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Objective: Teleconnection patterns, such as the North Atlantic Oscillation (NAO), are considered
one of the most important teleconnection patterns in the Northern Hemisphere, having widespread
effects on atmospheric systems and the climate of various regions. For this purpose, this study
examined the relationship between monthly temperature fluctuations at stations in Iraq and the North
Atlantic Oscillation (NAO).

Method: For this purpose, Maximum Overlap Discrete Wavelet Transform (MODWT) and
Continuous Wavelet Transform were used to discover the multi-scale relationship between these
two variables.

Results: The results of this analysis showed that the relationship between the temperature of all
studied stations and the NAO is inverse, and the correlation between them is also inverse on monthly
and multi-year time scales. Thus, with the occurrence of the negative NAO phase, stations in Iraq
experience an increase in monthly temperature, with the strongest relationship between them
occurring at the third wavelet frequency, i.e., the multi-seasonal and annual scale. Synoptic analysis
of composite maps of 500 hPa geopotential height and the jet stream pattern at 250 hPa showed that
atmospheric thickness and temperature increased in the negative phase compared to the positive
phase, and during the negative phase, due to the placement of a trough in the eastern Mediterranean
and a ridge in western Iran, Iraq is under the influence of warm southwesterly flows, whereas cold
westerly flows prevail in the positive phase.

Conclusion: The analyses revealed that the position and intensity of the jet stream undergo
significant changes in different NAO phases; thus, concurrent with the negative NAO phase, while
the jet stream in the Middle East region is significantly weakened, it is positioned further north
compared to the positive phase.

1. Introduction

defined by the fluctuations in the difference in sea-

The North Atlantic Oscillation (NAO) is one of the
most influential large-scale modes of atmospheric
variability, exerting significant impacts on the
climate systems of various regions including
Europe, the Middle East, and parts of Asia (Hurrell,
1995; Trigo, Osborn, & Corte-Real, 2002; Wallace
& Gutzler, 1981). This teleconnection pattern is

level pressure between the Icelandic Low and the
Azores High. Depending on whether this pressure
gradient is stronger or weaker than normal, the
NAO oscillates between two distinct phases—
positive and negative-each associated with
pronounced and spatially extensive changes in
temperature, precipitation, and wind circulation
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patterns. In its positive phase, the enhanced
pressure gradient strengthens the westerlies,
directing milder maritime air masses toward
northern Europe while diverting storm tracks away
from southern regions. Conversely, during its
negative phase, a weakened pressure gradient
allows cold Arctic air to penetrate further south,
while warmer subtropical air may be advected
northward. Such large-scale shifts in atmospheric
circulation exert substantial control over seasonal
to interannual climate variability. Several studies
have documented NAO-related temperature and
precipitation anomalies in various parts of the
world (Cullen, Kaplan, Arkin, & Demenocal,
2002), but relatively few have addressed its
influence on the Middle East, particularly over
Irag. This study seeks to fill that gap by examining
the temporal relationship between NAO and
surface air temperature in lraq over a 30-year
period, applying advanced wavelet-based analysis
techniques to capture both time and frequency
domain characteristics.

2. Methodology

Three primary datasets were employed: 1 .NAO
index — monthly values sourced from established
climate data repositories. 2 .Surface temperature
data — monthly maximum temperatures from 16
synoptic meteorological stations distributed across
Irag, covering January 1990 to December 2020. 3.
Upper-air data — monthly geopotential height fields
and zonal wind speeds at standard pressure levels,
used for circulation analysis. To explore the
temporal link between NAO and air temperature
over Iraq, the Maximum Overlap Discrete Wavelet
Transform (MODWT) with the sym3 wavelet filter
was applied to both datasets. The decomposition
was performed at six resolution levels. Wavelet
variance and wavelet coherence were computed to
identify shared periodicities, and multiresolution
analysis was used to detect dominant temperature
patterns across time scales. Additionally,
composite maps of the 500 hPa and 250 hPa levels
were generated for different NAO phases to
examine large-scale circulation features.

3. Results

The correlation between NAO and maximum
temperature across the 16 Iragi stations was
consistently negative, ranging from —0.29 in Mosul
to -0.35 in Kirkuk. The most pronounced
correlations occurred at the 8—16-month time scale
(level 3 of the wavelet decomposition),
corresponding to annual and sub-annual
variability. This scale accounted for over 70% of
the total variance in temperature, indicating its
climatic dominance. The reconstructed MRA
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components at this scale exhibited strong, regular
oscillations that closely mirrored the NAO signal.
Positive NAO phases were generally associated
with lower-than-average maximum temperatures
in lIraq, a result of strengthened westerly flow
patterns bringing cooler maritime air and reducing
the frequency of warm air intrusions from the
southwest. In contrast, negative NAO phases were
linked to higher temperatures, attributable to a
weakened westerly circulation and a greater
incidence of warm southwesterly advection.
Composite analysis further supported these
findings. During negative NAO phases, the 250
hPa jet stream was displaced southward and
eastward over Irag, altering wind intensity and
facilitating the interaction of cold westerlies with
warm subtropical flows. This configuration
enhanced horizontal temperature gradients and
contributed to regional warming. At the 500 hPa
level, anomalies were consistent with those at 250
hPa, indicating that changes in upper-level
circulation propagate downward, influencing near-
surface temperature conditions.

4. Discussion

The observed inverse relationship between NAO
and temperature in Iraq aligns with prior studies
conducted in the broader Middle East region
(Hassan & Al-Asadi, 2023; Khidher & Pilesjo,
2015). The dominance of the annual to sub-annual
band in explaining temperature variance suggests
that NAQ’s primary influence operates at multi-
seasonal to yearly scales. This has important
implications for seasonal forecasting, as NAO
phase predictions could be used as indicators for
temperature anomalies in Irag. The results also
highlight the role of jet stream dynamics in
mediating NAQO’s influence. Shifts in jet stream
latitude, intensity, and curvature during different
NAO phases alter large-scale thermal advection
patterns, storm track positions, and vertical motion
fields. These mechanisms are consistent with the
findings of Parker et al. (2019) and Hall et al.
(2014), which emphasize the importance of upper-
level circulation anomalies in explaining surface
climate variability

5. Conclusion

This study confirms that NAO is a key driver of
temperature variability in Irag, with its strongest
impact observed at the annual to sub-annual scale.
The inverse relationship between NAO and
maximum temperature, combined with the high
proportion of variance explained at this frequency
band, underscores the potential for incorporating
NAO indices into regional climate prediction
frameworks. The linkage between NAO phase and
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jet stream dynamics provides a physical basis for
understanding these temperature anomalies.

Author Contributions

In the preparation and writing of this article, all
author has contributed equally and jointly. All
stages of the research, from study design and data
collection to analysis of results and final writing of
the article, are the result of collaboration and
collective agreement of all authors.

Data Availability Statement
Data available on request from the authors.

