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To study the cyclogenesis within the Mediterranean region in different phases of Madden-
Julian Oscillation (MJO) during the cold season (November, December, January, and
February) between 1989 and 2020, MJO index and mean sea level pressure data from the
European Centre for Medium-Term Atmospheric Prediction, ERA5 section were utilized.
For visualizing the frequency, depth, and tracking characteristics of cyclogenesis, the
University of Melbourne method was used. The results showed that the strongest cyclones
in the region formed in phases 8, 6, and 7, respectively, with a pressure less than 994 hPa.
In terms of the frequency of cyclogenesis and the core of cyclones in the region, the
highest and the lowest amount of cyclogenesis were related to phase 7 and 1, respectively.
The results showed that phases 6 and 7 have the strongest central pressures, whereas
phases 1, 3, and 5 have the weakest central pressures of the MJO phases. Phase 2 has the
lowest value of central pressure and the highest average pressure is related to phase 5. The
tracking of cyclones that formed within the Mediterranean region showed that most of the
paths that ended in the western regions of Iran were in phases 2 and 8, whereas in other
phases, these tracks had a southwest to northwest direction. These situations were the case
during phases 3, 4, 6 and 7, which caused most of the cyclones formed in the cold season
of the year to affect most of the north-western regions of Iran.
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Introduction

The Madden-Julian Oscillation (MJO) is an intra-seasonal oscillation associated with a large-scale convective
system (approximately 10,000 kilometers in its active phase) that propagates eastward with a temporal frequency
of 30 to 90 days, moving at an average speed of about 5 meters per second across the tropical regions of the
Indian Ocean and the western Pacific Ocean in the Northern Hemisphere. It significantly influences global
precipitation and climate patterns. In addition to its effects on tropical climates, it has a wide-ranging impact on
the extratropical climate. On the other hand, mid-latitude cyclones play an important role in the general
atmospheric circulation due to the transfer of momentum, heat, and moisture between higher and lower latitudes.
There are two major regions in the Northern Hemisphere where cyclones influence the hemisphere's climate,
particularly in terms of the water cycle, extreme weather events, and on a synoptic scale. These regions are the
North Atlantic, the Mediterranean, and the North Pacific. The Mediterranean basin is one of the world's key
cyclone-generating regions. Mediterranean cyclones affect the climates in areas of central and eastern Europe,
Asia, and northern India.

Materials and Methods

In this study, to examine cyclogenesis conditions during different phases of the Madden-Julian Oscillation
(MJO) in the Mediterranean region during the cold season (November, December, January, and February), MJO
index data and sea level pressure data from the European Centre for Medium-Range Weather Forecasts
(ECMWEF) ERAS section between 1989 and 2020 were utilized. Three aspects of cyclogenesis characteristics —
frequency, depth, and cyclone tracking — were analyzed using the Melbourne University Cyclone Detection and
Tracking Algorithm. In this analysis, days with MJO occurrences having an amplitude of 0.75 or higher, as well
as phases one through eight where this amplitude was consecutively maintained, were extracted as the study
period. Notably, due to the limited number of selected periods based on these specified conditions, phases that
missed one cycle were also included, resulting in 42 selected periods for the cold season overall. Filters were
applied to the extracted data using the Melbourne University algorithm, which included: a) cyclones located
within the defined spatial and temporal boundaries (10-55°E / 10-45°N, during 1989-2020) were included; b)
cyclones lasting less than 24 hours (four time steps: 00:00, 06:00, 12:00, 18:00) were excluded; ¢) cyclones
identified over multiple time steps (assigned identical numbers) were reviewed, and only the instance with the
lowest recorded pressure was considered; d) the median pressure during selected days of different phases was
calculated, with the maximum pressure for the cold season set at 1010.87 hPa.

Results

The study of cyclogenesis in the eight phases of the Madden-Julian Oscillation (MJO) revealed that cyclogenesis
nucleii in the Mediterranean region vary (from 993 to 1010 hPa). Among these, the strongest cyclones formed
over the Mediterranean in phase 8. In terms of cyclone occurrence diversity, phases 8, 1, and 2 exhibited the
highest diversity compared to other MJO phases. During the cold season, cyclogenesis regions are observed
throughout the Mediterranean basin, western Iran, the southern Persian Gulf, the western Red Sea, northern
Africa, and tropical Africa. Regarding the frequency of cyclonic nucleii and cyclogenesis in the region, phase 7,
with 39 centers (19.40% of the long-term seasonal average), and phase 1, with 12 centers (5.97% of the long-
term seasonal average), exhibited the highest and lowest numbers of cyclogenesis centers, respectively. Notably,
phase 2 had the lowest central pressure in cyclonic nucleii, whereas the highest mean pressure in the cyclones
formed in the region was related to phase 5. Furthermore, an analysis of the pressure depth of the cyclonic
centers in the region showed that phases 6 and 7 had the most frequent low-pressure minima, whereas phases 1,
3, and 5 had the least. Most low-pressure nucleii formed over the Mediterranean, with some also forming in
western Iran. February, January, and December recorded the strongest cyclones compared to other months of the
cold season. Cyclone tracking over the Mediterranean region indicated that the most tracks ending in western
Iran occurred in phases 2 and 8, whereas in other phases, the trajectories were northwesterly, ending in
northwestern Iran, especially in phases 3, 4, 6, and 7. During the cold season, cyclone paths were more dense
over the Mediterranean basin and western Iran, with less dense paths observed in the western Red Sea, tropical
Africa, and the southern Persian Gulf.

Conclusion

The results indicated that the strongest cyclones in the region were formed in phases 8, 6, and 7, with pressures
below 994 hPa. In terms of cyclone frequency and cyclogenesis in the region, phases 7 and 1 recorded the
highest and lowest cyclogenesis, respectively. The analysis of central pressure depth in cyclones showed that
phases 6 and 7 produced the strongest cyclones, while phases 1, 3, and 5 had the weakest cyclones during the
Madden-Julian Oscillation. Phase 2 exhibited the lowest central pressure in cyclogenesis, whereas phase 5 had
the highest average pressure within cyclones formed in the region. Cyclone tracking over the Mediterranean
revealed that most paths ending in western Iran occurred in phases 2 and 8. In other phases, the tracking shifted
from southwest to northwest, particularly in phases 3, 4, 6, and 7, causing most of the cyclones formed during
the cold season to primarily impact northwestern Iran.



o 52 HB 0 0 gw Jad 40 Al v ddlaio (I JWS 32 (S T Mg (W
oWe>-yob

Yooz N Y . ] -
e pi o somo T (2o ding ¢ (5 p9007 o230

maryamteymouri@uma.ac.ir :asbbl, .yl pl e Jws)l e sl Gizo ol&iily ¢ elosnl pole 018l ¢ polislon 5 o (658> (ommiily )
salahi@uUMA.ac.ir :4sbl, .l yl ¢ Jud)l ¢ Lol oo olStils o oloxn] pole 0.5l ¢ polidlyn 5 o sliasl ¢ Jgtums odiny g5 .Y
MNasr@sKU.aC.ir bl . )yl 03,8 s 03,8 yaus oKl ¢ 659lisS oSl Ol pawtiga 09,5 Lokl ¥

(X2 o Ol
Sy 093 3 dlyinde dilate 3 lgr—le il lajls )3 LljNS 2 Cumdy (o polaieds adllae (pl e o)
5> Odegle e S0 4 baiye b)d L8 laesly 5 (MIO) plsa—gple (asls glaedls 1 Jl gy allie

dw ) ljad e gl She Caol ond solitwl Jlo 3y 0y93 ) V4V UV o Jlw 0 ERAS sy L)l
Jo et 2 3 gk oS AiS 2 b s g Gl w2 )0l Sl S 2 (0b3) 5 Bes (Slgl8 i
@ dibie clbad o o y5esd A Ui bt Lad Julot g odel s 4 addllas D90 0)93 > MIO slis,
dibaio pd bad > JSlold s e S5 JSwlgiSa AAF I a8 i LY o5 A glajld > cusy
s 3l ol gl adlioe MIO sy ) 5 9 V5 & bgrpe iy 2linis 2l (a8 5 (ppden
P bad e picaes b 0 5 Y ) sl g o Sieed Y 5 8 5 g ol i s s (655 50 Hlis
ooladl 09 4 ud o ladien 3 1y g5 5e LS ke (S Y B Bl e GUgrmle sl (L
Cdid > ol e .l O 5B & bgyye adlaie (0 ol Mg slaais a0 50 s WSle (i g 03l
50.)}3A5Y)'L.99.)).) u‘)al L;:).C LBJGLAA)D.—\ABWL;LQ)M b..\a.cn\f.)l.)uu.u Qlﬁhm))owd&u
DMW\/?;‘\c‘\“dl.h:)lﬁ)bwsu)lds&ﬁjfbpwd)ﬁJMd;u)&uﬁode&a)bfu)ﬁ

