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ARTICLEINFO ABSTRACT

Keywords: in this research, their effects on the flight of airplanes were

JF';QST' investigated. The study area is the country of Iran, and the flight
€ ream,

Troposphere routes of Kerr_nanshah, Ahvaz and BanQarAbbas to Tehrar_l. The
Tmpopausel’ rese_arch data mclude_s maps of the Vertical Trgnsect (prc_)flle) of
Airplane. the jet stream, the daily average of the Zonal wind (U-Wind) and
meridional wind (V-Wind) components for the winter period of
2018 through NOAA/NCEP environmental databases. Also,
flight route information was received from FlightRadar24 and
Flightaware systems. First, by using Vertical Transect maps, the
days containing strong U-Wind were extracted, and the average
position of the core of the Jet Streams in the Zonal and
meridional wind components, the Tropospheric level of 200 HP
was detected. The list of flights was prepared, and the Zonal
Wind maps were produced. Finally, the height of the flights was
compared with the level of the currents of the Jet Streams, and
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decrease in the speed of flights between Ahvaz and
BandarAbbas to Tehran and an increase in the speed of flights

27 December 2023 between Kermanshah and Tehran according to the direction and
Available online: type of Jet Streams. It was also found that all the Jet Streams had
28 January 2024 a speed of more than 90 knots, so the capacity to create tension
pp. 41-460 and turbulence such as CAT was seen in them.
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Extended Abstract

Introduction

Climatology knowledge is applied to
aviation issues by knowing the weather
condition and their effect on air
transportation. This effect is so significant
that many airline programs in different
countries are delayed or canceled due to
unfavorable  weather conditions and
accurate forecasting. Among the major
atmospheric hazards during a flight are
wind shears, Jet Streams and clear air
turbulence (CAT). In this, Jet Streams play
a more important role.

Methodology

The applied research has been carried out
by referring to the literature and library
documents, websites and data of
meteorology, Climatology and remote
sensing databases and interviewing and
consulting pilots and aviation meteorology
experts quantitatively and scientifically
with an inductive approach.

Results and Discussion

Airports that were in the path of strong Jet
Streams were selected. Six events were
recorded in the western region in the area of
Kermanshah airport, two events in the
southwest area in the area of Ahvaz airport,
three events in the southeast area in the area
of Zabul airport, two events in the area of
Zahedan airport, and finally one event in
the south area in the area of Bandar Abbas
airport.

The final flight height of the Fokker 100
plane in the Kermanshah-Tehran flight path
is 8222 meters, equivalent to 27000 feet
above sea level. The maximum speed of
this plane is equivalent to 887 km/h. The
Jet Streams of this route (December 30 and
31, 2019, January 1 and January 2, 2020)
have a speed of more than 80 meters per
second, equivalent to 288 kilometers per
hour, and on January 3 and February 8,
2020, more than 70 meters per second. As
long as the planes are in the main corridor,
they do not have much contact with the
cores of the Jet Streams. On January 1,
2020, the core of Jet Streams slightly
expanded, and in addition to the level of
200 hp, it is also present at 300 HP.

On January 4, 2020, the Sub_tropical Jet

Streams near the flight paths of Ahvaz
Airport were stronger and more than 80
meters per second, and on January 19, they
flowed over Ahvaz at a speed of 70 meters
per second. The flight ceiling of the Boeing
737 airplane is 29,700 feet on the Ahvaz-
Tehran route. The Jet Streams blow at 200
HP or an altitude of 39,000 feet. While the
flight ceiling of this plane is about 30,000
feet maximum in the mentioned route,
located at 300 HP. This plane is not located
in the core of the gust but was flying at a
lower level where gusts with a speed of 70
meters per second were flowing.

The Jet Streams of The flight routes of
Zahedan airport are also, Sub_tropical.
January 5, 22, 23, 24 and 25, 2020, were
the days when Zahedan Airport's flight
paths were affected by gusts of more than
80 meters per second. The final height of
the Airbus A320 on this route is 35,000
feet. These Jet Streams blow at 200 HP,
that is, 11,700 meters above sea level or
39,000 feet high. While the flight ceiling of
this plane is at 250 HP. The flight path of
this plane was located in the core of the Jet
Stream.

The Jet Streams of the Bandar Abbas
airport's flight path are also, Sub_tropical
type. January 20, 2020, was the day when
the flight paths of Bandar Abbas Airport
were affected by the strong Jet Streams
phenomenon of more than 80 meters per
second. The flight ceiling of the Airbus A-
320 plane on the Bandar Abbas-Tehran
route is 36,000 feet. The maximum speed of
this plane is 830 km/h at an altitude of
8,359 meters or 27,424 feet, and the plane
reached this speed after about 15 minutes of
takeoff. The first finding that was obtained
from the present research was that all the
examined Jet Streams were of the
subtropical type and their extension was
west-east, so all the selected flights were
involved in encountering them.

The Jet Streams that flowed on the selected
days and flight routes, except for the
Kermanshah-Tehran route, all flowed in the
opposite direction of the flights. Because
their cores had a maximum speed of 80
meters per second (+-), the necessary
capacity and power had a decrease in the
speed of the planes and in addition to a
noticeable decrease in speed, they made
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more use of the power of the engines. On
the contrary, the Jet Streams in the direction
of airplane flight (such as the Kermanshah-
Tehran route) significantly helped the
aeroplanes' engines on this route increase
the speed.

