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Extratropical cyclones, characterized by their frequency, duration, and intensity, serve as the
primary drivers of mid- and high-latitude precipitation across the Mediterranean during the
winter and autumn months. For this research, climatic variables obtained from the ECMWF
network, featuring a temporal resolution of 6 hours and a spatial resolution of 0.25° x 0.25°,
spanning from 1979 to 2016, were utilized. Additionally, precipitation data from four basin
stations sourced from the Asfezari database for the same period were analyzed. Initially,
geopotential height, temperature, humidity, and jet stream data for rainy days were extracted
using MATLAB. Subsequently, a cyclonic center extraction algorithm was applied to
identify cyclonic centers from the geopotential height data, based on the conditions that the
geopotential height is at a minimum and the geopotential gradient is at a maximum. From the
geopotential height matrix of rainy days (361x441x498), four distinct atmospheric patterns
were identified through cluster analysis. The temporal and spatial frequency of these
patterns, as well as the average temperature of cyclonic centers, were analyzed for the cold
season months. The results indicated that the first pattern, identified as the Mediterranean
trough pattern, is the most frequent, occurring 42% of the time. This pattern is characterized
by the presence of a high-level system acting as a barrier, which deepens the low-level
Mediterranean system and extends its axis toward the Red Sea. The interaction between low-
level and high-level systems enhances instability, resulting in the highest precipitation levels
among the identified patterns. Conversely, the fourth pattern, termed the western wind trough
pattern, exhibits the lowest frequency at 10%. This pattern is characterized by a trough over
the Caspian Sea; however, a high-level system in the southern region inhibits the entry of
low-level systems, thereby confining cyclonic activity to the northern portion of the study
area. Consequently, the isobars in the northern region assume a more orbital configuration,
leading to a decreased influx of cyclones and, as a result, lower precipitation amounts
compared to the other patterns. The analysis further revealed that cold-core cyclones
accounted for 60% of occurrences in winter and 40% in autumn, while hot-core cyclones
constituted 62% in winter and 38% in autumn. Notably, the frequency of hot-core cyclones
increased relative to cold-core cyclones in winter, whereas an inverse trend was observed in
autumn. Over the past decade, both the frequency and intensity of cyclones have diminished
compared to the preceding two decades. In terms of cyclogenesis locations, the western part
of the study area has consistently emerged as the most active region. Moreover, cyclogenesis
activity exhibits a gradual increase from autumn to winter as the cold season progresses.
These findings underscore the dynamic nature of extratropical cyclones and their significant
role in shaping precipitation patterns across the Mediterranean region.
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Introduction

Extratropical synoptic systems, which govern the meteorological patterns of mid- and high-
latitude regions, are integral to global atmospheric dynamics. Among these systems,
extratropical cyclones are especially significant as they facilitate the transfer of heat and
moisture toward the poles, thereby mitigating the temperature gradient between the equator
and the poles. Cyclones are typically characterized by either a maximum relative vorticity
core or a minimum sea-level pressure core. They are classified based on geographical
features, formation mechanisms, location, depth of intensification, and internal core
structure. Cyclone activity is closely linked to increased pressure gradients, relative
humidity, and upward atmospheric motion, all of which significantly influence
precipitation patterns in regions such as the Mediterranean and Iran Research has indicated

that Mediterranean cyclones, particularly during the cold season, are pivotal in determining
precipitation across Iran, especially in the northwest. The highest frequency of cyclonic
activity in the mid- and high latitudes of the Northern Hemisphere occurs during the winter
and autumn months. Although previous studies have investigated the role of cyclones in
various types of precipitation, this study seeks to identify the dominant cyclonic patterns
and their relationship with cold-season precipitation utilizing high spatial resolution data.

Material and Methods

This study investigates cyclonic centers during the cold half of the year, focusing on two
seasons: winter (January, February, March, and April, as atmospheric winter activity
occasionally extends into April) and autumn (October, November, December). Two
datasets were utilized: Daily precipitation data spanning from 1979 to 2016, collected from
synoptic stations across four western border basins (West Border, Karkheh, Great Karun,
and Jarahi-Zohreh), and obtained from the Asfazari database .Gridded data that includes

geopotential height, humidity, and temperature at the 850 hPa level (selected due to its
relevance in allowing cyclones to penetrate Iran's topography and its association with
elevated moisture transport for precipitation), along with zonal and meridional winds at the
200 hPa level (chosen for jet stream analysis, as wind speeds peak in the upper troposphere
and lower stratosphere at this elevation). These data were sourced from the European
Centre for Medium-Range Weather Forecasts (ECMWF) for the period from 1979 to 2016.
Results and Discussion

The study identified four dominant atmospheric patterns influencing precipitation during
the cold season in the western half of Iran :Pattern 1: This pattern, accounting for 42% of

occurrences, is associated with the highest precipitation. A strong low-pressure system
over the eastern Mediterranean and Iraq, combined with moisture advection from the Red
Sea, the Persian Gulf, and the Mediterranean, leads to significant precipitation. Average
monthly precipitation ranges from 14 to 17 mm Pattern 2: Representing 33% of

occurrences, this pattern features a northeast-southwest trough axis and moisture advection
similar to Pattern 1, resulting in instability and precipitation. Average monthly
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precipitation ranges from 13 to 16 mm Pattern 3: Characterized by a Sudan low-pressure

system and a Siberian high-pressure system with a strong pressure gradient, this pattern
enhances instability and moisture advection from surrounding seas, leading to
precipitation. Average monthly precipitation ranges from 11 to 17 mm Pattern 4: The least

frequent pattern (10%), this pattern involves a trough of westerly winds and a Persian Gulf
high-pressure system, generating pressure gradients and moisture supply that result in
precipitation. Average monthly precipitation ranges from 10 to 14 mm .During the winter
season, precipitation peaks in January and March due to increased thermal contrasts, with
January being the second wettest month and exhibiting the highest cyclogenesis activity. In
contrast, February experiences fewer cyclones due to temperature homogeneity. Over the
past decade, the frequency of cyclones and the geopotential height of cyclonic centers have
increased, intensifying cyclonic activity and precipitation.

Conclusion

This study concludes that winter exhibits the highest frequency of cyclonic centers during
the cold season, accounting for approximately 53.21% of occurrences, while autumn
comprises 46.78%. Over the past decade, the average geopotential height during winter has
increased in January and March, resulting in elevated temperatures in cyclone centers. The
frequency of cold-core cyclones in winter is 60%, compared to 62% for warm-core
cyclones. In autumn, 40% of cyclones are classified as cold-core, while 38% are identified
as warm-core. In the last decade, a comparison with the previous two decades reveals an
increase in geopotential height, a rise in cyclone center temperatures, and a relative
decrease in the proportion of cold-core cyclones compared to warm-core cyclones. These
findings are consistent with the work of Alijani et al. (2015), who noted that higher
geopotential heights diminish cold air intrusion, thereby contributing to warmer conditions
in January. Such alterations are likely to influence cyclone center temperatures and
precipitation patterns. Overall, the frequency and intensity of cyclones during the cold
season have declined in the last decade relative to previous decades, aligning with the
observations of Bayat et al. (2017), who reported a reduction in cyclone frequency over the
past three decades. The strongest cyclones were recorded during the initial decade of the
study period. Cyclogenesis and cyclone passage demonstrate heightened activity in regions
such as the southern Alborz, the southern Caspian Sea, the Zagros Mountains, western and
northwestern Iran, and the eastern Mediterranean. Maximum cyclogenesis activity occurs
in January, while minimum activity is observed in October. As the cold season advances,
cyclogenesis centers exhibit strengthening across various regions. Cyclones originating in
western, northwestern, and southwestern Iran are particularly significant for western Iran.
The eastern Mediterranean and western Iran persistently remain active in cyclogenesis
during the cold season, corroborating the findings of Khosravi et al. (2012) and Bayat et al.
(2017), which identified the eastern Mediterranean and Cyprus Island as primary centers of
cyclogenesis influencing winter precipitation in Iran. These areas play a critical role in
shaping precipitation patterns in western Iran, with cyclones forming over the eastern
Mediterranean and Irag.


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

SR URoRle EoR B i

F3
mAA-mm:m_C rvu-vvrhdggb

https:,n’[jgs.khu.ac.ir!

U o nz',

Oyl Slo 038 dowd 10 53w 0595 LU 69y 2 WSz I gl 59Ty

F 6T G0 & Vo015 0l REWWERVE 7Y St ez gooso Ko,

1ol Lolpl ol eeiylen Al (oldlre  pole  cusCidle ‘wmlgﬁaggi CrSd  gemily )
std_rastegar365@khu.ac.ir

salighen@Khu.ac.ir :asbly .oyl sl el st 505 oLEINS ¢ oLl yir poke oSl ¢ omsliciled g T Sliwl .¥

1blbly Lol olpd (o0))les LSS (oldlre pele cuSliilS (wlibign Ol Ll (Jgiomo ooy Y
nasserzadeh@khu.ac.ir

mehryakbary@Kkhu.ac.ir :aebbl, .oyl w1 ol s 035195 oLl ¢ Ll yi> pode 0uSuiild ( awbudlgd g ol jludils .F