0

Mizhar Sajit et al

Acknowledgments.
The present research is the result of the scientific

Ethical Considerations

All authors affirm that this research was conducted
in accordance with ethical standards, with no data
fabrication, falsification, or plagiarism.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflict of Interest
The author declare no conflict of interest



AP Yo AP F 30l (17 ly) paws 0 ks i Sl

FRESRPTER

@M,f é.bl&o Ggl:é!)i.? O o
http://www.gsma.lu.ac.ir

VAV-YPYD 1 S U1 gble

32055 1§ (NAO) (o bl g 3 3158 5lod Wlabo Sl sbugh ot ol i s

MODWT

Tgaanll hgryls T caddla o dres M Calw g pis
khdyrmzhr436@gmail.com .asbLl, . oyl oble s ¢ b ) olKiiily ¢ lusl pole g cludl 01Kkl ddl i 09,5 )
mirhashemi.h@Iu.ac.ir .asblly .yl oble 3 ¢yl ) oKl ¢ slusl pole g closl 013D Ll i 09,35 ¢ Jgtume 0iunr g5 ¥
d.yarahmadi@gmail.com .aebbl, . lpl able B (i ol8tshs o sl pgle g o) xSty didl i 09,5 ¥

o Gl oS>
Ao g8 3353 5 g LS o Foge 31 S Ol 4 (NAD) Jles bl Sl 5 0 gt 153 51 iy (sl 801 B

e Al cnl 03 st opdy )l Calisee Gblie o Bl 5 (g slaslel  slos 28 SIS 35500 st 4 Ik 0 S0

‘llio =l o i gy p (NAO) Jlet Sl Ol g b Bl e 558 (slaolKanl wilale (slos ladlu 5w byl anlllas

VE R/ O/YY daly (S g g S g0 LT 5 (MODWT) Lo sad it b S Ko 5o SIUT 51y 5ot o 15093

DN AR &b
VEE/oV/0)

R a:uiw\ﬁiiﬁjé u.:‘ ‘_;.ul:jﬁ L

o 55xn 2530 4NAO L oy o (slaolias ] aled (slos o dlaily 457 515 DL ot o) ol sl o 5

HEL RS Y NAO ite 56 31ds 5 L &S 5 opis ol o sSre b Wl iz 5 wlale Slej olie 53 LOT (o byl 5 o0y
VB ¥V S g 1S5 s g 53 LOT Gy dlaly o e o s ol 53 ST ot 2 |y wilale (sl o153 Gl (glaean!
s g b 3 ISl a0 e 515 oty 55 Ul (S5 St (S i ot e G YL 5 b st oLk e
RAAGR AL 5 il LRl ke 5l ay ol e 5B 55 g (slad 5 Caalind 45 3l 0Lt JSCaly 5558 YOu 515 (sl sl gy (Sl
ISl U5l S 0 8 Ol Sb o Bl 5588 Ol oo s iy 5 4lde G 53 05k (6,8 5 e 4 i 36 53

sg.:fji i (8l,e s

ub)‘b&l&ﬁ,&ﬂju)hgfbﬂdhf&@)rﬁ)bbﬂ))\}sf

2Las) Llodss (gikd yund 5 gz NAO Soslie (glajl 5o sbsgy ol 5 Caund gn oS 315 0L s Julowi 1(S g8 doma

G5 Sl Cardgn 53 0dd Cand D s diloe 5l ailate 53 3355 &1 s NAO e 56 L Olae o5 5 ops

Dyl 3 e a4 s

(e 93 (S5 58 b Shyls iyl Sotan b & (glodony Aodio .

)-’Jmﬁﬁﬁ‘;‘LGJT)‘(‘SJ“)-’I.:"J&U’:'M‘)‘J%’T

5 bl 4 28Ty Sl et o STpn U LS e 5 T
o ol el (Bridgman & Oliver, 2014) 45 . 5,55

9 a;(;.«u_j ca;@ ca;;.)-\- ca;l}a O ;u\.&ﬁ;éb-

S Wy Gp s G0 B S et ) SR B RN R PYRCNNNS JCLID JRC: VIO R g S

&%.;p@\ﬁ)gTeﬁkW@&al@Tuﬁf,x\

Sl bl Ol 5 31,e sles Slale Gailo 5 o ool ol ) .(VFF) 5 50515 (ko ol 5t ¢ adila s ¢ ot (L oo 5o s
http//doi.org/ AN (YY) S lsls bl il obkJiee MODWT 5,8 L (NAO)
10.22034/gsma.2025.2068828.1113

DOI: http//doi.org/ 10.22034/gsma.2025.2068828.1113

Ot 5 © Ol o&ils 1y


http://orcid.org/0000-0002-3411-3340
http://www.gsma.lu.ac.ir/

VP Sl 0P L) o ol ot L ¢ St g8 §olin LS i Slallao
Sy gty Ll o S ol 45T Wlosls OLis Calisee Silallas
ol ol sl s les )3 gy BB Olx Sl gloyso
Cullenetal, 2002) » & Calibes Gbls s
Sl Sas e 03 o B0k Ysens NAO Cta 56 5
© Fosbpe s oS Gl JEl 6 e S Lk e o
Sl e (15 4 S 5 55 6lgr 5 Lol o Lk
2% 5 LOL 2 ) CrndS b (e 5B )3 5 g g b sl
3 les Al Jled gble 5o L 28 Sl dgT e
Hurrell & Deser, 2010; ) 558 o o5 Gbls 5 oL
2 NAO I cwy & s34s2e saasdllas (TTigo €T @I, 2002
Wged (Sl sy Olgr Calibee bl 5 L gla Sl
Gble 531 en sl INAD e 56 55 a5 Wlesls lis s Jiag s
2248 Jlm el oo Sl B0 &l e s bl O s g
Cullen et) wmas Los 2als aals ¥ game 3blie ol ooute 56
Cosl odds adeiie ¢ e .(al., 2002; Rodoet al, 1997
o33 cglepm Zloal Slsl 5 Db Wl o NAO o
Nl 5 had plie j3 ol Slls 5 JLSis
« .(Jones et al 2003; Trigo et al., 2002) st 138 3G
Lol Stns Bld s Sy S ol JS 55k
5wl il 3,5 6 0T BT &S el I8 50
(Cullenetal., 2002) Wb oo & 55 65 o gl
5ok (Ses Gl bl el Olides
351yl &l s NAO w alaly (S (LT sla i s,
3 bl sla S5 ol cpl b odilos S ) Cilibes (3blio
4 5 (ooeldl (slaosls puliodir Coale 5 o8l oons odony
3093 31 Lgn Gl el 0 &S wlde - Sl Lauls) 0ns
U5 e sl rsy oS el Csl 3)ls 52y adil ols
2l 1y b e odkoms 5 b g Lol (5l K5T gl 5 S8
b8l b,z s NAO (0 alasly |5 5 (Labat, 2008) auat
Lils s Gl Gl plie 4 duly S o355 (s 5 Ll
opsa’ $Sose Lo cbialy ol 53 s Bl aie
595 015 4 (MODWT) L gren aichis b dtanS &S 50
Lulsy Olojen (o) Ol &7 Wilodkds b yae LaS )l 5 o 55

Lol OISl 487 53l o ol 3 1 s it Ols (guliie 5 Sl

v Wavelet Transform

v

OIS g ool 30
dely Olge & ol G5 Sl el 5> il UL
g ool (T il (1) Gl o s SOl
I8 « o s .JUlING et al, 2020; Stocker, 1996) & 4
diler & ol 5 05531 05 4 5y 9 Sl Cenols L5 20 S
i 8L s 5d o Ske s slaelans i I bolKaws e
3093 s Joolp b SIS Bl 50T 51 (S S ide 5o
03588l s5T ool s 4 ioman b oo Jit 55 0T
S o3 5 4 et OT Sl (w53 (S S s ol (Sae
033 3| Kgm § g0 o7 ol 4355 0T 516 Kos im )
32 3l i o WOl DI ST Ll 5 jasts & (Sely
s 593 ) Nam bme il cl OT 51 (6,505 Cead 4
sl Gladulp 5 Lys ol [iS w0l adllas I 5 diblus
Slleg oo 5 disy IS Hsb 4wl e oS (gl
Al o b edas S0 Sblus b ks e 1) G Sla e
sl S e 2 b s LLS 10 93 51 s Sole opl ol
A L el Ghle o S5 ol s s 3 S
31 a8l ity Eel o gl is 8 Ol i 48
Sl Slapbie 53 & Lsho S sl Sl S8
ke « (Bridgman & Oliver, 2014) was Fo sl
G 53 oSt GIS Sk 3 jme 533 Sl L ()
ren Sl s (81 5 s e 55 baslag,s 5 s sl
S s Sl 53 lasbg, Sk g 5 WS

