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ABSTRACT

Precipitation is one of the elements and complex climatic processes in
time and space and is particularly important due to its vital role. In the
present study, the analysis of the 60-year rainfall time groups of Iran was
done using trend analysis and coefficients. In this regard, ECMWF-
ERAGS data with a spatial resolution of 0.25*0.25 was used from 1963 to
2022. First, the country's 60-year rainfall average and change coefficient
were investigated, and then the rainfall trend was checked by fitting a
linear regression model using a parametric method. Finally, by using
spectral analysis, coefficients related to annual precipitation were
extracted. According to the research results, the scope of the significant
negative trend of precipitation during the statistical period was wider
than that of the significant positive trend. About 69 percent of the country
has a negative annual trend with a decrease of -0.6 mm of precipitation
per year, and 30 percent of the country has positive precipitation and an
increase of 0.2 mm of precipitation per year. The negative trend of
precipitation generally corresponds to the northwest, north and east areas
of the study area, and the significant positive trend corresponds to the
high Zagros. The output of the spectrum analysis, which was not evident
in other studies, shows the weak role of significant isomers in the
northern coastal areas of the country. Also, the southern half of the
country is mainly influenced by 2-7 year cycles and the western regions
are generally dominated by long-term 7-20 year cycles. Therefore, the
patterns related to these cycles can be attributed to local factors, macro-
scale atmospheric systems, neighbors and sometimes the combination of
all factors that caused the diversity of cycles in one place.
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Extended Abstract

Introduction

Today, several methods are used to
investigate temporal and spatial changes in
precipitation and obtain its obvious and
hidden relationships. This research reveals
the obvious and hidden relationships by
analysing the trend of obvious changes and
the analysis of harmonics to investigate the
hidden and obvious relationships between
Iran's rainfall over 60 years. In this regard,
ECMWF-ERAS data with a spatial
resolution of 0.25*0.25 was used from 1963
to 2022. Then, by fitting the linear regression
model with the parametric method, the
precipitation trend was checked. Finally,
using spectral analysis, coefficients related
to annual precipitation were extracted. The
investigation of the rainfall trend showed
that the country's rainfall during the studied
period has been decreasing in most areas,
and about 11% of the decreasing changes
have statistical justification. Only 0.2 areas
of the country have had a significant positive
trend in the areas corresponding to the high
Zagros. The results of the spectral analysis
of co-factors show the weak role of
significant co-factors in the northern coastal
strip and the country's central regions.
However, the south, southeast, east, and
southwest of the study area are mainly under
the influence of 2-7 year cycles.
Precipitation patterns related to these co-
factors can be attributed to the influence of
local factors and processes, nearby water
zones, and atmospheric circulation elements
and are generally dominated by the
connection patterns from Doro, especially
Anso.

Methodology

In the current research, using ECMWF
precipitation network data version ERAS
with a spatial resolution of 0.25%0.25
degrees of arc and a daily time resolution, it
was tried to determine the trend of annual
changes and precipitation cycles during the
statistical period of 1963-2022, as a
manifestation and index of climate changes
and also as one of the essential research
fields about Iran's rainfall should be exposed
to attention. Thus, by applying the methods
of analysis of trends and cycles, precipitation
events in Iran were studied. In order to

analyze the findings, firstly, the average and
coefficient ~of annual changes in
precipitation were analyzed, and then the
role of spatial factors and their impact on
precipitation  were  analyzed  using
correlation relationships. In the next step, by
fitting the linear regression model to the
parametric method, the annual precipitation
trend was investigated. Finally, the
characteristics of Iran's precipitation were
investigated using analogs.

Results and Discussion

In the analysis of the average and coefficient
of changes of precipitation during the
statistical period, the highest average annual
precipitation is related to the edge of the
Caspian Sea, the heights of Zagros and parts
of the northwest of the country, and the
highest amount of the coefficient of variation
corresponds to the south and southeast
regions of the country. Also, the lowest
coefficient of variation is related to the
northern and northwestern regions of the
country. The average maximum rainfall in
the northern coastal strip and the parts
related to the northwest of the country is
related to the west and southwest of the
country, which corresponds to the areas with
the highest atmospheric precipitation; the
investigation of the behavior of precipitation
in the long term (trend) indicated that about
69% of the country has a negative annual
trend and is associated with a decrease of -
0.6 mm of precipitation per year, and
approximately 30% of the country's area
experiences a 0.2 mm per year increase in
positive rainfall. The results of the analysis
of cycles, which were not evident in other
studies, indicated the existence of 30
coefficients for the 60 years of the studied
statistical period, and each pixel of the
precipitation map was identified and
displayed in separate maps.

The first covariant was analyzed in
comparison with the annual precipitation
trend because the return period is equal to the
length of the statistical period and
corresponds to the trend. Based on the other
results obtained, the homogenizers were
divided into five different groups. The
related maps were grouped and analyzed
based on cycles, the impact of atmospheric
systems, topographical conditions, the



impact and role of water zones and
geographical location. The second group of
consonants decreases from the south to the
north of the country and from the west to the
east of the areas associated with these
consonants. This homogenizer indicates the
existence of ten cycles of about 2 to 30
years. This group likely has a long-term
cycle (30 years) that includes short-term
cycles (2-9). According to the geographical
location of these fluctuations, they may be
affected by the country's coastal strips.
Therefore, these rainfall cycles can be
attributed to these regions' heavy and heavy
rains.

The spatial distribution of the significant
homogenizers of the third group includes the
regions corresponding to the eastern half of
the country, which decreases from the
northeast to the southwest. With this
description,  sometimes  heterogencous
nuclei disrupt this uniformity. Based on the
12-year cycle, the significance of
precipitation fluctuations in the covered
areas can be attributed to sunspots.
According to the 12-year cycle, the
significance of precipitation fluctuations in
the covered areas can be attributed to
sunspots. According to Lashkari (2000), the
cycles belonging to homosaz 16, 20 and 21
can be attributed to the expansion of the
high-pressure center in Siberia and its
tongues and the location of the pressure
centers in Sudan, which leads to the
activation of low-pressure systems spread
over Iran.

The spatial distribution of precipitation
fluctuations for the fourth group coefficients
indicates the presence of the largest range in
the western and southwestern regions.
Although sometimes parts of the country's
east, northeast, and southeast are affected by
the significant fluctuations of these

coefficients in a scattered manner, generally,
the role of these fluctuations in these regions
is more than that of other regions.

Conclusion

Finally, the maps related to different groups
show the weak role of the significant
homogenizers in the northern coastal strip
and the country's central regions. However,
the study area's south, southeast, east, and
southwest areas are mainly affected by 2-7
year cycles. Precipitation patterns related to
these co-factors can be attributed to the
influence of local factors and processes,
nearby water zones, and atmospheric
circulation elements (simultaneous systems)
and are generally dominated by the
connection patterns from Doro, especially
Anso (according to the return period of
significant co-factors). Also, the western
areas are dominated by long-term cycles of
7-20 years, so according to the existing
cycles, the changes in these areas can be
attributed to the impact of precipitation
events and solar flares.

Funding
There is no funding support.

Authors’ Contribution

All of the authors approved thecontent of
the manuscript and agreed on all aspects of
the work.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments

Here, the authors would like to express their
gratitude to the developers of the MATLAB
program as well as the European Center for
Medium-Range Weather Forecasts
(ECMWEF) version (ERAS).