ouuS

alio wleMb|

9 il slogp e sk ol Jolge 5 Lol @l g e «(Silgld & azgi b sloylopgp sois 2
S i 1Al lodlo 51 adghy (pl sl -wdud 3l 9 Glime) Juad (b )0 dil i ae pwlpw j0 YL
GWosls 3 Y1P-1AVR Jlu i o/ VAo /YD Sl oS g el & Sloj SuSis §k ECMWE ol
£ Tyl .o ooliciusl Yo15-1AVA Jlus 51 (6l sl (sloools olSsly 51 31T adg> ¥ (sloolKiums! byl
i 981 31 eolastnl b (ppan s 5l alito Lanomo 53 (2l W59, 39y 9 Caghy lod  Jrumiliy g5
9 oS Jouniliy 933 gLyl a5 bg b (0l b Juwiliy 935 £yl (59, 31 3510 (2l cgiS 2 35150 gl 5l
b gy Jemilyg) gLl G il 59y 31 aslel 5o wiud Fl sl all daday Juwily 5 g
Sl &y Slalyd crizan o gl sl g9m oSN F ladigs Julos bg, 5l solicwl b (FSIXFFIXFAA)
@ el Cawd 41 3 Jguad slrole ;0 gSIl (ol (s 2 35150 (2led (aSilao 3 Ailalo (S 9 (Siloj
ol b oo 110 wo 30 FY (ylie s 1) Slglyd o yilion o5 Cawl glilyuon ogli Jol 951 a5 ols (LS
EWH o5 (o Bres Sl WS g0 Jos Bl Sl 4 o5 gl 4y 5l slaail) 2929 e 4 ) 99,5 oI
9 £l oS (sl 2595 31 S 4 9 sl 00 00l & s (50 (595 U T g2o 9 sl ooy il s o
0 ol ok el LgSIl loo 50 1) o)L ooyl 9 o0l i 6l bl adlkie (59550 gl 5
25 oL slogl g5 a5 wbly oo 518 1) woyd Ve pliwo a1 1y (Slglyd (0 %eS &5 p)ler oI o
EW)l S 9959 Blo dibin g )0 gl 65,18 e @ Lol o G )55 S yd 69750 &5 ol
Il dibin Jloub o byens Judo (ol @ 9 Cowl ool s dxllland jao adbaio Jlods sty )0 g o0
oSl (2 53 (ol (eRleo (2 5eS 4 p2xio g ool adlaio 8,19 (55T GBSy i yd Wyl (5l
30 9 Joyd Pl 0 0w dwd WS > Slglyd wuo o A Bld LS bl Cpiares Cawl oud
Jad 50 9 w03 FY (Lo Jad 50 0,5 did gawis 12 Slglyd woyd (Jg Cawl 0392 w0y Fr 50l
Wnd GBS 12 0 )0 ) S 05 dlwd GBS j2 (Slgly8 woyd Lo 53 45 0392 wo )3 YA Sl
5 30 Ak &4 o 5 i (SBki 52 gl oy sl 5> s 55 Canl 03,y G381 5y
G S BUS 12 Guld 5l b g USS )2 olawi slus ;) Jlglyd 5l o sl and jo .Cawl 00 STy sals
Jbé alcod oljus po bl )l axfllacs jgo adlin 0y S0 Bl il .Cowl sud aiwls’ ahds ans g0
FIbS mywia w2 w2z (e glume) Sybar b 5l o 0,90 4 3959 b g ol oo

2

- Ngad g0

Wl g9
g Allde

edlyo &b
A S VARYER
18 N3L &b
AARSVARTARS
ey b
\Ya4/\Y/- Y
:)Li’».}'.il é}b
\YA4/\Y/- §
sbiil & 56
:,;,g.y.si

A KA FRA /R

ojlgunls’
(S b
oS >

0)99 s 2ljis >
O g

olnl Gl o

G9y 2 i,z A gl 5olSTy (V- F) (6500 «6 ST g ¢ oz w0l ol taase s ¢ K ) ((goomxo 3L

AY V0V «(YA) YO ‘L:”L'QL"O /A}LC L;‘)/‘?')K Slddzs Q‘)"‘ ‘S)Lue u).c dod 4O Ojpw 0590 ‘_gl.‘bw)l;
http://dx.doi.org/10.61186/jgs.25.78.2

SROIE

e ()lf M 93 © .Q‘).Q.T LS‘))‘?"’ oKl :)...'LLS



http://dx.doi.org/10.61186/jgs.25.78.2
http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF ol VA o,lods qply 9 Comnw Sl (2 biiz ogle (50,0)0 Oliini 4y pid \YvF

doddo
9 f“"’J) Al GiYLs 9 4)L~O 6"“‘.)0)": 39 ‘5"9&: 9 u_j 4.3‘)'9) 6La’5i” J.ALw 6‘°JL>Q9)'? [T PN 6[.Q4JLAL~)
5 GNL.;] e a5 aiwd slol g odileln ol 5l slaiges (sloyl g sladis = (YEVD Y-+ Vidigaslo
1 ad g Il G Lo 5o 5w JUiil cad Bboay | Cash; 5 Lo S iS5k e lypgr] s

3l Ole wis > Jog.‘é{.o)b Sgzg M, i gl AlSee segebe sla g, (VAT Ve ]S

15 bl Sl > Wlos,S Cinogi izl |y 9B gz S e 5 Sy (Vo VA) ohSan g o 5 S5 4 (YAQ)
A e O0) Y VAL g )l 0,5 S0 S VPR LQ:Q] 3 lgpongs SO S calize  (slen slrodys

)L'Lé d‘w LgLa:M dod .J.JSGA \J.u Jeeey) (.).o).> QlS.o J.Ho) LQL’)T (_thbo)LoT 9 La:\.\.,.>).> Slaws u.\a.>).> uu).su
Nl ey A 18 2 S0 e b hond (LS o]l ke 1 e et 4 w5z plgie co b Sl
Jlesl (Ko slocoogass b jLideS 3510 s alold aiaS U o jlid gl aieS (6l L;L:\.;l;:.k.ﬂ aisile) plecgsgise
‘LQU] om)ﬂ.\.‘:‘.\: )Uﬁ)l.w 5‘5‘:‘L»_9|).!.> ‘_gLQL;)Jj o> u‘})c’.n ‘) Lb..\.a.>)> (YYY ARy P ublS.uz 9 }L’}J) éé)f
QSL‘bg;}?.S e Y .o; T SECUOR N VESC R owr 3 uléb slas £ 9 LQQ] Goond Q‘}:A ‘LQQT .ijS :\.:le Qlia
Slaila, o> dLﬁb)Li;.ép,S “:Lo.;)s] slos > “;..Uo‘ )L..H.SQS sldilbols wo,l> g (slo)l> slaais > a @lep
@ lyee oS > odijglasay geite o Sgile 5 sy Solus Llodjl 0o 5 o (oipamds slasluow g
Neof ) en g oligd) o p raLS oliaS>eS cuidyl ad sbas > ‘uj)‘)" slo,luds ‘beob sz >
Ll ooz > a5 0y ol o lpe sloais > g L] loais > lg o o > algi adgl S Ll (m
(oSe il el S Fee Sl i8S o] s e B ol e wiS x> e Gl alols a5 it slaais >
Jolss 1) x5 (598 (5 il Wi > glail  KBL Gaass lae Blad3l (VYDA VAV oo g ki) il asdls
&35 0 Lt a5 el (al el 28550 " ()l Wi j2) o iz iy gl 00558 jbody a5 (g 09 o
lag pials (b rels celu YT jo JuLeSe YT jLid cdl asiyl o) 9,5 2 ) 5l heS 4 wis > w200
o ra)f Al )ll_'}L..J ‘_glo)l:> ReCgCs :oj)f A A W > Al Gl:&\o wslas sles u..»L..J‘ 2 F VN R 5.:[5) £ S

e (2Yb S Alia nly )5 aten LSl s G5 e WSz 5 e Sy At b lojlo0gn 25 2
ol st (550 0 2 03l § B e 5 LS e S USh 0 a5 Lelse (FFAL Y+ VDL 51 5 Jhl)osd e
9 30L) Cewl (gogr0 DI o wadS g (Slee s yg 50 (oo Susby (Rl OLad gl Gl ity Sl ]38
ot o ol Cal g lojoas «glgl 3 4 az g b sloylo g sloais i daais >l o (YFV . VeV Qigis
kol Ol loylpsp slawis sz VAV gusstusl)) Wl al e julps 03a9 o)y ailaie (Slgmgl o
09 iz el (cwlidlsn (pazsil iy pai Gub 5 o Sy g liee) bad 50 ohiga YU 5wl sl oye
Colled (B ¥ VP gaalS o) aiil 423l |, gloyl ais o Ll 4 dites shdes Lo b glodis 2> o)l

s 3 £33 Slol 3 Sloogas 5l 5T 5 MBI ©joinas s g2 Cands ol (L gl sl jlae bais >
Gblis ;o bl » guis sz Shas; sl S oo 5o, |y O] cirosi 5 e Glspgn] Sliess S0 s 2
el L g wb oo gl Lo )l i 2 (Slgls slad; l8l L ail o 4l o wiged (sl el IS 50 Al
Ol s Jlo S5m0 0)90 50 2l lawis 2 o8 Glej () YA Sen 5 015 (D) 050 o5 Lol ]
Olpl 4Vl la il po 1) lailnae slaais o (Sl 2 mow Jlo jsbods caisS oo ool 2 1 Sgno Jule Wigd oo 359



http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

Y0 OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

Cel e sladhaio jo guid > slasi slo &) Slolyd ey losls G wo )0 FA/A vg0 o 1) 0y Jlod ;0 0594
silises Sliime (V0 NYVAG e 5 cwbas Ly AY VPV Sbrde) 555 wald (3L Jelse 5l S 6 09 o
szl ok s, ol Gl 5 Dae ad g gais ol F) ate) ;e wlie slajiagh pe Gl el 5o
ot 0,5 0 5 o8 5 eiln b LUl o a2y 5 ais 2 sl e o 130K IS alozrjl oo S
2 Iogu o oS0 Bblis cnFasiz 5 b ole 2 92 A Vb Ay b Gblis 4 285w
Gk a0 Fr e dgux 5 Jlad 0 S a Ceond (i Jled 5o Sglole o g cenl (Jlo 4z, Y sla b e

Sy Jloes sl o iz Slsl8 59, 2 ST L OAAY) (jem 5 STy 0sd e onaliv JSulgiSa Ve -
s > s o F) Slold aS g mds jo Sliais 1> sdes dalaie SO aS wisls las Jleds SIS ol g Ll
O g o, WS o S dad Bbay plias > A ol F) dalaie 6,5 Jad (0 5 Cal 0w Jad o
G, 0l 7y 0w Jgad jo wisls lis g wisls ploul 1) ailynae alizes Jgad jo guis > ols &, Jilgl,3 (144+)
cain bl 5,0 g o iz 50 (V29)) L 5 o il oo Jrels Caday 5,5 Jad o g cl ol
Sy sosS 5 Hblum LT slaosS sliol b o5l wilesle olj0us > Slgl,d olas, i b ablie 45 5o,
ol wid 2 4 bgye (093 5 (2Ll WS> 4 bgge (Jol &5 10nls sbyo s e bye 308 ST S O
95055 0gd oo sl 3ub blgl g leusl jo g adl o 3l 0,0 Jad Jobo jo Lis J>lu plijus > a5 Jlb o el
aahio ;o gais > dad Jlgld o i aS Wsgel astin sl hae gleais > cwy 0 (V399) o)Kes
L(Vere) (S g dgalo ooty Slold o ping (i 1o ailyihoe )8 )0 9 000 0 ) O Jgad )0 ail o0
9 S| t.)u\->)> YA L YO O J..a.‘? BLEST d..\.>).> Sl u.,.faL..A as wals uLm.: o)l.> 9y Lgl.ﬁs)u.})} )L.B) R
slaz, ol 3 o aS wssls las (Yo v o) LSl 5 655 5 .ol oolog, axy0 £ sla o e 10 (gais 2 o515 (o i
2595 50 (Vo)) olen 5 uliale S)ls 52y (5 logime 5 (698 (Smad JLSp 1925 (5L 5 ailoe 325 2
Sal g ol Fy Slolyd ailhae dslate ey a5 wisls lis Wil hoe adhis gleais > S Gl owlide 3l