(Akbari & Masoudian, 2007) @138
& (NAO) Jls bl Olu g O goman 553 Sl L sla Sl
Sl oS 0 53" 553 5l i S SN o Fn 3 S Ol
S T Glos 28 Sl 1 &S 35, 00 ek
@l 5 G 3T Jlad il 5l ol gl oo 1 Calises Gblie
Hurrell, 1995; Trigo, Oshorn, ) s ls s @IS T 5l
(& Corte-Real, 2002; Wallace & Gutzler, 1981
2 A sealie o e 51 K Olpe 4 S o) s
O gumes Slans s g AVl G wlde s il O i
La3eS Ol Ly o 5lib Ot pld Sl 5 oo
AL e 5 St 5B 53 )3 5 edd i 5T Ll g Lk

Azed ol en (Glohs el Glaels L &K a a5 55k

+ North Atlantic Oscillation
2 Teleconnection patterns



Ollen 9 Corlo o 30

=) eslamal S T 0dls atws aw 31 Eags cpl s
G4y w gl gl oil yo ek slos aiin 4lale (glaosls
Sl 5338 3 il &y s Bl V5 4 gy o V¥ sl
o S0 osls oL 51 NAO Lasls 4lale glaosls Y
Climate Prediction L (NOAA) (K o7  Jaows leMbl
Ove Sl Jemily 55 CL&J\ Slals  glresls -Y  Center
YO S5 oledlcaa 5 ol sl e 5 JSUL 5SS
NCEP/NCAR I s 55 453 Y/0 L JISul, 250

s sNAO (o cliten Slejadaly (o) 5 5 skaie 4 caslsl o
o po INAS odd sl e Sl (Bl e )5S 53 pelaw
ik b S s b Olge Cow (DWT) amans
Gy gdoes 51 S 1,5 s eslizul (MODWT) SLé san
3 o in b Sldalive slws 487 ol OT S S o b5
£ a7 b 4 S S a5 Wb e ASL Y
O s (Lark & Webster, 2001) cul julue Sl (6
5 4 MODWT 5, «(DWT) J same 4t &S 5o ks
U5 pbie pp 03 basal slin Li 5 SUpren L
S e 53 03 54 ¢ o) SIS 5385 o 53 (6 2
oo gl 1y MODWT s S35 opl .ol ¢ iS50l
Sleyss 3 ohsn (b gl 5 NAO oy Soevas
S pbis 5 bad ze oo Ol 5 kel 5 Stetil
Kumar & Foufoula-) coul «sle cunlie jlaws . 5555
.(Georgiou, 1997

ods Mol s (Sl gran dihy b S e b5 (g g
SU GG 3550 35 Ll 5 oo & ol S S g ks
S S sn Jids SN 1 3950 S oalin Sl a L
33 4 ol Glo3 (6 oy SN plowl 31 al o a1 ey o
Jt5 nl 53 2 5d 0 el JB A o (g i b b 5 e
S b plpy SUST G 5 Sl oSl d e 8 5o
33 ek 2 Glaesls B das e ojll 5 S5 opl il Lo
Aotea b Sl 6 Dl 5 Ly ool s sla Ll
Oremen L gd C\J,;r.:..e\)'\jr.a Coyse 4 ol Gl g s
Sl G s Do 4 0l s glulr 4 s MODWT

S 6o ol 53 eibly S s 5 S el

aA

VT Sl (Y (o) o oot ot o ¢ S 3blis (211 i llae
sl s sNAO Ol laj o553 a4 tugly 5 1535 (sla Stron
Grinsted et al, 2004; Percival & Walden, ) »2 .
Ol s, o2l (2000; Torrence & Compo, 1998
Stner S 5 Sl Sl Olgy sl Kowwes olulis

23T @l 1y e 55 Ol pulide Sl 3

5 Sis wibie js ol Uil Cadse b Ble uiS
3Gl Slley 3h Cov Sds 4 Bl b 1 St aa
Llosls Olas (glaabie Sladllas 3,05 51 3 NAO wsle (g lal
Los O,k 53 e i Al 55 o0 NAO Calises (sla 3 o5
o S il 558 ol 53 b w5 s (LS Sus
sl 5 ok 53 by asl3l NAO i 56 s ol
35 0t elate B 534S Il 53 (Sl o otalie S50
S S S,ILLL Tl s Ly 2als (o8 sladls
.(Hassan & Al-Asadi, 2023) ¢l ot 3,18
e 38 i 53 NAOD oS s 28 4 45 |
S o S Jdsls s (Hurrell & Deser, 2010)
2 0T e 5 St slagl &7 Syl SISy oldl e
oo bl gy, (Hurrell, 1995) wyls glos sla S
¢S 53 55 Ll § on ek Gbls 55 sles Ol 5 OT Dbl g
Sleddly sobe Sds 25 5 (el GO 5L e
Lle e gs ol el o age o) slate pls ASL S S el
NAO 5 Los Sowwen 55 e loj sla_plin olulis —) 1]
S s S Sl Ole Jsb s daly ) ol e
A 53l Obe elde = S5 Sty o S s s
3 NAO Calides lajl 28 g5l ,ST Y 348 odin
S s S Slels Y Gl sbhelaml sl Sl ks
s 3 NAO Sslize (slajh s sbagy 681 5 s bl
odge p anlllas 5y 0 (Slaolim! oles Condy 45 b SII oyl oS
S a Oly e odd 5L Dolual 4 glaws b ol ol . ls
S e Slag 4 0T b 5 Gl ol ), Sl 6 1

5 Iy b

G gy oY

I Maximal Overlap Discrete Wavelet Transform



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Gl (ol Sl S YO 515 sbay,y oS 5 glaadds

axdllao 8 g0 08 gm0 (8 y20 o .Y

g a3l gl 528751 (S Ol e LT 2 0 Bl e
a3 YV/YY B aom 55 YA/Q Lol aer Condsn 53 &5 548 o
S35 Cand g 3 5 5 a3 FA/FO B a3 YA/FD 51 Jles
Mutar, ) col 458 515 &l e gbys s E sbys a
Ol o Jled 3 S 5 L Bl e (Khtan, & George, 2021
o g 3 03E A s 53 LS O 53 63 g
JSE) ol 5 2 550 53 B 02 Ay 5 B 52 O
5 (S Dbl it b U e il g 4 3 )
5 dled Gl S Gbla S e 53 Glop i O o )
5 s Gl el H3 BT glacis 5 6,8 s
Frenken, ) el ol oo (Ble g b S I I3
.(2009; Malinowski, 2003

it S 50 8 Ol 505 (Sla0ke} b Bl ol
Sl e o8l 51 Gle Jled SlunsS bl .ol ol
S da 5 S (Bl (63,03 Ble bl plu 5 Ljls) 5
Sl il (Khamis D Muslih, 2014) azus glojl- i
o 3305 (S S wlele SU Cou Ol fub s
23305 13 alde 5 Glsgw 5L oS Gladlelu 5 (slo,l-
Bl oy p (s 5 BB ST i L3S dlele Ol fua
(Khamis Daham Muslih & Abbas, 2024) s ,is 3l ¢