Conclusion

According to the outputs, the core of the
speed of all the Jet Streams of the selected
days was located at the level of 200 hp
(equivalent to 11.7 km or 39000 feet) and
was considered as the main position of the
Jet Stream currents. The direction of all Jet
Streams was west-east. Except on January
1, 2020, on the Kermanshah-Tehran flight
route, all the flights investigated in this
research did not understand the core of the
Jet Stream and the Jet Streams had a
negative role in the speed of the aircraft.
The reason is due to the direction and type
of Jet Streams. The geographical location of
airports relative to the destination airport,
flight path, flight altitude and flight speed
are among the important and effective
factors in increasing or decreasing the

speed of the plane. This is completely the
opposite of the flights that took place on
December 30 and 31, 2019 - January 1, 2, 3
and February 8, 2020 from Shahid Ashrafi
Isfahani Airport in Kermanshah, located in
the west of the country, to Mehrabad
Airport in Tehran.

Funding
There is no funding support.

Authors’

Contribution Authors contributed equally to
the conceptualization and writing of the
article. All of the authors approved
thecontent of the manuscript and agreed on
all aspects of the work declaration of
competing interest none.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants of this paper.



1 ol yio> ialoT alone

YOYA-FAYY o g i1 UL

Journal Homepage: gps.gu.ac.ir

%

u f;_/1

Blowsd 31999 2 (5 seawd 39 SO 39 5y I il (i

LIPSV DPSUYSPRE= L T WARVCSNR B T T 1V JRVPSN

Email: mohandesrafighi@gmail.com .1yl <5 ¢ o0l oltils ¢ oLl i pole 0aSutils ¢ pwlislomgil 09,5 =)

Email: Saligheh@Kkhu.ac.ir .l pl 105 ¢ s0lo> oKl ¢ oldl i pole 0aSiiily o wlislongl 09,5 ¢ Jotume odims g =¥
Email: mehryakbary@Kkhu.ac.ir .l pl 105 ¢ s05)lo> oKl ¢ oldl i pole 0a8Liily ¢ wlislomg] 09,5 -

S

Ao Cleb!

) g Jgdes p ol 1b 5 s Condg s b wlidlsmgc] Ll
B i o (CAT) Glo lon Wb claodsty sl s (6 paumwdyg (sladl 39, .5 1>
casllland ygo dilaie 5 sy Inlamlen Slos 1 ool Sl Simgss ol o 1 iz ol
g slaodly wcul ol 4 olaalj g Sleal wlisleS (Silgn g 5 olnl )9S
U-) ()l sloadlie ailig) 0ol ol 3g) (wlad) (9350s glatio b (slaasis Jold
Bk omas WA plisnej Sloj ol (sl (V-WINd) sl (s lellcans 5 (Wind
il Gilop pmue Sl pizan b 3] NOAAINCEP  lase ool slaolsl
51 esliel bl .sas cabys Flightaware o FlightRadar24  claable
0sSbe g gzl (698 )l Bb gy sals Slajg) (dges (rhaie by slbadd
Voo les e s)ledliai 5 o)l ol slaadlye )3 ol 39 dtus (65,3 Cusbye
g ol olie 4l clbadi 5 dd Wjloy Cand 05 o3 et JSwlgSe
3k 39y 55 pae b 5l g dunlie badl 39, @bl 515 L bajlyp gl coles po 50,8
b bl el sl 39, (oled (imgh ls ol 2 .85 )13 adlllandyge Lajly
ool g oty claal (sl jrae sajly (sl oy (il g w0 Wajlyy den (sl
Bi9 &9 9 S b cwlite |y s = oltile)S prae lajlyy Cosp ialjal g (s
S b e gl ol 2gy den &S WS astine yuisred WD o 50 el g,

A5 00 gl 0 CAT fgmen olaebM § i sl cud b 10 wslosgy <l A

1l (5l

oy
RIRYS
:M/J)}
M)
oo

HWL P T
VLYY
ST I
VEeY/+Q/eY
o0y U
AEZ3 JARTEA

e &)U
AEZ2 PARVEZ
- .y

O{Lﬁb.o u&.}[o[ﬂd}u lbl.c.ul}m )19)4 2 S )9 Lthb)Lc 39, ul)aul N (\\C'Y) P sd).afl 9 Jovo ;A.O.J.u.' fLo').,\.oDr.o ‘L$‘°“'5) salow!

http://doi.org/10.30488/GPS.2023.381718.3611

Olend ol8sils il L] 2 pudl

PV (¥) I elss




VEoT Gliunoj o€ Bylowd VY Bygd lidd oyLdl i yiylol aloro £y

.

EVRTT)
lor JBg e 3 o] 58b 5 52 Camdy COb Boko 3l (53,5l9m 4 byrye Jiluwe 3y90 1 (wlidlgmgc] (il
Lol o 4 ilisen (gl jguiS” oo boghas (sladaliyy S 2Vl dio)> oSl (shojlsley 5Tl ol 0,8
s Jolge 3 o] g0 5 (IVPRY (s8] p300m 530 b ol p3b L 385 e 5 53 il
bsilon 9 o @3l 5l (36 lac)lud (pizmen 93,5 alp JiigJes (sl 4 lodi)l S8 Gl o (onld]
B o wmd F) jlgn S gl (Sen &S g9 Olbbre o gedes (VA IIYAD (sleze) D> il
Moy gk (il S Gimte G ol d9,0ke (al ) A3l ST(CAT) Blo lga 13 (b 5Tl 5,
23105 lolga Slg 0 2 ool 39, b g 2 4