g5k 4 az g5 b laais 1> aly) 985 0w 093 53 (e 35 0 50 (S Bladjl g conl aiin lias jo bais
2 05y sz Gl S Sy @t p0 (V00 F) olKes 5 5)ls8 el ity bap)] owijsl 0gzg
9 Sgeslu el ails o8l gyl gla lideS Slsl s 50l g pliasl jo il o 5,5 50 s S 4 wlhoe
Gy Bybdr 5 0)Ulgw 5 595 (w2 o515 (VL s 50 a5 Wsls (LS VL slagsse p3 (V- A) oS
500 505800 8 Gl S50 )0 lawis 2 slasd (i Ll jo (g S9bee e LIS 5 250k sl b
o o e gomaiws o (V0 0) e g LulSald sl a5l o e jo oz > (IS ol
b oy g ooyd aihite sz 551 LS Late o8 wiols ol ailiise Gy8 5 gl JeSa3 g9 ol
adbaio ;5 iz > GlaShg (orp 9 e L (T VA) 95 9 Ld siny oo ailfuse 355 40 5 wBbse o3l sbyo
ool olo [0 g diion o0 0lo j dbg> slanis > Jlgl 3 A5 a8 T xS ad Kb gailsog, ase> o 2L

a5 ogdige el o)l i JLady o g Sl ealz ) )8 ler b e 50 S lsr 0y05 5 1) lenl aeS
2 iz ol g Slold a5 woged et (V-1F) o9l 9 (Jgy5all e &) Gleo) Jab cnl o b 12wy
iy s a5 sl i (Y1) 5 g 5ded sl 0L ke 5 3l ole o @l dilaie b Lisky
o3l sl 5 Gl 55 Jlod 0 S0 5o Jlad o)1 Gugildl 5 Jlads (ulbl Gugildl pulyes o pliois sz
4 2oy )3 (VAT) Gumgo 5 (owgls bl oo BT L) 50 (2932 0,5 ;o ailjond o LIl 3,0 9 (o92
Jol 515 aw y0 gaid 2 Syl andn a5 W8S a5 wiBloy (lnl gy 0Bz SlaiS Ghdes (o)



http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF jal VA o lads oty 9 Conew Jlo (b pi pole (604,00 Oliind 4 pi \\ng

ebeded8l cimgh 0 (WWAP) e g Slo ol JSuLeSa Ve v 515 30 50l Jad (o g ol Jad 10 o>
wlynoe Gl (B (idu 45wl dondd cpl 4 g Wols 18 w0 00 1) Gl ] wliesy S50LL slaais >
Otk 3 Ble 55iS eizen 5 (loge allaie 5 Em slyo «Slyol Gl 03l Slye (erd oz Logan
Al astine diwe) ol )0 ealiplxl sla el a4 dx gl b il e ol pl il oliaiS > ol &, slagglS
Iy aes oo 7, & slaas > el Yb cdo L aS « V0% /Y0 S8y &yadl g by cdo b oS Laegh Jal oS

» 6‘-*-'-")-” ;.,JLé dbﬁf.” 65[5‘5 J..Mbl.» )..ol:> o9 ‘J.....ul...) ua,_zm.;JJb LS“\-‘-’J-" )‘Slj.o ;.A.LH U""L‘ Lchng..,S.&.}' o

el 3y 0598 Sl h)b (s,

OB oy gedld

5 ol )sd igily) Gl Jad 95 50 Jlo dyw a0 iz SThe ol cw)p jslaiedy Glagh cnl )
oSN 5l 5 (4 Bl 4 o Iy sl 02 L5l olo b (ol 45 oliene) 592 cslocieled aalsl gz 4 a5 ]
ool aog> T Slibgivw ool YoV 2 B YAVA Jlo 5l alig, So,b =) a5 ools atwogs 51 (uslws « puslgs
S laosls Y 5 Y17 B 1AVA Lo 51 o lzimsl cglools ool 5l o5 5 oz 5 S o)lS S5 st 6y
oS conl laly mdaw a5 0l Ol mlaw b Jdo ol 4 JSGLeSa AB- 515 sles g Cugb, sl g8y elas )
Glp edb@, 5 Casb) (nytie wized A o olpl 4 mhaw opl jo 1) leais 2 055 o3la] ol slacslgenls
Slacwnd o s ol 4 JRalgiSa Ve l5 g khllcan ol 5 g)loe ol 5 958 o0 Lrlar ghaw (0l )0 b
Voo 5l5 WpSoe U8 bobog) 5 wiwyoo 2SI 4 sk Se g e i b sloaY 5 sewsyy VU
Y e ava b 5l ECMWEF) s oyl ot b)) 35 e (al Sl by, swyp sl JSKulgiSe
el 0aldsl )l (V) Jgaz 0 byl Olasie oS cwl sadoslaiul

bl 0590 Jgb 30 colistwls g0 ol Slasin (1) Jgoo

Name Extent Resolution Cells Scale Parameters

Era-Interim X: 35-55; Y: 30-40 0.25 x0.25 Hourly-6  Geopotential Height

Specific Humidity

Air Temperature
U-Wind
V-Wind

81 x41

Asfezari X: 45-52.5; Y: 30-36 - - Daily precipitation

oS a5 by a3l FY 5 Jsb 45l A) o5l sz e solituls jge (glassls Sl S5 4 az55 b

e oanlis BYDFA (g,Lel 0,55 IS (sl 5 8,50 Jlw 52 gl o) oanlica VEAA 5 SlSie 425L VYY) gyazma,s
@ heoe 3,505, 5l aslllae (pl o 0l B 55 4 i 2 Glagle 5wz gl il Cuz &S 95 e 0 )
Bl 5 45 ol e Lol o |y 37 28,5 (slasl e 5,5, (55 45l oateslisal s 5
9y bl 95 de laads aly; sla bl il 0 Sug; (nl a2 LLOVAATL JU)L) a8 (oo (s sl 03l0g 5 4
S cnl 2585 saliy) slagh b wind Sl sg e dee Vo laghb b plp a5 0 Swe Sll g S Sae
Vo YL 2ol slls oS 5, FAA slowy g ausals yie Lo Ve 5 (o)l bl 5l as 0 A0 a8 wial Bds Wiy
37 Sgsl G Bl e dee Vo YL (AL a5 AL slajgya 4z b e Waile (Bl S e e
ol b oS gy, cul iz 2 slaglll dslol jo el Cows 0 (L3)L slajg) sbog, g Led Cush) (Jonsliy g elis)|


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

1YV OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

Sy 1) Al 4 galm alaed A jo a4 Cos o] il 655 el a8 laaisl -V il &g cpl 4 0,95l
Rd)ge 07y 5 Sg>ge Al A (5, p Jemiln g el ol 5,5 ladlie (0S5l -V (V4] Sen
35 L as Nt sl 5 g0 lagzsy> Jols i Jl38la 5 )0 (255w psSl atile oo (Bl 658 lonis 2
Uil 55 6lis | a5 ZoY ] LuSis pae i 05 g 0ty LS 5 Lt 55 a5 4S5 ol o e Sy g oo
VS amdge i ) il 5o Jedly g8 9l (5 BT amd oo plas |y dlanes Zutin 12 4 Zes |y wis y2 55 50
0 B ) 3y b (1) Aslan G 4 iy 165 3 ol oS T8 o 1 5 ol

oD.. 0D, .
M V®=(&)I+(E)J (V) aba,

Oy ol bl Job e clae Silo XO.cusl ogkS 5 e o] GG a5 Jowily 55 el )| oo OV
a5 Cl Y 9 X sl ygme (sliwly o Jumili gy el )] guds Ol oas B0 ol Slidla oy St Slatse ,Silo
5 99 oo oolaiul SOy Slaite | g9 SVolee o asyl Lo 4 (Ve Ve e P L) cl JLis gl QT Pobde

S n 5o ol ke a5 sl oldlin bie 55,5 Slais COS luie b caslite oldliz pje Soyte ke
9,.....: ‘-54)9 u;.iaLA B el ododls U—l \_i))o.ﬁ )LMLA L! W)LJ.AA )9 @L\S‘J’.} uo;: oL U“‘JJL} | ugLL.A
9 ‘Swsls) ..)9.«.4‘59 ML?!A (\” 9 Y) SYolee )| QT ‘51)5 u.\i;Luo aS ol OMML?!A .Ioj.:]a J.WL.)&:) al.n.a)‘

() YA a5

.1
¥). Wi :5(005403 +COos N ) () abaf,

1 ]
®). MRGr = ——— _Z?=1WIGF (F) alad,
Wi

1

EVESI PRIV )l AW od.il);xf «5’L"9‘)"‘> PSS ¢S 4l 2059 Wi J.M“JL..:jj) G (539 wi)L..a MRGr

sz Sl Jemdly gl ool (S omypdsge b Jlod ot 0ail )35 Sl (ose PN (o) 2359
(VD ¥+ + By o) S s dnlne lSa 413l 2 (slyy Joniliy 335 5 552 45 395 s Al (F) alas

). Gr = Grx? + Gry?