44

OlilCon 9 cerbu 30

&S sk« (Percival & Walden, 2000) ol DWT
Jisl 4 Sewlsb wsbe ol S5y s 4 MODWT
aer ;5 Sy ,m Jsb Les (translation invariance)
e 8 ety DUl g o U1y 5 o elis
Percival ) s 4i so o summs sl i cadil (slaosls Julow 6l
[y Ol I MODWT g, cpwaman (& Walden, 2000
W3 Jsb 53 456 1y (Soan s Ol b &S o 0l 3
BE) aj,:}‘u. Cy}a U'i‘ .é; s alides Lgl.bwl.:.a.ﬁ): 4&14
LindS 55y (a8l DUl 4 &S Ble L 5 e ol
.J)\.} g_;.’.‘f"'" &:a:aﬁ\ el L}»L.».o- )L:.m{

32 glos Sl g sl g oy s 4 MODWT 4 e
Calibes la_wlide 55 SYM3 ¢S 5o 2ls f oslizul L NAO
;Akmwulff Lghoéju\mscjk.w el rlai\?\;\ c]a.u
Sadtly b (b L alale M) Staol ST Sbleg I,
wavelet ) (g 3> u‘l:‘s"’v'“ cbad e LS:W.‘..A
On Al c 5 b B A aloes mlaw a5 (COrTelation
i 51 s IS (65085 sl 1 slulis ) late oy oo
A o3l 7 6) s (gl p (S g cilesiin
M‘JGH))‘g‘ja)y%x ig-ycl:)‘c‘)i")@lf):
4 ezmen S 03lzWl NAO bl s g Bl e sles u  owlido
Soslaze cla b ys sbsy, 6@\3}.&5 ‘5u)§3\ wlels b
ISl 5 Sa 00 5 el 355 g1 (oS5 (slaasis NAO



OLles g calup i

< 50'S

\ \
40°N — e Sy R T .
| > A
! Tunisia ‘ oo ‘A hanistan
| \ s, o 0
Morace OPT it \ Pablota
i i AN 7
*au‘iAmhh UAE - |
2°N = —T Pimea
‘ Sudda | 7 Yemen |
Djbsat |
Somalia ‘
0° 1
20°W ) 20°E 40°E 60°E

Lo
[!]
g 208

sl 40°

40N Syri 7

A\ ria ~§

T —Y20°N y C
|

Tl
2oty

LOW / HILLS / MOUNTAINS

Turkey

VEF 3l (YT L) pows oslacd et Jlos o limreS Gblio o3ldl i olalllae

:/‘
/'/M osul-
{

Tigris B

=]
Euphrates River
yer 3
~ . Iran
S i ra
jordal:/, Buhayrat {\ gl
A ;
o ata Tharthar L-}Baghda
{ ArRutbah Fallujah*
Buhayrat j/\\ Al Kut
h ar Razazah ™ «Karbala T'."grisﬂ \_\
A, An Najaf+ R‘V"’;\ Als ! \
\ < A marah | :
< \ Euphrates B P eG’Z‘,‘;_”
o DA Nasiriyah
20 200 mi \ Iraq Al Basrah’
;i 00 Saudi R o )
200 lm Arabia \ [ ,
A
IRAQ — Kuwait
i} - Kuwait C'ty

(Awadh, 2023) : s o U i Cardgo ) JCL

dsb Jole olaly €4S or 1y Rl D 4 (gL Rr
L e 33 ol o dlaily g oS S 5B AE oLl e
0P 5 b ey UL L g g 1l 0dgs
e O A 51 GOk 3 55 r e 5Se o i
i Olpl 53 e A5 S S o il 1y S8
OB e g b ol gl a)ls 1y ate 93 opl o sl (881
bs 2als Osp by 59 gl 5 oWl Jsb slae
5 @Bl dsb Sl lpl (Bl e Ll
P G el A IS Olses Hb o4 s
s el ey =0 /AY i 4 Ly 5 oLl e
Ose 4 gl 5 plar Jsb 28 S Sl jaiia
s b Al daly oS sl (sls fule
b Loyl 4 a5 Ll paa L) o sled 4 L] o
dib Jolo 25 48 550 00 48 5 i ¢ LBl o Zond 5o
5 W)l Jolo Sl i Bl s 5538 Gles J 257 55 o ldl e

Ll 8l 2 e
St g ol aid slos bosls n  Stuer
35— /¥O L Joge 53—+ /Y4 Jilas o0 NAO L Gl e
50U Sed Sldie pl oSl Olag ghyls S8 S
Soke 43,5 NAO L Gl s slale sl oy w sSae bLS

oo sbasl .Y
ool iy slos wlale Stakily 3bsls 5 SOk
Ol Laolaul Los pslis o (oDt &7 s o 0L 31,0
S Dl auls &S TS5 s () Jsde) S 3L
A,y i syl s aalles Cou oS! O o3 L
YV Lak ) 5 o smdas dor 53 YY/F Lo ) sl o pdes
R ST O N ST T o PR R
o 3 gl 5 Ul e e b L Les slale Kol
opl 33 T Sl = /AD 5=+ /A /8 i 4 5 5 4 by
@Bl dob b3 o &S5 a3 (S plonil o st
4o a b mhae el sl Gl oe JRSTL
Isb 5 58 IS Ll 5 bes o VA 50/ ls
B A N e A R e R A
DM 4 plisl g oSl ar db ST L L 5 (oSl A
S das e Ol baasl ol oAb ol /F) 5 —o/F0
Jsb s bos o daily s Gl J1 oWl aer 5,0 Sk
los m alaily 5 oWl Jsb 56 omen 3,10 o Ldl 2
@bl dob o daly g8 S5 i Sl o551
@l,ﬁtus,\,&\:yﬁJ}L;“mfal;|.@\u>)
LS sb oSl ar g B oLl sr (5,8 5 bes o
B 3 b G (S e (Ul Uyl 38



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Ol 9 Corlv 30

Gl Lol slale glos slie NAO e 56 s

s Julfqdfﬁi\f

Bl 2 598 SolSus! duin S b (S Gkl Slhogas § LS i> Cubge ) J9u

bles (Seen o Ly | eS| g | GBA e | A I | e | s,

NAO ©C) (m) ©) ©)

-/ Vo8 YY/a Y Y0¥ FV/VA o s -\
— /Y \RE A% YV/Y ¥y \aran Yf/f Sldx -Y
—/YY A\RA7A% YY/A \\% YY/\Y \td =l -y
— /Y VYY/A v q Y\/AY FV/\YV o lasll -¥
—/YY A\RA7A1 vY/Y ov ¥\1/40 FE/YY e -0
— /Y av/¢ Y\/% \ng YY/SA FE/FY Al -7
—+/Y¥f ARk A Y\/% Y4 vY/#\ FF/0 )L; -V
— /Y A\RA7A% ¥ Vo AR AN FO/¥A ol -A
—/YY KD vY/¥ \K ARVAY4 F¥/a% aslgs -\
— /Y Ve Y/0 vY/$ ARl YA/YY FO/YA 0 3lows -\
—/YY A% YY/f o A \sdANE 4 o -\Y
— /Y A4 \\7i4 FY vy /YA ab, -y
—+/Y4 AN/ Y/ A YY/f0 FY/YY 63l -\¥
—+/Y4 \YY YA/# yyy /XY FY/FA J,p}a -\o
AL Ny Ya/0 “ YOIV FF/F S| -

