3;;5+0"Vjg"fkurncegogpv"pqtvjyctfu"qh"vjg"
yguvgtn{"Þqyu"cpf"vjg"uvtgpivjgpkpi"vjgtgqh"d{"vjg"rqukvkxg"rjcug"qh"vjg"PCQ"ukpeg"vjg"3;92u"
eqwnf"ceeqwpv"hqt"vjg"tgfwevkqp"qh"v{rg"Y"kp"vjg"uvwf{"ctgc."yjgtgcu"v{rg"C."yjkej"eqpugswgpvn{"
owuv" ujqy"cp" kpetgcug" kp" uqwvj/yguvgtp"Gwtqrg."yqwnf"pqv" fq" uq"qxgt"ycvgtu" qh" vjg"yguvgtp"
Ogfkvgttcpgcp."dgecwug"vjg"eqnwop"qh"ckt"nqqugu"uvcdknkv{"fwg"vq"uwthceg"yctokpi0"

Vjg"kpetgcug"kp"]G_"cpf">G@"qp"oqxkpi"htqo"vjg"Ýtuv"vq"vjg"ugeqpf"uwd/rgtkqf"ku"eqpukuvgpv"
ykvj"vjg"tguwnvu"qh"Ocmtqikcppku"cpf"Ucjucocpqinqw"*3;;2+."yjq"pqvgf"c"vgpfgpe{"hqt"vjg"ykpfu"
to become less zonal (i.e.."oqtg"gcuvgtn{+"chvgt"3;98"qxgt"vjg"yguvgtp"dcukp"qh"vjg"Ogfkvgttcpgcp0"
Vjku"ku"cnuq"kp"citggogpv"ykvj"vjg"fgetgcug"kp"vjg"yguvgtp"Ogfkvgttcpgcp"queknncvkqp"kpfgz"*YgOQk+"
qdugtxgf."yjkej"kornkgu"oqtg"htgswgpv"gcuvgtn{"Þqyu"*Octvkp/Xkfg"cpf"N„rg¦/Dwuvkpu."4228+0"Vjg"
kpetgcug"kp"]G_"cpf">G@"ku"cnuq"eqpukuvgpv"ykvj"vjg"yguvyctf"gzvgpukqp"qh"vjg"ctgc"ykvj"cwvwop"
oczkowo"rtgekrkvcvkqp"tgikog."nkpmgf"vq"Ogfkvgttcpgcp"Þqyu."htqo"vjg"gcuvgtp"htkpig"qh"vjg"Kdgtkcp"
Rgpkpuwnc"kp"vjg"ncuv"fgecfgu"*fg"Nwku"et al., 2010).

Kp"uwooct{."vjg"ugc"uwthceg"wpfgt"yctokpi"cpf"vjg"e{enqigpgvke"ejctcevgt"qh"vjg"iwnhu"qh"Nkqp"
and Genoa (Alpert et al.."3;;2="Lcpu§"et al., 2001) could account for the temporal behavior of type 
C"cpf"qh"E[E."qrrqukvg"vq"vjqug"hqwpf"d{"qvjgt"cwvjqtu"cv"nctigt"uecngu"qt"kp"qvjgt"rctvu"qh"vjg"
Ogfkvgttcpgcp"dcukp."hqt"rgtkqfu"uqogyjcv"fkhhgtgpv"vq"vjqug"cpcn{¦gf"jgtgkp0

5. Conclusions

Yg"fgvgtokpgf"vjg"u{pqrvke" v{rg."ceeqtfkpi"vq"vjg"Lgpmkpuqp"cpf"Eqnnkuqp"rtqegfwtg."qh" vjg"
44"868"fc{u"kp"vjg"3;6:/422;"rgtkqf"hqt"vjg"yguvgtp"Ogfkvgttcpgcp"dcukp."dcugf"wrqp"c"itkf"qh"
pkpg"rqkpvu"ykvj"gzvtgog"xgtvkegu"cv"67³"P."7³"Y"cpf"57³"P."37³"G0"Vjg"oquv"htgswgpv"v{rg"ku"W"
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*wpfgvgtokpgf+."ykvj"cp"cppwcn"cxgtcig"qh"ctqwpf"322"fc{u"*;;06."yjkej"ku"4904'"qh"vjg"fc{u"
qh"vjg"rgtkqf+0"Kv"ku"hqnnqygf"d{"v{rg"C"*cpvk/e{enqpg+."ykvj"9707"fc{u"rgt"{gct"*4209'+."cpf"E"
*fgrtguukqp+."ykvj"890:"fc{u"rgt"{gct"*3:08'+0"Cu"c"yjqng."v{rgu"W."C"cpf"E"eqortkug"vyq"vjktfu"
qh"vjg"vqvcn"*8807'+0"Vjg"jkij"htgswgpe{"qh"v{rg"W"ku"fwg"vq"vjg"rtgugpeg"qh"dctke"Ýgnfu"ykvj"
c"nqy"itcfkgpv"*Ðdctqogvtke"uycorÑ+"qxgt"Ogfkvgttcpgcp"ycvgtu"kp"vjg"ycto"jcnh"qh"vjg"{gct0"
Vjg"jkij"htgswgpe{"qh"v{rg"E"ku"pgeguuctkn{"kpÞwgpegf"d{"vjg"octmgfn{"e{enqigpgvke"ejctcevgt"
of the gulfs of Lion and Genoa.