(%) akl,

ol asheS ot ) 5154 45 el oy 55 €165 ) 5 5 3 oS
(Sladgs Jdow g, 5l eslaiwl b (YPIXFEIXFAA) o)L slegg, Jumiliy sy glas,l L ylo (g5, 51 aelsl jo
T as o5 sanade> o)ly pléol g, g cwandsl alold 5l oolanul b bbasl slad Junsliy 655 glay )| susilon ax o
ol s el ool slage, s oSl caiiS Hlo o1 o aST Wals sl Sl cpl suis > ST 9 ss2 5o
Joolaul b aS &jgo cul 4 (0,5 L g 0 slrainn) sl bldsl saiz > 3810 £98 e 2i0gs Ll 1) LagSl
sloaiae 5l plaS e i B oel Cavs 4y anlllasdjge 515 50 Loo g Jemilu g ouds bolS ¢ Junsli 85 glis )| aieS
ok 2y, 5 sk 4d%5 e csaliv Cyz sk, sl izres 09l pastiv )b (53, 1 (P59 0m) (pled
So> oy o |y ais x> ST ol &) ailale Jloy- SlSe gl auo o egdlay el s &) JSubgiSa Yoo 515


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF ol VA o,lods qply 9 Comnw Sl (2 biiz ogle (50,0)0 Oliini 4y pid \YA

T 50 wims e 8 3l cou 1) 02 opg ol pl lergol a5 slaais o Lace aSepl o 4w gl y3eiul 55 0e
Ol s e 4 (YF AYYYL Slede) o)l 18 wilinae Gbys Jle> U lpl oy o g ol gwbew o e
JSL ol QL] jeS e sleade> sl bl » @lins iz g bais iz S Cua aslllaes ge 0dguze (lpieds adlaie
shls a5 asin ezl 0 s > oz 4 arg b guis > STk dlbale olas ) Sl sleanss colesys (V)
b ael Cows @ cilises slaole (b jo gais 2 olas; sloSe a0 0 o lp Wog cols Sldlax oye g Jsb

w2 0L S 2SSz ST slas, b4

wANS)
{ s
S\S

7 o

T s 0m;

50 E

375 E

WO E 425°¢ 450 E 415 E 500 E

S0 B FIAY (595 0 y2xiy 83900 § 3yl (GUBAS 9> anlllans g0 089 (1) IS

oly= ST eyl e osle w8 cngl) ol VB 1o 0 s 050 Slayl 5o e sz SThe sl jskien,
L 235 )18 oy ndige ok sloje) s 2 SThe 5 S92 sbagslplnl Sl 08 4o sloade> )3 (slus
T 50 a5 sl Cews 4y g5z SN a5 09 (st () 0 bagl aiS z 5S1he 5 Il lagSl ol 1
A delgs
s o jgome o8 ol 428,518 Glie 3550 9 lihae 38 53,00 698 e, o5 atn S| cpl o 1 gl (55l
3 e G 0lgld oSl (ARY) S8 sl piine o) Baeds (59, 32 (2] 5 &by 5 Sl (B)0 girmo e
Bybay a5 el il 200 0gl X1 1l 098 oo 0038 3w 0,98 A 5l as 10 FY o lawgie jebas 5 el el ol
g Al 9 el g3y L)) aeS” atus 09l 35 50 3 el 48,518 5lhe 35 58 (59))0 5 el 0ol bl 5,0
a5 0)ls 8 egl jemme Cunly Byl )5 aalllans e sadlate (5 5 Sl odlog; (2l g el B Jenily )
4 ,La8 (Lol 5 alllass g0 adlaie (59,50 e 05 5 )] ladily 9,95 » (reizen sl S9xo 5 (2l Sen Jore
olid 1y ddlate (695,08 Les WS ] jo aS (=) S Lo 4 .l oo aauis (6,laubl a0 Cowl odel 04>
gy ey e aams Connd 55655 b el dilaie g5, 6, luLl 5 ,Lid wad HLolS euiiS 4l ass
03ged S8 (55 lbl Cpl wais & (7)) U8 Sl (e gl (2 Sen 5 Vb mhaw (2] Sy Jore o5 adlaie (5,0
Sagb, JUES )3 Koses sl (Susl A Sl )b 59, e)] Tl 5 Bl sy €] 05 S e e
Syt Gy a4 e sl 5 ol o sl sy 3] Sy o Wpbie il Ll (ol s
lajgy ook 4l Gly slowis > il 2o 4 Cusk) B)5 5 else aen (39 @8 b aziye (o) JSO
oo 1o yio dee IV sl ol o o8Il el 5 bl (glait b dilale el iand od el wiogs Lo |, oI ol a5
5 o VP yuolsi o 2o oo VYO 13ST olo yia e VEIV sl ole esio oo VEIE o lo olo «yio oo V& a0


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

AR

OhBad g sibazo | . glayisb 595 0 sHiE sz E slogS 5507

59 5 aibiessy o i)l 5l e Lo VF Sl livsy Jad jo ol 6631 ggamme,s el yio le VOIF olus olo jo

40°N

(V) UK ailoads o 1y s 5mb slot,b 5l e oo VHIA (Glils (0 5le j5bos 50l Jad

1soaewiliy gy gLl
1510&&,&66’}5340' N
B onca ey 0

ks oSz ST

1480

20
sl

L Sl gD 315

A 50 >

10 g

30N
1470

20N
N
e P d
JCul gisaY« 51,5 00
60

4l yo o

Cagby-d
12

2 JBulsaSaA B 51
05 elS 1 )5 o

55
50

45

40

35 -
20N

YoIF-1AYR 6l 0,9 o 55 ool sl 39; Jgl 59 o5 (Y) S

J—’?LAB)’—‘?LA u_mb u.a.mﬁ).b U‘)"‘ g__»}c d.a.L:_,.‘oﬁ Sl (5’]9 ""5""_@)""’ JL:,....: 051.3 )97 5i” U"‘ )9 ipge Gﬁi”

an oSl (pl 0 058 ge 00 O 4 0,98 pbl Sl s 0 YT o lavgin jsbay oI cpl (AHY) USS 5,8 o 51,8 09 d5r0o
6)‘.@(.”;9._.44 MJL‘>5 03— Geos 05[_3 6[.&&_».:): M_w‘).b_«.u.o aglaio S9y » aS ‘SCLO.?)‘).: LSLQA.’L‘) 6,5)‘)5 J.J.b
(1) S8 0l 09y Jlid 508 (Lol S el g oli)] o5 sloails 0,95 50 Judo @ ailaie (59,0 el 05 STog
il ool (6,lubl @ e a5 ol Jlasd gl Lol S coS Lo ddlaie (g, glaz o Ve glos NS suS Lo a5

- U 0gd oo ey sy j8 (6Ll cel aS conl i ddlaie (g9, p 4l e TP U YT e b ol

adlaie (59, 4 a5 e s> saw 5,0 OS> L adl i slaais > g conl ool )8 adhis 10 Sgro Ll il (7

g oS celirsly &S o b jeiS opiz 65 L)) g il 355 Jled 59, e 05 Gloj cnl ) im0
5 4(0-Y) JSi aiS o G,y athaie B @ ailhae oL, 5 B e sbyo 1 Cosb 0 0 S el
4,98 ol ;0 o Lo VEIO aygly ole jo oSN ol sla )b (5 Silio 08 co s izils 1) oSNl aS” glasg, ()L

15 5 e ses VYT palsi e sia Lo VOIA ST e Lo VY/R Ly al ol 45 e e oo VO Lyoylo olo 4 ¢y e VE/)
3 o chee VEIR 5l b 50 g pte oo VIS lies b o b Lol aS el o oo VOO yeoboss ol

(Y JSs al e bl


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

PP sl VA oyloss oy 5 Conmst Jloo 52 by ple 5)l5 lidins 4y V¥

T30
e LTS sls-o
N 1500 JUSwly gSBA B 3l 0" N ISl 32D 515
2 W)
1140 Cudo wdle g o &y 423 o
1460 : ‘ ) '
tid g2 351
i G2 10 by
Cagh )=
JilgiSah D 31 5
25
PSS kS

VAPV (5ol 099 (b 53 (o3l sL3sy P93 S92 oI (F) Ui

e 425,515 Bl oyt 5 ke G i 53y 2 55 ot 5] o5 45 Sy 550 )3 s (555
S35 = ELE,] s S g Sl a8 513 (i se (59, 9 00 bulr 358 Jled Byl ceul ploges gl )| oS a5
5 Sl (63 3 00900 £ o i bty 5l (s L o ol 425,558,558 5,5 JLot
5= GlaolS g Wlosu) o @ aalllaed 9 dilate (59,8 i) 5 g gl o5 99 (rl slaaily .l 423515 L
Hlid a9l g2y hdo (-F) UK adlais (59,0 4z 50 VF gles S| () Sl wiloas cely 1 jLas
Yoo shaoadl o e FO Cops ain 0929 .Cwl aihain (69, g )lubl (o9 @0l )8 caumo ylis a5 Wil oo
S o a3 |, ) 5 () S S5m0 ol 5 S 5 53 s sl Sl 5
st ) 5 €105, o5 55 0 s L) S g L) o5 550 5 ity 55 £, eaS s37p L &
odbCogl i)l 5 b Dyglne Sl a5 adlate (59, gli)) oS el 0dlog ) (@i sz azes)s axdl il il 55
S5t Esl 00g0i &) 5 adlate J2Io 4y ail e (5o 5l 55 jlade 4 g o) Bads E e S0 9, 51y ek
9 390—2 Jslse (o g o adlllansjgo adlain 3519 5 03903 OS> (3,0 Jlod Byl adly il slawis > (-F)
2 ol alele Glasyl eSile a5 S50l 4y 0gd oo il 1) oS al 45T glage, (3yk b yamie Sl Lo s,
ST ey ta Lo WIY s ols 45 e oo VYIF ole olo 4 o oo VYIY 58 olo yo yio oo VOID ay5il5 ols
sy b o b Lloejl sl o0 o |y o e YV yolios oo 45 g yo s VVID yolss ¢yza oo 1 /A
() S5 el o o 5 a1, Lol 5 o shon IO 5y bt 5 5 e sbos VFIA


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VP OhBad g sibazo | . glayisb 595 0 sHiE sz E slogS 5507

1 il €165l

19570 J by 9258A B+ 31 a0
1560351 po Cadle 5 o &
1500500 guis y>

18
slbs-o
16

L J sl g3 SBAD 315

1245 )0 >

10 wgandan

o 2
30 E

Sbogy-z 11 Cugby-d

5 ISl gaSaY e 5,5 90N

s0 80 2 e o)

Y51V g5kl 0,90 (b 50 ()l sojg) pow o 5951 (F) JSis

63> 3 5 Sl 03,5y 5 lellbal Sl (s ool 03 sl pg 59U S L U1 ol s laz (5!
odd bl 5,8 Jlod By liw e glis )] p atn .Coslodls SO ) (g0005 05 el )] 05 g 0 s )35 (51 s
sloasil; (adh0) S ool 00 00,88 aslllaos ;5o adlaie iz b o] slaail; o5 48,518 oylimds (55, 5
142,310 slos BT Jds &y a0 g 05903 3,95 p et aslllans ;50 adlate (59,0 £l o5 9 £S)] 2 99 (nl
Ol sl 5o el oad (6 )anbl an jorie g oo adlaie (55,0 JLad gt (LSS Cael cllzes (ol (00 i)
Sy g3l el il 25 (o) S s e O ) i i b S Yo 15 sy, s gl
2 O ol ;5 ELS,| 1 g gL 05 35 50 93 3 Fcelurmsl g 0 Stele &8 > s 4 Cenlond (n 5 slajls o
S5t el oad adlaie J2Is @ ailoe 5b)d 5 (29 slalyd Sl Cush) S Sl g 0nd [Sses Cugli 4 e
aslis B bay oo dalgie 0B > gl oS Glaaun Sl (o ol > ol &) bl )l g2 o 4y (0-0)
Lok daais ;> 4205 )d Cowl 00l 35 00 Cagh g Sl pal 8 3500 Jelse (92 5 WS (o0 2S5 o adlllans g
VEIY aagl ol paSile 45 sl &5 ol s 5501 ol ailale ol 39 co s il |, 5SI1 () &S sl
Vel8 pmalsss epio oo Vo I¥ ST e oo VYID sl obo eyio e VEIV Loyl ey s VEIY ay58 olo o2 Lo
5 ke VWA 5y b 5 e e VIV Gl boad (Lad Bl g e Lo VHIA jalis ole ) 5 e e
(B JSs 998 o0 0003 95 0,90 pll do 3 Ve 50 g Cenl SIS Slgl8 o 5 syl