Authors' calculations, 2024 e

Sl S lie 1 (Sorge bl (o G315 w55
C,:A}MS&)}bquﬁongiuo@w_l&w):J:&u
ol sl V8 = A Slo3 03l Jols oS (S g o pebaw
JS 5V, Ve Sl i el L (@Yl 5 5 4L
s Sl (6w 3590 53 S| o i (glyls ¢ il g
05 cdow g0 SOLe g ! by ool ol on (1 1 9o
3 Xgh e Jola 1y by Sl g m S5 bty S s i
i S I SR e 33 1y o S Lol s
S A S e g s s S e Wl e sle
b dzen Al YO B VO 5 Jad Sloj wlie 4 by e

..U)\J)‘J;LSJ&ngJ‘JA)Jw\inM)JA)\\Lst..::]:

MODWT (5290 wils fg A=Y

\) aosls uﬂ.ﬁli)\} )‘.LE.A Sg_‘.:sj? U‘-’-"'b Cwlaesls ;}"".L.’.)b
u,p}...a} d\)b .L.f@)&&T u.:\.ﬂ) C)}u.".n L;LawL_.E.A):
2B b n s oS! Glale slos o) (5w
@\svuu%?;w;tf;cbmsyms)m&y
dle Yo b glale Sl b wlis ¢ S 5 6&62.»4
G5 Srse s G A Gl s e Sh
S ws ol oKl sl b o Wbl
S S IS oSl b sl bl cpl g oses
el 4.19}:]» AKLM.&‘



Ood g b 30

Variance

Variance

Variance

Variance

100

80

60

100

80

60

40

100Wavelet Variance by Scale (Amara Station)

80

60

'S
=]

[
(=]

IO‘E)\/avelet Variance by Scale (Kerballa Station)

80

60

40

20

Wavelet Variance by Scale (baghdad Station)

77.77%

1% 0.24% 0.17% 0.07%

D:1 D:2 D3 D4 D:5 Do D7 D8
Detail Levels

‘Wavelet Variance by Scale (BASRA Station)

75.19%

1.04% 0.33% 0.34% 0.11%

D:l D:2 D:3 D4 D:5 D6 D:7 DR
Detail Levels

75%

13% 3% 0.2% 0.1%

D:1 D:2 D:3 D:4 D:5 D:6 D:7 D:8
Detail Levels

77.3%

8.1%

1.1% 0.3% 0.2% 0.1%
D:1 D:2 D:3 D:4 D:5 D:6 D:7 D:8
Detail Levels

Variance

Variance

Variance

Variance

100

100

VEF ol VY ale) pow ojled qoutid Jlo 53“9{ ébua u._!_lﬁé‘)’». Oldlhe

Wavelet Variance by Scale ( Mosul Station)

76.78%

L.18% 0.28% 0.32% 0.12%

D:1 D:2 D:3 D:i4 D5 D:6 Di7 D8
Detail Levels

‘Wavelet Variance by Scale (NAJAF Station)

T4.95%

60

L.1% 0.23% 0.22% 0.27%

D:1 D:2 D:3 D4 D:5 D6 D:7 D:8
Detail Levels

(‘)v[\)’avelet Variance by Scale (Khanaqin Station)

78%

o
[=]

=2
o

=S
(=2

[}
(=]

0.1%
D:1 D:2 D:3 D:4 D:5 D:6 D:7 D8
Detail Levels

0.2% 03%

83’\/’avelet Variance by Scale (Rutbah Station)

T1.3%

f=a}
(=]

=S
(=]

20

1.2% 03% 03% 03%

D:1 D:2 D:3 D:4 D:5 D:6 D:7 D8
Detail Levels

VOB W, e B e SolCul bd (Jloj (S g (K90 b3l @398 T D




VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Glor by Sl e S ol Cew plpl

A 4 5 1S e 76 G e (slaolSay
3 03 55 Jo (nl 3 Jol (oS sl ST (gl
5 LIS ) 23 IS ) el alie slaolany)
e ol jolen slos Oglane sla by 51 Olas C}kﬂ» ool
Slos e 53 Loz S Gl 3503 oy 2 3590 Sle
Gl 5 035 Sodasli S ar Sl sl Slale

(VJ&.L)V\.SL&L;}#W

< Level = D1
L T T
g
B
g
-
50 100 150 200 250 300 350
Time(Month)
Level = D3
20 T .
Z
£
=
g
=
50 100 150 200 250 300 350
Time(Month)
| Level = D5
E
a2 0r ]
5]
=3
-1 . . . . . . .
50 100 150 200 250 300 350
Time(Month)
~ Level = A6
31.25 T T T T T .
=
£
=
g
-
31.2 - . - . - - .
50 100 150 200 250 300 350

Time(Month)

Ol 9 Corlv 30

ool 5 e Y51 S el ¥ 1 i Sl sla elike
(Y JSK8) Wsd o Jals 1) Laesls

3,5 b 192 oo wled W Jukxi Y-V

MODWT
A0 BOls Glaw oo 5 B L ol Jos
L;}Q‘ Sy ) b P SleMbs| v\.}‘jd LS“L::M c]ﬁ..~
Mirhashemi, 2024) 4S™ 550550 1sa glos )b,

< Level = D2
L T T T T T T T
g
=0 I
E
-
5 . . . . . . .
50 100 150 200 250 300 350
Time(Month)
< Level = D4
L . T
E
=
E
-
50 100 150 200 250 300 350
Time(Month)
| Level = D6
N . T
£
=0 1
E
-
-1 . . . . . . .
50 100 150 200 250 300 350
Time(Month)
~ Original Signal
2, . T T
£ 40
®
g
E‘ZO

150 200 250 300

Time(Month)

50 100

VEF OIS e STy ol | (Slod (Silo (5w (i od iy ulox ' IS

9 Jslae pladleg & oy dle L glaoley Juls
1) oS sl sl b el odlS 3 rbams n g a0 ST
YL Sl Gl glaplie 5o e hled
‘uoujsub,\iuum\fr;ﬂ‘cbwjm
50 IV Sl slaesl sl ) asie ¢ b, sl S Ll
3O (OUST ela S s e 0L 1 Wl )

a)ls |y e 4 V88 Jl Sl e ey au 5 51580

5 Al Rl S e egs 5o Lol alls
a3 ga 0L 1) 3 Olnn; & 0,5 Olsls 51 Jhdd S s
AL G 5 ekt Hles Dl i (S B s g o
G ol 4 dd o5 sl abals Gl 5 Lo

sdalive Sloj e nl 53 (gobite Sl 5 (o s DB,
15158 slas ol S by (55 o s 487 555 o
Tl ) (S lols o S diler Sl @