Cals .l @lS (ly peltlgn ST pdggl gymluly Alwgar VY- and 53 0l 35 ey )b s ol
393 sjlgp M P g pba Gl (W G aS Sloj atel Cawd a4 VAT Jlo lasl dg, I i
ok 3 e 292 lgmodgs 51 ogline Sels’ e S0 5 (g9 (585 )18 J) (S ey S a5 g0
o oy ol Ol dagie i) oe (b ly Jled 61500 5 byl e o & GULS g Slr K>
Lly e 5> (BrineY, 2021) 5938 s hiacils 5 lolidlens SleMbl Gl 1 6508 byl dod o 545
polo lsp Wb ol i Jlad ulbl Losildl L5 1 )90 adllae b (Baughman, 1946: 459-462)
Chambers E, 1955: ) ax 425 & 739» Dy dnled s el ol i g lea slaedgs s bLE L sy
(5305 3455 45 dersio 5 oy € 4y o ulbl gl S 11y 5 b bawsste (S2i] 590 i (613-628
Panofsky, 1970: 937-) ws Jls din .cawl 0338 5l sy il Sy b Liblio 15 95 clagbl
los s 881 bal,S 0L 3B i oS dblie ,3 5L sl Blo (slgn (b sl 5,35 Dutton)&944
ol sly sobel sla g, 3l 36 (Mancuso & Endlich, 1966: 581-585) .slal aalgs slasl sl ansly d9a
(Roach, 1970: 413-429) s .53y 60 S yuusd 5 30 5B i 3bj polde b Ldblie 3 (g95 w5 0l
pmen 6)%e Slllas ()b | S o ) g b W55 53 ate 1 S o8 ity 9 JSB s
L & (Ellrod & Knapp, 1992: 150-165) 4 (Ellrod, 1985: 28) (Anderson et al, 1982: 227-234)
105 1y s w5 dbml g S5 puais 4o b b plosl UL (sla)l3S g slojlgale yglas duslia 5l odlizl
M3 (Mohapatra, 1995) [ (Peterson, 1956) 4 (Ellrod & Knapp, 1992: 150-165) ¢ Jie jsbas [5)8
0313 )18 syt g o0 ]y ol 51 o8l et 5 0diygl dgrg 4 Jolge g im0 Cli 5 oboM ol e s
Ll

a3ly 39, Lagi 15 lgel b & e 5 o lp b3 rgsiy LS 05 b6 Sl piy o e
ol SIS zlgel il 0926 ogas ) 0 Sladss (Sharman & Lane, 2016) cul jlgss ! oddass
([ o ;359590 @leo 4 (Plougonven & Zhang, 2014)] Jle jgbd) aisiS ams s b laags g sk 3,

SeS oolde 3 5> il 53k i 53 Sl b g I Jols SIS el aad 0 L o8 sl oadplox]

1. Wind Shear

2. Jet Streem

3. Clear Air Turbulence
4. Wasaburo Ooishi

5. Wiley Rst



&y Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

ot S S ol bled 4 (Mancuso & Endlich, 1966) 4 (Knox, 1977) 6546 0 Blo (slsa obW cow

JewlbaJus s glsel cnl 48 3ikd 5 giloosls cde 4y loagen 5 Lol 59, I Jolb S1)5 glgel cnogs (5lgud
(Stefan et al, 2020) [ (Wei & Zhang, 2014) , (Mirzaei et al, 2014) (Plougonven & Zhang, 2014)
O‘.:J. «u’.iLog) u.glyz’ slad 9y ¥ k:—uwg.b)g C;Uli)? £V Joyfo Slo dbm ;iuw/ 5] adllao» Qly’.c L sl 5
dy0 ¥Ye 5l &S ol i mls cul Slewlsr dlp aeg BB mags (CAT) Glo glsa obM a5 sl
S 5l ookl b ol ol ddlaie )3 Blo (clgn w5 adllas® 1 jg0ui0 b 3¢5 (8 oy p () YA ikl ))
g Sl g Lod b sbglive (ilodnd 5 gt ly Cop @d9 Gnptn (WRF) oldeple (30 Jae
Do odlitwl pld (asls g 0l BB e ¢ awd)bu, das il CAT (sla jadlis 5l eyl odgame 1> luwsliy g
Ol (p ke j1 (S olasy 30 so S5 Jeloe iolgie b cldllis ;o (V YA e g iceal) ioren
ol j (S o Wb e elgil g98y )3 ) Jelge oS bl > «(63)90 addllas S @Il L Jlgy
C}'a.m :\.a.m.s 9 0914 J&w 4Lbbl; 29, wa.%}a ..\.,).,}a gwl.o.ul}h wlb-).’gw PK..Q 9 )‘9)9 ralS dLhoJ.JJ.J
Ad Jolse oyl dlax 51 Col dilate )3 loglon <8 > ( SBgd

S e

W edyg &Y hugis Cobrs Adlosl jppwdyy Cuslgn p> (il 08pS ) o > @Y ol
Mojiee poghS Ve pSlas jlade 4y lgtl )3 g ek i) Pl 4 Clad 3 4 cpl Culis il oo yieghS
P ool B S Dot o5 Wb Yhcew b dlon gl S5 ol co LTk 3y, (WAD (g padd)
Olojls e g Ly (VYA (280 (dazmagle) ol 48,515 counldyg @Y 53 (ej o) Ip (YL Clelis)]
090> 3 (S F0) 4l po ¥o ) iy G pr b (oo (698 3L (I 4nd 3505 3L 39 (il (e (oulidlgn
(Y TR (ldgre) Cul 92 53 (So3b gl

(Whe o2l gl)l QRlEl Lo ol e & Qlples) ewdyy on Jsl abi
Sy 4 Bl 39y Ygeas (Mhoen I3l 55 Sl a3 glis) (I3 L oS 0,5 Ign ) ololon) emcrdsn 9
ool 59, 38> Jomo (sl bl 08 o (slo)S (b oS5 el cl o 2l gy (el g2 4 e g Wl e
b3y ooy s 5| (5350 WFF Slelisyl 3 Ygans ool 39, cp 5By Canl (53905 39 289 it sl
AN (8L glemade) cwl el 0 gedS FAY UBOVFY o Sl s Cegw Gl ol
[(http://waterresources.blogfa.com/post/1047