b SL3 s> sl ing 3 dolibad

Journal Homepage: jphgr.ut.ac.ir

2423-7760 £ o%dg S b

Gy

ol Bl ¥l )b Ge—Floj Ol 3 5> S j Sog 5 Jukxi
€ ol o don < T 5,5t s 23T srenlly sl ) (goamelid cais

shamohamadizeanab@yah00.com :4sbbLl, . 1l bl 3 b J olEiily o Slusl pale 0uSily Ldl i 09,5 =3
yarahmadi.d@Iu.ac.ir :aebL1, .l pl blp 3 ¢ yliw ) oKl o Slasl pole 0aSuisls bl i 05,3 ¢ Jgtme odim g5 =Y
asakereh@znu.ac.ir:asbbl, . ol pul ¢ ylos; ) boj oSl ( Sludl pole 0uSisly Ldlyan 0,5 -~V
mirhashemi.n@Iu.ac.ir :asbLl, .1l oble B b ) olBiily ( Slusl pole 0l Ll yin 09,5 —F

b S Wi e

4 dag b g Cul S g loj 5 odzey ouldl (slaat]B g polie S 5L llio g5
Sbog,S oo 4 pol (iaghs 53 sl JIy55 0 loag ool Sl Gl (Sl 18 e

ool g b il b jlaed 5 Loy Juloo leolatwl b ol pl Al £ 5L Slej

b oy Y0 8 IY0 Sl SuSis L ECMWF- ERAS slaosls 5 i,

edl s & ,U
Al 5o ol i oy g pSibo 1l 05 4BS 50 VAPFYYY il e

OOl By s el gy 4 (g Sy Jde (B3l b e 9 (s S ‘; );il:é:)l;

aYlo (3L & by sbajlued (ol Jdoo 5l oolaiwl b coles j0 o0 o)yl VEY oY) oA

0)9> (b )l Joline (ke g 0y (ingh @l 4 dag b3S gl sl ik &b

135S 53508 3 1oy SR 3guos sl 0393 Joline Casto B 055 I sy (5 )lel Yee¥i-EhA

Conwg Sl 23 Yo g Jlo )3 ()l gyt e =17 (285 ite a5Vl g (4]l \g;‘:/l?ﬁi)\b

Pl i N9y ol olyon Jlo p3 B3k e e < /Y al8l g Cute gy L y5iS

Cuto 25, 5 FWllae o300 553 5 Jlad oy Jlad (g5 p siate Lgac

Olllae 3 & b Jlov | Jols (29,5 sl giye (w515 2 et jblas

Sl Jlod (2l 53 Jbline (slajluen SSye8 (iS5 SbsS 395 dgpate S0

g o Al Y-V clads n 15l cod Baas 598 9 dow Orizpan ol 1938 oS 055y

CosSl ool gl 1 sl s V=Y o sy (o IS 0 pages 5 Logas oty oy

(S oolie WS lagiuns (e Jolos 4 Glgie |y ad o cpl 4 by -

ool 01 S0 4 33 o 2 £ s &S Jelgs plod S 5 (2 g (ol uﬁi
2l cows R

ol G oloj @l WSl Sloj slmog,S Judoo (VFe) ibes (ooblayio 5y 0)Slas g0 cstanlyl fot) ool 23Lw]

=AM (Y) OF b (clliis (clo gingy dloxo .yl y) YL
http://doi.org/10.22059/jphgr.2024.375059.1007826

Oy ol&ussly ol L) duane £ il SBrwy ©



dodlo
Yiongl Hldy Wl o a5 ouldl polie 5 (S el by BB o8l saxie polic )3 wulll (63 i slaogls
@ ool (VoY) ¥ Len g 0, Slue) ol ] Slasuie Sl g Sloj mie 9 oyl S uSake | ol
Sy 2 ek e g wm3m i 1y (VU el il s & i gail 103 5 pie lsie
3 o8l Sl paie opl(Tegartetal., 1990,52) usb auisly (5 5% g b )5 e (slasolyy Llg5 o i, sl
099y 31 SO (IVANEE AF v () Ken g0 S las) Wy L 398 SlKe g Sloj @ie 40 Slpes pudl slaamd
Gl Big, adllas g (¢l ) lS5T 3903 gy Sl g 4335 31y Sk V5 yw g e o) Ko w oS Lo
A Cwwd aJ.ZJ Ls“b] ]a.»‘).w )I 5)3@5‘9 )]AJ‘W.M.\} A.,Iyu.o O] ali:.ggolf )])SS K dbaobb wl)_%‘ L s
25 o2l 5 e gl Wl e (o)lel (slaisiyy jledlaal b ploj Jobo )3 ] Jlado 5 25y 2 eboiman
$losSl s 5l lSal Cilises (glaams 5 ol (b )3 (5l lie Sdesily i 2yl casds ) ol 5l aes
ame ol pas plis ilises g ggite el Wl o oS Canl 2 Sl lagS o @lall g (g2 oo S0
lpss K9y Sl o oplpls sl atil o 1) e g O @lio g (Sio (g0a0b 5 9 oo A0l 3 Shos coly
sl (53950 Syl 198 5 el (ise oLl e 5 O e (5008005 5 Ca e pelaieds )L
Coboye Jo—ad (5 iyt (YWY 2 8 eoF) hlsen 5 (S5 cloiagh 4 ol wwes ol 2
N o) Ken 5 ‘ﬂol? blo 5 oy aSYL_w o)L xSk Lg) ((YOR-TYL YY) ) Ken 5 v&? &y Lo
Baas 48 bk, ol ool ] clods o sl o p3 iyl 5 hdeuldl claseio 5 Sllas sladie) 50 5
@iely plas slddasiio ggls bajlo wa s s B Tilues dlsgds o)l 3 g clialie Gl S5 4
oliiaslil SWlhas cladie) ;) LS Waaseio ol GaitS sl e ol slaoylol 5 lsls cilej 0,95 6 gl
(Hartman et al.2008) (gouxio ) Koy bawes (o)l (sbadd > cpusd 9 ()b (sl jlanad gl ySciol .l i)
Sz o G g Gloj @i bl el o i 0gilly v (il sl osbod sloiie 31 (6 ol G050
O3 o o Ol e Ca e 5 (NS o SIS 53 9588 O wlie @8 S o 4 5 0392 990l
lie & (S35 5 (590 2ldlie poye bulyd ohen 4 olpl cilisee LI 5 i)l Lie g 4 o2 5 8Ly
Al (G g Sloj Sl shls )k 31 55 9 pols g s aiile (0)b (layliB) B35 oo e 008 9 Cuglo,
Slaalie) loj 3 4 ¢ (oK) 1Ko j3 4 318 ol linlie lads (] 5 ogMe (VA=A AYAA ¢ Lo grue)

Cal 5l plgs (6103 U 1y onldl (clacusdly dly) (g linlin SoSenl ()bl 0,95 Jobo (391 oligS codeS

1. Xoplaki
2. Jung

3. Mahajan
4. Harmonic



%3 e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

osi LECMWE il (sl slaonls 5l szl b eyl imsg 55 el {NYY=V0A AYR (a5 5 8,5 lus)
P So9pd ok sladino) | (Ko plsieds 55 g el Ol I glles 5 0ge5 lsieds NPTV XY (g L]
NP8 g oyme 3 sl laosls Sl eslil b gll 3 )b Se (Sloj Slyss (ym 9 lrl GBIk 2550
plod (gl yoS e (slaodly ;I oolatwl b )le 5 old rad >zl dajle o Jloo (6,5, 5l Gan S
sl 0391 ol Xin b Ky 1 3 yake piiin il ob lidllas )3 &by g0 Sl logas Cusl j9uiS 6 y1S
S Sy ©ygon 5 )9S 0yiS plad sl (1l sload 2 adlas b iaggy o b iagh (ol Rled dxg L

sl y9ulS JS (Sl (gogB 4 +/VO

o293 099,
pyoge (ECMWE) o> ol (i 2lig)! 5 50 038 595k slooals j1 5k (Sloj lyeis (plulis ca
Sl VY= YN Sloj il p0 (JuSy YFAR) cwgd asyn +/VO#- /YD e SS&5 lg L ERA-Entrim «
o (Jod ooye 42> ¥e b Jlod (o)e 42> VF jl g (350 423 PV L ()8 a0 ¥F g0 5 lpl )9S
y 63590 i b (63910 o5 (swoj (slolKiun] (slmodly b old p3 Julow 5L (slmodly a8 canl pusly o asd S
VN AA) e 5 a0 sl sllas bl )5 1,8 JLasie b aedly pl )5 Cuslad pac g 05 Gble S 50
Sligy G sl > Js b 3Slas ey sl besls (sl 45 izils 3 1F-Y) olom 5 (6 5 (18