S5l e 1y ol o Jlad sblio yiin Jlo 5y 093 53 odd St (glodid o odas b

VY[ BNV el s o,
VX[ ALY 26,5050 & ,U
VX[ MY i pdy 6

VE/ A 3yl gy U

o jlganls’

oW — ool
2l

LS 2 ol s )55l
ypabe oSy

O 093

Al e ddlaie

—oole calises glajls 5 5y Juab > wilynte ddlate Sljas s gla Shs e (VFT) Jedese (Sladolpai g fhiegp ( >N fasy0 <5 y50s5 U]
MNONYY (A YN (ol o Loliis . Lgs

(X0l

http//doi.org/10.22034/gp.2024.63576.3305

oy o8y £yt

ARIA


mailto:salahi@uma.ac.ir

VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk V\$

doddo
a5y Byen s S b olen b (9,0 Slugi o (MAVY AN £ s 5 ole) (Mgmole gl
2 a0 3k Lagia Gy b b Cuam 4 059y Voo loj dabuy b o ol (o] Jlab 6 55 ptagh Veee Ly )
09l NAF (Wg> g b) 1S oo e8> o 0,5 13 (28 el Luglidl g dim ogill (g yme)S slading 3 45k
¥ . . .. . _ . Yoo v
¢ pudlly 9 YY) wm3 o )8 b cov ) Glar (seulBl g ()L SlogSUl gyloline pgboas g (Ve 00 ¢ SUIF VMY ¢ eSug
(VAR & L1,8) 3,05 58 celoyls syt Bbbe waldl 51 (6103 y2uS 15l ¢ g pmun)S Bblo waldl 51 ogMe (Yo )T (KI5 ¥4
i b 1 Ui g Lod cusby ccln Siag 45 A Lis cloailoles don 008 S Jituws o ol olse I yniman
@Sl g (Bl (isesle) )b waen b buwgie whie Lid ladilols (pl jiin S8 o Gus 0gd G 9 S
JESI s 4 > (ogas (33,5 15 (oo Wi &S Wi ()LiS glaaibols dlax 5l e lapsye slous o (VF-
3l 5 bl sl s sl (Y8 TS i il 5 (VU S ele g 5 Lo wsygliiS
o.).‘ ol « bl O.;.\ LNV StapLY Ngyso ylows 4y 419l adlaie S5 Ola;.cctg alysde by 9 ul‘ol asb g Q‘sl.cdg Pl)]
Slyte by ojg 3o 518 b o Satpgiam Sl )3 5 euldl lagw b g Ol By dhie] > ogas |y 0Sas
o ~ - . . o2 v . . - . RN . . .

L)l 35 9 55 0 jl (blie mlll il mte (glasis 2 (Ve oV ¢ (Sgslo g 925 cdog)) ol Lid (aljiid 2 oo Bbole I (S
(V205 EJgSss 5 Sgsey Migd) wimoo )5 18 cos |y Jlos sin g Lo
Ll s

o503 JIMIO Lyl oy b 48 5,5 o)Ll (VoY) " ySan 5 93 (sloyima 4 lgise yed) (sllolli ol 5|
bl (8L ud g Cowl dlwgn £589 41 (glojls dalaie 3 onuny pl A (D (GAD) A gy Mgy &S W8l > pulBl o
Sl o ol s )JLAA o)l cin bl > ogasa Lo il o slddlaiel )8 5 ddlaie g5 (53,5 odd o MJO
Ol (hgeins Jo dle slapdye )3 (25 glgel 5 92 (525 lolo pl (193 3 (ol 9 (0glS Elgel A L oS
STl s MIO i 5 ol elallad 1 (S50 0 b sl Lmw oy oS 53 (Vo VF) hawlolly 5 iy sl o3
2 Lalles a s o sl bl ool cews bgyl e sl oy 35 0 slaodly jlodliiwl b o)ls i sla jo,e jo
O g3 L3I L 4 03k o SOI g NINO il ugildl (52 slmossy (8,5 0130 ol g9 cnl (st
i bl ol 5 3b slacusbly g ol H18 w3590 6 5YL B b1y MIO Slyuis ol o (i (slaJde 4
Ligyl 3 alypte laiis o (gl s gy 2 (V2VY) " 5m 5 59958 e bl 3,5 samlis (6,538 loj »sbi b o>
o)) ¥ i By g (635 30 dilinie sblie daiid o pe )0 ddlaie oy by oS bl yn liol By Jleg) o3ge
Ol (aisce g989 (Sloly o b ¢ had jlas jlalod S jgue Slog) aidhaie jl il e ojg> 3 a5 JS slasis 2 ]

. Madden & Julian

. Knutson & Weickmann
Zhang

. Lau & Waliser

. Ferranti

. Bartholy

. Romem, Ziv, & Saaroni
. Lionello, Malanotte-Rizzoli, & Boscolo
.Duetal.

10. Vitart & Balmaseda
11. llie, Croitoru, & Man



VY AR 3 susas | sz ole cilizto (Gl jl5 40 0 puw S 40 iy ko dbibaio ot i 2 (U009 ot 30

A0 (VYY) ign 5 gailages 2t oamliie Joad b Wl g8y 1 (2 F b poeid g ol Gl 0 o (508
A8 Glaj ol glis gl sl STy 53,5 olugi b gMypmole clugi (s3mdys €53 oy )3 Sl o
s9bome Sl Seid G dny ()5 ol 15 (B ol 9 YU Sl 8 Ol b S el o (sladlaie (305
wde] Cwd 4o ol (B)b 5l ogd 0 MIO L jlospn g Jobo sblie o 8,0 b s Coghl cow yol cypon il
5 S (e Cundy kg ol (sguisrd S8 g cusl Sl (505 piliglis 232 MIO & ded o ol
5 i Lo 5 3y a4 MIO g <8 o Loy e 0 (VYY) TlSem 5 05 900 s ST
0l zse U905 Milioe cslS lgel Ll IMIO (g9 (3,5 (23,5 (ol e oS 5y ol (sbS s aizslay
gy cabylp ook Baos MIO an3 o (I3l g3 polie &5 o gl (sl |y Cushoy MIO cdjan (35 53
(V-¥7) "ol il on Jleb et b 46 )3 (only 40 M) 5 (0glS 90 o 05 S b 4 (g ldlciun
825 o (el 9o 31 LS gl Sl MIO sl dnngs 53 ooy 9 (nlS 290 (o S yidie Sl (s >
ORIl ) lalpd 5 03,5 S8 (oo UL > dnsgi 4 (gm0 1 g 0392 L j0m (0 g8 Sl S8 Cugh) (I
F ol ol GanyS ds 4 (sl g0 b by (oo (slayld (b 1 5jls o o2l MIO S50 (S35 5 s
Tyl g s bl 3y sige ;s MIO 35S s 3 1) ol i 5 A8 o S MIO i3 ye Jlab asl
ol il ol bl aby (698 gladid o Sl a1 5,55 5,k 5 ala S g585 Jlgls 5 MIO 5l (Y-YY)
Stasad g 3l 5008 0] (g9,  SBs (2] Sy adlato (l3E) s Slatin ¥ IV (5,55 L MIO g8y o iy
ey 4t (VoVY) P55 50 9 T sl oy & i 3 Jloj sy b b ojblsve 93 ol Syl il ol L aste
9 g Jlaw il by Jols oliaisd > Lol gble as oy HLis pols sl y il e dilais 3 guis > slaculss
B3 1y MSLP jlade (o yiaS g ydar Bos ¢S dlusd @ p Jud )3 lodid o a5 a8l )3 (izmens § Aidl o (oo
hol 253l s g slaglog =5l b (s> —oole slaglog o Sgm (WWAY) SbLIIRLL 5 (ool 58 ] e
w3l Sl i (5o ine 54 0dd 2 (SloolSian] don > MIO ke 56 5 ol obis; Jlazsl g ()b gl o9
ol e (S5 MIO s L e 5B 0103, S loj 50 LY lyen 53 sl MIO oo 518 )90 )0 alie
O (6 5209)0 sloolSiug] gl ol 2 395 (o)Ll i ) (WWAB) (o0 ()5 blls (g )53 (g )l
@l Jabos (b 55yl Uy, 1y ke b (st 8 5 ¥ slajls g e b i MIO A 5V (slajlé oS5l
ol bt gblio ol )l i |y (e U5 oyt 05 Y 5 5 o U it A 5 V5B (o)l (slmelSiany!
~ole soel8l JUS izt sl ) il 5> 5L ls ) Jlaisl S Judow 4y (VWAA) o) 5 (solas IS 3550
oo ()l olsy Jlaisl ate 56 55 a5 oy (Lis MIO cilisee slajlé o o)l g989 (Slojen Jilos aidlsy ollg>
Bl os ik oy YO JBls Sldllas edgusme jd bla den .l o (ialS joilS Jleud 4y g jl Sl (o b
ool olis )y sl ( wuSeds iy 0 doyd YO 3905 & jouiS Caix a3 0 YO sla o ye 0 Jlde opl iled S il > e
il o3 YO JBlis (s 3,90 0393500 bE don g aibion Gl Jlos & g Sl hain L5 g0 cte 316 53
SLE s Cows &S 3yl o pd £e Jlade Sl jouS oy Jlod o394 9 Jlewd pd lade cplblen)ST by B pl 3 1y 265
Cusl a3 0 (slo 50 5 )98 g 2 bgue et S )3 sl ol yseS sl il (38l o3 Yo Loy ite
Sy y= 93 asdllas 10 (WWAR) LS 5 (sdooro Cuwl Bl idlS ao > B e 5B & s o)yl 23 Jleis] &S