Glon 33wl |y L5l 4515 Uyl by asitne Sg 65gd 45 |y (PBL) (gloyluw (5y00Y 55 5 pboOb
39y b ety g o > oS LS gloal 4 lgise CAT el 3939 4 Jle 3l aiab o (CAT) Gilos
Sly 2 Slo dlgn 3 bW (ST (3)9ilsn (pulidlgn) 3,5 o)) ugyew slapl g b A I Gy sl
Db lgn Ol A8 (S (S el o Cunl lagb len

1. Troposphere
2. Jet Stream
3. Clear Air Turbulance



VEoT Gliunoj o€ Bylowd VY Bygd lidd oyLdl i yiylol aloro i

o293 B9,

cowlisilon (glaosld oL (slaodly g bales,li ( clailoulis” slwl o jlide 4y amslio b gy i (o308 Limo}
5 oS by 4 sdyplsn wlidlon Glld)lS 5 JULS L ojglie 5 anlas 5 (5)93jl tonin 5 (liilsmgc]
ol Wby plosl ¢ Iyl 349, b ¢ ool

el 5 (U-Wind) (gylae sloadlze ailjs, ile coaid Joli Limgi oy adllaesyge (slaosls
WAA e Sloj o5l (gly g o990 YoVY Jlo yuolwd olo 31 5 VAFYA Jlo argils V 5l &8 (V-Wind) sl
e 031> (el oyl 1 (VY oyl 12) WWAA Wil YA B (Y212 uabiod YY) WWAA 0lo(6d V (i (omeds
SleMbl pion ol 033,85 33 1S ol oo YL b wsldl g > o lojlu & atwsly NOAA/NCEP
o Flightaware sladilobw jl ... g lanlsd copo g £las)l jloy £55 9 pb EN ROUtE aiids Jolds (s3lgp yoamno
5 cél,s Flightradar24

axlllaod g0 03gaxe

b ayd V0 (oye 5 By 423 PO b e > ¥Y Jsb (o lpl (oMl (5)9002 )9S 0390000 ailllaesjgo ailate
St o839, 5 Myle ok yyrdyse Il (6lop psmns 4 olbolSdg b usd S5 Jlad 4> ¥
Ol Ol bl ge o839, riman sty ol539)8 5 lanlj oS358 cilsal 015398 wolile S ool (B3l
ol 025455 5 a5 )3 nly 4,15 Aucie

axlllandgo ddlaie ) JSU
sl
3l 39, sy (Sdliund CunBgo (ow) 32
‘\/w C o (gldind 165 Db 35y sy did |y Cowl oddanss Db 39y by K &S ol Ce o iSTas
VA (g5laed) Lo oo adlid JUubgiSa Vee 515 o o by bglad Jlow )5 (a3 Sl lsiea
oxed il () 5 (<l) (¥) ojlass S p0 lpl 518 5 Syie,8  Slg (e lgiea (http://irmancy.ir
Loy s yoo glodind g olsS e lilisel wusl g)lhe 3 59, a5 olSim (V) ojlads JS5 sl ppon o JISI

) JetStreak



€0 Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

b 39y 555 o oy eblie > S o S 3L 39y e Jsb 3 oy 0pd 4 0o | paiane s
P Ulgp s Jooxe (JB93 515 39)8 9 Wajly3 5l (290 () o () (F) ojleds S Bollae canl (g lecllinns
2 Led 58 o, el Yoone clalizel o8 o g 4l s lsil Caow &) 3 (clop 5 ad Ceans 4y
e (L3 )Lady (slapiugms 5 (lg)8) )lideS lapium 4 5 &8l bymS @ogime alilie Jsb oy

g o Suid g Qoo ye Ll )b pglis Sl S5 4 &S 295 0

i 5 (o)l (g3l )3 b 39, 7yl Y IS

Yo 5 st 0Sas oliuall g Jlod 0 S s Jsly g5 Ve o s 5 (U-WINd) sl (o adlfo wilis) (:S0ke Sl 4t Y JSud
(NCEP/INCAR :zs26) () Y+Y+ 4yl Vg (<ill) Y14 ypols

\Cyclone
yAnti Cyclone



VEoT Gliunoj o€ Bylowd VY Bygd lidd oyLdl i yiylol aloro £

595 a5 0,Ses il 5 s 0,San s JKusly 5350 Yoo gdans )3 (V-WNd) sl (s lellciuns ailgo iljs, il Sl 4 £ JSWo
(NCEP/INCAR :z528) (o) Y+Y+ 4yl ) 5 (<] Y-)Q ppoluss Y-

S92 Sl )3 5L dg; Cundse’ (S350 & poud
$905 Eyasd g o Sy Cumlior @ 3l 0 ol SR Cunbge g ol 3g) s (8 pasutie sy
Acgezme (63908 (Sadles Caond) g g e ddme o blite duslie I3l 5l eolisl b I8 ) 4 54 a5
YL OBl 1P gylae b yuite w9 (63908 glafio by Al 1ul 005 o g (Do Julod (slaedly
V oo b e (ganaSis slaodly dcgezme dxy dls yo yd b Gl JwbeSa Ve oo 350 pdaw

