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Abstract

In this paper, high rainfall years (anomalies greater than 100%) and low rainfall (lower than normal) years
were identified using the long-term and monthly precipitation values during 1987-2016 period for the
autumn (October—November—December) and winter (January—February—March). In this connection, the
Madden—Julian oscillation (MJO) and the North Atlantic oscillation (NAO) indices as well as the frequency
of cyclones formed in the eastern Mediterranean were studied using the ERA5 reanalysis data with a
resolution of 0.25°. The results showed that during heavy (low) rainfall years, the NAO monthly indices
were positive (negative), the MJO was critical and in phases 2 and 8 (weak), respectively. The number of
cyclones formed during the high rainfall years was higher than the low rainfall years and most of the cycles
formed in the high and low rainfall periods were moderate and weak, respectively.

Keywords: Eastern Mediterranean, teleconnection, cyclone, Madden-Julian Oscillation, North Atlantic
Oscillation, ERA5


mailto:jamshidi.toraj@gmail.com

1014

PPNV |

Sndbolyzr Sl Gl Jlo 5l bl iz bl )0 o5 ais olge 51 (S 0)lgem Lol Jous 5 saads slai)l
09 olmdsS s a4 wloass Gl T Sassles a5 oD g ol colizile S oyliwl aw a7 ol 1 058 dess aslasils of o 4
Sk S 5 Cagl sl (erolie 4l ()T 095 4l 952 5 208 ShOLL sleable s o rils )8 (bl
b 55 30 olpl (2 Ao 2 Fge Sl i gbie ()] 58 Jem (b 65l A e la b jlade 5 Db oS 45 ol
S 5 g ) 5 o S5 [Lid S laailabus L oS 45 ail e gl o Gy 53, 51 45 molbailobs Lawgs s ¢ 5l
bl 5 (MIO) (ydgz—pole plugi 59 53l (1397 () Kom 5 akils) w0 oo 25 el ol o (s sl s,k b 5 Wigd oo
oled 093 (g 059, 30-00 clad 0,90 L MIO el oy () (il Slalllas o 5L 5 (NAO) Jles
elsz 9 50l 35l o0 d9z g pl)T 5 aie Lusilidl 55y p (598 (X8 e llaio 5 0 IS o 53U Ladilee (ulide ;0 0l bl
wilaie s L3S el s liecS )3 6l logi 5o NAO 2019 (o) Som 5 55 2012 5o 5 551971
@lalz b ol ewte 56 a5 (987 gisid 5 i) cosl gite g oo 5 90 L5050 (slojlociz Lady ailols g wil
ey o sl z Sud g olas, all 4 e 5L oo, G a4 bl gl 18ly sla i (s Jloss
(e g 2, 12001 ()l 8o g ol paolo) 3,15 (6568 150 il e 5,5 50 @dly sladis > Cad p Jg e o ail oo
2 8,5 blie et 5 5 Q018 () Ken 5 Sils 2017 ), Kan 5 Ly,S 2010 oo San o olSsls 2004
(Di2) o pdyier iU 5 pelbl g5, eads JoSas glaglss I a8 sl al e s Glnl s bl o ifosir glagi)l
5 Gom ol 25k w25y 5 NAO 5 MIO slugs 30 5l ) azgs b (1999 o) Kan 5 Jsol, 1997 ools s Jlo 1195
Obey 5o ailiue sbyo §yd g9y 2 oad LSS (Sesls lanis > Slgls g Glugi 90 (nl Cundg (o) p dlie Gl plox]
ol Jloyi 5l 0S5 1100 51 59 (sl b slod b

GBS by, 2

)l 455,515 aalllne 3,50 Wloit il o] _Sanles 4 e ) 5 bl oliole S il des Lol o5 o) o ailae
by Sop lacls (g jpame Grizmes 5 ()1 005wl aily Sleli ) 3529 (bl aw () S it la Sy lex
Da5 o Hlis | aslllas 3550 (soaen olKiws! 5 olpl ye slaglinl Cuxdse o 5 Al JSo ol ddlaie ails slaosS

(< (<l
. e 0 = =
s
st s @
e Rl )
=] 153 P
o~
- o o
. -
f \E
Provi
® Synoptic - — —
&l - i .
= ~ e