Chvgt"itqwrkpi"v{rgu."vjg"pwodgt"qh"fc{u"rtgugpvkpi"v{rgu"ykvj"e{enqpke"ewtxcvwtg"qt"rqukvkxg"
vorticity (type C plus cyclonic hybrid advectives) represents 27.2% of the period, a value similar 
vq"vjg"uwo"qh"v{rg"C"cpf"vjg"cpvke{enqpke"j{dtkf"cfxgevkxgu"*4:02'+."yjkej"ctg"vjg"fc{u"ykvj"
cpvk/e{enqpke"ewtxcvwtg"qt"pgicvkxg"xqtvkekv{0"Ceeqtfkpi"vq"fktgevkqpu."vjg"v{rgu"htqo"vjg"yguv"
*Y"-"EY"-"CY+"ctg"vjg"oquv"htgswgpv"cpf"vjqug"htqo"vjg"uqwvj"*U"-"EU"-"CU+."vjg"ngcuv0"

The monthly regime of the most frequent types and groupings is quite regular, given the large 
ucorng"cpcn{¦gf0"V{rg"E." vjg"cfxgevkxg"itqwrkpiu"cpf" vjg"E[E"rtgugpv" uwoogt"okpkoc"cpf"
oczkoc"kp"vjg"eqnf"jcnh"qh"vjg"{gct."yjgp"vjg"cvoqurjgtg"jcu"itgcvgt"f{pcokuo"cpf"ogtkfkcp"
eqpvtcuv."yjgtgcu"vjg"qrrqukvg"qeewtu"ykvj"v{rg"W"cpf."vq"c"nguugt"gzvgpv."ykvj"v{rg"C0"V{rg"W"
occurs in half the days of July and August. 

Vjg"ockp"uvcvkuvkecnn{"ukipkÝecpv"cppwcn" vtgpfu"hqt" vjg"3;6:/422;"rgtkqf." kp" vjg"LE" v{rgu"
cpf" kp" vjg"itqwrkpiu." kpxqnxg"c"fgetgcug" kp" v{rg"C" *Î603;"fc{u1fgecfg." i.e. –29.0%) and an 
kpetgcug"kp"W."E[E"cpf">G@0"Qp"eqorctkpi"vjg"53/{gct"rgtkqfu"3;6:/3;9:"cpf"3;9;/422;."
yg"eqpÝtogf"vjg"vtgpfu"qh"C."W"cpf">G@."cpf"qpg"ecp"igpgtcnn{"crrtgekcvg"kpetgcugu"kp"vjg"
gcuvgtn{"fktgevkqpu"cpf"eqorqpgpvu"cpf"c"fgetgcug"kp"vjg"yguvgtn{"fktgevkqpu"cpf"eqorqpgpvu0"
V{rg"C"tcpigf"htqo"46;2"fc{u"kp"vjg"Ýtuv"uwd/rgtkqf"vq"43;4"kp"vjg"ugeqpf"*p = 0.000), mainly 
eqpegpvtcvgf"kp"uwoogt"cpf"cwvwop0"Vjku"engct"tgfwevkqp"qh"v{rg"C"eqodkpgu"ykvj"cp"kpetgcug"
kp" vjg"LE"rtguuwtg"xctkcdng" *-2053"jRc1fgecfg+" vjtqwijqwv" vjg"84"{gctu"qh" vjg"cpcn{uku0"Vjg"
vtgpf"hqwpf"kp"v{rg"C"fkhhgtu"htqo"vjg"tguwnvu"qh"qvjgt"uvwfkgu."kp"yjkej"vjg"htgswgpe{"qh"cpvk/
e{enqpke"v{rgu"ycu"tgkphqtegf"qxgt"vjg"Ogfkvgttcpgcp"dcukp0"Vjg"fkhhgtgpv"cpcn{uku"rgtkqfu"cpf"
uecngu"qt"uvwf{"ctgcu."cu"ygnn"cu"vjg"xctkgv{"qh"ogvjqfu"gornq{gf"vq"fgvgtokpg"vjg"u{pqrvke"v{rgu"
eqwnf"gzrnckp"yj{"vjg"tguwnvu"fq"pqv"vcnn{0"Kp"cp{"ecug."vjg"yctokpi"kp"vjg"ncuv"hgy"fgecfgu"qh"
vjg"ycvgtu"qh" vjg"yguvgtp"Ogfkvgttcpgcp."cu"ygnn"cu" vjg"octmgfn{"e{enqigpgvke"pcvwtg"qh" vjg"
gulfs of Lion and Genoa, might account for the decrease in type A and the increase in the types 
presenting cyclonic curvature.
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