Sy 53l ohendy 1) ol S 1 ogs LiSw ombits



OLles g calup i

S g0 o o 53 M8 36 LNAOD Sl i ey
Sl ool 5 (Sorae lols ke Jal
35 st 4 O e el slos Ol i

ot VL (il o (Soen s plie
s S K 4 (il e e g 4 S
Sde0le )3 NAO 51 ga (glos Ole dlasly cames js i) o0
el Dakily 5 Dokaols 55751 56 58 5l

o Aty I g iy S g0 w3, L s 6
ot O S 5 Sl ds ey » NAO 5 158 (gles
O Solstae dlasly VLo 5 9wVl Sbej wlde j5 Sl
Sy50 Slensd b3S Gosbasls sy pie 53 pl
23 e 53 ol o olabas alal) Sl at d gk iz ¢
O, g e 1L 228 el Sl e
NAO 5 1sa bz oo sSos daly (o)l 5 4 oylal 53
a5l

e P38 53 55 NAO 6 ks oSyl a5 L
&b INAO ( SHle a5 U8 o WSaie |y Jlod 0 S
Ghlie ok s les o st 5158 5 T 5 s ams 2 5
Ambaum et al, 2001;) sl & 56 oLl

Hurrell, 1995; Thompson & Wallace, 2000;
Lgsziﬂ ‘_}ii': sl sl 511 (Woollings et al 2010

Soslize a3 b VU 1 sbsss 6585 b 15 L
ol » Lasls ol 5l K8 b s )y, NAO

25 gy o s S0 S Gk 3 Ble sles

VEF 3l (VY ) o oot qd Jl ¢ siliunrgS 3blio 3 Udl i colallao

gy 3 T il 50 S o ol e ke
b o ot Slaanlllan . das o 0LES 1y Gle (slaol&an! 53
sl 8 .,\J\A:éf A Calee b Gy 5,8
MUSIR 1) w15, 5 1 il 31 Ly 51 Bl e slaeSns!

al, 2013, Azooz & Talal, 2015, Blazejczyk,
(2016

NAO 3198 Sbod () (wlbiowi (Sumod 1Y
o> Sl (6w ()85 8 5 Ol lalis 031
Caenl NAO 518 slos o daly K8 olulis dpn
51 sne 028305 45T S g0 il yls bt ol 5l 3yl
ebal ol Gl e a6 8 el (IS Ll
daly O3 e plin Ole 2 53 35 (S g (Somn 03,13
S e 0T 4 oS Col Jlod bl Olu g 5 bes
Lo sl Gasia s SGas b ol al ks Gl el

Ll 485 Glo3 ole 2 53 e 935 ol ey oS
2550 el Glos e ST Socas 0t 3 Sl
(o3 ol 33 w03y e Sas Sy se 4 NAO L (o)
V) g b eSS sla 1S5 (51 NAD 5 les o (S
Pl s ol o Sae D)0 4 55 (S e el (O
e 5B s dleds U alale Sy sla wlie sl s slos
2l a5 Bl e bls o5 @ NAO o
gl o 53 NAO 5 s o (Soen b 0 g

i Bl AVl 55 g ¥l Sloj ulde gm S0



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Correlation by Scale - Wavelet Coefficients (baghdad Station)

0.2 ¢

Correlation Coeffeient

-0.3 ¢

-0.4 ¢

-0.5 ¢

¢

¢

¢
¢

' R,=-0.54373

Correlation by Scale - Wavelet Coefficients (BASRA Station)

3 4 5
lug2 Scale

Correlation Coeffeient

-0.5 ¢

0.1 ¢

-0.2 ¢

-0.3 ¢

-0.4 ¢

¢

¢

¢

¢

Correlation by Scale - Wavelet Coefficients (Amara Station)

@ R, =05107
w
3

4 5
lug2 Scale

0r

Correlation Cocffeient

-0.5 ¢

0.1 ¢

0.2 ¢

-0.3 ¢

-0.4 ¢

¢

¢

¢

¢

' R =-0.53487
w
3 4 5
log2 Scale

Correlation Coeffcient

Correlation Coeffcient

Correlation Cocffecient

Correlation by Scale - Wavelet Coefficients (Kerballa Station)

-0.2 ¢

Correlation Coeffeient

-0.6 |

-0.3 ¢

-0.4 ¢

-0.5 ¢

¢

¢

¢
¢

’ R,=-0.56625

>

3 4 5
log2 Scale

Correlation Coeffeient

Ol 9 Corlv 30

Correlation by Scale - Wavelet Coefficients ( Mosul Station)

02+ ‘ ’ .
03
¢
047
05! @ R,=0.49313

1 2 3 4 5
log2 Scale

Correlation by Scale - Wavelet Coefficients (NAJAF Station)

0w @ @

031 ’
04t ’

05t ‘ R, =-0.53379

1 2 3 4 5
log2 Scale

Correlation by Scale - Wavelet Coefficients (Khanagin Station)

¢ ¢
-0.2 ¢
¢

-0.3 ¢ ’

-0.4 ¢

-0.5 +

-0.6 ¢ . ‘ Rw:.-0l564‘37

1 2 3 4 5

lcng2 Scale

Correlation by Scale - Wavelet Coefficients (Rutbah Station)

-0.2 ’ ’
031
® 9
04t
05
‘ R, =-0.54452

1 2 3 4 5
lcng2 Scale

\F-\CLQ\?J})&SIG;AQ&‘)C SolCusl sbd b S ULNAD Sl (6w (wbioizr 3 ( Kg0 Swod F  ICH



Ood g b 30

Period(Year)

1995

2000

Time(Month)

VEF ol VY ale) pow ojled qoutid Jlo “_,SM; é}?lfw d_l;_é‘)i? Ol

0.8

104

0.3

0.2

0.1

2010 2015 2020

VP O D e 810k ol | Slod (b3 (8w b NAD (Gilo) (S pw (owlibolir § (S go (SSiused .0 SO

03 540 Bl 51p s e gles Il g Cubes il
2 Fe 070 il en L (NAO i 56 55 457 55
3y S1gn 5 a8 Sl 5L S oS wdls I3 5l 5l
gl 53 3, L lsr Jlam) 7 055 o ala 15 )3
o Sl 3B 53 5 5w glales ol oLy s yls 59 0l
Ssop ol Db N S5 NAD ie 56 o
o S 5o (S o L (3l p o st 5 lasl
3o el slos sNAO Lasli o o sSne abasl,
W5 bl E NAD e 56 s uomen )l il
b S w3 8 S gy B elbl o 3151 (G ks s
oyl i iy el olh Ly 55 (B ager Sbag) S S
lzal s &l e O g 51 B0 Jedin 5,8 Oy T L
ok 5 a8l sl b gyl (9, 1 bl s8I (3,5 o 5
axty (Lol Lol &byl aibate s ¢ lis)| Obsl § s
2 Pl ea byl 5 okd Cand 01l 555, 43515
SLOL i Sose ol 53 Ll 528 ole skl
oS w8 IS ey sl ailate 53 SALE (5 )by (S5 lke

W gliio sl b 3 9 Sk g ALY F—Y

NAO
ol IS s D Sl ity 55 gl S
ol (V SE)NAO e 5 oo slajb oS 5 (sbaaids
Cote 36 Sl it 6 s i1 0L1s S oS Sl 3
NAO e 6L O,lae 5055 sl 5 (6,28 Sdd
- wlpde Cf > lady Ol (o8 el G0 Sy
o wdly &l e G5 55 (slasl 5 el sl G5
Sldaz 300 50U ol )l glaalel -l Jld sl
J“U.a..sj,.':.u.amlfL@JTQ.L&jubj\@J.Uanﬁ
ol Sl (65 0 Sligyl 5 4l mde Jld aibte O 50
508 Ol cpl b o yls S5 ol Cams slal >
(g SN e Sl 3 Ble VL Gla b8 Sl s e sl sa
56 s Bl e 45 055 51468 4 4l e B 0L Rl )T
S0y rjfd\,ﬂswl 03U opl o f g il -
(2 3z ol 53 LS (0 B 538 35 e Sl S o
S0k Bl s e DA slislen b 5,805