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

IPoF ol VA s iy 3 oy Jlar (sl gl 53 i 5 VY

755

0

Joniliy 35 €51 A1
= JEulgusaA e 515
1530 oo e g ke &

20 gbe-o

JISaly 558D 31,5
® 420 o p

gl

1490
* obsgy- X

50
1y JElgiSaY e 5105 40y
16 4l 1 o o>

Cughy-d
2 ISl gxSaAe 5
10055k 5 05 coms 2

42

40 30N
38

36

34

32 20N

Y51V 5kl 0590 (b 50 ()b sWjgy ok S8 N1 (B) U

Obimoy Jouad

4 ¢l olo

=l ams j0aS wes g lid ads pl el saliosls lid (V) UK [0 aysily ole jo (gais 2 ST slas, aig, Las
4 Jglams ;o oo, Vsl ol oy, s aS a5 cpas ol atils o33l atidS amo 90 4 Cas laaus ;> slows
(&) IS cnl 009 0,3 VYOIV olo ol sloais > olas ) Jlgly8 S slawd .l ooy pg a2 10 2o j0 F 350>
adlate ;o oy Glool 500l Lolen arsily ole |y ccnl oogs laais > IS slas; Jlgly8 Llodsl obe (poge a5
o=l g0 gais iz Slgl 3 olasy cel a5 ol HIK0T ole ol 5o 5l 9 Lo fad 5l 23U gles Ly (e ol
039y YAVY il o3y el I b (635 50 lylo obo ol slonis 1> IS olawi (o )0 wis > (1 5698 el 00l oo
SIS (w90 A3l (59, WS > 2 0las ) 6 &S Wl atiin Do pl 4 i x> GG slas, Sl el
SLaple § 0 sy 09 Lap] (256 5 Jo-b a5 boais iz ol (ol Slate o wil e ol i olase
aS ol las () JSi jo angily ol Job jo gum > olas Jlglyd aS 0o F asin Ojse ol 4 oljais >
oSy s Olnl st ek g 08 S e 3 Sbys e Gl g aihie (g5 GBSz SaS ) n i
o5 Ky @Sz Sl laatd ;5 aw e olo ;5 990 Frev Sl An By o)ls 8 ailmae 350 Jlad 5 355
2l > JLad la e casasylis pby, Sy g oo cins oyl jo ljais > 4 aiies sla Ko sasas L
S > &S gl o Sl pljaus iz w8l sateslas ol S 50 dnhe slogs e 45T 0l S de b)) el
Slolyd cpyimion ol (Cwl oo ol sia s slams o O jg—0dy 5 ol 00 BBd> Al | Conl alilWS 042
2 8= SThe ey 85 el )] (naSilee w010 18 Al e (595 9 Glnl @8 adlate 59, sl ole S 2
Ol B35 a0 99 dny S ;o3 lals o 1) il 85 £l85,] 51 (6 eRatr Gal3¥l gy 20550 5501 090
DL il ol ans 55 0 35e (slas s et a1 38 e 1 0557 S olin 2 il (] 5 9 e
039 o, YO p,5 s glaais 1> g 00,0 YO 0w aid loais > slas Slgld ole () jo () S8 cl ools
YY 5 pow 6o oo ,0 VApgs (6ol s )0 VYo sl (6631 assils olo bl o jo YO olo cpl (28,b (sla oSl Ll 31 ]
WD oo pylez (698l ws o


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VY

OhBad g sibazo | . glayisb 595 0 sHiE sz E slogS 5507

-

Ll > gl Paws g
il At - :

-

v

jan feb mar apr oct nov dec

Y5-1AYR g5kel 6595 Job 50 Jlw 5w 0598 slrole guis y2 Slus Sl wwoys .(F) S

Laucs o ilyl b s s

yava

y=0.0309x+2.985
R?=0.061

Yook
Yool
ooy
Ty
Tayp

-

—
-

.

ARV
1aAY
ARV.Y

144
yaay

ARLH
1444

Toue

Y5-1AYA (g kol 0,95 Jab 5o dsgilj olo yo Luis y2 Slaxi Slglyd oy (V) S

o gk a2z 0 4y Loo

[

y = 0.0009x +3.4747
R?=0.0045

T+47-%ava d)Lni o5 ds.b 9 4.19.113 elo ‘511)4.1_”)_” ‘51)10 dl.kjg}d‘d.:.'r‘

Y1514V g bl 0550 Job 5o 498l olo 3o (i 32 35 p0 (slod uSiluo .(A) ST


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

1FoF juolb VA o lods cpmiy 9 Conewr Jlo (LS pole 600,05 Clidini 4 il \F¥F

- 700

- 500

400

300

200

100

40" E 50" E

9 s gl o Sy @T)T*\?—HV‘\ ‘S)Loi s s Job 0 agilj ol 0 (g )2 135 g pljus o (K6 (1) JSCB
(213958 2 oI &) pue ALl b s po «2ljuss 2 955 @ loie (K5 b

498 olo

M_:la L..:).a.» 4D dw Jﬁ.’o o ‘51‘)> (}o U.M.(blfs_i.:)‘ J.‘a)d].o OLM) olo OR90 )0 6&0? alo C) @‘3‘1.9 .bj)
alS” 8 ole 4y o a5 (F) USCS Cel 0090 2o 0 VFIF ole ol sloais > S slaws Slgl 3 () e) S cnl o0y
oo > LSis agod Sl Corge a5 ol as g8 olo (b 5o Les sl g 5T Slaen o zalS ol cle ool aals
4588 olo 4 Cod US> 092 i B S| Cgo yojylo g 4505 ole jo oo )l (oYL ol uSe 0l oo
4,99 ol o LS slas, Slglys bladsl.canl ails elas )l i YAVA olo (] j0 aiz 1> 1 15698 35 o -l 00l
ol ol o Jed g 8 S e 03 Gbys o Gl cg 59, A 2 (n e OT) SO
o€ g adlinoe 3,0 9 ol sl el jo aygly ole 4y Cod olo ol jo el ool il e 3,0 Jlad 5 3,0
30 03 > 0las ) pae liores gl ole o ole cpl jo Lol tcl ool iy (guis 2 slo &) Slawd dxlllaes jge ddlaie
Syl 0,98 ams aw Jgb 0 olo cpl jo sl g5 )] Sl sl [0 bl 5l 508 il o 65, U lpl e
aa3 3 ole ol 3 Logast 6 kel 0,98 Job 4o (V1) U8 sois > 55150 slos ouSilee Jg ol onile ol Lo s
08090 30,0 YA 5,5 aiid boaiz 1> 5 00,0 V) 0w dies loais > slas ;) Jlglyd .cal ool las olidl 2
Ol 8l a8 A s oS > as )0 g Cewl oad alulS 5w diis laais > ao o 5l LS ole 4y e a5 el
I Loy, 5l as 0 YV g pgu (6651 ao j0 Aipgd (663l o ,0 VOl i,b slagSl ole ol duoyo YT o conl anils
Ll sa0s 8 P)LQ?, Lg}i”


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFO OhBad g sibazo | . glayisb 595 0 sHiE sz E slogS 5507

y =-0.0045x+3.8606

1.0
FAA+ 1AAT 1AAL 1AAY 1A 134T 199F 1397 1999 Too¥ TosF TeoV Tode TAAT ToOF

Yo15-1aYA g5l 0,95 Job 40 41599 slo 40 Luss yo sludy Slglyd duoys .(1e) S

e y =0.0022x +2.8982

2=0.0217

Y+

‘_ws._ﬁ.w.l.m d:?)ubd._}l.mb
£
|

Y#-14va L;)Le‘l a0 Jab jo as e ole aljuis o ol jlo slaje jolaai

Y15-1AVA g5bl 6590 Job 30 49599 olo 5o (G 12 35150 (slod puSiilen (1)) JSCio

9 s oljus e Sy ‘gi) J+y7-14va ‘S)Loi sl Jab 10 a8 olo jo suis 32 A5 g gl 2 S (1Y) S
(jns 2 10 &) pas ailid wpdw g o (21jass 32 8,5 4 Jaloo (O b


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

V1P F sl VA 0 )lods oy § Comnws Sl (o bl i pgle (60 )5 Colindini' ag pisi \Fe

ol ol jo s > ST olus,

Job 5o iz 2 Jlslb 4 ols (Lt uyle oo 5o (g bl )90 Jobo po (gais 2 slas Jlgld Sloj (g slologes
o, YIY o5 Kgy das Jol 4o jo v oo lid ) Sioli8l wg) 8 ass g0 4y cans 3l ams o (g kel 690
50 las > olas ;) Slghhs Ll s aS (V1) S ol ooy o2 duoy0 /Y (VL @ 3T as [0 Jg ol oo
ol oyl o oz > S slass Slgl 3 .conl (gasaen (55T5 aiojls JolS jgbody alindS ans 90 4 Cos ol ano
oo amy s olo (ol jo baais > IS slaws Jlgl )3 (7 JSK8) a0 auo )0 VY linsey Jad slaole (S0 4 s
Ol 38l el 095 4 0487 o T los Jad s 5959 5 (U oled (slaolas g jasa |y ol anils i3l 4y 68
oz > slaws aSlL o jls il 935 elas )| i VAT a5 1> 55 00 o fauaid 098 o0 brais > slass gl )3
oo ol o el oals aiuls” L8 ole 4y Comd (guiB 2 35 10 s 5l Jg el ails mol38l LS ole 4y i oo oy
dBolsan cowias couloog ao, 0 VY 55 aiin sloais > g do )0 VA 0,0 aiis slaais > slas, Sl )3
S5l e el A ily ol 6, 5 ai s glaas > Jlglid g aiily 138l o s aiis slaais > gl 8
VE po oS oo 0 VY pgo (6980 eplil 0o )3 V0 ol g9 (6951 45 & j90 (l 4y ole (ol slagSl o 22k slagSl
aS (V0) b cenl Ojao sl an po olo ol S slas ) Slglyd el sulionss we 0 VY p e (56Xl g sy
P90l 9 S wr 503 b wr Gl Cs o Gtz B ) b 38 e (n i Oliges
et 8 ol o o i L 1, (5005 2 ol ol o i e 3,5 olal o Jla 5 o
ol 5o (Wilge 25 52 308 00uiS o 255 oS 08) amniliy 355 S| (5eSilon ol 0392 5 Jlad Lo s 5 0
OF) Ko gz > SThe slos (Sl uizmes Gl o alwlS laais > Sl 3l o el alils ol38l oo ole
S led g Jumiliy 85 el )] pn puiinns LS )l 0aisS Ly e giay a5 ol atils yiolidl 13 ass jo v olo (ol )0
ol A Bl ol 8l pe gais > 3STe los B sbeolo g ole (ol jo sl g5y el )| 2ol38l b oS el gz >
e San 5 el 08,5y 3] il 55 €165 (eSilon 42535 403 55 &3 o ol 43 3 oa ()3 IS shoty
03,51y I3 o8 50552 5150 sl

"
y = 0.0202x+3.5728
2 s R? = 0.0185
)
Y
Y
5 ¥
i
.
1AYA 1941 13AY 13AF 13AA 133+ 13QY 1335 1ARA Tee) Ter¥ YooV ToIF

Y+17-14vAa 6)Lbi 099 J,.b J° L’Q)Ln olo J° Lﬁ-\a}ﬁ oMo t) &‘5‘)3 oy (YY) JS..»