1. Suematsu & Miura

2. Berrington et al.

3. Haertel

4. Miller, Gensini, & Barrett
5. Aragdo & Porcu



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk VYA

Oy o5 XBLy> g WSy (guiB 2 A (Seelud e (poyp a4 olpl @) Sl 2 0)93 (1K la i)l
A g (et (e SIS IS5 Bhe b alsie 5y ailate > o Canl a3 (b i slo it
oor 4 (V0 0) odlecme g ol e ool 29800 el Wit (5byd g o)l gl g 9 £ S13 S iy
9 MIO aslis 93 (ko) Cuto 58 a8 oy lis ol .aidls s Ll yé adlate 13 (cXigm 93 g (b ped slaadls bl
ol ol yad ddlllas 3)50 ddlaio  Slo iy 0 (g)luLL sla 2t ls Hlade e K6 (53,08 (ials) Liliel L 10D
W=l o Jlod g 0y efiw Loyl 5SS 0 oo slaalbsg) Al (g p b (VF1Y) hlSen 5 (ol
=S ¥ 69Nl g e JLide S (66X 43 .08 o Curd (S (66N duws I addllas 590 ddlais )d conydy pl aST ASEL )
2age 2 i 0 L oo s sladildg) dbml )3 1) (A8 cpytie w85 4 lailinte aS e g logw LS
9 >No (Fasdald Cuvyy by (rumd MJO) N asuiie gdinding » olpl sla il saiS amas glajls lgicq
Lt 93,5 laplig dhs) (Sl o g (le Loy RMM 5 OMI a3Ls 93 31 (cdmgly 55 (V)
3B 4 G OMI g RMM (glasad by ite 56 55 5Le 93,5 (slalgs o ol (L jlé 93,5 L g (pole oy o
Caus y )l 903 sla By s 5l gy woyd « RMM a3l dio B pooen o Slodlid] 5las] i Lm"j Cude
Ul b g coite lajlb obuls oS0 (yges] ot b ol 03l olaisl 3¢5 4 OMI jasls bk 1 4
0 aldllas oyl (o ) liwjes bl oK wins (dlply jLe 50,5 slaligs dlas ) jb sxe sldisS e RMM
WLlbb YAV ¢ ooblawl el 56§ Shblulbb) cul 48,5 &g Sl L, Simgs by MIO aiwej 1> (6,50
(YA ollials g LIl SYAY o el 355 o 49l o

o> Jl 592 LS (slmonsy xS USS 5 o] (185 s MIO )13, (o) 2 ogito slapimgy 15 ol &S el
plosl ! 598 3 a8 MIO L b po clalllas yitin 35 505 il oo i ddhaio (cqwar )] €8> g CandVl > 15 >
S il Salobs 55 S 5 g 1 oS izt S5055 5 4B ity 2,50 )3 (pasly adllas (ygST L
Sglite Jluw p)S g 3 Juad ;> dil e (sl5 2is j2 4l 1) a8 obul 5|l siiti plosl wiiS’ o glio 1y o)l yguS
odpdy e b £89 L lojen &0ty dil e adlaie sadis 2 sl Sy 9 )ld) &5 0l W ol adlllas > e
2y 3 (s )50 MIO

SRYH N9
Jolis Jlo 350 csloolo (sl (MSLP) L3 5l )Lid (yuSibe o MIO sl 5l JSite dalllan ) 55 03lil 3590 (slnosls
s RMML Lls (Sloj (5w 95 ©ygots caallan cpl 53 o3listul 3)90 MIO (jad L 0l oo )98 9 15il] ppolisd cpuslys
By cin S il pasls ol ool o dleidny (Yo oF) T eiin o shg bawes 45 sl YoY+=VAA: 6,55 ;5 'RMM2
odaliv OLR slaosly 1Siko cpicmon 5 JSulsiSa A+ o Yoo 33 (glae oL (oS 5 slalis (EOFS) jo0 solsio
3 T S ygods MIO (a3 lis) 3945 o duwlne ¢ Jlod 43,3 VO U ogin 453 VO (sla o, oy o)lonle bawgs o
Gy osees (http://www.bom.gov.au/climate/mjo/graphics/rmm.74toRealtime.txt :cuwl 34550 RMM

1. Real-time Multivariate MJO series 1 and 2
2. Wheeler & Hendon



V4 OB 5 susad | olaz— ol cilizio (lojl5 40 0w uad 10 4l o dilrio o juis y2 o Siig oy p

VA=Y Y oy ojb 4o danpd +/VD #+/VD e S8 L ERAS ool slaedly acgoe I MSLP (slaodls
A odlal
MJO asli

>1 L MJIO (sleoygs b Hesis caxs MIO I Gles o1y (658 MIO RMM 23l 558 5 liee 4 do g5 b

5 Jog) d9dee aB)S Hla 3 (698 MIO lgisas gy 5 gyl (yiS dasule b g VRMM1? + RMM2?
D9 go 48,5 a5 > VRMM1Z + RMM2Z <0.9 &gy i MIO g (Yo -V (' ogsie

oy (il Cutin Sy lajls & Sy90)d eimen g gl g /YO Al Loy cnl £585 Sljg) s ol
S p3Y) K005 zlicl cddllas 3)50 0)50 Job 3 Sladllas edgamme laisdy cidgs [)lo 1y dely cpl ¢ Jlgie & ygoy
Pl LY (.\:J.w ol 30 )M)S)ls S b u.gllbo)s.) N 3D 0J4ub )f.) L:.v‘)w L)‘)L‘"] PIREC eV dl'a"’)ﬁ') OO ‘1,5 4 d>gf b Cowl
MLL;o 0)93 ¥y D yaws ‘_J..a.9 LS‘)’. Cotlne dh::o)9.) Jf
O 39+ko OIS s 4 oIt

epssl Sl 255 0)93 )5 wlpnte adate sladis o S Shy Jdod 5 (obypwe (plolld jslateds () ]
9 9;....;..») Cawl ol odlaiw] sl (o3, 3Y 4l o O»L»‘ » & (MS) Ogeke olRisly wis > s g Ladis
D B )l u’.gsla.m d);o)‘b‘ ba»w chwMJY .(Y"A c\co‘)&mb 9 J.).g‘) ..V c\‘k_i‘).?ﬁ) 9 )JQW s‘).: HIERIA cvol)&.o.h
S o 0lisl 5 bl 3l pdae lage Sy R glad S pde sla SBy58 gl oS ol

()

D = 0.25V*PR?