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

(ol 53500 NAO  ite 5 25 Sl &) S 3
364 i NAO e 36 53 5Les sla S o 5 il )T
Solral o g ok (i 45 ilodd iS5 etns (ke

Lol 0 NAO (slajl 55 sles Ogline gla

oo 500 hPa Geopotential height Negative NAO Phase

B0ON

TON

60N

50N

40N

30N

20N

i

f
10N = - )

30W 200 10W O 10E 20E 30E 40E 50E 60E 70E BOE 90E 100E

CrADS: COLA/IGES

Ol 9 Corlv 30

I s g GOk Los b Gle )i 5
Slgse 31y 3w @l (o SO ol Lyl
4 NAOD i 56 o2 Cr bl 4 ol 6 5L
dagd g aiy Sl Al 4 a5 LS e 2515 Bl e
Slsr 9absg,y L sl Culs fals sl S8

aon 500 hPa Geopotential height Positive NAO Phase
G0N

20N R R
TON =

60N
50N
a0 {

208 i

20N \

\(

108 - B . o — -
30W 206 10§ 0 10E 20E S0E 40E 50E G60E 70E 80E 90E 100E

G14D5: COLY/ RS

2025-07-10-1822

DE L e (NAO (ie 9 Sasdo (SIS JICuly 35 Be ¢ 5155 Juuiliz 953 W o™ 5 (S9N 4355 Y S

33 3L 5, Sl ad ¢ ulbl w531 63505 55 s NAO
i D5 G5 g b el @l S ek sla
Ssilal JUS o 3o i 7 s 45 ok 35 3,5 Jled
Jld 5 Jlod Gble 4 HILLL 5 b e glen 5 LS oS
wloy s - Uy 3T 2 ailate 55 5L, .55 0 bs)l o8
(NAO (&0 56 a4y Lo S 5B 53 5 g5 Comd g0 (e
o e Jad o e SLs S e 53 OT Ly y atn
d S (Foge 53 edd S pate sl st L Ol e
- &lmde G,h Camdge 53 NAO e 56 55 0T Csju y
St 3 phaite 3l glls 5 350 L3 0l b s

VEOF

Sl JElgSa YO+ 31 i obagy g5l N —F—Y

NAO wgliio s
e s Cote glajl s slagy S oS 5 sleatis
36 55 5bag,y K 035 Satmss 5 565 5l 0Lis NAO
i 3bsgy S ol ol e JB 4 S St
s edd 568l Cute 5B 5o ohad agr Loy, 5 o)l
23S 0T (B0 Jolpu 6 bl gldl (o2 ol
3345 Wlas § 4w ;i (Bhagtani et al, 2025) .klous
Slosl i 5 ol i gla 52 8 NAOD e 56
Mok L3S ks (B30I (G50 o) oS s o Iy 585



OLles g calup i

jetstream positive NAO Phase

=1 [ T
20 21 =23 @25 26 @2¢ 28 30 32 34 035 36 38 40

jetstream Negative NAO Phase

=1 [ T [
20 71 =23 ®R5 @6 &Y @8 30 32 34 95 36 38 40

VEF 3l (VY ) o oot qd Jl ¢ siliunrgS 3blio 3 Udl i colallao

jetstream positive NAO Phase

100%

aow

=1 [ T
20 21 23 25 28 =27 =28 90 32 54 35 36 358 40

jetstream Negative NAO Phase

“\

100w

R
80V GOW 10CE 120E

=1 [ T
20 21 23 25 26 &Y 2B 30 32 34 35 36 38 40

40W 20W 0 B0E

VFF OE e (NAD Caibo 9 (oo (S50 Sy JICuly i YO+ 3155 3395 ot 5§ (951 4l A

andllan 35 50 o) Slos Sbj 6 0 SIS 4 5
Oy 9 il lg o 2is 4S5l 0L MODWT 5,87 L
S5 s s (oIS B o a3 b3 (S g0 4l
IS 85 65 poman 3,13 3505 AV 5 bt
b pl b co3 Lo ool S s sl Gl ol
RV P R P
S 288 s Ul 5 oo IS p la pl 53 Wosls il
s 5 S L, el VA Gl elie b Slej (5 e
P I gy POt R P PN [
S Sypo ol 4 dd wSate 33 NAO 5 bos (o  Siacas
I P g e 53 (S gn (Seed o b o
Jones et al, 2003]) glaadles mls b S 4 Jol>
bl » bl g L NAO i, o (Trigoetal., 2002
Sl AL I ST eVl 5 dead elde 53 gles

s

ST an g Cou 0

A8 oS 53 e B NAO Jled bl Olas
53 Dslie LSl e a0 S5 51 DS 5 e (s see
Gty S byl addlas ol s gl Jld o S
5558 S g o] V8 Slale glos o (g SR
A gy p NAO Lol b U ol o dasly 5 G0
Sl ety sl Gl G o Seeer
s o OLES 1y i y3lie NAOD o) (6w b (slaoSaus
oS olie 55 Gl s wlale (glos w Sae o 5 Ol 4l o)
Glale slos slas NAO e 36 45 Joke 43,13 NAO
elradlas Lyl fals 4 015 Gl glaelSan!
Hassan & Al-Asadi, 2023; Hussein & Al-) & soeen
e e (Asadi, 2023; Khidher & Pilesjo, 2015
NAO L Gl,e slaoKansl glsn slos o ) o sSme dlal
56 slas ¢l§;a 35 Bl glales ol by . LlesysT ot
s Loy Jbo 5 Sl 51 2is/ 2eS NAO e/ Cie



VP ol (Y o) o opled ot Sl ¢ St 957 Gl (LI i Ol

o lazals oLl 0T & 55 (Weisheimer et al, 2017
SLolug & eddcarse sbog) Db 5 Comdse i
Sl by Ly Bl Glaollnl Gls 3 (5ls s
Lyl s sl s gboles 5 (Halletal, 2014)
(Hunt & Zaz, 2023) .l azadls 355y Cund ga i b
2y ekd s Sute B s slay, oS Lladls o)l 5
Aot 533,108 o e 5 I8 5T 55 o8 e il
uiiijséfg:w!é\ﬁﬁw@cé\f—é\.mé})jNAO
3O 3 Ol 5 g Sle Sl ldea sl S 0Ll S

AT oo oy OT Sogline (a6 53 53 g,y (LSl o Cond o

References

Akbari, T., & Masoudian, S. A. (2007). An
analysis of relationship between monthly
temperature of Iran and teleconnection
patterns of Northern Hemisphere. Humanities
Research Journal, 22(1), 117-133. (in
persian) .

Ambaum, M. H., Hoskins, B. J., & Stephenson,
D. B. (2001). Arctic oscillation or North
Atlantic oscillation? Journal of Climate,
14(16), 3495-3507 .

Awadh, S. M. (2023). Impact of North African
sand and dust storms on the Middle East using
Irag as an example: Causes, sources, and
mitigation. Atmosphere, 14(1), 180 .

Bhagtani, D., McC. Hogg, A., Holmes, R. M.,
Constantinou, N. C., & Khatri, H. (2025).
Asymmetric response of the North Atlantic
gyres to the North Atlantic Oscillation.
Journal of Geophysical Research: Oceans,
130(6), €2024)C021997 .