255 48 eolaly g0 Wilgh o (o pdaw > liie (66X lgieds Lol s (S odly ¢l x> 5 &S

b Lodly cpl i zlysiuol YU o 56500 oGl 51 elw (o)L & bgyye (slaosls ol alsyo jo Blial & o cas
NetCDF- s 5 b oodls 351 5 g 15 il 3 (Jlo $+) YoTY 5VRSY (ela Jlos b )3 +/¥0X+ /YD S8 5,03
5o Sy gy ygods diliey iyl codld pod Al oy 0 a4y (glodld oL LSS @ o)l ) 0 S (gl 4
o Sy pow a0 .85 )3 (cw)lg 390 9 gyl ] digg )3 4L VAR Co 5 (s 9 00,5 JuSuls dll
Oty Sllls 058 (sl Cusl G St Cops g G5k bogte S jg Sole Solnl Gik oy
2948 Ve () Sloj sy JlB) Clpes (lad hawgle 5 Se @iy p)lea P S oy g Sl AVL
dosgts boolss (W9) Coresidly Slpesd (cw)p b @ly () 23)90 (DL €9 dinof ol )3 28,5 )15 (o) p3)90
b s 3591 e lej sl o gy Sl (slasy il 3l 5 2065 0 )8 e s9e shlice sla by,
0P Jae & 5 Jdod ey sl bl ST ppg)Sy s (VFO-VPE YA 0 Sls) ol 5005 5
uly yiie (5l (polol pore 53 gupld Cua Sy (Sore)S) Jo adgl malie Cusla e G bLS)
ol 3 930 slad 4 Jlaidyge (6)lol iy ieie Bl > lialie (SuS1y g (X) Jits ke yess 515 (Y)
R 33)5 (e )l 2929 dmivo o Vg X e 93 5l ol bl Clate o (b o pige 1L L,
laye ggozme a5 Wb o 5l LB (595 g b gy onl 0 el Slupe Bl () clas (0l (cla o)
L odls (ygms Sy alee (D) lej 9 (P) o)k yolie LY 9 X (sloyiio (19,5 (3ol b oty Jolis &y Uil ol
(VYT ¥R 0,Sls) 30ib o iy 0 bl (3o lallas ey po 35208

ool ool cuvdy hittps://www.ecmwf.int./en/forecasts/datasets/reanalysis. datasets/era-interim ;| laosls U



p=a+tbt+tet (V by,
sl g )Sy Jho olas (sllas ety (loj s2lg (S5l & i) b b Tase j1 o0 @ o takady oyl
S s 5 ABb o woSxe dlasly ouiad Lis DO bk ol (Cawl puiio 93 e o]y ot lis 0> 0 ccute

g g0 03wl 5 sl Jge,8 5l Tase I 5ye 5 b duwlo (gl Canl K59, i oaiad Ui 5 D=0

_ E(ti-®ni=1(pi—p) .
b= 2(ti—6)2 (v ks,
a=p—bt (v dlaly

4 il oo 5l odlatl b sl jo 50 508 Gh)l HISGT 5 ple slaes gl caa paey P )3 Coley

dggy ol 5 sl o o3lpiliy (Sl sladkty ly 2 o ol loj o 0 3 39250 Gl 2 5 allale 53l il
Wli9) (HL 1 jokate (pds D90 Chnog (i saadlhe b 5 Sllie @y dlwgay Sloj sy S (25l5 LS,
sy @l jloolitel b il oS JSB 50 4 09l (sba)ld) & il sy b (g JuSy YFAY' L oS digg
oyl 51 eyg8 slo e dily ol ) Sigdo it 9 2090 JeBE 5 cuslio o) L iliseo (slaoluy
93 35l JBlas Slwg by aS |y tcuslrodly Job o Slis ((Slog saadse) bajle v (pl dlies (0550 gl
2 omk 49y B9y Ko g Vb g) K9y S SbsS jlunod po (@Bly )3 sl 015 S5 ((wginnS g (swginw) adie
Tarawneh) 54 o 035 i jlued G b ool Sloj gm0 e zao sl o oplpls .ol Sloj (s S
Ot 359 s ol & Sloj (slaigpm Camlio 50k 1312 )8, e 53 Wojle o (65, ] (2003

Tarawneh & Kadioglu,) Sgd 0 Juols ) & ygods wlpgwge dyed culps 4 o b, 5 Al Hokaie

a; = 2ZNXCOS(Zit) i =1,2,.5 (¥ sl
by = 2 XNt Xesin(3rit) i = 12,.5 (8 4k,

Ded e duls pj Ojgods Slued ja )3 (uilyly) Lol e .l Clialis Jlad Nl ole 5)1 lawgio X

A?lz =(Vy (Fakl,

235 58) S (LS o 10 oS pl sy Cnlndd 3 5 Sy iy e e sl o Juloos Ul

9 09:5) 290 0> Ll jlaseds S L 9l Sloj gy > Jlgie oo sl o il nli il Sloj (g S

Tarawneh & Kadioglu,) 55,5 o duwloee y 5 alasly 51 S oly 4 jlaeds po (ilys vt (AA=AY AYAY 0 Sls
:(123 :2003

Vi
Vi

Vi% =

x 100 (VaL,

Ol (ewgim 9 (wgiow Slodile s g 00d w58 glite Bl S (bg) cnl 3 25d o0 Jlasl (S35 ) glite &l (595 32 ST ol
D90



vo e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

Wil O ygods ()l sladd 2 I Koy dbgype Clwlons I Jols (295 Coles )3 08 plxil by e Sluslons (s

andlaod yg0 03945

50 sogS) ol kol slaogS i cup cunl gk je (L3 T Sis )3l ggiste corddl Ll sl )]
Il 697 9 e oprand Siid g )5 bl b yloped (g g 0pf ) o)l laans) 5 Jload
b) 155 sbyd olo (2l 55 eVl (SW)L oliee oyl ol il Blisee slageldl BYS (2 ietee S| ol
52555 (Syb 5 (292 (P19 0 (il yieS 5 )9S (2)E Jled 5 Jlod (Al pamen 5 (e Yoo Sl Sl
5 Gl jl U8 4 hlSen 5 Se8 0)8 (ygunld) wad e &) (el Vool 58 B) 550 Sble (2l
[OYY ¥ Kon

Ladl
WVl (5l (090 SS9 9 Slasule

32290 VY=Y VY (Gloj 05l )3 (sloye (polidie )3 ()l Syl o 5 (Sle (Se @5 5w cal 2
o 1y T S Ol Gl Y s s 3 (=1 JS3) ol i (515 i 1 S5 .65 )13
Jol 4 bgrpe (b (1She (Pt o 3905 (led oo AIET S & g5 Lt o (LS dallland, g 09
Byboay ol Jlde 5l g dwy oo Jlo 3 yiaidee Vo r 5l o 4 ol Jlie S (pgbots cund JB1Han 53 9 555 b
9808 4 0§ (SOl Ol (28 (eges g) ol 58S )3 el (] ABe sl Slalllas 039350 558
ROW PV XW (WWA=VFF O v) e g 0 )Slus dalllas o Cusbly cpl Cusl Coi> 4 Jlosd

ol (5byd Ly Aibj (S oagr 5 wlynde (Sl )LideS Horls b djw Jad sla )l (Slojed 4058 o)l
oyl Slasuin oy slany olesa g5 4l S )sbay Jg (V) IVAY () Ken 5 o) sl IR 1
WYlo il e op b &S gysbds (VA=Y DIYAY (o bdgrus) W 0 i |y olpl (sl ) 5l Jslate
el 039l (wlidesldl Gis ol 9 crpEstie I (Jled ding ()b B — Sloj g g 9 L lasipe
Sy dibito cpl )3 jub pogasy g 3y 0393 syl 8y (Lol el |y (g Jlib gy Baae adgl (sl o
s slaJlo Jgb )3 (i)l €815 T @5 sbsS el ol anlypuiS 5> Jlas ol s 5 Jlod 3blie
ool @Bl opl 3o 35 6)5 Al (Gl =T USS) ()L jlade aidin (loj (ul 53 wcan

ol oo B =Aee ol ) Gl Sils & sl g po oS5 2 ibate bl ol ()l 3 0 vegd
5 f SOl daxie (hedgs 3909 e 3 )9S (2)E G 5 (E Aol G5B CS gl dines il 5



VLY uMU ¥ B)Law N E)QB‘NLSL.\}'% dlhu&‘sﬁ’)ddleu A

sl 0392 )0)55 1 (63l 0)93 (o )3 (5508 Sy ) (6)3 g lai g sl o3 Ve

S bR 2y s )9S 0t Jled digg I 2l ite @ by plyice |y plnl (o0)h ddlate (eoges
0P Cn el Alphde (B ise a5 03l (LS il Geizmes 0y G ©pf iz 55 9 Sl 0pf 0pd
Slobo (b ol 1) 00 ol (slaainy )3 )98 )k VL (1 be cnlpli a8lio ol a8l 2 350 i3 12 (slo
Gl 05 jguliS Oy g g oy g Badaie 3ble dile ddlaie Cpl o )b Olyss o s dloly Dged dgi

Ol ez (Rl s 530S ()8 des 5 Jled Gl lading b (ol 53 )9S Byd Jled 5 558 Ay
S9y 330 Slov Jop 955 sl ey p [Res Sl w5 5YL Gl ie ) 0 Gl iy 9 Ol
2985 5y G 3 (S5l G0l bl 3l s it 4 Casbo) 3,5 ol Jlio 41 55 by s Jolgw
g ol 3 oy 4 Jled 5l G0k Slid capd oliee sl ol sladilols o)l ol Gl > 4 gl g
ol )5S By bl > ()l JloaJle YL cpls )Sly 558 Sl