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VPV OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

Y.
vg= 0.0021x +4.3414
0 R*=0.0166
.
3
a
>
k] 1‘
o
3
_l > MIEK] B FALL. Acln.l 09|
3
- = >=": 4 a G < = e = > 3
e THRCEOW S T Ter=g
a_ -
TAP-1AY g, 090 Job o gleole wlioss o (gl51o glag yolaes

Y15-1aVA g bl 0595 Job 40 wyle olo 3o (guis 52 3500 slod (il .(VF) S

- 700

- 600

- 500

400

300

200

100

40" E 50" E

9 drs o505 52 Ky 2D TPV gLl sl Jsb 53 wile olo 40 Guis 2 135 g o505 2 olKe .(10) JSUis
(238 2 010 &5 pue AL s G 0 Ijid 2 055 43 Jilosto (ST b

Jissl olo
) oliee) sla S5 5 (—idu alep 5 ol Llsdjl el (Sow el cde 4 Lol el jlos Juad ole sl s 5ol olo
31 25 (gl loges 85 18 (s 23550 Sl Jad slale 5 (So plsrea ole cul o gy (nl ol il
gy b Jsloy90 50 45 i icnlas 09 (al3E Wiy, sl a8 ol las el ole 50 oy 2,90 sladlo ,o Wiz 2
30 () U ol ol lawis > IS slass sl 7, Sll,2 .(VF) S d ) co po 0590 10 a0 AT 4wy 014 5
Slacss slas, gy SEalS LYo 51 Sy ably oo sbime olo 45 olass g yaS 45 Wl o doys VYV (g )le] 0,90 Jsb
5 Lalgmosgs sles sl o 0 i) e 5l Ldlaie g ol (8 Lol o ,05 59,00 ole ol 5o baais >
e il 55 9 panat il 5 €165 ol oo 005 2 5 ol el 1 55 45 ol 25158,
eSile el atils (6, Koz jmalS usle ol 4y o A 1 Gl g wis 2 ol lail as cwl sogs e YASA
ol Sl o &pad Bladjl ol ool sbhais > aSl oo cwl malS b j0 gais > ST Jesls o35 glas )|
L oS conl atils rals arnds aas 90 4 Cand pusl ans 0 (VY) IS0 gz 12 55110 slod nSle ot (38 5


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

V1FoF gl VA o)l oy 9 Comnw Sl (bl pole (000, wilidind 4 ol

YFA

as ) ole cpl jo JS jebay sl 0 Shay (2ol o0 iz 2 S50 slos (5:0hos Jmily 985 el (5 Slee alS
£L5 ) 5 5otz 35Ty lad (iln o 5 ol 42815 2ol 38 Lasis 2 30, 1,8 o B 40 59 &y o 525
sloaiz 2 5l L2 i slel )90 Jsb 50 ole cl (slagh b el axils Shals aLidS ams 90 4y Cod Janiliy 5
SlagSl o oL Lol Llod | vl 00g: duoy0 YO 0,5 ain sladis ;> 5 0o )0 YO slas; Jlol8 Loy ain

F pgw 5Nl o0 0 pos 5ol il oulionss ol (pl pll o 0 ¥ js Jol 66l aS" & jg0 cpl @ olo ol o555
30 oopbe obe 4y s &S sl g0 (pl A e (VA) USKS ais 2 slas ) GG Sl oo 0 F o jle> 66Xl 5 as o
2 oz 5 Ol 5550 5 0051 ez O3 Sl s Gl D )0 sz b g At ates ol )
5 olpl iy yo aiS > ols Fy pizmen ol oduw; olo jo 0ae YO« 3l 5S a4 ail o 3,8 ol oy Jlad g o8
Olrl 02 B ailinae 553 50 g sl odms) e oo 0 995 lasi 0 f1eS 4 Gl ye Jlod g oo (5150 352
Coably cpl (LS a5 (sl Guis > olas, als Jl> o dihie ) S sleoke 4 G wiS 2 Slas ) pae Ll

Al wles e JYL sl o e B ibay N R .)L)t) ‘n)f laole (samwds (59, Ly b aS ol

lais o oluai’ gl 8 wo jo

YAAF 1AAA 193+ 1947 134Y 1944 1947 1AV Tee¥ TeoX Teof VooV el TF

y§ 0.228x+5.4332
R?2=0.0422

of y8cilu az yo as Lo

L.
-—

o
-

- -
LN T

PPl S
- 3 -
:-a-f_'a-?:a-g:

™
802
YF)
o8
™)
15
\ag)
\Ats
5
Vs
Y

y =-0.0029x+9.51
R3¥= 0.0117

fof

Te1F-1AYA 5 Ll 0y90 Job 30 Juyal ole ol) wisyo slylo (slajg, oloes

Y«1#-14v4 ‘5)Lo.|— 0390 Jogb 5o ‘_}.1)5‘[ obo jo S 2 10 slod (il (1Y) JSCi


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFA OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

250

40" E 50" E

9 Guxd gljuss > s.f.i)).; @T) Jey2-14va G)L;\T skJl Jgb 50 J‘.’.)ST olo jo WS > ;5 g s e e . (VA) S
(jas 2 310 &) pae Ailid i g o (21jais 32 95 4 Jilodo (I b

Fly b 50 oS 2 SThe gyl Slas ) (Sl

).935‘ OLD

slo 7, Slolyd 0eb oo £9,0 ols ul Loy Jad 5050 0,90 £9,5 &Bly )0 a5 conl puSTole 50l Juad olo )l
J5 slacas Slglhd.(02) UK el axils zals 3l ans jo L3 slacle Jie ole ol 10 55kl 0)90 Job j0 a5 >
A dzg L (P) U aib oo oy 0,90 (sble plad cpn j0 Slaws o iaS a5 Sl 0093 duo ) FIY olo ol sloois >
S 0195 £37 i Wigbsn Sy gyt st Slool 5 el 5 b L 5 e bad (el ele i3S ol o5
Slakie yiin lgo loody § e dwz p 90 5, olad g all oo 0 0,50 LU 5l 5 2o 00 dien
RPN g s Rl 2 ol e a0 g s oljages Bl aS s 1o 1) 5 5 0,90 (sleosss
o=l Gleas >l 0w Jad 090 4 ol jeie a5 Sl ails Jwdly 685 ela ] e Yo AA olo (] jo i >
il el L5 g cmal il g3y Y1 oo Jlgo 5 ole ol Sl 35 65| oSl il S5 & )08 5 oo oo
aS g ebdy cwl axils malS 8 ams g0 4y Cand puSlans 0 (V) JSS oo ol o g0 > STe sles (Sl
b i gyl 050 Jsb 40 ole (ul (slo il sl sy 0,5 Gl 4z 0 VA & o5 Gl ax 0 Yol g, a3
039 Juo,y YO olas; Jlgld L p )5 atvs sloais > g Gl 009y ao )0 YO slas, Jlel 3 L o yu atis slanis > 5
SNl ao,0 F g ssSlao,0 ¥ ol oo¥l a8 &0 ol a4y ole ol (o8,b slagSIl e o)L (slagSl bl 51 .l
olo ol ;o (V) U a2 ol &) Sl gl 8 ailoaiionss ole ol pbl jo ao )0 F ple> (668l 5 o )0 ) pou
5 G825 ol st Jled 5 o815 oz olnl 350 (ol G35 Gbys gtz Gl gl o dites slaaies
g Sl dils (6 ,Kouiz Guals |8 labe a4 Cand g il ole jo wiS 1z VAL 5l 568 a8 cnl Wil e B0 el
G5B 3lhe ) oqsn olnl o 5o wilie Lo 1) Jlo 0w Glale (e 0 S B3l 05055 2 Gliee 0 eS
paee alid dua s sloam po) Sl 00g yiioy dalaie (pl o baole plu 4y G w5 > olo &) pae bl sl asl 200

JOWNERIRY:


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

IFeF sl VA o,lod omly g Sy Jlw (1 bdlpizr pgle (60,0, 1 Sl gy

Vo

A3

laucs o ilgl b o o

YAy Ya4¥ Teef Terh AREa] TF AT+

Y+\7-1ava ‘5)Lb.‘- 099 ng e )-AdS' olo ) Lﬁ«-\.&?’)’ NN t) (5"5‘)5 o yo (‘%) L}x&

o g a2 0 asLao

A
Y
ARt
\l4
Y
- > 7 @ > 4G b S 0 > a8 3 T g > Gy T g > 48 T a >
d—b—x_"'u-Q‘k}‘f-{q‘;::f_—ttg&&z‘fzk;:

TSV 55kl 0,50 Job 50 ST ol liaus y2 syl (slags ol

TPV gL 055 Job 55 paiST olo 45 (i 12 3150 glos cpufiluo () JSUb

(2id 5z olas ) pas LS vaduw & w0 «(1j0i5 32 05 & Jlede (K b

§ s ljnid Ky 1) FIFNAVA bl G e Jab 10 juSTole yo guid 2 135 g (o5uid 2 (e (YY) S

)*o‘y obo

TIN5l oy, las g ol 00gr ol Wig,y (glylo alndS ans g0 4y Coed 3l ano (o ST ole GBS 5y polgi olo o