3 ol Hao B> K ad Blbl 3 VP &S Lls B absyS 555 5l 559 (xke dlolb lgicas (15 > eladt) R
& . R . . o2 - a = . - wp & pRd
D0 03] (35 5 Alaly Cygody 25 g2 glad (VAR g0 Y g (5y90 GHgen) S 00 485 L

\)

1 N
RZ = NZ riz
i=1

Sl 4 bgsye N ol yio ] 3 )Lt DY & ol blo5 b sid i 35,0 5 Lol bd adloliry o] 55 S
Chrog 1) 15 2 Sud bty F2P (555 50 )Lid ppaadgY Shos sl a2 )3¥+ 5o (s 00 w5 (olads boghas
T\ SRR T PAPINI) e

S (Sig Sy Sl b ool S (e Gl 352 g ln ]y dtes LI 5 i CusBge wa)oSl (b3 dl> e )
Cygods (Gl ey LS o odlil A 2 (gan lacunBse (i lp 4Bl wbie ()b Copu g 15 2 L
ool 0l Sy N > diwd (Ui dw i gl B HLid (]S 0] e cawd @ HLid claodld I« Sidg piwsd)
YV g jlos) 3900

aler 5 Jlos! oy ygale olStils o651 51 o3lizasl b oddh el il (sloodls (g, 3 albyild sy ol
wzdly L8 (VA=Y Y loj o3l o Jlad ¥+ / 3,5 Ve=00) Sloj 5 e 0dd Cyousi 0390500 y3 45 Hladis .
WA 48,5 las )

. Pohl & Matthews

. Pinto et al.

. Pezza, Simmonds, & Renwick

. Raible et al.

. Simmonds, Murray, & Leighton
. Lim and Simmonds.

. Ammar et al.

~NoO O~ WN P



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk VY

DAl Bl sl plgy celw Y 5l S a8 Slanis o
OrpeS &S b LS g BAD () (392 Ol ojled ghB) g 0ad plulid Sloj pB w3 &5 plasd Y
A5 43,8 a3 g ead cd ol ¢l ,lis
lp 3,5 e MIO Galisee clajls oo (slajgy )3 (MS w oSl 5o,k 5l ool cawd 4 P) loa lid 4l ¥
A 4§ L 0 VeV /AY L iSTas D fuad
Al 3 g0 dilaio 09 giiwo

UM aldle (2 03gi5e 13 a5 (] 598 Cujgome b dllibte ailate Jold 3485 ol )3 adllland)ge adlaie
N srSole Cap np cnl » Oiomed Mbloo Cunl 4B8)S)1)3 (35 423 00 BV Ll Jsb g (Jled 4255 ¥O
5 JS5) 545 )3SpL g candil Lol ailaie a5 4 bl ol s ssalie s s gble ebul plis S5
Ao 5 35 b Oldllan )5 ol 0as 48, L5 53 "al e ddbaie leisdy Ly ol 55 00 o)Ll sblie JS s (V Jsis
sl 4385 S ygo gl (sipailaie ¥ VF () g jlee ¥V ¢ S o ol gliiges

Azl 590 dllaie Curdge .Y YK
(OB o)

(OB, sate) il e dthate (508 2 bl (gaadb Y 9o

Gble 5,135 0U s o ble )
Tal e 0jg> Wk 5938 5 oy slyd 0] (lyd Syl sl ol (gbyd el o 5Ly \
olrl e L9 9 3= 4S5 SlaygaS v
0o el g $dgme Gy 9 on sgles (e odoa VL] v
&, 3l Jles o 9 pas slaygiS ¥
T shp e Oy S 6
SErh Ve Jb dgan o Uiy il sl (ol b g s sloygiS £

1. Mediterranean Region
2. Kouroutzoglou et al.
3. Mediterranean Basin



1YY AR 3 susas | sz ole cilizto (Gl jl5 40 0 puw S 40 iy ko dbibaio ot i 2 (U009 ot 30

el
MJO 4l Cwid s 31 48 4 v dilio 310 3>

5 MIO GBcuin clajlé I <Ky b 5y 0y i clojg o dilme dilate l5as > Sye SuSly ¥ IS
3 JKobgSa AAF/F Jlado b jlid aneS o) 51,0 add cpl 4 angr by e L 1) VAAR =YY ool 60y93 Jgbo
5 Gl olg ) JSalsiSa VoV o/ o b Gl clo)lis b oliuis s Shhe 5 3, )5 @l 5ide 0je> 03gie
VST e b Lad oS X 5B 55 g g oaalie W)l glgisl (g g Epw byd 0pf Wlipte ojp alex
ol o @linse oj 3 Glpl 0pf g ogde i 2lias 2 JSThe Al g 3980 0> (lpl ©)f dilaie ) JSlgiSa
059 > JSuslgiSa ANVA )Lt oS b (aljuis 2 5550 (F) s JB )5 ol oanliio J8 i 3 gl (g g )0
lotel (2o g Erw b 0rf ()b @l ogr bl 59y p LS e ddy (pizmen g Cul Cu) LB Al
(ol 51> (595) &lye 035> (595 2 oF 6 50 SISy A1) aigaS )28 b (ljaid 12 5550 e 9500 oy i3]
199 & b 0pF () mdd g olpl ) liute 0jen ) rizmen (DljNE 2 SThe 4y 9 3)95 0 el
e a5 )8 &l inde ojg> > JSwbgiSan AAF 5 50 b jlid aieS B 1 ) .ol salie B G 81 olgil
LS ieS JSuligiSa AF/T & 56 55 g oo o> e Slyd 0pE 5 Wl oje> Bblie 3 pimen (pljuS >
el oz lnl @pf wlinde ojg yulipw )3 alid o S1he a9 Wilioe SB cnl )3 &libde 0je> )3 0dd odalin
2 JSaslgiSn AOF/F aa8 Lt b a2 S50 V5B > ttn odnlie LB L 21 Jled g ¢y sl 0 o)l
Jlod co) gl Cgir il ynde ojgn pulipw 3 35 2552 e s (izred 9 3)95 (o0 el & Wl e 0j9> )
il > ol e (S3508 IS wigy ol wlosd 03,28 U3l gl (plg g g sl pe iyl
g e Sl 0 Bl Jlod o) mld gz (ol oy g Slnse oje> g9y 0 e ol G A B o (LS
Dy L5 dle i 69y » JKwbeSa AAY/Y e b Hlid aeS uimed g Miws odalie bB 80 gl
5 dliute ailaio & baype lid cladineS )85 op piy & w8l 395 adllae )5 (VIY) Gl 5 jlos uieen
Cowds &l nte 0ye 3l 350 S Ll Laseis B MIO Giliseo slajls 3 Slias o e o0 (S5 4 a9 b il o
oYL glajls 4 MJO 5950 L g )iiay g 900 odnliie S4B )3 pwe cl Clled (268l il 02 B (50
AL Gle slapdye ) dlyie olias e cld o yiie ool aBl (Bl 55 al e ailate ) s 2 e
odalio JB oljaid 2 (cutn 5B) 2ll 56 ) LS glpl )9S x> & cunl pal dlas Mo BB 45 5 3950 00
oo 53 ey (ie) e 5 gt (g 9 ) 2 5 i o o oo (i (A8 Sl o
9 Oye yd opgd i3l 0,15 (cloyls  Slgs (WYWAA (o) Kad g oprs (35, VAV WEaLs g Cblulbl) o)l g dew
3 dlasMe JBB cgles pae .ol 0399 MIO Calises (slajls )3 saxio sladid y» LS5 Jore oS Canl (6,505 )y (508
5o s anl ol ) s 5 MIO 3, S sl ime ol 4 Yhain] pne ol g3 0l S5 o > ol
29 5 e slaisye o ! b Lilal oyl A5 3 2l pade 5 e o Cuib 2255 b odledy
o ol uis > daxi o)ld s Cgin )0 &S Cawl dw B 10 s ol )l aolwl Golds ! Jaere (slolcuin
ol 0dd W5 ol5a > cled W 31 Cye Jlad g diliose 05> wgin 4D ol olajls )3 g 39