Wb Gl adds sbol S ol jo g bl iagh edgizme Sloj 5 S o3L 45 1) (NCEP/NCAR R1)
Oliawej (b > odad dlgy g WAl lie) Juad o (IS ol 35y (o> B50,5 Aoy ol pl (sdg0s alads
o3l ) slive W 09y salgs o g5 9o plod] (ghojlocix b L g adl Jl (o)l sblie & o5 (85
oylos (sla S gollas 03,5 aJor o)l (olaaids g ab 03> J1)3 (YoV+ oylo VA B V1R pobeod YY) WWAA lise
3> o (WA (3 W) VeV a9l Jol 59y 53 5L 39 s (656518 v b by Jloy (55ke () 5 (0)
oms sly ldlcaal g gyl ol braiss 1V bl o JSwbgSa Ve v mdaw g ldlcaai o )0 o2 5 (5)lbe
M glte adlie iy ba a0 5 Wer JSlgiSa Voo maw (gl ol ] ddlaio (g9 5l 0L Dg) jous yrue g diu
rdaid g 0aidad)S a5 > alade sla iy den (3 Col Cuwly bt S Gjgots S ¥ B YD o0
b sledllcans adlse o bad uimen Sloadadyi (38 423 5 9 00 Be KB sk (lp 390wl
Gy 8350 aled slaaid g odg 5L b hp ded ;3 ol cwly bt S Oyaods (S anyd £ B YD Job

1. Vertical Profile

2. Web-based Reanalysis Intercomparison Tool
3. Vertical Profiles of Reanalysis Datasets

4. Vertical Transect

5. Zonal Wind(U-Wind)



£y Walongls jl9 51 y2 (5 Ry SR 29, Oyl ot [ (o0 9 (B,

Ol ke VoY a5l g, JSaligiSa Vee b1 e e 5150 e ailpe (2508 (e (s slaats 0 S

Oyl ddlaie YoV e aygils V jgy JSbgiSa Voo b Ve 55510k o lhdllcbms ailie ahio by slbaiis | JSud

g oS zge Lalizil Gl 5 Wi (b & 0y I s ysbas Ly sl 35 woiiio slajsy 5 o2
e cbacts Lt caa il Cusl (e MolS Wadly 39y (g5 11 it 43l 51 yio Av eYLees oo clodian

Golo Db gy sy slajey i Wdgi aweds WWAA liis) Sloj 05l 5 JSwhsiSa Voo adaw (ol b (g)lo



VEOY oyl e Bylawd V¥ 390 cbiad oyl pin yiulol oo £A

e 3 220> (1) olad Jpis i 5 bl NCEPINCAR leba 5 (s 2 sio A+ Jl (i o) 55
aaslo £ gloodls 5l adly slod (:Silke &5 S ) Gizpad 25 Mg 4l ] Wlig) (Sike (cloasis
2B yom il £ glaodly 4 Cowd @dlie (pl wljsy wSle sladid 5 dg Goko yol cpl bl (Slalis)

R ‘LJJ
339y Glyr 03gaome 5 (430 2 320 Ve 5l Gy as pus) 598 5l slasly 9; s slajgy cud Y Jgi

odgime U-)gluoslisg cop 29 68955 295 €989 59 )
b 2y by s Cowes » (Wind (o) b (csddo) 3L

alizile s A ARYYARIZLUNER SARVANIA S \
olisle S A WAAN/Ne YR Y
olisle S A AERYVARVAR NN B SYRAVAR ¥
olisle S A WAANAY Y[y ¥
slisle S & AAYVARVA R S SV ARV AR ¢ o
oliojgs A MAYVARVAL SR SA CYRAVAR ¢ 4
Obwwjss A+ AARVVARYAL W RA RVRRVAR) s
B0 A NAYVARI R SV RAVA R A
olisle S g AALYVARVALURER SR SYRR FAVN A

Cod V¥ Gl p g ol s cpl ) (cdw pluBl wings (98 (sladl 3g) () yame > a5 olaolEng s Llsl
abaio )5 oyl oyl p b Mg g 03,5 Cufy Al g gte Al i slace g o 5 a5 0l (6)lhe adlge aiis
Coleg 50 5 3lgy ¥ jlanl 08348 o3gaote 1> ye g dalaio wliygy & olisle,S 61509,8 s3gate 1D HauiS L yE

03,5 g o laadiss g el gy ) el i 6839,8 0dgd5e 1> Lgis ddlate

e golag s jlg aeliy
2ok g SIS AT 390 ()0 B edetd 3l 39 ys pre sool3g)5 (slajlyyy Cudd (V) 0)lod Jpio illae
S sade plgiedr g bl o398 (s dae @ Wajlyyy Jlold s 4 cusl 039 458 lajly ol
2 o) )b slaloglyn Slay €5 o yals cusS o USA Today o jsbopl .l ondas S jlai ) lajly
Jia Ve gl ) balaglon b usl Uys adaw 51 5V lo cotn 55 (L) b il oo 32 WU S Ve e

S (o Slap e sl3a VY B aally

Jop ol (@3Me) oy )b (omed) oy )b Ao o393 Ts olS3)8 &)

Y ARALVAR7A S VWAA/Y /- Al olizsle S’ \
¥ ARARVANZ4n MSYARAR NS olzile)s Y
A Yoo/ NN AALVVARYAR RANS; oliils S v
Y YeYeloNY VWWAA/N - /VY ol olils "
¥ YeXe/N]oY ARYVARYANS o slisle s 5
WY YeYelN/F NRARYANS S Sloal s
) ARARYERVALY DAYVARVAS o Jlsal A
4 ARADIRRVARS SYAA/Y /Y ol by A
¥ ARAVREN AAVVARVALY R oliile s 3




a4 Walongls jl9 51 y2 (5 Ry SR 29, Oyl ot [ (o0 9 (B,

sliilo S 015393 (53l 52 8395%0 (5D 39,

() b () (V) oyl S5 il o 05l i 95 51 il gl Vb gyl po Sl > 4 bl 59,
MlS 508 5y b 3l 39, a0 b |y Sl Yoo 515 )3 6 )he ol s o iy (Sle sloaii
V= YN polod ¥V g Ve slajs,) peme cpl )0 diwan 589 4 (gladl 35, cosdo,lil IS5 sillas LASL o dgpaiie
Ve il Gl VoV )b A g agili ¥ (slajo) g Cosles o yiaghS VAR Jolae el o yio Av I s (Vo7 45l3 Y
Wy sy a5l e