Olee cbgrpe JSB bl sl )9S (50 i g i allaie & bgyye digg adllland)ge slaaigy 503 ]
Sy 3985 4 1) Sy ol e (WAY) Slnde sl 58 o aigy (B ot jl 5VL (28 sagisn > )b
@ e olilizel iy lwej 0 )8 ol ol il cde 4 a8 Wl cuns Gblie ol 3 oy¢ sladls
e [y L) oyl 5 203l (698 sl oS Wgd o 3)lg 4l pl 4 (SLALEEEN S 5 305 3929 3900 Jole Iy
e 3 Gl o o s Sl Cannd ) 3 o] Sy 5 il (e 1 ol (55N g
ool 4 Blato 103 Ve B0y y5dS o)l Sl e sy sl Aallland j50 0,208 plos & G ] Sl
CowlyguiiS 5l aigy

9 obl iy p b oS A3l Dyl g g8 s 3 @ly lagisn g Bdate )L i (n RS Sl
O3 s 5L b plg s el sladian (9 JE 41y blio (pl 8,k (1A-FH ATAF) ) Ken
2oy YooX0 o adhio ol 3 5, Oliedi oo Wlodls cand (Sl laid 5 plew] Blo o clon
] OMW&G

500 1000 1500 2000 2500 10 20 30 40 50 60 70 80
e o A3 iyl 233 & Gl Sl Cono

(Y-¥VIR8Y) (ylel 0555 (o ormjll UL () Sy Gy g (W) 5:S0ke Y SO



vy e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

Pl s 2 9 Wiy, Sl

ol bl s s adllasdjge g)lel 0y93 (o 1y eilal LBk AVLs Sigy (JSe wje (V- JSS
V=g sl o stne K9, Ll 4ol Sl aizeen bt 5 Lo (5l g, edimd s (K5 dieim S
e Ll dallland ygo 0y90 (b ol jlued CGyme -V S g D o Ginled 1) B9, iudgy Cou Colue doyd
K9y b dulio )> lul nl yr sl Sig) 2 ibato 5 205 ()Ll 0)90 Jgbo il (Sl 0y90 o Al > 4
A5 @Bly Jdow )90 VLo ()1

=17 3905 lawgie pbodr) ()b GRS L )9S 0pS Ao s FA gas A= Joda g IRV KD 4 429 L
Fagde +/¥V bawgie jgbdr) Cute Xy b )9S Cummg I (103 Yo /VF) pourSy 3900 39 dlgo (Jlo )3 yio o
3 b 2 aio 098 10,3 1+ 1A 3933 9o 2233 V- Jgi 13 o 655 pla 5 glhe ol 51 el (o 53
(e B9y b o)e gz 03910 Sl (SogS sl (A0 g 528 9 Jled Sl (SorsS slaasd g 558 Jled o) Jlod
9> sabols goiie sajlid) d929 4 (oo |y Bl cnl 1> )k (6)dxe (il L9, Canl (asidio )l ixe
2 OIVVVFY A¥R) e 5 8,Slus ((MTAITAS ATAY) o)lKad 5 50 5 dine) o)y 31 Capens cilisen
153,] Csd & wldie (20l5 Byl gy Jdos

les G0k Jdisine GRall nl 98 e Jald 1) 9l digg +/V S9a> )9:i8 )3 I3 gime Casto Nig) & bguye polia
ol b sl (g)lol gtme 386 o Wig) b 3blis b g sl odnlie LB giiye o515 5l (SasS o atun )
sy 59y il el oS IS )3 i)k i Slelisyl ofga (e olge sy oo a5 & Laal s

Sl drg bamd e oLt ilol 0)93 (o 1) sl xe (gl jluan) dlocuad gloas 2 e gjg5 oY S5
sgbglon a3 oo bl Sy JS)5 (655 ) B sl adlllandyge Sloj s 53 3398l S gl jlues (]
Clilgedy j928" ©pf Jlod adgS 5l ados 9> ©ygots Jol luan I Jolbs 55k Glaplog ogd e osnlie o
@92 9 25 2 (PP U e ST5 oluiel )3 ped Al g Cunl 0l 02038 )9S 35 5 38 Jled U5l lelis)]
Jlos b jaedr bl 5l los sl (onf wils 5l g 3les 53 5 sl asbslazal oyls oliwl Jlad b Tagas
G313 5 g (55 53 Btae (ol (5355 5 (B 3Be )3 e ) ot ol 48y g gl 5 s
sk ol gy b plys ol alen  oln) Jled des logas il = ¥ S5 (om0 ol 392500 Lo 59488
S 50,5 lue a5 5 by s (LT ne 2806 3 M50 31 (g a3 5 foline (gl Llod & L 2l ol
9 Sl Cunl odbodly o Jlade y gla o)l ialS @ eSSl isw pl )0 5L Lgy ials (VWWI-IFY Y9
Al lad yo piland dw Job (3 150hL (b ol dlaws yialS L1y (45)L ke gy cpl (VYA YRS Ko



VLY OMU ¥ B)Lowv N 3,35&”&1@';5@ duo&‘&g)ddqu YA

40" N
-
35" N
3
30" N
25" N /f{
’ 45" € 50°E 55" E 80" E
Sl e g

VA=V -YY ()bl 0,93 (o a¥lo (53l Jol jlumens joline slads o g () o) g,y SlSe o595 T S

0955 ) gz g (s Bblia )3 Ky 2929 sbS Jgl Sluen Jlome olis L pl Sl Sl pgd aBgS )

5 Casto Mg, L (A1 Y N¥AA) 1 Kan 5 (sl (1YRQ) 5 5 05 luce Lo it slo gy 13 &S ol

ol 3 Bl Cute W9y bgS gl (e 53 598 AVl Wy Jilod Sl Jols bt b 0oy (asls )l dxe

OOl pRIE(W=F e AR s 5 (SUST s 5 W 20,5 0o 53 1) )9S digg oy + /Y s oS cnl 3blie

Gl Sy B, 42 bgrye slaluog Casl (g sl 2 o1 85 5 (815 )l b o 3blie oyl 5

gy Ll 3 (FSAFAY DNE-Y) ) Ked g didt ) sl 0391 sebal Bl )5S Lgin da ] (Slosas LiS
1038 s 1y blie cpl )3 byl slajay il g $YVLo )L

YoYYVAEY gylel )93 (b il iyl 89y Lidg cod Colue doyd g £ 4) Joia

Sline L9, b jpiS jl Colus dops (b )3 jloes) 259y bawgie iy L) L) gy
Ve/AD /50 $a/v0 lS g,
-1y AN AL ]33l W,

Ol lajlusn [ Sopn o (il 4t oy 1 Sy sl e Yo gl | loes 2 Jibos
25 dads m bl by slaadias b o3ls Lioled aillis cloddds 15 ¢ ( asuie 391 45 dne (s)lol bld 4

A5 Sl g gaeg S aldlie Cumbge o o sladiny (3B g 5l ¢ B0 byl (g> saailolus

Jol 29,5
4>9 o (4\.".«» Y 9 APA lebw»f)l) 092 L: ) 4)) ya 9 VONY )L.u.o.b g’Lol.a.»: J9‘ 09; LSLQ)L.M @KA F 31y
i3l 039 ot 5 (5,0 =515 35 £l b (ol i Taas s 231 513 038l cslisel S i
0393 gl S (S¥iges y9> Slaodsdy (S Sl & a0 b gl 2 ogde cewlajluad cyl (Al Y-0) S35 T
bod g iyl b oo bajlu mo pl 55 (WA ¢ 05, 9 0,Slus Kalaji et al,2004) > dlw Y-8 d90s iS5 L
oig ) Jlo 2 0)93 slag)l (10515 slaogS (izmed WS (oo yuil (2Ll Cua L daly cnl g9 5 21> dlad
g5 (YY=V Y YY) SLgls L o Ly oS ol cgenl lo Jlas o 51 glis)) 5108 o s o ()8 (slaaials )