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk yYY

Latitude

Pressure (hPa) -
Panum (r';‘Pa) g

Latitude

Pressure (hPa)
Pressure (I;Pnl ‘

Phase $

Pressure (ivPa) =

Pressure (O;Pa) -

) s

: ns s
-k ‘£ &
& g ¢
[ .o o3
- -9 " e
¢ ¢

" & . o

&£ B ] h 4 & N B 0 B 20 2% N % ¥ & N »

Longitude Longitude
=Ye¥e bl )93 Jsb 3 MIO wilfcuin (slajld 51y 2 5w 090 cdtiin (539, 43 dil e dlhie 5w o Y UKW
BRYVA

@ e dilano S jAS g E godno
VY bl 090 g 53 MIO 35 0)95 Sttt slajg, 5 cilyinte ojg alias 2 e (SaSly ¥ S
@ o)l gl o (lpl opf Wlinie oje pulyw )3 oliud e Bblie @il (pl 4 42T b ans e (L 1) VAAY
oS JSulgiSo WD/ 5 )Ltd L jLib 5ST,0 ateS 0bl o odnltio LB 18 31 sl (g g a3l Jlodh ¢ (sl
2 Sl i Sl g iyl JhE ol Gye g alise 0je odgdme )3 sl ol odb il ol ) 4 ads
5 oo (gl gl L &S 39 e oy iy 3l alsial (g g linydl Jlod @y slyd 6 (00 )8 @l o gble
g Wy adate 69y p (o) )3 (2ljaid 2 dilaie op i W33 (L5 & (WAY) oly (5 5 =)l 5 (WAR) oS

O Slegren il o lye



\YY OB 5 susad | olaz— ol cilizio (lojl5 40 0w uad 10 4l o dilrio o juis y2 o Siig oy p

. 1005
.
o
ot
e 1000
. |

Cold Month Mean

Latitude
w
o

»
@

2
o &
Pressure (hPay

20

980
10 15 20 25 30 35 40 45 50 55

Longitude

NAAA-Y Y+ g lol 0595 Job 45 5w 0,90 Ctitin (59, 10 Al yte (21305 2 Egexe Y UKW

SIS > LS 351 o Sl

9 dyw JAAE 9 MJO oy o L;lm)ls Jp c)fl),o L)’I )L.MS O&L«o 9 axlllas D)0 dalrio Ls"l)»P )f‘fo Sldws
SreYALY 5B oy ol 0 & €85 )15 Ly 3y90 a5 390 Juad Sdo SV (1 Sile 4y o] G (prizmon
& (Juad opl ae Vs Sk 1o > B/AY) S50 WY LY 51 5 (Juad pl ie SV ob 0l duo 3 VA/FY) Slis >
b (82 350 )Y 56 & bgye jlid (560ke (g yieS Aillioe 2053552 350 (038 g cn e Shb c5
V) 851 bgye jlid (ke (pyir g (JSligiSn Vo ¥/0 0 p0 0)95 S )38 (550ke) JWSlygiSan VoYY Lt
(Y Jgi) adle ¥ 56 & Loy JSligiSa AAVY 55 50 b )Lid el (pizmed Bl oo (205 12 3950

3S1s0 Egacxe 43 BT Comd 9 3 g Juad 45 MIO ciliseo (glajld oljuid o jLid 35150 Slaai Y Joua

J5 )L SSle 458 2 S P ke | p L des | STesla | el
JSwlgSa a | aoyd 4 bl ggene a U 4 U S ju
JSwlgSa | JSwbgSa | alus e
3B

IR\ ARRTAl aas/¥ VY At

AAad VeoX/N AAV/¥ A AgSit]

Ve ¥/ VAE- \RRIN 43a/A 8% A
ANYO Voo ¥/ aa-/y A\ ¥

ARYANS ARRYZAY a3a/s Yy Nt

VF/¥Y Voo F/Y aa¥/¥ ya It

Va/¥- Voo ¥/¥ ay/s Ya Bt

W/FY Voo XY aay/y Yy Al




VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk \Y¥

O g Juad 30 MIO ilido s 3B (9130 32 351 g0 Ui Gos

e g gyl Sy Juab dilisee (slajle ) dal gdy olo g JSbgSa Veee 5 5lab b olias e S1he
23088 2,90 )V 9 5 (slajld )3 )Lid (sladinaS' )15 o i (V' Jgir) €805 )5 ()2 2590 30 ool (IS0 By
bl oo (JSulgiSn Veee 5 5Lid )00 V) B X ) (slajls 4 bgsye ol (3308 5 ol ol 8 (JISulygisa V- - -
YE oA Co Lt atgaS 350 oo § 45 ok 03,58 ol o 5 alyie o 3 o0 odalie Lt clodipeS ke
Y56 baye odds cud jlid pyieS b oliais > S0 bl e ol pl G e ddlaio (0 0)50 £ 5 Al ide 055> (59 0 )0
Ol JLi8 4ineS 58y olo oy 53 wanl 485 JSS (45 5 555 oll )8 3 85 Al JSwligSa VY L L
adlan bl o (7 Jgio) 23l go yoliod olo )50 O 5 45315 olo 3)90 VY et y8 olo &y Lguyo )50 VY )90 (oo jl ¢ Jud
235513 5158 (elbol (slaogS ety 5 ailibde ©)8) ilinse 0jo> (595 32 yUid (sladineS (pyieS 35 (VT (Ko 5 los

3w Jad 3MIO ciliSes sbjld ol50s o 38T e Wb Yoo v 15 LGS Y Jous

E989 8o 1508 o 35100 Cordgo WSy Lid jlade | WS e LS digeS 35T e dlad BILIPt
a9l5 &lde 06> aag/¥ \ ) ;6
4.:9:|) A_vl)...:.ho 0j9> aay
olwd &l 06> 334/A \ Y6
4095 Aal).u,\,o 0)9> aaa/s
4ol3 &l e 059> aq. Y ¥ ;6
o3 &l de 0je> aav/y
a9l5 &lyde 06 aa4/s \ o5
).f.nL.»b A_vl)...:.ho 0j9> aaa/s
4095 Aal).u,\,o 0)9> aa¥/yv
29 olrl o Y A 756
4508 &l e 0je> aas/s
eolwd &l e 0je> aa4/y
48 olrl % \WE
4.1)95 A_vl)...:.ho o)'3> a34/4
a5l5 &l 06> aa¥/f
4095 Aal).u,\,o 0)9> 220/

4ol3 &l de 0je> a3A

aol3 &l e 0je> RRVVA

a9 alyinde 0je> aay/y A ABL
4.:9)|) &lyae 09> a0

4505 &l e 05> aay¥/s

4505 &l e 06> aa¥/a

45,08 &l de 0je> 434/

45 ol o AN

4,08 &l e 0je> aa¥/A

4599 @l yide 0je> aay/y ) Ase
ol &l e 05> /¥

e el o A




1Y0 AR 3 susas | sz ole cilizto (Gl jl5 40 0 puw S 40 iy ko dbibaio ot i 2 (U009 ot 30

Al b6 4o adline Sbwis > (I e

5 MIO wl8catin glajlh 13 5y b iie slojgy 5 adllas 5,90 dilaia clais o (clb e & 5 F sla IS5
2 S o3 e 93 b Gollas (I yws oST)5) simd o i |y JMoul b uSits yloj 51 Y=Y -=VAAR (g5lol 095 Jobo
Ero Sy @ 5 e S 2500 odnltio A3 2 S ol odes o 93 35 el )3 b o)Ll ] 4 (LB iy
o Ol |y dn e SO o] i 395 00 003 MIO (clajls dan )3 oS ol oy BB 1,80 0,58 cloyls g g
o 4 g Comd (93 51 593 Wbl cad (Solind g 039 (Bpen O Bblie (pl 3 baih o Cunlo 4 a2 L 4SS (pl i
25,6 )L,E MIO (slajs 15l con g )5 3539 (Sl &gy a3l aan > Lo