Ol ¥eYe a8 A= agli ¥ o ¥ ) = YOI lod ¥V g ¥ (clajo, Yoo P 5l 50 (o)lhe ailhe (clnasds Y JSU0

ojloud S5 50w oo L EN ROULE i yiws jo 1) oylyes — oliile S (ilg s yume (<) (A) o0)jloss S

(2) dA) o)leds JSs )3 abliso Sloy &) S0l Koyl 5 lonlon oy Bymo S5y0)5 e 93 () (A)
e (2l 3 Voo 1S9 (Jlan i) (2o )] (3) fA) oyled JSB Bllae Cunl 01303l Zedgs (jlgy leMb
oes 1395 5 spomn 3> loslgh () ot 510 i oty Alsm s o 1L YV- o olas o AYYY
P Al g e Ar Jolee o g )y cesiin slajsy pd dtily by bl 35y sl Gl yioglS AAY

WA el y yioghS Vevr 0g0n U balolsd s yuo ]38l col 1 ing (65lgy yomo (38190 C



YEY ol € EJWA‘"E”.:&&B@@,)&&lJM O«

5 3l ol 3 33y 8 ol ) SbsS (308 K5y L o) 39 e cali () (3) olas JS5 5 ]

sl 4 (2L jgee (2l YA r iyl b b o Sl (e WYee (o JWoligiSan Yoe 515055 g, ]
39 33 &S g o asuie (Al) (1) ojles IS5 D UTC +£iv v el jd (g)lhe 0L 39y Ce pus (1650l (53908
Vo) Gromb e ) lelss cpl aSbl bl cas @Bly ol 39) dtud )3 lowlen cpl (ilg e VIR juolios ¥4
oS b el ol og) (B = (ol g Al e Ve bl 0l 3g) s 4558 o Sl (JSlsSe
S 2955 9 3985 )y bygige 4 (b e g 29k S jlad 395 (Bpd = (pf e (bl Lenlen
a3 g odol Lolon (lpdiy yige SaS 4 o 3 loglon e 4 o) Cnw ol 3, (glao S Lasgs
2928 3 ol (55508 5 JolS gl 4 lalaglsn (s loj bl g bl b o) ey SiI3R sl
s 4y 5 & ol 39y eV (glacs o b Glaiz 3)55 0 11 cidgai o s ol zokas 51k gl (Lol
Sloj B8 ol 253905 3595 1 ol 39l & ol yom)8 o (e oo (Slel )3 Lol St S35 3L 59,
9 lowlon loy adaw (ol VWere OS] 4 Wb andl ol atily dobl g )1 ol 3g) Lalus dilais jl Laglen a5
Gllae 1y wday oo s 4y ogliio oS dliie Lol YoV agili V 595 00l il an g b Cor dtud lalud adlaio
315 55 JSoligiSa Yoo S5 1 ogdle 5 sl i (oS 5o 5y b () o 355 aad () ) o5 JSL3
T 15 93 3 sl oS al Voe S cslenlsn (S i S jpi 5 JSwlyyiSa Yoo o Sl
L jlop oloj 3l 4dds YO dgas b (g b Lol catilas B 0L 29y diwd 3550 b bmy )b 1,8 JKul s
ol 39y cpl (Bpb = 2 Car 4 Jy ol 4ty 5,55 gyt AVYY )] 55 0l 39) dts glao,lS
oy ol oy Sl Gl FoN polod Yo oy wile 115 ch,S &g Loglon s o ) 3)93 1 bacls

Cawl 045



o) Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

oLislo)S dalaie Yo¥+ aygili V g Vo)A yuoluos Yo (olaj, JISubgiSn Voo b Yeee 15 5 ob (o)l dilho (od90s (wlas) o (3 A JSWI
VoY agli Vi) JKB YR yuals Yo () USs

3lgal 83958 (5lg 5 03gum0 sladLy 39,
joy Lol ccanl 48,5 )1,38 Sloal ddlaie (595 52 5L 39y dtwss gl ¥ 55y )0 Aidlie o)l i g4 Sl Lk 39,

Oy by ddlaie pl 518 4 dsl p e Ve ey b (63l 29y 455 3

C

()
L. e, —, e ————— 1
s34 H(0) UK YoV apgly F o) USS JSoligiSn Yoo 515 5 0k (o e ailhe (sloaiis Y o JSb
Y.y,

O Al L YAV e (pl 3 VYV Sy (slowglon (Sl hi) (2lod &) (3) 1) o)lod JSb (Bollae

P blcwl celw y jeglS A5 oo sl o blo Fre (393 (Sjloy oo )0 lagler cpl casyu Sl iy
FogkS AYY Joleo el bile DY) Dga 55 (o s & ((Slg p caligldsy] lgiear) b)d aw jl 2l YAV i)
S Sl yioghS YA Jolao gl o jie Ae LYY gl ¥ 595 )5 ditwgy £989 41 0L 39y a0 il