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

10 OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

as (F) JSo ole ol sloais > S slaws Jlgly8 (YY) S el odinsy pos a0 10 0o ,0 OIY 4y ol avs j0 o)y
slas 092y o] (st Juds g el (ylinns Jad 10 o2 g 5ol Jad 0 jlade o 5V oo 45 Cewl 00y oy VYT
ccbas coulp)8 Jad 5l 36 onilo BL (slo )5 5 0 0,90 £9,5 b o slgn (sldosgs 95,9 3 b wals 5>
elai I Lo ,woy90 IS j0 aim > o auad s copizmen csl odl 8y 0,90 IS jo pljais > olas ) o i
e YV LYeee o> 0ol onl o guid 2 5510 il gy el )| ko .ol 000 50 YEYE Lol 655
Slod (Xl aigy olo ol Jo sy oo ;e YO+ U sy 655 £l )| 1 SKle (guis 12 38750 51 (g0l jo a5 el
Ad sbas > ol Jlgld (YY) S conl aiils ials aisds ans g0 4 Gl p3l 4o jo guis > STy
Ad s > wo )0 ST ole 4y Cond 45 Sl 039: Qo y0 Vo 5 5 i slddis ;> 5 a0 Al olo (] 00w
do )0 A s S dd laais 2 ol Slly3 a5 ol ooy (6l 0,90 ;0 lyae o VL A g Al al38 S
A Sy Oy 0,90 Jaad Job 10 055 i eS a4 ole ol 1o 55 6,8 alis laais > slas, Sl el oo,
Gl s 10 V0pgo (6931 wo 10 VY Jol (6ol pll o )0 VY olo (pl jo )b (sl gl Ll sl .l ooy o j0 Ve
ol as s o s (VF) IS8 @ am g L a2 slo 7)) GG Slgly8 05h oo 000 p ez (56501 0o )0 VY g pou
s ool ez o sl e Gl g Jeld &5 Gl Ggrm s Olnl bl i ;o Sz ST oo
GLaple (i adlae 5,0 (lml o Jlads g yf )0 aalllaesjge allate I (y55m )0 iz 5 (1l 3550
B Uyl )8 10 i) o olo jo WS > 0590 O+ (oYL 4 wiloads Jlad o,Lgs 18 oo 4y s (g0 > olas
3529 =y oSz adlllacs jge ddlaio o pe jo Cdel g el ouls (o5 L8 ole 4y G WS > 0ld ) pae Wl e

SN

y = 0.032dx +4.6593

[FRCESE g P JE W

T+
|
a
3
¥ e
%
1 )
b}
- L G e k3 t e T LG g L o - g
A < 12 0T - F e e g o > - % 5 T
SR I o S i S el s S RN )
ToAP-1aVa gl o o0 Jab o pudlgiole oljucs 2 ol fs slaje jolas

Y+\7-1ava 6JBT 0399 Jab 0 yuolgi oo yo (guiS 2 3510 gloo o.a.ial.m (YY) IS


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF ol VA o,lods qply 9 Comnw Sl (2 biiz ogle (50,0)0 Oliini 4y pid oy

40° E 50" E
9 s gljus o Sy Ggi)\'~\9—HVﬂ G)L"i sl Jab 10 jlgi olo jo suis 32 )45 g ljass )2 e (YY) JSCo
(1352 9las ) pue Glis b gL & w0 «(2lj0is 2 9,5 @ Jiledie () b

yolwd

il ¥ gl S Vv Jlo o Jg el el L\J).QS dis > ole Fy Sleld e gy 0590 a0 as o y0 yuelws ole o
039 o VFIY olo ol sloais ;> S olawi ols &, Slgl 3 (YO) UKo sl ooy v y0 AT g0 45 a5 0l 00y
500l S milomie oles LLadsllsa slaosgs olo ol 1o 9> cunl ails rals L8 ol 4 Conns a5 (F) JSo ol
Slacss Ll aS sl eogs yio Yo Vo o] 55 0 sl 85 glas )l olo cpl j0 aiB > (1 5598 .l 0 15 oo olas
slo (s05 > ST 0 Jmilin o35 £la3 )| 1 Silo ol aiils (5 Kotz zalS LB olo 4y o Loy 5,08 g ooz >
ey glas l LS me ¥V0 U s Ve b jlas ole Jauli8l adg, aiids dans 90 4 Connd sl 4o )0 jlus
00 S 1oy olidl L3 and 50 a4y Cond 4BAS dwo (o (YF) S a1 ST e sled (rizmen 510 0929 (guis >
aas )0 o8l s canms lis aS o il Jadly 985 el )] 5 Shee (138 L bLs 1 jo wiles o il 38l el a8 el
e )l aS abl oo (e 0,5 sloo iulidl @ Bl Loy o yo oyl il 5 (SO aS il oo 8 ams 90 4y s 4038
el (ml 3 Sy Gy el 03l (Lt 3l ams o 1) Gl cnl a8 wSl e ey 058 (sled atal Jemily 555
Vo dgas 4y ol T il a0 0 5l g el 00,STa iol38l LS s g0 4y Cd Bl And (0 o2 g > SThe sleo
At AS 1> g 0o )0 VO olo (pl 0y atd sz 1> dlas ) Slsl 3 cl ooy 3l ans (o o 5 il a0
ole yo doyo Ae 5l g atils yials o yo B 8w diws sloais > Jlglyd L8 olo 4y Cod a5 Sl 0390 20,0 YO 55
3 B ole an coud ole ol 50 (g0 0 il L p )T atis slaais > g Cowl oy olo (] jo a0 VO 4 L3
YApgs 653 do )0 Y8 sl (6631 15 ole oyl pll ao ;o VA L)L (sla oSl bl ) .l ooy 20,0 YO 45 a0 0 Ve
aazg bols ol o guis > ol &) S Slglyd .canl oalionss pilez g9 5Nl 0o )0 VY g pgw 55l o )0
oz g by ez Oyl g Gla S o bais > slass jo ]38l LS ole a4y Cas ST slo Las (YY) USS
53,0 352y allihae 3,5 lal oy Jled 5 058 3 addllassse adlate 5| g )0 Geizren 5 Glnl S0 9 0055
Samed llyide 3,8 B H9aS 58 5l e ole 0 WS 2 3590 P e (VL g Sl )1 AN Gl 8 oo 4 S
ol ails moldl pliais > Lldl L8 ole 4y


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

\ov OhBad g sibazo | . glayisb 595 0 sHiE sz E slogS 5507

ﬂ
N y =0.001x+4.1537
2 RZ=3E-05
oY
=
by
o,
3
F
-
.
\
T Ot g > <€ @ = = > a0 T - = 3 4 % > a * - g
i ffssrz it 2T T
LA T S A A T o LA L S S ol

Y151aY g5lol 0,95 Jogb 50 solwsd slo 3o Luis y2 815 & Slglyd v s (YD) S

y = 0,0055x +4.5527
Al F=0.1013

o edos 4239 a3
£

—
-
<3

T4p-14v4 JJLn] a0 Jab j0 palass ol aljuis 2 ol jlo glaje olusd

T151aVA g5kl 0598 Jgb 40 yuobwd slo 33 (guis 2 35150 slos (il (V) JSio

700

s > Kyy @T) Y+i£-1ava G)LJ s Jls Job 10 smolws olo o (guis > 435 ¢ s o (e (YY) JSCo
(js 2 Slas; pas AL dadw sLogspo (213005 52 355 & ileke () b g s


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF ol VA o,lods qply 9 Comnw Sl (2 biiz ogle (50,0)0 Oliini 4y pid \of

oloyp guis p2 sbraius lod £45 duo 0 g ooy (V) Jeuo

sl bad oliwe) Jad  peoles  puly ST Jujl gele ae asily obo
‘Y. Vay YA f. VY VO OA oy 44 O g A sASS 1> dlawi
T 41 Yo Ve ¥ N \# A} Yy 035 dwd Grass o> olaxi
AR o[£ <IVo <Ae IO YO YA YD AL I SV L IWE R F RV E IR W ST
<I¥A - 1Y AN AKIEENEYA ' NNV fAREEEYA & SREEY A & WY A (AR SO CIW S R CE IR VR

bl 0595 Job 30 olo o ouisodnline (GLagKIl v 5 (V) Jgu

ol olys 51 Josl ook 459 @ l3 slo
A Y .Y " -0 AIvY AI¥D ) oI
-Iv$ Y " 10 e NI Ny Y oSl
AIYA o - .I$ e - VA Y oSl
Y Y " " Ny AIYY AIV¥ ¥ oSl

S5 Azt 9 A
s plas o3l Gaghy (5L slags, slastll g sz e S Sloj ol &5 Sl s g, g5l I
0,99 pbl oo )0 Yy Jgl 6551 oyl ol 5l ol cows 4 6501 F cdiogs oo la i ,b comw 45 592 slogSIl o 5l &S
ool a5 b Xl 05 o0 1SS ol (6Nl doyo YT 50L 5 do 0 Y line) Jad jo aS 05 g0 0090 O e
uLa.m.a) J'a.‘a ) as Q?MGA 0u O pw 090 lnl.:‘ oo Y 30 pgo (599‘ ] )MGIM VYF/A ).».tla 9 ).».A‘sl.».a \& 5§J‘
5 yo sk VEIF S0k bl poo (6031 had (5 L Bl sl .canl salionss aoyo TY 50l Jad 1o g as,0 OV
Jad 10 00,0 OF L) Jad )0 4T 05 o0 0030 O 0,90 pbl o )3 V0 ;0 paw ol .l o o VA 0L
ol yia e YYD 50L 30 5 o e VFIA flinsy Jad jo oS cpl (5,L ke ccl oallionys wsys FY 0L
VA b Jad )0 5 003 VY ltae Juabd )3 45 05800 J1)S5 3 5m 0590 pllae ;0 Ve )3 ke slogg, (2L 555!
oS cpl ] e oo VYA 50l had g e Lo VEIY SUI ol ey ad 5L 5 Slkes Ll oddionss ws o
Pl ooz Jleld cpyiin Ghls Glis) @y 0y50 j0 Sl Lo 1) oSl pla  jo olas, Slsl 3 o yiaS
5 el ams 0 gl jo il g8y gl )l (o Sloe ccl wo o FEIVA L 5ol 9 s y0 OYITY g0 L suis >
O3l Joily g8 glay | a5 slaoks ;o 0o (gaiz > SThe (sloo o 4y g el allils yiol33l oile g 4ygily (sloolo
Fo Slaey Juad jo 0w i gladis > olo #) Jlgl 8 puzmen ol Al iuli8l po laais > 55 e sles ails
Glaiz > wo 0 YA 5 0w atis gloais > ao 0 T jol lad 0 5 000 FY 55 diis bais > g doy0
P sles Gl (dwilygsy gl Jiolidl L8 ams g0 4 Cond Al ams [0 el cndionnliv 05 alin
OHlen g Glrde Jimgh b aS Cul oolog; p,5 dud 4 Cond 0y dld boais > Cod oS g bais >
Ly eSS asly ole g 99do0 S Sloa (o) poe 4 poie Jenil sy el Galidl b aad S axms o5 (1VAF)
0,93 Jﬁ.lo B Jf)o ..\.wl.s )‘..\f))‘ L)’“")l) &5.:).1 o~ 9 (_g..\.._>):> )5).4@ (_;‘Loé).s JJ‘BJSA g.)l).u.u UJ‘ ] G 09.....1 u.cl)
Oipgh b aS ol 0ol alwlS 0y 0,90 10 gaiS > ol F, Slghys 5l ALidS aes g0 A e pB3] ans o )kl