claas »  Solos il ) da g b Camsg Bb oo dlaiel 55 (gowds 9 39 00 5ET il nse wye 51 aS g)lg o Lol
o5 b Slo oS a0 (U 1) o3 2 gladilols (52 e (o515 0 oS SG 5B el glite (IS4 3boLe
Gblie 5l a5yly jois alnse oje 0 B pl )3 S Sbayeus jl 350 din sl B pl > Wlinae 0je 0 oliaS
(ol sy 5 &lyate (5> (595 ) Wlod S Ly Slatel ddlaio ] 53 500 908 lnl oy 9 Bl Jloh e 51 S0
03y (ol (6by> 9 wlyude sb)d> ] )5i8) Wl e adlate (3,5 b 0)é ) i o515 L (g 2 (sl s 93 516
I om siB 2 BSlye ol ydr 515 Sltel (4590 9 Blie Jlod S5 598 i) plpl )8 adlate Cuow 4 g Ko
03,5 o dlazel )yl oyl B byl pne a5 (63590 93 N3laidy po 5l 35 byd e (S92 dilude by ye > JuSCiS
ol gt dibals )3 (5 pied BB S Ol (o5 5 03l sl iS4 ) wlmae by 38 > el
el J10y95 5 (B B ) G gyt bolad Job iomen g (3552 Sl yws 15155 515 (al 0y08 (o0 iz 4 (06
51 0,8 Jlod Jlgi 5 o] gt Jolgus b a8 sy oyl y 0 il ypte allate )5 (gaiS 2 (sl s oS5 et B 0
390 S o5 Jb ol b il o 51 lizade 5 g S50 50 5 008 ST L)d nl s Sl s (] sl By S
0D A > 3y50 S G )yl S Cain ol Al dsldl lpl Oy B aS b e 0 il hde By o ol >
ol 415 6,3 B S > oS 395

i &8 5,5 otnlie olyie peitns ol dlyite dilaie slocund plod 5 |y (s e (slbpmus olgz 6
5 oMb £y (5552 (swgr) Ailpute Jlob (slacuond 5l bajoune cpl I (pam 5l (Sslite bl 3blie (S)le & g9y
Sl 3 900, e m lpl ye ddhaie Cuow 4 g 0l (598 olw (6L 5l yeue b pdm g 4y w5l diliuae gl (g9,
255 5 liide (gl)d 3y g il Jlod ol Gblio cltpte (sl)d 0y 5l dbppuns 0l S0 £9,0 blES sl ab) oy
o30S pl 0y ddlate Casw & 5l 3 45T (63590 LS 1B, (g 5l Alpbde b 59y g & LBL e dlye gl
by 9y 2 L o515 1 cnl 3 sl 03,8 CS o (500 (G g 4B S dllpbne Gbyd (50 5> sl o
S conl T a0 (5b)d (2 Cuond 3 g (ISl Cul AL (gpSay StalS LB B 4y Cuns Wl
s conlin Al e b3 0y )3 b2 S o g (655 JS (sl Lulps MIO 0oty oz 36 )3 dmd i i

oS5 8 5B L alte B cpl )l oad Blote ailiise sb)d ain guwd baid p S e 051
Sz 5 ool odalile BB Wl ailale (g bl jid 5 039 o Wlitde (5h)d yf 3 ohisd A5 2 (sla s
g5 oo deni o (Jlad (ol (S5 b js cpl jier )08 0 el @ Ol g Epe gD ©pE Bble 3 e 350
Slyte gyt 3blie gl 51 dm Liia 500 1) (52> oew Hl5200 allaito 59y )3 (5135 2 Sl e oS5 G jB
G5 Jlod Cuans &y g 00l g9 yb ol (sb)> 9 Alymae (shyd Spe I S0 (B bila) G Sl Wliae S50 50 5 009
e o el s I 2 9 LS o0 2S5 >

b 148" ol (o e ]3] a5 BB godg90 g 0id yidi aws 005 oamldie (4433 2 (6o yune o515 Y 5 )
55 By g o 21l bl 3 5 03,5 S > Wit (5hyd oo 4y g 2,5 o S (e g o (sl i Bl
Wlsde By 0 B cpl )0 Wed o UL dliude gbyd See 0 AT Ngd o 01D By (Sowd dlHle LyE Cuow



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk \Y#

by x> Cdld i 5 398 e odalie LA CS g SIS Glp e e Gl clajls B
4 3] sl (2lsi g ¢ gl of bl )3 Aty (slaitie G0ty (ol s (rizrad 29 o0 odalie &l e
08 g S S pgty IB o ol Sy BB s gl Cogin )3 3 e M2 9 g0 il

3 1y 395 (Sl w515 wlynie b)d 59y » 58 S8 (nl 53 B prane el 4Bl LljEN b prne o515 i 16
it 2l Orzmen 5 Jlod iy Bl ol (s ) sl ssalie LB wliae (5h)d (55 2 45 e ps Sl 250 a2
o3 ol (6b)> g Glpl Cpf Chem @ 4S5 508 5 wlynte (sbyd Uit b (slajpuns 25,5 o Lo alpe adlate
e B o guis e ol Wlea S e lpl Oy G a4 olw (bpd Cugby S b (6)lg0 jd g Wiloads
Wl @l 5l e b @mls ol Ml (g 99500 4t o Cul jdn Sledy Wlos S S > il (ggwar allyie
dalaie g g &linde (sbyd g9y p dpw Juad > lpl bl ladis s sdas wdly L &S (VWAF) (oS g dale
Pl e (W) (owle 5 98 (GHIG05 ) Clillae Wigd oo S5 3lye 598 5 (lagw b
S o (Byme AB)S 8 E e sl S5y 2 9 Wliade £lpd Gy 2 0l 2953 sgme 4 ailye )3 0gli ¢Sl 5 09
5 25 ol |y ot (25 ais > Eob g ) 3 Wlyion MIO slajls youis o aaslys (Ve +A) " olidge 5 cpmiomon
sy 4y |y glite sla Shig b ot Jlo 2j 0)90 )3 o) ol (g9 2 ADlgis0 Liggd ol sl ) o
A 385 s LS5 adlaie ¢ g5 3 MIO (clajls 51 Sy a8yl vt Aot ]

W85 )5 4 wd oy wlysSl 3 )Slos a2 ST a5 Cunl S5 4 p)Y baid 2 ob e 4 baguye gl (wy
2948 & aid o o8 Sloj ) ool cpl sy Hlai 4 (Jg cunl JoiB BB ailinse sbyd g9y ¢ pol adllae )3 0
o b 432 Can)d e 3 (glsl by Sigdpo s o iy o (38 S 3 ol e SS9 ol
23 o515 oam (S 4 852 ey b Yl g el gloj b w2 by ) 5 <S5 (St il
2 sl sl p3Y gy el oAbl cas o &S o daldl plulid 4 3B (b joane o)1 &S 2950 Ll p> (55
P95 e w98 sl lBLS] Ll g SlaeS odmn (S g L 3blie sl ool

CS o Ay oo 550 &S Dga o odblie (gui > sladiloles Faw by oy > MIO Coin slajls dan )
Pl Shgw (sl )lideS s 4 byl 5l llas (5 50 oS ayLidoS cpl it Slo 365 Jomo )3 (63 190 ;3 b g 03,
Slobo Sy & ygods 5 005 S5 al e 05b b wmd o 7y Jlo o5 (slools 1 Bias a5 Lols Luylyd 53 390 03y
o3> i o yede oKy ol pene oiy3) bawgs b )lideS ol (63939 BT adlas oyl j5 il ey Jld Seolisd
MIO (ol Lulyd (bl coeie (slajg) 5l g ol 0 Jlo 2p (sliole r dalllao ol 3505 (g2 (Jg ol 0
Wl 035 0amliie Ay Fy g HLideS Cugli o 40 45 (63590 Wload Lol

1. Aiyyer & Molinari



\YY O‘ﬂéJ Gosas I dé«f}?—délo Mdhjﬁjo o).w‘j.aﬁ)d oo %ﬁ@b”ﬁ&[bj}g’w)f

COLD SEASON PHASE 2

w\

(E6) GWj8) Yo Ye1AAR 5,bol 0,93 Job 45 5w Juad i g, 43 dnlllas 390 dibaie SLS ya (tl prane £ S