Cabos—elgd =551 50l Juad g0 50 ailale ()L ool (S 508 5 (Sbaus laosls (2 (o) 2 sl pol> aslllae 5o
5 2! coliile S slagyliwl sasaen sloolKiws! sl (2016-1987) all 30 5 Lol 0,50 ;0 (Lwyle—as 58— 5l5) (ylins 5
logls Lot sl s NOAA 5510 ledlol INAOD adil sla_msLs (sloosls b angs 9 oolitlgn ol 5| i)
Gy 9y g ond eSS (Seolins sloais iz olulid @l Grizren il pulitlsn 5550 slaosls I MO alfcoza
50 el oas eolazwl 012540725 a8l S5 L ERAS slassls i ((Jlos az,0 10-40 5 3,5 a>,0 25-50) «il uoe



1015

L slools rizran 5 7100 51 5V g lmin o b gloolo 5 8,5 )18 oo 9550 Al 30 alale (slo i)l ol pol> iagsy
oezer g NAO 3 MIO slauign jg0 Loyl i oot Slel slaole (sl aslsl jo o Slulid g)lbun o jlade o yieS
5% oad JSad (Salios sloaiz 2 plulid gl a3 13 w0 3)50 dil e 358 50 0ad LSS lavis > Sl 2
15 e Olsieds a5 alais Sy e o5l 30 8 0 45 s 9y el od eslizl S00NPA 5 1000hPa 315 4 31 &l e 3,
808 it e Bl e S (sl BT 4l i sy s 45 835 e A gl S 550 5 i
Soliys A3 2 lyicds bl a8 5 yieskS 500 o5l 4y g0 el e alols 45, plKan SO0NPA 515 6lis oS o onbas
bS5 GlaisFay dind e sl B bl 150 2 s (2003 ] Sat 5 Ll yale) 39 e 425,515 1o
1005<P<1015 51 clawgie ous > ail 1005<P<995 51548 a5 > lgicar 0l 995 hPa 5| 58>55 (P) (o
g oo Bi> 1 )LidaS a5 090 o0 4B LD hind wiS 2wl

s 3

d987 )l (1987-2016) alls 30 (5,lel 0,55 ;0 ylins; § b slofuad 1o wlale o)L polie g kel sy 5l oo
1998 ,alys 51988 ,slgs g aoy0 100 51 jis s)lwm o b (o)L, sloole 2015 ,051 5 1994 . lgs 1991 ,eluss
Qo ) s 5 ooy alole 5l 5rle polie 1 Jpim 5 it ololis Jloy 5 508 s linisr b el
Jgoz ol 5o el sals Lot it slro,g ;0 NAO 3 MIO wign 150 90 Cundy piomed g ,5iS 0y slbolSin
2 MIO asls .l ooy yiias 1991 4 1987 6,90 90 512015 Jlo 18141994 Lslys slacks yo ailale jo,b acin
alale asls .cul asls 132 515 0 2015 ,u5141994 Llgs jo 98 51 ,0 1991 jeluws § 1987 ujle (o)L ald 5,
()b cotine slee,en 10 el 035 1994 Jlu & by o NAO Jlade o yiien 5 Cudte e sloo,g0 50 35 NAO
wlale Lasls canl 039y yiailon 14 537 polin sl)s cosi it 1998 alys 5 1988 ualgs o wilale i b cySolee lotia
ol aiils S8 15l eS8 5 ms > o MIO (a3 ls o)L ald 59, 40 g ciund § ke 5B 50 0,90 90 1o ;0 NAO

Ol 2 S )k sl 9 )3 )k polie 5 Lais 90 Comdy -1 Jgar

NAO MJO ;i e ails ailalo byl il alale (3L Sl ole Jl
0/14 8 75 283 ol 1987
0/46 8 65/4 186/7 eolso 1991
0/64 2 57/18 43173 eolgs 1994
0143 2 3015 401/6 ety 2015

oyl slrole Ho .ol 2 Jouz Gub coxino slroyg jo (lawgin 5 (598 crd) LQ;] Syad g onds JSis slaais o olaws
s 45 ol ot LS5 0t o 1158 113 112 slass e 522015 151, 1994 4151991 ,oalus 1987 o lo
Wil o 598 WS S shls 1991 JUOAPRRSN YL L@Q] Ol )0 5009 Lawgin g cans 05 > &94)1 EXVESEIREY

(s 50 ln sels 1 (Sonlns slonis iz ©ja8 g Jlsl 82 Jsur

Jb S olass i WS> bgle Wi SB WSz
1987 o ke 12 8 4 0
1991 el 13 8 4 1
1994 i, 8 4 4 0
2015 .1 1 9 2 0

slais > S slass a2 oo lis ) 1998 9 1988 ealgd (3L oS sloole 4o Seelins glaais > 508 @‘5‘)53 Joos
Sl 009y ..L_'>):>7 95 A 1998 ).uoL....'Ja 1988 )...al}s)o 0 J.oim.'