ol sloslganli b il UK Slyasis Yool g w3 glis) b bl o sblis cpl slighl slasis 2



va e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

Ot 0938 b (2l 3 B3k S log A Sl 4 225 b amd e Ui 1) 255 bans (Sidlen (o]
) 5ol laogs” B I i (glaSls adhato )3 o )b osd (25 > Cped 40 0165 (6 pSade (8 oleSa
ogS Ay (sladield > Jg .l 5350 0l 4 cudy aield j0 dx g0l 4 gy dleld > 4 lelay)l (i e VA - 3l YL
23550 Jolge ) (S il pSmin g STl bailelis 30000 (355 S & gyl 5 ()l (Siaasos
SOL " asls sl (odae (slaadls &ygods a5 Canl (cigm 490 Jolge wil ol cilises sblio sla )k
adllasdyge sldjlunen jI ol seinl slaas i olel (YRS () Ken 5 drowld) Sloniiis x5 'NAO, MET,
Wod ewge il o dle ¥ -0 sledd o plswl b (Vo) oS 3‘)‘1 aox 3l opiazees 3l gyl
as > ((WWY=V0A YY) oy 5 0)Slue Sy o)L o 1) dlw Y=F slads > (A-VY Y+ -¥) Kalaji. et.al

izl gl opy b bl 3 1y plpl oy Jlead dlo Y0

VASY=Y VY (g)ll 090 (b )b YA 30 Y (slajluen jbline slads o S 2595 T S

P9 09,5
Camns &y gz Bl gay9dS g Ao & Blaie Biae o Cunl (g loline slajluen (SIS jr ¥ S5
o ad 03 3929 (SbsS et (pl 290 4lS Wil ob (0l b Pl (Pl G5 Camm 2 g 598 Sl
Gyl 05,5 oyl &S ol Jaime cCamwlar e (pl p3 dllis (Yo BY 2505) Y/V /0 X/F &N XY X0 HIY S5 A
2l Cubye 4y drgi bcunl 03bisla 395 (49,3 3 1) (T-1) aaobS slavad o oS (oo V) ool b 12 S5
ot )35y ol sl il 535 ol oy § e Sl o] o sl ons 0lbags 3
Oy Iy ailgae clanis » 73-77 2006 Campins b cuws @bl cpl w5 w8 b iyl ]y )b
okt plel ol S o0 Clus palgn g Conb iy ghies 9 98 bl g e bl sl lels
ol s Js )l dgng (S,L iyl ST lpl Gy Cain g g ddlaie (3 &S Cawl Adine (VYO-VF ATYAA)
olee by 5 oo)lgls Glgld Cugby 4 (o pod g ln (392 £ S 3980 3y didhate &) (558 dgno ol
Gl g2 858 5 Caghy 018 el sladilols (AV-YY AYR4) gy a5 Ly amde &) shdS slahyl

1. Southern Oscillation Index
2. North Atlantic Oscillation
3. Multi Variate Enso Index



VLY UMU ¥ ‘D)Lwd 0% E)Sa‘g;”.’.{'bdl'.‘.'é')é? lehu;:@’)dd.lqu Ao

Jelse Jolss 51 lio 1588 51 4ol o) (bl slagSll 5,00l g o 435 493 5 S ol sladiag S 4L
3 blie ol 3 gy (o)l slacish d92g i Slite ()3l L gr (535 polis 5 e slaatl
sl gudl 5 595 5] Ng closS o lon (cloailoly ol 45 K55 Jolse 4 ol o Lptod (sladiloles » ogMle oS
ol 5 551 (slnale > alls (VAT VYAF) Glgnasn J35 5 L 198 iz g & Loeyo (ol > s
09155 1y o (Y++Y) Masatori et al ¢ 3,5 3 (gla cowgo b gusl 45 ol (c3gm ol 3l gl b o))yl (5, bls))

Do oo 5l y8y edilod,S

) A e s
R e e

e Ja e
A A a e

;) 3 3 3

k! 1 b )

1. 3 i = 3~
Al Jgh Al i g
H= st 5 fad

" T=ah o,

4 ; .

3 3

- 3

- 1 -

(g

i Jss

YASF-V VY (g)ll 0y90 (o (o, YATESXY A0 AA Y AV & F olojlunon jboline slads o 150 055 & JSd

Py 8955
05 S 43y L;,m 09,5 ) il oadodly isled & JSK5 ;o Yo g YO XY ¥ e VD Jb e sl jluned S x50
Lin g cpl bbb oo Gl )8 gt Caom & 3y Jlab il 1 48 sl 598 5,5 4o 2 iaie blio
2 blne Bblie o (il 1 (b (Pl &5 29500 0> Aijoe wr p |y (BB pl (eKeal sladiun
slasd a1y ibg cou gblo i)k clalus (gl dxe o oo dllw VWY 8 o &y a9 b ] auseis B
Oyl ale (e (Sl Gl a8 Badine (VWWAY) Cavgd cllis g yisesles diuo) (pl 50 0 Caud (gud )y
Hiremath &) cuol weSee lulgy (gl Sidass ¢ i oly 0 5 peiime dbaly asI ol L
2 Uil g iy sladS) lrodly o (668 Cute (Siused yaudge Jad Job > .(Mandi,2004:651-662



M e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

oS 4 (MWYA) (6, s L Glg o [y VY 9 Ve oV lued 4y Gleie glaas o )y )8 aliio (glooygn
Bl byt )LideS gladilelis 3,5 Jlsb &y e &S g jLid S1p0 Cudgo g o (sladil g (6 sLidyy 550
Alia 1y y38 By 3olio oyl Lolul 503 iy 13 (V=AY AYAF) hdgaana 313 o |y 3900 ol (555 5
B a2y 0Pl 1) Olnl 3 ol sl 1 sl (souwge = guil (e g dwo LS| (o) g il gl

Lloals

i Ga e

el R o2 e
Al A (2 e

VAEY=V =YY ()bl 0y90 (o ()b Yo YO FV ¥e V8 B slojlunon jboline slods o SlSe 2595 .0 JSG

2 s 4Vlog 4cd (slaglog & lgies [y T g VO jluod 4 Blate s 2 ) IS0 Jalge ale |
31 3939 (6 i flozl ciog pl b b o (il )y el o s ol |y ad > ol cliadily Sy
Cunl glse sl 5 92 (p9es (835 elikeS )z s (QBO)' a¥lugy s ol a2l oS
9> 2 SIFm 52 SlosSIl 5y 2 5 g (stlad B9l (53 2 58T L 4VLogd 4 g (V=00 AYM oS le)
&S (VA YNE) hlen g Ll dllas b aadl ol (Yang et al, 2013:15-27) 5,135 §l o) pdaw ould]
Oyb Callas Wlodly Cows as > cpl 4y 1) 39390 (slalogs

Pl 09,5
sy ol sl 03y inles ) YEANFXY clajlunn sy |y Uk laplog SKe aujes & U5
Uiy 20 5 ol 2313 (08 Gtz g 1y Bolio 21y 295 diald (st Wojlavons 55153 095 oyl by 900
gty Bl mi ol Josine ol 1L CoB y0dS b s g 9 5y Jled g B 3l i
sl 3,55 5 (55t ot ) olis plo o s 3blie (] 53 gy cnl i Loges Jp wld 51,5 ST,
Sysn 15 &y el e BB il w ol 3 Al VY B/ VIE 0¥ cladd s oelcunsa gl ell

1. Quasi Binomial Oscillation



VLY uMU ¥ B)Law N E)QB‘NLSL.\}'% dlhu&‘sﬁ’)ddleu AY

odisles o Yo & b jlcen atels 223l oolisls a0 0 |y yiolisS 5 Al Ve (sladi e allu Yo (glads o
9 Ol 69y 2 8 Lol (2 FpS1E g 0r S Mllioe )9S (Bl Syl > lde Sy sladilebls
Sl g I 4 a2 g8 b (WA lidgmune) Wi Kig )3 (5) g5l iz b ol ()8 Jled 5 (28 i 094
(V+ V) Romem 3y Uy duwyoo 5l & Jlo 33 Juad 33 ooty lpl nfiw slo)l sbrl ) baosis 2
5 &t o o ulll ailaie 3 laodis s sl o Jlosd 05Sess > dpton slal 3 sad8l (slipyd g ol 42
P oigh |y dlo Vo clads m 3mg (WAY) Cavgs cdlie 5 isuiles ales j oliie yuda ) )5 Jless ol
005 cpl 3D > s o Ll Slblogi 5 csndyss (sladS) el 4 ym j) 56 byl adlaie
imiils it g (V-YF ATRY) o Kad 5 oSy 5y Ly lgfioe 45 ol glyial b5 1500 45 e
bl g g (9o 83,5 lieS )5 (G aVlugd s 5 (o9 Cllog = gisJl ]y dle V-0 Cllug