203 365 aebiys )3 lye5 bl oo 053g,8 uaiie s 1 5l VY iljg, 398 (c5lgp bas .cuily



VEY Glino o€ Bylowd VY By9> Lad osLdl i yiulol dlono oy

old = sl Lalolsn Las gy ledl (5) b (<l LYY JSud

S o m s T ) L3 g (6 VW i JSagin Yoo Sl dasly 35,
o lly Sl Yoo 5 3 i dy Voo pin S 0055 e 3 Lolyn cal (5l i
355 i (S (53905 led e 85 () 5 () sads 1Y) syl K5 53 3o, S5, L ol osnli
2 loled cpl (gilop oo &8 Wl jasuie wiid YoVr 4505 V2 5 ¥ slajsy +5ie v UTC celw o (o)l oL
4Byt Ve Caoyu b (almdl 39y 457 3)S (0 Sloy (s 0mb adaw 3 Loglon 4l b sod @By Lol 39
Jlds = (g g e (b el loglen ol 5 05 el sl 39y (B = ) ol il b ol
G Cow Jb g 4 4 0)8 Ceows SIS (298 0 U odd (0L )LiS Jooxlo b jgige g 298 S jlod 295 (B
o Vo i) Gl o g Lol g 5l ol s 0 ol j98 4 (aie me slol o T BB a0 5y Lolgn
ol 4Bl doldl g gyl 0l 09 Ll ddlaio | lawlgn a5 Sloj U5 )s8 50 opl 3903 3)55 0 4l

Transect Location
N 1 1 1 L 1 1 1 1

60N

30N -

%S -

5 -

Lol I I I I I I I I I L I
180 150N TOW SN BN XW 0 NE KE NE 10E 10E 18D

(<) (<)
i YoV () g3 V4 5 () F olajoy JIScolysiSin Vo e B )ee 515 515l (o lte adlge (s39me (uled) (oo oy cslotais )Y JSoud

Yo agls VA i) S8 YT 4l ¥ sl S5 (flgal) ol s s



oY Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

upla&).».: blfbs).é d)‘lgﬁ LRAPRE oL 39,

2503 leydn o839 )3 (glon slajpe 45 D92 (5igy VeV r agili Vo adlioo o)l i g9 I 3 3k 39
Yor 5l yn olhe o cas yu diljg) (1Sl aids (VYY) o)lens S5 000 adl p yio Ae 1 iy (668 3L 29 00y
5l g gpeie MalS o8 S5y L 5y Sy s ansl 83515 isles &y 1y SISl giSa

Oyl ygiS YoV agils Yo sy JSwbgiSa Yoo 55 530k (o lae adlhe aiis VY JSWS

go Werr Jobao L ¥Eeer pon ol 3 A-B10 bl slaslsn jloy i () (VF) oyled S5 3slbao
FShe () V) ojlod S8 )3 oadpmw i Jlaged 2)l 355 aslyy )3 1) Slon & ailigy (silgn b cnl Adbiee
I JB G @b YVIVF L oyt ATOR eli)] 5 Csl o ploglS AV 4398 (Silg sy 53 |y Lol ol o puo
odpy Sy (pl 4 Canldyy loj 1 adis VO dga> CuBS 1 ey bonglon g 03,5 Cud g Cubglis)] 4 e
ey Cpl Ay Al VO dga I e Lewslon Al o 488D YO 5 Celw ) dgds i U wlie il jlay o) ccul
5o 483 Y g ((JSlgiSn YO+ 515 50 Loyds) b e YV glisyl )3 a8 ol ol el sl ailicws
(2 39, dtus jl )b ooy (i) A5l o o £ oy b0l gy (b = (pf by 2 e Sl 3 Sl g0

il g

Ol = by alonlon s Jlg ML () b () N € JSud



VEY Glino o€ Bylowd VY By9> Lad osLdl i yiulol dlono of

3 spte WYeo iy JSslygiSon Yoo 15 50 ol 39, cnl 48 2905 IS8T (00) o)l S5 1> S)30,8 (3blis
(e Weee) L ¥Feee dgds Sl se cpl boglsn (glg s (pizren Djgee (2l YA o+ EW)I L L) aw
4 o G L4l p e Vel Gl G b 3l 39y e8] cal 3 Cunn Bly JSligSa Ve Sl
395 Jlod = (a9 e (b sl boglon cpl & 4 celinl 2g) (Bpd = ()8 Gl el 03903 )55 Lonlgn
b5 5ol 0k 29y ey o (glaw Sl L gl ab & Laglsn (s Gloj b &S olowlj] el g St o
b sz o ool oad Loglon )3 (25 dbwl sl Waoyss o cnl W 990500 jgee «dlin ialj81 a5l o o V-
olej 3 bl yige (le5 g 392 0By lawlyn Slgn (loj I aldd Yo dgas 0l 39 a4 laglgn (o)
Oy 3l e 253 ol Dge b g, (SaeSy g Loy lS L 303 0 g (e 4Dl (S 93 2 e Bpo 0SS
S aaB ¥ o9 (bl e sl 0ad 0355 3L 39, s @ aba ol )3 1j ey 393 S & gl dall
ol 0z )5 5l dg, balus dilaie I Lanlgn oyl 6jlgyp 5ET oo

Transect Location
Nl

60N |

30N -

04

%S -

608 -

[ B S e s U L S A S S RS
190 150N 120W W GOW W 0 E 60E SE 120E 1S0E 180

Y¥e agly Yo oy JligiSa Ve BY e Sl 5k (syhae e (5250 (sed) (e by cslat YO JSU

3l ()l ale (slaaids Izl 53 by plogl alaglyn floy 2 ol 29, Syl )y polaiods pols g3,
a yobs ingh 5l aS ladl gl .S ag e VAN e (gloj il g JSwlgiSa Yoo maw <y
alS oplplo g (Bub = oy lidlial g oyls cin g 3l cwypyge sladl 39y 45 g ) el Cawd
ol oaaizls 5 O] a Gidoh cpl 0 S (Silap (sl e (olod ) ilodg Lm"j b dpalae 1500 cescin slajlgy
! 3 B orzpen Sad b sy (8 Jole plgisa dadly 39, (oI5 — oliile)S e ajlyn 2e)
Oed olbMW g i dbul cud )l U wledgs (4l g g ¥EY) b Qe iy ey gl ol b,
Ab o o3 layl > CAT
3 y0 33l ey ol diutin 3L ey ol 39, Hemme 53 1) 3903 )55 |y g5yl gy g odd axlge (¢ yieS
Silon Sbyme g gy p> andly by sbadl 39, (VYA (Slxde 9 (Sbsls) wbioe (ol Bkl 4 5L 3,
cldine 4Gl cde 4y g wib b bilyy @lbe cas 0 (KNen s — olisle S pe 3 jpdy oo
s | laglyn oo 10l8 sl p3Y ol 5 bl isg (1) a1 yio Ae oo oy y8STis cslls L]
s ] Slaglsn p5ign & (sl Mo 1B (K (5 — elislesS yomun 15Ls) 533 Ialaglsn g Slso g
Brd 4 0 5l 5y gy Sbajlyn 932 o5 g — oliile)S pme (slajlyy adlllao L idges sy Al 5