Al oo g ol alily J1alS 3l ans aw Job 0 s o slass a5 a8 F ases a5 (WYAP) ) 5 Sl

0,90 Jgl ams ;o laais ;> 95698 g oo alwlS LB 4o 90 4 s Bl AR j0 suiS > ST Gl Ll
5 xS, S olelid lp Jemilygss b)) sloareS 5 Jewiliygsy sed 51 Gimgh cnl Ho wleslsg, bl
3ol 3l drs o s > Dl g wiS x> S8 slas, malS 0y, 0 Jlim! Cawl 0alaid S oy oljais >
5 Gy gk b aS ol QT lod ouiiS Lo g e 0,5 sleo | o a5 Cowl Jwily o5y glas ) 58l


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

TN OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

O (3 yimion ol guad el 00,5 T ol 38l il 55 elas )] 3l ans jo aS a8 5 as s (VWWAY) ] e
w5z 08Ty Bly ol ansls 5 55 Gl wxir T (el asls g 5l g g0 Sz )35y sz
g agily o olius > codld iSTas sadioly gl jo anil oo il noe G0 ol pl oy Sl g oy (ST
2 iz 3150 sy et Ol Byl az po STl s 0,90 £9,5 L a5 ams s (59, 55T ) Ol ekeS
bl plos ;o zoos (o515 69, 3,55 2l @8 9 5l 69550 RIS, sdee Cusll Gl SlaplSe
Wyl Glpl oy dalaie o g0l Caenl Gl Gy Caim g 0y Jled g 0y 0 0ad il slaais ;> .l ooloz

9 S| 0999 Jl.:ﬁ @‘)J..D)? ).144)‘ U‘)"‘ u).c 9 c\a‘)...u.\.n d)—u-‘ 9O Oy 0590 4O aS el 6)5}0 PR U"‘ LE c\.‘>5.'
Al as (\YJ‘\?) u‘)&oﬁ 9 E_JL.J 9 (\YJ‘\\) u‘)Li_o.Q 9 65]"‘“‘"> U’“‘Qj)" la aS el oolidl dLQ.)‘ svl)do)b Ao

B ddlaie a5 Cuwl G Sl w)..ﬁ 0py> 9 c\a‘)...u.\.n d)—u-‘ K9y uLA.M) 5o U‘)“‘ @‘)m)} GLal 09415 as J...J)f
el LT S5 gl 3 59y 5 Al a3, 45 col (slonis o 51 e s bad

&Lw

o olpla¥le 3L palnae olias,e SThe SLOYAA) Lo,de wlf dese K2 3 (665 ozl 95 50 ,0]
N 0-9Y amans ) oyl ¥ 0,90 o /) G el dlzeo Yo e Y-VAF . 0,90

lad Julow alzmo o)l aliesy ol Gloy el wlisind8l LOYAP) (600 (ST toamme i e ¢ Je wly
NA-Y aoan ¥ O)Lo.»:: Ay 0)5») “fb.m u//.é[xo

Jlos it sla il (Setpgom Jeloipas s OYVA) slyz igg)h (o258 thons ool (oo sy ombs (Sl
Ve-00 aman N oleds A 0,90 «(gj0liS” il dlzo o)l e
Bl 5 & sliys = g i8S dibate » Jloz eS8 5ol OYAY) 5pal8 (DI a5 simabhosna (5,0
Y- amin ¥ o)l YA 0,90 o oo (s dolipy g Ldli> Talzo o)l pl Gy Ggix sl o)L b )l
G2z Sl ST Gasen (owyn OV Gope (e 1ol S dpw lie (oodla tiumn (GO 90 09020 (59 pu
AD-AY amio YO o,leis VY 0,90 cdrwgi g Ltz alomo NYFA Jlo 10 oyl g9 ciliko slasl 5
g plo olKiils Ol Ll ) a5 o) ) Slama ol LOVYVE) Joloo ¢ Slomde
Sl dolilad AYYY o 10 olpl g5, 2 cuid 2 Gl iS uaed gwyp (YY) S (i g0 Lo ¢ cwslS
MNY-Y amio V0 ol Y 0,90 ¢ o Lb i
Olgdol olKiils Sl Ll s gamme gl duw 10,5 5 cailos sl o ,e 40 92 Sealins (Ve + ) Ll 5o
Ohlai! (bograe Jadllgl o o5 5 Jasme Sladllas jo o] 005 5 waws cwlidedsl (VAAY) Sy (JULL
Olgsol olKiils
Almazroui, M. & Awad, A. M. (2016). Synoptic regimes associated with the eastern Mediterranean
wet season cyclone tracks. Atmospheric Research, 180, 92-118.
Alpert, P, Neeman, B. U, & Shay-El, Y. (1990). Intermonthly variability of cyclone tracks in the
Mediterranean. Journal of Climate, 3(12), 1474-1478.
Blender, R, & Schubert, M. (2000). Cyclone tracking in different spatial and temporal resolutions.
Monthly Weather Review, 128(2), 377-384.
Catto, J. L. (2016). Extratropical cyclone classification and its use in climate studies. Reviews of
Geophysics, 54(2), 486-520.
Chen, S. J, Kuo, Y. H, Zhang, P. Z, & Bai, Q. F. (1991). Synoptic climatology of cyclogenesis over
East Asia, 1958-1987. Monthly Weather Review, 119(6), 1407-1418.


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VFeF jal VA o lads oty 9 Conew Jlo (b pi pole (604,00 Oliind 4 pi \of

Guijarro, J. A, Jansa, A, & Campins, J. (2006). Time variability of cyclonic geostrophic circulation
in the Mediterranean. Advances in Geosciences, 7, 45-49.

Jung, T, Gulev, S. K, Rudeva, I, & Soloviov, V. (2006). Sensitivity of extratropical cyclone
characteristics to horizontal resolution in the ECMWF model. Quarterly Journal of the Royal
Meteorological Society: A journal of the atmospheric sciences, applied meteorology and
physical oceanography, 132(619), 1839-1857.

Klein, W. H. (1958). The frequency of cyclones and anticyclones in relation to the mean
circulation. Journal of Meteorology, 15(1), 98-102.

Lionello, P, Bhend, J, Buzzi, A, Della-Marta, P. M, Krichak, S. O, Jansa, A. & Trigo, R. (2006).
Cyclones in the Mediterranean region: climatology and effects on the environment. In
Developments in earth and environmental sciences (Vol. 4, pp. 325-372). Elsevier.

Maheras, P, Flocas, H. A, Patrikas, I, & Anagnostopoulou, C. (2001). A 40 year objective
climatology of surface cyclones in the Mediterranean region: spatial and temporal distribution.
International Journal of Climatology: A Journal of the Royal Meteorological Society, 21(1),
109-130.

Michaelis, A. C, Willison, J, Lackmann, G. M, & Robinson, W. A. (2017). Changes in winter
North Atlantic extratropical cyclones in high-resolution regional pseudo—global warming
simulations. Journal of Climate, 30(17), 6905-6925.

Nielsen, J. W, & Dole, R. M. (1992). A survey of extratropical cyclone characteristics during
GALE. Monthly Weather Review, 120(7), 1156-1168.

Oort, A. H, & Vonder Haar, T. H. (1976). On the observed annual cycle in the ocean-atmosphere
heat balance over the Northern Hemisphere. Journal of Physical Oceanography, 6(6), 781-800.

Radinovi¢, D. (1987). Mediterranean cyclones and their influence on the weather and climate.
World Meteorological Organization.

Schemm, S, & Sprenger, M. (2015). Frontal-wave cyclogenesis in the North Atlantic—a
climatological characterisation. Quarterly Journal of the Royal Meteorological Society,
141(693), 2989-3005.

Schemm, S, Sprenger, M, & Wernli, H. (2018). When during their life cycle are extratropical
cyclones attended by fronts. Bulletin of the American Meteorological Society, 99(1), 149-165.
Schultz, D. M, Bosart, L. F, Colle, B. A, Davies, H. C, Dearden, C, Keyser, D, ... & Winters, A. C.
(2019). Extratropical Cyclones: A Century of Research on Meteorology’s Centerpiece.

Meteorological Monographs, 59, 16-1.

Simmonds, I, & Keay, K. (2000). Mean Southern Hemisphere extratropical cyclone behavior in the
40-year NCEP-NCAR reanalysis. Journal of Climate, 13(5), 873-885.

Simmonds, I, Burke, C, & Keay, K. (2008). Arctic climate change as manifest in cyclone behavior.
Journal of Climate, 21(22), 5777-5796.

Trigo, I. F, Davies, T. D, & Bigg, G. R. (1999). Objective climatology of cyclones in the
Mediterranean region. Journal of climate, 12(6), 1685-1696.

Trigo, R. M, & DaCamara, C. C. (2000). Circulation weather types and their influence on the
precipitation regime in Portugal. International Journal of Climatology: A Journal of the Royal
Meteorological Society, 20(13), 1559-1581.

Wernli, H, & Schwierz, C. (2006). Surface cyclones in the ERA-40 dataset (1958-2001). Part I:
Novel identification method and global climatology. Journal of the atmospheric sciences,
63(10), 2486-2507.

Whittaker, L. M, & Horn, L. H. (1984). Northern Hemisphere extratropical cyclone activity for
four mid-season months. Journal of Climatology, 4(3), 297-310.


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html

[ Downloaded from jgs.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22287736.1300.0.0.222.5 ]

[ DOI: 10.61186/jgs.25.78.2 ]

VOV OYad 9 shazo | ... slo iyl 59y o 55y I oS 59055

Xia, L, & Zhou, Y. (2018). Tracking Jianghuai Cyclones in China and Their Climate
Characteristics. Atmosphere, 9(9), 341.

Yanase, W, & Niino, H. (2015). Idealized numerical experiments on cyclone development in the
tropical, subtropical, and extratropical environments. Journal of the Atmospheric Sciences,
72(9), 3699-3714.

Zhang, Y. C, & Rossow, W. B. (1997). Estimating meridional energy transports by the atmospheric
and oceanic general circulations using boundary fluxes. Journal of climate, 10(9), 2358-2373.


http://dx.doi.org/10.61186/jgs.25.78.2
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.222.5
https://jgs.khu.ac.ir/article-1-3935-en.html
http://www.tcpdf.org