103l s owgilidl — ol claan] b plo g ¢l

9,
3 9 g
3 3 I
3 k! 3
] =) 2
0 E 50°E
Qi Jgb
9, " H=bsah ol
';’; 5 T=a 3l 550
; Y

QWi Jsb

VAEY=Y VY (g)lol 093 (o )b V5 OF A 95 & lajluen jhlixe slads o S0 2595 1 S

o 8955

83 o ialed |y e YV o VY=V 1 =¥ Slon ol aseiol e 6551 L plgs (slajlunn 150 (555
Iy Sl el hB )9S calisee blE )3 008 o8 g 048y g0 & Cusl (58] pasuiiels (5811 pslaie
S28 Cunl Sl jlen 5988 (Bl 3 w2 09)5 | Jols jlued gy whe Cuns 498 B (S il Bld &,
oo cnl bl cole) yolateds g)cnljl Cuslajlen nl 53 92 ()b (1392 CaodleS SbsS bajle o (o (392
230,55 a8l ol Lo 5 isles ajl

0‘0: )

claaigy LialS cpismen g o)l By Jop g jl (S 00 )SD (clodls olSoL 5 sdelcanday slaaisl JS ebas



AY e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

AVl glod Glypss Koy Gioli8l 4 ((WYAY) L)en g (e09505 1) ol cpl Jud &S sl Sl 08 > o)Ly
2 Fhe (S)b HEals (WYY A2 glel lowalo piomad 2001 Cows J Sl ool a8l puss g bl oyl
V) (25y9 05 kae g (glage> sla i)l > Jlb Jole plgieds gy JLiby Bgile poid & 1) 558 5,0 Jlod
(292> Ao (piored Cawl joulS (Jolo Jlad (g5 )3 jblixe slojluan S5yeS i gbsS b Jolos | Jol>
ol o V=Y el sl S bilas co logas ye s g b Y-V (clads o 4l o Baas g
25 9 (Boluon (9> (poldo M slapius (e Jolge 4 (g5 co |y S >l 4 bgyyo slagSUl bl ]

313 g el 05 S0 Sy 53 b > £ cw 45 olgs plod S 5

S 35 o
350 o0k Gjlues Jilod 5 Wg) ST Al g JuSy YA ddlllan bl g2 5538 () (ol
B9y shly gblie 51 )3 adllans)yge 0)93 (o j9uiS” ()l a5 5> (Lis ()l N9y sy GRoR (ol 3 85 )8
Coto Bg) (gl 198 0,18 /Y g5 .ol (gylo] A g (gl ialS Sl yus o )3 VY dgds oS Cunl 039 talS
13 saliil g otalS s ol el ilise Lolge &Sl sl 39 giipe w81y 1 obaie Gblio 5 oline
o8l (2195 53 g 9 B)5 Ol (e oeldl 00 )5 JLid ) oS 3905 Ll lgi e 2980 (couldl (slas
0133,5 Ol pis geiwd 3 )b Sl Sloj oSl )] a9 canl oidbul Ign eges (53,5 (66Xl g o)
950 J o 53,55 Cans 5 ol o cul (992 el J L5 olins (slajlunon J1Sa 25 gy sl 53
&S g ysbdy .l 03y g g Ol g il sl Ko j3 ddlllasdyge 0)90 (b bjlw w cpl sl ol
5 Jlod (dolo Jlg 4 barpe (25 53 jbliae (slajlues S5 pe8 i85 SbsS jlo oo ik Sl | Jols gl
s il cov laae s digg 8 Qi 5 G (Bpd sz gz 2l Lol sl 088 (5550 g
99 ol otz e sbore sloal B g el 51 Slio el sl o ol 4 bigpye (o)l (slagSIl sl b Y-
& 455 L) gudl 0329 )93 31 Sy (clagS bl o logos 5 (1en (slaailols) g2 (33,5 polic 5 S35 5
Ao Y=Y+ asjlyy gbad o bl cov o) Al picred D Cous Hblize sbjluen i8Sl 090
g bk b ol b @ plgie |y Al ol 3 i dge Sladd iz 4 g L alpl Shadedly
Soasly 5 pob> Jimgl (slaadl 4 colie b ol Cand baen gla )b ade | Lol 39,05 5 (o) oIS
loandly | 45 ol o L9, 4 Cud Byl ko Ng) 08 I3l 4y g b oS 3505 bt o (g Slilllas
s > e 5 jgb en o (VAT e § (639,05 5 VYA, Ken g 0,5 bus) 3, Slgstan cpivg lalllas
GRoR ¢ L &S )9dS (2)5 (Alp > b cpl and g )50 (558 9 (Brd o g i Bble > dlo V-V
sloybcin JLidy Cusbge puis 4 1) HouS 5l Bblie (ul 3 gl Bs ials 4 &5 (WWVA) )6 g 400 LS
sl az e obols 359 Sl pileS @ plgee ) d92 90 Clyess (ulpli sy basye Al oo bgiye (e
o @k 2 siytely el o)l )8y calid paus ()l ewlidponldl adllas olul el 2 3l o (g5 (slogS)]
& (Sao bsas 35 o o e 5 35 )18 S ey > alllansygo dilate o ) (53,5 5 5o b S o L )
59488 O lie Coppdo 5lgken (S35 1 soriins S S e 5 Sloj S nlpl sl bl
Pl Bpae GllE (Il 4 oxie (S5 S i g Camer 93859y BRI Grizran ) g aaily,



ol Slygps 5l o s g b K6 g o) @jer calis 4ol el oad Sludl opgdr caliske (cla iy
1555 Bl sbas 2 5l Spm i g g5k g Lo CBLS & 4 30 o Doty Sz o fusl Limghy o
Dol By

b S

OB M 93 oo
Llsly ply wres Glmgd plonl gla ity 5 alye (oled ) (B sg img )

K8l dLas
25 Wlie il b Sigsi b b)) o gedlie 3L g o8 15,05 o o] B g8

P g o
lon Cale (i 2oyl 30 (rimed g e by (Faied dngi 4 1) 395 ol 45 b o Y 395y GBS el )
1l ity (ERAS) e (ECMWE)

&bo

o)l> O9x ).Q(w.:.))9 » (QBO)UYL\ABD M ulwy u‘);l sy (\ch“c) L\D)*l; A?:}(Jl e g Jolro ‘L&'»"~L""> ‘uLs)B ‘u.n.aw.)‘
YN (YY)IF wlidn il clo yiong s o5 0B 00 3l liass bilsl 5> (ol

sl s 5l odlatel b olpl Gpe i la iyl asild 5 oy s Juldoo (IVAR) caubs ¢ Slysjl (6051 5 Byl (gawl
http://dex.doi.org/1052547/sdge.3.4.99 A=V +Y (FV Ldlyan lawe ()l dawgs doldiad iy,

alblbro  las oo ds i ol ) &line (6150hL (sl oy olSiom  wlids madBl . (VWAF) . 5 ppe0 ¢(5 38T § domo el ¢ e ol
doi: 10.29252/jgs.19.55.37 YY-08 (O0) 19 ¢ slbl s pole (03,05 Cliviz . o)) p) &l 9 1513

2 AYlhogd aud Sblwgs @l 3l (WYY Lowol (Eby3 03151 g dng o oME dtud £ pummade ¢ ghaxo fhumu ¢ ol yisuiles
doi:10.22059/jphgr.2020.287400.1007433. N \Y=\YY (OY) Je el (cldliin clo ing . )| p) alins sbo 4o L

olssa (Jlosis Lulbl llsg jadlis (63)50 adlas ] 10 0uldl 1ois (VWAY) Ldoguane cuwgd clie g dprw o jisedlps
/u)«uoli“u/.) ULV/U/CJL” Cyplo uw/).b)/uw}w ubub)j u«))b ul)u.u 2 dw)? WJLQB u‘).u‘b )I Lg*a}L“’

Pl 3B g ol by JLidyy Slojer (pwpy (WWAY) dins (s 90 9 Jaillgal dw (lidgmane £ dame S ¢ s>
NN (V)Y ol Clidod dolidad . ys)l ) 43 &5,
V0N (V) 18 ej i slaing 928 (50 wjy 2Lad 5589 5 o)l

o) ;(t).d Y MERRA&LN:JIJ u»L»I » ul)i‘ Bl L)")L’ L;gl:{..\.§9) (\\C'Y) N soJ‘}Lé) 9 il o] ‘u)])? fulc co..\l.a.f;&).)
FEA-FAY (V) ¥ ilad 4



Ao e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

o ol8uily Ldlyan 09,5 ¢ Sludl pole 0aSiily (5,8 dllu,

ol g gl g olpl had (o)l o B (W) leg do)lgs g Sidgm (3B tplaal olubl ST e < Jom)