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk VYA

COLD SEASON PHASE 5

- N PYAASE &
I O ~ O S < . - > e T -~
\ ot Y \ 2 ¥ - L
Ao\ ™ y, - \ \ % . e i
: ; - ¢ [ . e Y
- ) e I ~ L e - "I
' e —\-\3 . ) O8N Kk 2
( | | > . J :
B o< (\_' Wy | i DN T (—53\,.
> - - - ., - -
Y —t o) e
. -
s
= — —
' " N ”
\1 \ 1
\ )“s \ )
o o g2 A (A
b \ 136
¢ | R4
¢ 2 > =4
) + ! -
1
e yrate
COLD SEASON PHASE 7 COLD SEASON PASE &
. » S =, - -~ , S L6
) A . ey L ) . {
-"‘ ,; el e - % N “IRE ey DN\ e -~
1 %) » 1 J % { . 1 ]
A ek E | F0RE <
) '_ "\‘,b' - 3 oo T ”
A e |
- y. o 3
A T e a
4 Ay \ r
LW T\ {
-~ \ \ N Y
!  POS - ~
| ~
\ \ o g
v l9 \ ~ )\ )L9
bl \ ¢ |
LA )
\ N -
- 3 ) ]
} -
W oo

(A G0 5lajl) Yo ¥ oA g Lol )93 Job 45 3 pur Jud i (Sl js, 5 axlllas 390 dilain Wi 1o (2l ywns 0 JSUU5

NS % S ywo € gono

ol ol o2 i ol il Gioled a1y S0 Juad 0 baaid > (gl s 51 (LS slod G S5 S 4 595 b
&|WW9J")‘D (8 i ﬁ,ﬂ); ‘u.‘l C’.h" LSB))’.Q”\Af colﬁl 9)994:1)3%A4 09> (59 )° L;JJ&)% dmwé
a b bl g oad oS il dly)&«»@@iflﬁx)\a G,\JLLMJ G\ o youe (STy5  Jlous sl 31 aslaio
Z9r> 5l i 9 S S ilinse 5y o 4 2550 biles s B Jleas (sladis > a8 aizdly plo 365 adlllas p3 (Y4)Y)
3bj ey b (Sleygls 9 455 Cuow) 3pd Coomr 0 b (B gl g ok (513) 358 Jlod oo 0 b e ]
g g Uiyl olgl (2lg Epm (sb)> yf Bblie )3 108 W15 b 55 ol e gy o S Ll 53 g 038 €S >
Ak odalie b6 yo)ld pls



\Y4 OB 5 susad | olaz— ol cilizio (lojl5 40 0w uad 10 4l o dilrio o juis y2 o Siig oy p

Lattude

Longitude

FoYe1AAR gylof 0,90 Job 45 5w had e (W9, Egooro 53 axdllae 390 dlliin (LW 1 U yowns T UKW

S5 i g o

Slde adlale (a2 &S > 9y p Jlo 3w 0)93 3 (Wmgle lug slacuibly (1 5l Job by o)
0dgdoe ) ljuis s adine Olyxs a8 ob i W=l Slliin ol o sl s o L) 5 ls
Ve de B AAY o odds LSSl glanis o 0 jlid S polie Jlo Dy Juad oS (g )sbay .Cunl gaite &l e ddlais
Vg #5655 ol 5l o g oad JSas ail e ojg 59y 2 s 2 (n 368 A B G nl 3 el ke JSbgS
s, goi5 Jas 5l Wlosel 34y 4 JKbgiSn AAF polie b oliais s cladiun o col Hl8p Cundg ol e @
Jbo Dy 090 > il oo W ole bl plu 4 Caws g Cpyiin B Y 5V A bl iy 4 bais
gl (g g i ydl Jlad @y sy f ol s Csix olnl it e 0 iy > 2liis e bl
ool odnlie B 1y 31

oSle 2o VYY) oliad e S50 VALY B adate 3 oliais 2 £585 5 S Shdtes Sl b
O FeS g Onpier LIS i 4 (Jad onl Cae GYsb (1Ske 30yd OIAY) S50 Y LY 5B g ((Jad (nl e SV b
g oy plaidl dps & cuidy sladiun 1) 65800 Jlid Hlade p S Y 5B o cpl il e oA e S e

U8 ladiaS ))SS cp i LY 9 7 56 93 &S oy (Lt dilaie )3 (guiS 2 S0 LiS Bee (yp jl Sl gl
S B g od LSS dilye 0jgn g9y p WidaS (sladiun ST b O X O lajls 4 bgye o oy yieS g ol
JwlgiSa AAY I 568 4 ‘_'j Jade oS 0340 ¥ 5B > olad > pyige8 WSlodds LSS Gl oy bl )0 Lmdi
ol 5 agily a8 (slmolo o d bl nl 2 Bl Glnl 28 BBl 9 4S5 B ol Culleb edgame &S sy
il Jlo 3y slaole plo 4 Cond oaiS 2 o igsB )b

it 3ble 4 oud o (olbjs odos & 35 ol (S dilnae dilaie go) podd S sl 2 s
S dgdee st Olnl @pf Jlod Bblio 4y g 485 398 4 0)8 Jlod (Gype j1 plu 3 90392 A g Y56 93 3 ]



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk Y.

‘Ol)ﬂ “yE g 4\31):%.&9 0j9> (£9y 30 (SN3y> d pus Jlo dymw 09D 43 Cwl )1)5)3 YoF & & sl Cuxdg Oﬂl
B o) s g g Bl plgtal (g @y sbyd oy Bblie 13 1S (ST b 55 olb e 1) gyt 08Ty
Swd ol lis



Y OB 5 susad | olaz— ol cilizio (lojl5 40 0w uad 10 4l o dilrio o juis y2 o Siig oy p

&bo

sl o e s saliag, uien dh’zgﬂl .(\\c'Y) Oy ‘d)fw':] il co>1)‘r°L») Sumw o yioeilpa fodyg cu_xhgl
doi: 10.22034/gp.2024.57342.3165 « s el 5 Lihin -l o Jlad 5 i (i

oo cliblbo (las fboo o)) gl aliws sl5lL ola S wlisnd8l L(AYAF) (s ype 50T fdazme cdida ¢ e by
AVA(Y)F

235 39) sl adg p phe Gliphl sladilels glamd Sl oy (VFr0) e oSl todims ¢yl tne (il
NOVNY (YOWO g ydoliys 5 L2

Glatiwl ;3 Jho 350 090 Bad sl o)l Laed glaailols Julos (WWAY) Jaclowl ¢ aolie fhpol D (g5 550048 ¢ GMS] o5
MNASAY (FNE o gidolip g Ldlis . o g g90) Sl
ol wdigen 095 (65 yglisS 0aSuiild Sy olSily b)) ool S 4ol bl L gSel

oo lwgs sy (slajld ).ul.s Ol oy IV Lo jaen! ¢ cowld 0, Sla ¢(giommo § dedao ¢ Slotol jual 2 ¢ oo (8))
A=Va(V)IY ‘u&/u/’w&}/ ol bl pho w309y dw Gllsy 9 o) p Wes

(YA)NY o oldlss (lad o) o slanid > Sloj g SlSe i (o g 2lolis (WYAY) dl Coes wly ol fduomw 2 )5
AA-YY

3 alpl b ol st SKe Judos (AYAA) g oI5l 4955 ohied (o35 Dlgs o Lidld fdunds ( obas IS o
NOANNAY (Y)Y o pale o wlidlon i Mo pole cauldl LS calises olajld
NN (YN o olo! S bl dleo

Olwss ).:.sb cos Glpl gyl gbua o ggl8ly (VFHY) Kider o 3B fdamo cdidu Gy w0dl) (gl £ ybyeS «jgrdeme
Y=V (DN Y ¢ wlideils] glo yingls (VA=Y V) 0y50 b Wen— ol

Gy p 35 0b Fy (Seeluo—snten (55815 (WWAR) (gi00 (6 05T i dase 03]yl flote cdddu ¢y (gdazo
IYV-YYY (Y’)Y’ ;> ,ﬁ}[ﬂ} u.wlwz/}b 4(4).wu ul):l U).C— Dy 093 O‘i““’ dl.tbu»)l)

s —sudl b ey —ple gla g Son awyp (WWAY) Lt destodw «blulbU fal s o suel BB fadnn ‘)91)4(4’
NANYE (YN e/ il dloeo o) il 030l sl 5k O] 3555k 5 9>

» MJO 5 ENSO (slaonsy lojen (iiSony byl (OYAY) dl s ¢ el 25 faiyds <9l o i dose dow ccoblulobob
F=¥A (A cd/):‘/y/’ég&o lidzs ol pl 33 s g 5 sy ol

(FF) Y (£l 5 ool Y pamo ()98 5 i i o) sl 1> (23)98 b ety slmole (S 5 0lw) 50
FA-FVY

Ol Bgm 9 ol G g 5 oS lihl slaailbls (o luly (SsSe (WWAY) (868 (llinls i taotns lilullobl
NeAY=N VY (DA [ gipliS wlio g pole) ST 5 o MIO ooy b

A8y glp 2 (MIO) (lse =l plog (i pp (VF+F) Jsto (Jloj thiagy (2o tdable (3praald Can ooy
Sl Slii a4 e 93,5 39,5 (Sl yme b3y 5 pliwiP il COte slaolSi] L 525 (o by
(YV) YO bdli> pole



VEeF Qe oyloss KA 0,90 o530 yaoliy g L sk Y'Y

el

Aiyyer, A., & Molinari, J. (2008). MJO and tropical cyclogenesis in the Gulf of Mexico and eastern
Pacific: Case study and idealized numerical modeling. Journal of the Atmospheric Sciences,
65(8), 2691-2704.