Bridgman, H. A., & Oliver, J. E. (2014). The
global climate system: patterns, processes,
and teleconnections: Cambridge University
Press.

Cullen, H. M., Kaplan, A., Arkin, P. A., &
Demenocal, P. B. (2002). Impact of the North
Atlantic Oscillation on Middle Eastern
climate and streamflow. Climatic Change,
55(3), 315-338 .

Frenken, K. (2009). Irrigation in the Middle East
region in figures AQUASTAT Survey-2008.
FAO water reports, 423 .

Grinsted, A., Moore, J. C., & Jevrejeva, S.
(2004). Application of the cross wavelet
transform and wavelet coherence to

Ol 9 Carlv 30

el 53 by JKw 5 NAO o dal,y i8S oyl
33 o sSan oy g 4 (Dl Sy U 6lale) Sloj la oLt
4 bl Gle ks NAO it 5L L o)lie & o5 5 &
s ol s Kyl Sl 4 e Cote 5By o 2l
3bssy oS 5 6 5 il 515 slaslile oS5 oS
3, 5558 NAO e (6 55 aS 5l Olid = YL 515
s Bl o s p 8 SOl 5 oS
DA 5 8 3 e e (SLOL 36 S e SB35
3655 e L aS Ul edeia g ge jlo)ls 13 e Culs
SR Sl ol B ims Sl DU 5 osd e (NAO
Sl (bobogy Cs s 13 Olu s 5 Lod g ok ol okl
Parker et al., 2019; ) &8 cuul & 55 30 NAO & 5lize

geophysical time series. Nonlinear processes
in geophysics, 11(5/6), 561-566 .

Hall, R., Erdélyi, R., Hanna, E., Jones, J. M., &
Scaife, A. A. (2014). Drivers of North Atlantic
Polar Front jet stream variability. International
Journal of Climatology, 35 .(A)

Hassan, M. W., & Al-Asadi, K. A. W. H. (2023).
Analysis of large-scale correlations on
temperatures over Irag. Arab Gulf Journal of
Scientific Research, 41(1), 2-17 .

Hunt, K. M., & Zaz, S. N .(Y+YY) .Linking the
North  Atlantic Oscillation to  winter
precipitation over the Western Himalaya
through disturbances of the subtropical jet.
Climate Dynamics, 60(7), 2389-2403 .

Hurrell, J. W. (1995). Decadal trends in the North
Atlantic Oscillation: Regional temperatures
and precipitation. Science, 269(5224), 676-
679.

Hurrell, J. W., & Deser, C. (2010). North Atlantic
climate variability: the role of the North
Atlantic Oscillation. Journal of marine
systems, 79(3-4), 231-244 .

Hussein, M. W., & Al-Asadi, K. A(2023).
Synchronous Impact of the North Atlantic
Oscillation (NAO) and Southern Oscillation
Index (SOI) Poles on Temperature and Rain
Over Iraq .

Jones, P. D., Osborn, T. J., & Briffa, K. R. (2003).
Pressure-based measures of the North Atlantic
Oscillation (NAO): A comparison and an
assessment of changes in the strength of the
NAO and in its influence on surface climate
parameters. Geophysical monograph series,
134, 51-62 .



GLCes g ol B 30

Juling, A., Dijkstra, H. A., Hogg, A. M., & Moon,
W. (2020). Multidecadal variability in the
climate system: phenomena and mechanisms.
The European Physical Journal Plus, 135(6),
506 .

Khidher, S. A., & Pilesjd, P. (2015). The effect of
the North Atlantic Oscillation on the Iraqi
climate 1982-2000. Theoretical and applied
climatology .YYY-YAY (Y")YY |

Kumar, P., & Foufoula-Georgiou, E. (1997).
Wavelet analysis for geophysical applications.
Reviews of geophysics, 35(4), 385-412 .

Labat, D. (2008). Wavelet analysis of the annual
discharge records of the world’s largest rivers.
Advances in water resources, 31(1), 109-117 .

Lark, R. M., & Webster, R. (2001). Changes in
variance and correlation of soil properties with
scale and location: analysis using an adapted
maximal overlap discrete wavelet transform.
European journal of soil science, 52(4), 547-
562 .

Malinowski, J. C. (2003). Irag: A Geography:
United States Military Academy.

Mirhashemi, H. (2024). Analysis of multi-scale
correlation and wavelet variance of time series
of precipitation and flow of Khorramabad
River. Iranian Jornal of Watershed
Management Science&Engineering, 18(64),
39-49. (in persian) .

Muslih, K. D. (2014). Identifying the climatic
conditions in Iraq by tracking down cooling
events in the North Atlantic Ocean in the
period 3000-0 BC. Miscellanea Geographica.
Regional Studies on Development, 18(3), 40-
46 .

Muslih, K. D., & Abbas, A. M. (2024). Climate
of lraq The Geography of Iraq (pp. 19-47):
Springer.

Mutar, A. G., Khtan, A., & George, L. E. (2021).
Synoptic characteristics of torrential rains in
southwest and southeast Irag: A case study.
Al-Mustansiriyah Journal of Science, 32(3),
1-7.

Parker, T., Woollings, T., Weisheimer, A.,
O'Reilly, C., Baker, L., & Shaffrey, L. (2019).
Seasonal predictability of the winter North
Atlantic Oscillation from a jet stream

VEoF Sl (Y (o) pom olass o o ¢ i 3blis 3Ll i ©llao

perspective. Geophysical Research Letters,
46(16), 10159-10167 .

Percival, D. B., & Walden, A. T. (2000). Wavelet
methods for time series analysis (Vol. 4):
Cambridge university press.

Rodo6, X., Baert, E., & Comin, F. (1997).
Variations in seasonal rainfall in Southern

Europe during the present century:
relationships  with the North  Atlantic
Oscillation and the EI Nifio-Southern

Oscillation. Climate Dynamics, 13(4), 275-
284 .

Stocker, T. F. (1996). An overview of century
time-scale variability in the climate system:
observations and models. Decadal climate
variability: dynamics and predictability, 379-
406 .

Thompson, D. W., & Wallace, J. M. (2000).
Annular  modes in the extratropical
circulation.  Part I:  Month-to-month
variability. Journal of Climate, 13(5),

Torrence, C., & Compo, G. P. (1998). A practical
guide to wavelet analysis. Bulletin of the
American Meteorological society, 79(1), 61-
78.

Trigo, R. M., Osborn, T. J., & Corte-Real, J. M.
(2002). The North Atlantic Oscillation
influence on Europe: climate impacts and
associated physical mechanisms. Climate
research, 20(1), 9-17 .

Wallace, J. M., & Gutzler, D. S. (1981).
Teleconnections in the geopotential height
field during the Northern Hemisphere winter.
Monthly weather review, 109(4), 784-8 .\ Y

Weisheimer, A., Schaller, N., O'Reilly, C.,
MacLeod, D. A., & Palmer, T. (2017).
Atmospheric  seasonal forecasts of the
twentieth century: multi-decadal variability in
predictive skill of the winter North Atlantic
Oscillation (NAO) and their potential value
for extreme event attribution. Quarterly
Journal of the Royal Meteorological Society,
143(703), 917-926 .

Woollings, T., Hannachi, A., Hoskins, B., &
Turner, A. (2010). A regime view of the North
Atlantic Oscillation and its response to
anthropogenic forcing. Journal of Climate,
23(6), 1291-1307 .