85 53 (b g 2l2g, g ondoy s LideS plg (slagSl Jals [ gy 2 VF)) e oSl 5 30308 55 )
Y¥Q =YY (V) WY o oo iblo g Lbin o liw ) bl 13 YWAA slogpd 9,8 puSisw 5L

L bloyl o b p 5% S Jolse i85 (s pdyyes (Vv ) aabl « SLSy 5 il st (bdgrms § oy 0 Slus
WASNEE (YY) ¥ oo (i jdoliy 5 Ldliis . oyl VLo o)L (slams &Y oo

10.22111/gdij.2011.514

A¥Y=\5Y
.Ol?!jj oli..i;}b Q‘)La;:ul .d)[o/’uwﬁkumlé'/d'/,,o 5(\\:’ ’) .M ‘O;LAA-C
XT0+ (VI o olhis clidio dolidad 3355 4Vl (sled Lo (clogs oo s alos (WAL iy <0, s
AFEVED (V+) D ctewg 5 bilyin 3] glmamd o ol sk Sl g (ole s (AYAS) .y <0 ,Sle
L)‘))L d]&) ‘53.].))9 JLl u.ss).u 9 u.is).) &199 u».o; &Sm ‘(\\c’ ’) Aebld ‘LS")K)J 9 Ml}sl duw ‘OL{)W ‘u,w.o ‘o)fL.v.c

doi: AN=VeY  ((V)AY (xub Lilas (cloyingl (AYOO-VYAY) il dad e b eeiolpl &Yl
10.22059/jphgr.2021.304776.1007529

VIESVED (D) Je drog 5 bilis ] cbans b oyl Gik SKe sl Sl (WWAS) Lpmes copSlus
doi: 10.22111/gdij.2007.3669

2 ol BB Ol ety SuSly mig p G Jolss (8 )p ITAY) ke cololSingd g e toSlus
YANYE (Y9)10 (o lblis pole (e3,0)l5 Sl o) ]
JOLJ)‘ » UAA)U‘);I LYl u»)l) uAAAAl) J.:9) ‘_5)[‘»)&.«01 ‘(\\"‘l‘l) Aabold “_5.)])15)) 9 Juamnyl S ‘ub)w ‘uA.wb ‘D)SLM_C
doi: 10.22067/geoeh.2021.67028.0 VSY=YY(YF) & ¢ oo cliblbro o /s aljgy (o)l (sloiy 3 Slolyd puss b
o LIS 205 ped Ol L Sypiaw awlidndd] (AYAD) . Jslo ¢ sloxde
AA-AY (V) YA (ol clido Spuie
Fe=YY(YR)
piiS” i AYAY (135958 VY 9 V) (6390 adlllaa) )lpl 50 Jlowd (pSiw o)b e Juloss (V2 10) sl ¢ 39,6
e gl Cypte (Mol
VA=Y A(YVR) ¢l (o> dolilad . o5 o )0l > JoSis § Jloy
Doi: 10.22059/jesphys.2017.58913¥ VA=Y« & (Y)IF clidb 5 puoj <SG id )l ) (655 30 M 0j5n 13 Sotuno uac 4Sd
Ol 53 o)l o (sloalas; K9y (o) (WWAF) csige c 2B ol 550 00 oo s £ ol (Sguage tabioz 13y I3
Ayt _wgd 3 olSisly )l wliilen g O Lo uily&S Cegd (VAAY=Y+VY) g9, ool
CpE D Shaw sl o)l Ol o ST sleogSansy 51 (golSTy (VWAN) (Sidigr ¢ 038 g (puus (6, Sid 013 peo o SLS
Doi: 10.22108/gep.2019.117653.1169 \V=¥+ « (V) ¥+ ¢ oo (s jdoliys 5 Ll . o))



g am b Sl e Jol Sl ol (cage] (M7R0)  Juaillpl s (o ldgnas

ANV (VYY) VY cdrwsi g Lbliis dloxo .l ) (o)l (e (VYA L Ladllgnl s b3 grunne

WAY () ¥ kol gt 5 bihis abxo olpl G0l p g 8B (OYAY) Jdllpl s cologas
Doi: https://doi.org/10.22067/geography.v3i4.3038

s Jolgw 53 Csbye 5 Sits (slaoygs Job )35 (39,5 G (o (ITAY) oo B g 13 ) £ e ssio
Doi: 20.1001.1.20080336.1393.8.1.10.1 .\ ¥+ =& (V) A ¢l ol 508655 alomo 1y 35 5Ly

V) Yo ledol axe (i ydoliy g Lol .l pl 5> &iljg) opy la o)l (S = (Sloj Julo (VWWAA) Lhuzee (s jlasie
Doi: 20.1001.1.20085362.1388.20.2.7.6 .\Yd—\¥ -

2l B iyl slaalaie 5 (2] @lyss Koy Juloo (IVAY) ol )8 csien] 5 eSS fheoe (g39 05 (5,0
Doi: https://doi.org/10.22067/jsw.v30i2.39130 SOF—5¥Y (Y) Y+ By 4 i . ool 5guiS

Oyl 5 s oyl Sloj pw 35900 53 0313 oL aw )8 Sl ((VF+Y) ol ¢ Sbpdie (¢ STy dumw Some ¢ i
Doi://10.30488/ccr.2022.363075.1096 VA=A (M) Y ¢ o 5 of <t clo jing s

by o dali o pB)b slofad bl ey (Vo) dllie (23 5 (s 0)Slus £ s o JedB (50l

References

Avand, M., Janizadeh, S., & Jafari, F. (2020). Evaluating the Efficiency of Machine Learning
Models in Preparing Flood Probability Mapping. Degrad Rehabil Nat Land, 1 (1), 19-32. por:
20.1001.1.27174425.1399.1.1.4.3. [In Persian]

Alijjani, B. (2006). Synoptic Climatology, 2nd edition, Tehran: Somit Publications. [In Persian]

Alijani, B. (2008). The effect of Zagros Mountains on the spatial distribution of precipitation.
Journal of Mountain Sciences, 5, 218-231. DOI:10.1007/511629-008-0126-8 [ In Persian]

Asadi, A., & Akbari, T. (2019). Analysis of changes in the beginning and end of rainfall in the
southwest of Iran using trend models. Journal of Environmental Sustainability
Development of Geography, 3 (4), 107-99. [In Persian]

Asakereh, H. (2016). Changes in time and place of precipitation in Iran during recent
decades. Geography and Development, 10, 145-164. [In Persian]

Asakereh, H. (2021). Basics of Statistical Climatology. Zanjan University Publications.
[In Persian]

Asakereh, H., Masoudian, A., & Tarkarani, F. (2021). Variability of the role of spatial factors
affecting precipitation in relation to the decadal changes of annual precipitation in Iran.
Geography and environmental planning, 32(3), 129-146. [In Persian]

Asakereh, H. (2009). Spectral analysis of the annual temperature time series of Tabriz.
Geographical Research Quarterly, 24 (3), 33-50. [In Persian]

Asakereh, H., & Razmi, R. (2013). Precipitation Climatology of Northwest Iran.
Geography and Development, 25, 137-158. [In Persian]

Asakereh, H., & Razmi, R. (2011). Analysis of annual precipitation changes in north-west
of Iran. Geography and environmental planning, 23 (3), 162-147. [In Persian]

Asakereh, H. (2016). Temporal and spatial changes of Iran's rainfall during recent decades.
Geography and Development, 10 (5), 145-164. [In Persian]

Asakereh, H., & Dostkamian, M. (2013). Investigating the role of spatial factors on the
distribution-scattering of maximum precipitable water in Iran's atmosphere. Applied research
of geographical sciences, 15(36), 7-24. [In Persian]



AY e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

Asakereh, H., Masoudian, A., & Terkarani, F. (2019). revealing the long-term trend of annual
rainfall in Iran in relation to the change in the frequency of daily rainfall. Geography and
Environmental Hazards, 36, 121-141. [In Persian]

Asakereh, H., Masoudian, S., & Terkarani, F. (2021). Separation of the role of internal and
external factors in the decadal variability of annual rainfall in Iran during the last four decades
(1355-1394). Natural Geography Research, 53(11), 91-107. [In Persian]

Asbaghi, Gh., Joghataei, M., & Mohebalhojeh, A. (2016). Impact of the QBO on the North
Atlantic and Mediterranean storm tracks. Geophysical Research Letters, 16(23), 1-8.
DOI:10.1002/2016GL072056 [ In Persian]