Ammar, K., EI-Metwally, M., Almazroui, M., & Abdel Wahab, M. M. (2014). A climatological
analysis of Saharan cyclones. Climate dynamics, 43, 483-501.

Aragéo, L., & Porcu, F. (2022). Cyclonic activity in the Mediterranean region from a high-resolution
perspective using ECMWEF ERAGS dataset. Climate Dynamics, 58(5), 1293-1310.

Bartholy, J., Pongracz, R., & Pattantyus-Abraham, M. (2009). Analyzing the genesis, intensity, and
tracks of western Mediterranean cyclones. Theoretical and Applied Climatology, 96, 133-144.
Berrington, A. H., Sakaeda, N., Dias, J., & Kiladis, G. N. (2022). Relationships between the Eastward

Propagation of the Madden-Julian Oscillation and Its Circulation Structure. Journal of
Geophysical Research: Atmospheres, 127(16), e2021JD035806.

Du, D., Subramanian, A. C., Han, W., Chapman, W. E., Weiss, J. B., & Bradley, E. (2024). Increase in
MJO predictability under global warming. Nature Climate Change, 14(1), 68-74.

Ferranti, L., Palmer, T. N., Molteni, F., & Klinker, E. (1990). Tropical-extratropical interaction
associated with the 30-60 day oscillation and its impact on medium and extended range
prediction. Journal of the Atmospheric Sciences, 47(18), 2177-2199.

Haertel, P. (2022). Kelvin and Rossby Wave Contributions to the Mechanisms of the Madden—Julian
Oscillation. Geosciences, 12(9), 314. Haertel, Patrick. Kelvin and Rossby Wave Contributions to
the Mechanisms of the Madden—Julian Oscillation. Geosciences 12, no. 9 (2022): 314.

llie, V. A, Croitoru, A. E., & Man, T. C. (2021). Mediterranean Cyclones Tracks in Europe with
Special View over Romania (1985-2015). Scientific Research & Education in the Air Force-
AFASES, 2021.

Knutson, T. R., & Weickmann, K. M. (1987). 30-60 day atmospheric oscillations: Composite life
cycles of convection and circulation anomalies. Monthly Weather Review, 115(7), 1407-1436.

Kouroutzoglou, J., Flocas, H. A., Keay, K., Simmonds, |., & Hatzaki, M. (2011). Climatological
aspects of explosive cyclones in the Mediterranean. International Journal of Climatology, 31(12):
1785-1802.

Lau, W. K. M., & Waliser, D. E. (2011). Intraseasonal variability in the atmosphere-ocean climate
system. 2nd ed., 613 pp., Springer Science & Business Media, Heidelberg, Germany.

Liang, S., Wang, D., Ziegler, A. D., Li, L. Z., & Zeng, Z. (2022). Madden-Julian Oscillation-induced
extreme rainfalls constrained by global warming mitigation. Npj Climate and Atmospheric
Science, 5(1), 67.

Lim, E. P., & Simmonds, 1. (2007). Southern Hemisphere winter extratropical cyclone characteristics
and vertical organization observed with the ERA-40 data in 1979-2001. Journal of
Climate, 20(11), 2675-2690.

Lionello, P., Malanotte-Rizzoli, P., & Boscolo, R. (Eds.). (2006). Mediterranean climate variability.
Elsevier.

Madden, R. A., & Julian, P. R. (1971). Detection of a 40-50 day oscillation in the zonal wind in the
tropical Pacific. Journal of the atmospheric sciences, 28(5), 702-708.

Madden, R. A., & Julian, P. R. (1972). Description of global-scale circulation cells in the tropics with
a 40-50 day period. Journal of the atmospheric sciences, 29(6), 1109-1123.

Madden, R. A., & Julian, P. R. (1994). Observations of the 40-50-day tropical oscillation—A review.
Monthly Weather Review, 122(5), 814-837.



\ Yy OB 5 susad | olaz— ol cilizio (lojl5 40 0w uad 10 4l o dilrio o juis y2 o Siig oy p

Miller, D. E., Gensini, V. A., & Barrett, B. S. (2022). Madden-Julian oscillation influences United
States springtime tornado and hail frequency. Npj Climate and Atmospheric Science, 5(1), 37.

Mohammadi, R., Saligheh, M., Naserzadeh, M. H., & Akbari, M. (2020). Synoptic and dynamical
analysis of the cyclonic occurrence of heavy rains during the cold period of western Iran. Journal
of Meteorology and Atmospheric Science, 3(3), 224-241.

Pezza, A. B., Simmonds, l., & Renwick, J. A. (2007). Southern Hemisphere cyclones and
anticyclones: Recent trends and links with decadal variability in the Pacific Ocean. International
Journal of Climatology, 27(11): 1403-1420.

Pinto, J. G., Spangehl, T., Ulbrich, U., & Speth, P. (2005). Sensitivities of a cyclone detection and
tracking algorithm: individual tracks and climatology. Meteorologische Zeitschrift, 14(6): 823-
838.

Pohl, B., & Matthews, A. J. (2007). Observed changes in the lifetime and amplitude of the Madden—
Julian oscillation associated with interannual ENSO sea surface temperature anomalies. Journal
of Climate, 20(11), 2659-2674.

Raible, C. C., Della-Marta, P. M., Schwierz, C., Wernli, H., & Blender, R. (2008). Northern
Hemisphere extratropical cyclones: A comparison of detection and tracking methods and different
reanalyses. Monthly Weather Review, 136(3): 880-897.

Romem, M., Ziv, B., & Saaroni, H. (2007). Scenarios in the development of Mediterranean cyclones.
Advances in Geosciences, 12, 59-65.

Sena, A. C., Peings, Y., & Magnusdottir, G. (2022). Effect of the Quasi-Biennial Oscillation on the
Madden Julian Oscillation Teleconnections in the Southern Hemisphere. Geophysical Research
Letters, 49(6), e2021GL096105.

Simmonds, I., Murray, R.J., & Leighton, R. (1999). A refinement of cyclone tracking methods with
data from FROST. Australian Meteorological Magazine.

Suematsu, T., & Miura, H. (2022). Changes in the eastward movement speed of the Madden—Julian
oscillation with fluctuation in the Walker circulation. Journal of Climate, 35(1), 211-225.

Tsuboi, A., & Takemi, T. (2014). The interannual relationship between MJO activity and tropical
cyclone genesis in the Indian Ocean. Geosci Lett 1: 9. Doi: 10.1186.

Vitart, F., & Balmaseda, M. A. (2024). Sources of MJO teleconnection errors in the ECMWF
extended-range forecasts. Quarterly Journal of the Royal Meteorological Society, 150(761), 2028-
2044.

Wheeler, M. C., & Hendon, H. H. (2004). An all-season real-time multivariate MJO index:
Development of an index for monitoring and prediction. Monthly weather review, 132(8): 1917-
1932.

Zhang, C. (2005). Madden-Jjulian oscillation. Reviews of Geophysics, 43(2).

Zhang, C. (2013). Madden-Julian oscillation: Bridging weather and climate. Bulletin of the American
Meteorological Society, 94(12): 1849-1870.