1016

s 050 ke slale o (Seslus slonis 1z a8 5 SlslE 3 Jsur

Jbe JS slass s Sy bugle wis > SP WS,
1988 iy 5 4 1 0
1998 .l 9 8 1 0
GrSas 4

bl 3 2016-1987 als 30 Ll 6,50 10 ailale (1 S5leo o,b (sylal (cmyp 5 e 45 Sl 00 aw arlllas ol o
s MIO (lugi 90 camdg (Jloyi 5l S lagi sl g (aoy0 100 51 iy (gl ) (i glagsyl b Slllas (glao g0
Olnl 258 Ol s 5l Syl 2 e 5 ailiae sbs Gr5 G5y 2 o0d S5 sz SlslS Grimen s NAO
38 32 slasls 1o 5 Slmw cunsg ;o MIO a3l g coie NAO wlale aslis i)l ot slao g ;0 .09 (yuntd
ool Jlad 50 bl 53l 5 28 yem bl > Casl o 2 36 50 MIO 5zils )15 oyl ol o cansl azils
2ol MIO (il 8 56 L INAO et 58 1 (ol god (izman 5 00l VL slagp e & Cugh, Jal 4y oo 5 o
Dgdion Olnl g pe )k Gl

P hln e slaoyed 5o ailae 6byS (3,0 59y p ond LSAS GlaaiS z slass a8 Ceul eols (Las pol> asdllas
Comdy )0y (h)beS leeygs 50 ool LSas laais iz g el 03gr h)leS e slaeyge 5l yin 1994 Ly
Wlodgy bagie Condg 0 yiien (B)ln slaeygs 0 Al o il I3 hnd

s

G, 10lpl Gy s o S Gla ik slas ) g Slegw slaible  Swelos s 1391 0 5 yS el & e ot ol (LB z (sdeme
247 .24 12« LLdl i psle 0,15 linios

Alpert, P., Ziv, B. and Shafir, H. (2004), “Semi-objective classification for daily synoptic systems: Application to the
eastern Mediterranean climate change”, International Journal of Climatology., 24(8), 1001-1011.

Barnston, A. G. and Livezey, R. E. (1987), “Classification, seasonality and persistence of low-frequency atmospheric
circulation patterns”, Monthly Weather Review., 115(6), 1083-112.

Corona, R. and Montaldo, N. (2017), “On the role of NAO-driven interannual variability in rainfall seasonality on
water resources and hydrologic design in a typical Mediterranean basin”, Journal of Hydrometeorology, 19, pp
485-498.

Flocas, H. A., et al. (2010). "On cyclonic tracks over the eastern Mediterranean.” Journal of Climate 23(19): 5243-
5257.

Hurrell, J. W. (1995), “Decadal trends in the North Atlantic Oscillation: regional temperatures and precipitation”,
Science, 269, 676-679.

Hurrell, J. W. and van Loon, H. (1997), “Decadal variations in climate associated with the North Atlantic Oscillation”,
Climatic Change, 36, 301-326.

Madden, R. A. and Julian, PR., (1971), “Detection of a 40-50-day oscillation in the zonal wind in the tropical Pacific”,
Journal of the Atmospheric Sciences., 28(5), pp 702-708.

Maheras, P., Flocas, HA., Patrikas, 1. and Anagnostopoulou, CHR., (2001), “A 40-year objective climatology of
surface cyclones in the Mediterranean region: spatial and temporal distribution”, International Journal of
Climatology., 21(1), 109-130.

Rodwell, M. J., Rowell, D. P. and Folland, C. K. (1999), “Oceanic forcing of the wintertime North Atlantic Oscillation
and European climate”, Nature, 398, 320-323.

Teng, KC., Malonet, E. and Barnes, E., (2019), “The Consistency of MJO teleconnection patterns: An explanation
using linear Rossby wave theory”, Journal of Climate., 32(2), 531-548.

Wu, P., Arbain, A. A., Mori, S., Hamada, J. 1., Hattori, M., Syamsudin, F. and Yamanaka, M. D. (2013), “The effects
of an active phase of the Madden-Julian Oscillation on the extreme precipitation event over western Java Island in
January 20137, SOLA, 9, pp 79-83.

Wang, Z. and Yang, S. (2018), “Teleconnection between summer NAO and East China rainfall variations: A bridge
effect of the Tibetan Plateau”, Journal of Climate, 31, pp 6433-6444.