Asbagi, G., Jaghatai, M., & Mohib al-Hijjah, A. (2015) .Investigating the effects of the
quasi-biennial oscillation (QBO) on the extratropical atmosphere in early winter from
the perspective of energy. Climatology research, 16(23-24), 31-36. [In Persian]

Azad, S., Vigneshb, T. S., & Narasimha, R. (2009). Periodicities in Indian monsoon rainfall over
spectrallyCampins, homogeneous regions. /nternational Journal of Climatology, 30, 2289 —
2298, hitps://doi.org/10.1002/joc.2045

Bayat, A., Saligeh, M., & Akbari, M. (2016). Climatology of Iran's winter rain-producing
cyclones. Journal of Spatial Analysis of Environmental Hazards, 2, 1-18. [In Persian]

Farooqi, A. (2015). Synopsis Analysis of Heavy Rain in Northeast Iran (Case Study 11 and 12
Farvardin 2013). 6th International Comprehensive Crisis Management Conference. [In
Persian]

Fatemi, M., Omidvar, K., Narangi Fard, M., & Hatami Bahman Biglou, K. (2014). Recognizing
the synoptic patterns affecting drought and drought periods in Central Iran. Natural Geography
Quarterly, 8(29), 19-40. [In Persian]

Ghasemieh, H., Bazarafshan, M., & Bakhshaish, M. K. (2016) Forecasting monthly rainfall using
remote linkage models and artificial neural network in the Central Plateau Basin of Iran. Earth
and Space Physics, 43(2), 405-418. [In Persian]

Ghayor, H., & Asakereh, H. (2014). Application of Fourier models in estimating monthly
temperature and its future forecasting, case study: Temperature of Mashhad. Geographical
Research, 78, 83-99. [In Persian]

Ghayor, H., & Masoudian, A. (1996). Investigating the system of total annual precipitation
changes in Iran, Zemish. Newar Journal, 15(29), 27-60. [In Persian]

Heydari, S., Karimi Ahmadabadi, M., & Biranvand, A. (2023). Evaluation of the
performance of ERAS reanalysis data in Iran's rainfall estimation and spatial analysis
of the country's rainfall regime. Earth Science Research, articles ready for publication.
[In Persian]

Hiremath, K.M., & Mandi, P.I. (2004). Influence of the solar activity on the Indian Monsoon
rainfall. New Astronomy, 9, 651—662 https://doi.org/10.1016/j.newast.2004.04.001

Hosseini, M., Masoudian, A., & Mohadi, S. (2014). Investigating the simultaneity of the
high pressure of the Black Sea and the occurrence of daily rainfall in Iran-Zamin.
Geographical Research Quarterly, 116, 1-16. [In Persian].

Jansa, J. A., & Genoves, A. (2006). Heavy rain and strong wind events and cyclones in
theBalearics, Advances in Geosciences, 7, 73—77 DOI:10.5194/adgeo-7-73-2006

Jahanbakhsh, S., & Adaladoost, M. (2007). Climate change in Iran, a case study of the North
Atlantic Fluctuation Index as an indicator of the effects of solar activity on precipitation
changes in Azerbaijan. 3rd Iran Water, Resources Management Conference. University of
Tabriz. [In Persian]

Jahanbakhsh, S., Mohammadi, G., Khojaste, Gholami V., & Azadeh Garbagh, A. (2018).
the effects of quasi-biennial fluctuations on Iran's winter rainfall. Natural Geography
Research, 52(1), 113-127. [In Persian]



Jalali, M., Dostkamian, M., & Shiri Karim Vandi, A. (2018). review and synoptic analysis
of the dynamics of widespread and winter precipitation mechanisms in Iran. applied
research of geographical sciences, 19(55), 37-55. [In Persian]

Jung, LW., Bae, D.H., & Kim, G. (2011). Recent trends of mean and extreme precipitation in
Korea. International journal of climatology, 31, 359-370. DOI:10.1002/j0c.2068

Kalaygi Serdar, M., Cagatay, K., & Ercan, K. (2004). Analysis of EL NINO signals on Turkish
streamflow and precipitation pattern using spectral analydsis. Fresenius Environmental
Bulletin, 13(8), F.719-725,

Kayani, M., Lashkari, H., & Ghaemi, H. (2018), Analysis of the effect of the Zagros mountain
range on the changes of Sudanese rainfall in western Iran. Geography and Environmental
Planning, 30(3), 17-40. [In Persian]

Mabhajan, S., North, GR., Saravanan, Rand Genton MG. (2012). Statistical significance of trends

in monthly heavy precipitation over the US. Climate dynamics, 38, 1375-87 Doi: 10.1007/500382-
011-1091-4

Masoudian, A. (2011). Weather of Iran. first edition, Mashhad: Sharia Tos Publishing House. [In
Persian]

Masoudian, A. (2008). Rainy regions of Iran. Journal of Geography and Development, 13, 79-91.
[In Persian]

Masoudian, A. (2004). Anso's effect on Iran's rainfall. Journal of Geography and Regional
Development, 4, 73-82. [In Persian]

Montazeri, M. (2008). Temporal-spatial analysis of daily freezing rains in Iran, Geography and
Environmental Planning. Isfahan. Tabestan, 20(2), 125-140. [In Persian]

Mufidi, A., Zarrein, A., & Karkaneh, M. (2013). Investigating the atmospheric circulation pattern
during dry and wet periods in the southern coasts of the Caspian Sea. Iran Geophysics Journal.
8(1), 176-140. [In Persian]

Najafi, M. S., & Moghadam, T. (2022). Evaluating the effectiveness of three databases in
estimating the time limit of rainfall in Iran. Climate change research, 3 (11), 98-79 por:
10.30488/ccr.2022.363075.1096. [ In Persian]

Qolipour, J., Mousavi Baygi, M., Jabari, A., & Nougai, M. (2016). investigation of the trend of
extreme precipitation events in Razavi Khorasan province (1987-2017). the second national
hydrometeorological conference of Iran, Ferdowsi University of Mashhad, 2017-2018. [In
Persian]

Raispour, K., & Asakereh, H. (2022). investigating the role of interaction of low pressure
and polar frontal current patterns in the event of heavy rainfall in April 2018 in
Lorestan province. Geography and Environmental Hazards, 43, 225-249. [In Persian]

Rasouli, A., Babaiyan, 1., Ghaemi, H., & Zavarreza, P. (2013). the relationship between
Iran's seasonal rainfall and the temperature of the regional water zone. Climatology
Research, 58, 57-72. [In Persian]

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

Sahsamanoglou, H. S., Makrogiannis, T. J., & Kallimopoulos, P. P. (1991). Some aspects of the
basic characteristics of the Siberian anticyclone. International Journal of Climatology 11(8),
827. DOI:10.5194/adgeo-12-59-2007

Shining, A., Khorani, A., & Rezazadeh, M. (2023). Precipitation trends in Iran based on MERRA2
data. Earth and Space Physics, 49(3), 669-683. [In Persian]

Tahrodi Nazari, M., Khalili, K., & Ahmadi, F. (2013), Analysis of station and regional changes
in rainfall in the last half century in Iran. Water and Soil Journal, 30(2), 643-654. [In Persian]

Tarawneh, Q., & Kadioglu, M. (2003). An analysis of precipitation Climatology in Jordan. Theor.
Appl.Climatol, 74, 123-136. DOI:10.1007/500704-002-0705-5

Tegart, W. J., Mc, G., Sheldon, G. W., & Griffths, D. C. (eds.) (1990). Climate Change: The IPPC
Scientific Assessment. Australian Government Publishing Service, Canberra



X e 93l e oy Ol yuds 1 oS Sl W0y ,5 o | Ko g (5uhascoldl

Vernasri Khandali, N., Asakereh, H., & Farji, A. (2021) the perspective of shifting of rainy
seasons in the Caspian region, doctoral dissertation, in the field of hydrology and climate
change. Faculty of Human Sciences, Department of Geography, Zanjan University. [In
Persian]

Xoplaki, E., Gonzalez-Rouco, J.F., Luterbacher, JU and Wanner H. (2004). Wet secason
Mediterranean precipitation variability: influence of large-scale dynamics and trends. Climate
dynamics, 23, 63-7. DOI:10.1007/500382-004-0422-0

Youngln, W., & Jang, M. (2013). Intensity of climate variability derived from the satellite and
MERRA reanalysis temperatures: AO, ENSO, QBO. Journal of Atmospheric and Solar-
Terrestrial physics, 15-27, https:/doi.org/10.1016/j.jastp.2013.01.002