00 Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

gy sl 1 Oliisl 5 coob iy ool (sblje 51 oolitl g &g floy pmme S b 45 15 ey (LS Aikun
Sb g olgS slazge yiw ;0 3L 39y slaawn (Irvine etal, 2013: 88) sby ials 1) jlap copl Ge g5 oo
55150 s 395 s 93 Wil oaled Loy (VFAY « slorale) SISy g (ol s Kt olia (sl byl atilon g 8 o
g 2V g (ol el GBS BT 2 1y 58 L sl cl g 4l 3,08 sl 39, ol Sen 5 )5
b olpd —oslesis oo =V L WV e b olies — oliile)ST (5lgn yome =V i bgiye a5 4 daflyy (o)
M sl adlpe St maw s sly JBlsSe Voo gl ALl g b YR e (glgn s
5 o)l a4y asly i 3)ly Lol 355 (63550 e & Lajlyyy I clllioo LYY e e e olao 15 ol 5 092 oadad S
g climd d>g BB ol )5 ey slacglis a8 sl 39y ad 5 By diuin bl 3963 3y95 o slaaS,
Syl
S8 s 4 pdge ol gl o 3 39y Gy Sladin Cusbye 13U s Jlidy b LS S
(S3laed) Mblse b 39y Gy Sladiud o5 5 399 (Bly ) 2lSer 5 Sy 5 SU (J95) o9
yo5he clajloy 4> Sy g AbMW odygl dgzg a4 Jeloe I S Wlgi e 395 ol (http://irmancy.ir yay
5 08 L e SelS' tngly (J5I & g ()5 plie 0 & (gl (ol £9dse oje o Sl by Clusey
slegiogy 9 piagk (nl Al (g Glge wbpdy pbul Blo g Wb g9ige Jo> o ingh ]
(36855 iy > o3l slislien sloingh b Giagsy cul slaasl i)l sges ) (s (aslis i

S 35 o

ol &) gy 3 0)Lily5e lajflyn Sl Sogn 53 K3 05398 S 4 oo i b ()] Cung psl
g s gloj (Al (sl b 3g) by Sl S ooy §pd 4 &S Glies — olla)S e slajlyn (UL
5 it g Jlod b g )8 45 Slgal pulie jhis Gl e lajlyn )3 e ol S (oo 03litsl sy il
gk ool 32 rpdyge slaleanlsn Cusl o390 ogla Slgp (loj Gl g Copu (LAl g0t g 0390 (WSey
bold )3 3990 (slalanlen -y yins 5l &S 0349 FOkker 100 4 Boing 737 AirBus A-310 slleglen go
il b Gluen lagls)l )3 baleglsa ool )15 1) Jgens slasl 39, b aezlye el Laulyd &5 lpl 2lgn
Jolos b pogrenigelS lapl b jrne dolal )3 Walonlon doilis 51839050 Slg JBwlgiSan Yer 9 Ve (g)los
95 Wlonis ol ol g 535 ld ol 39,y ol 4t 5l bjlgp ol ol plae sl (glagalge (b sl
s el gl loany |y o UL ) (S s T (obLS ol 3 pgusye g coglite MalST 5 3,50,
ol Copde BB oy cpl (Jlop bulps o S s g3 a8 ol ol cusdly il o aele bl 1) ol 500
il Gl g 25 lpporg S b ol (0 olyen Slio oy (I b danlse 13 53,90 9 o6 (il alis
o sl g5 51 SLebd sbxl el Lin 2y5] il |y o g CAT fozman lblke sbul clige Ly
al Job B s il VLo capl (Lol g s ailigs ) 8luse (glp oS 23,5

lolsn s (59) p CEIESL (g58 (slogy Wlgioe o] 5l 5SesS b onlsn (lamojlusl o o3lazil (claadle
oo g ) bled sbul |y (6,505 alatel IS > 4558 1 g o gl iyl Wlgia pol ol S ol



VEY Glino o€ Bylowd VY By9> Lad osLdl i yiulol dlono o1

o9l (oolitlon daado b slaony sadd 5 Bl Glgie 5 Lnln g9 oezen (VW0
1503 Jole 35 e g slaland 5 ol Ly s s L] g o3l 85 sl ofley 5y LBl > (SIGXWX)
sl 39, b agalge pie b agnlge bulpd )3 1) laglon sl (San Joo opl &5 0bboo (S5lan zolaw i )

A3l (6ol oSS OleMbl wiojls Lol 39y b ajlgy ol (Bly dgalge gy 1 a2 )3 jeSie

b S
o 2315 o als 1 ol

OAR9F 5> OB Mg e
B s e iy plsl gla ity o e plod 3 Bty

P WY
Ll dlie cpl il b g (Sawe b daly o 28le 2laS b a5 W55l o pMel Bl g

P g o

&bo

IWRF) oo sle oote o <5 i oolizol b syl dilaio 13 Clo gyt oMb dslli (MYAR) . sigotass o siioly)]
IR S 38955 Ao ¢yl ol )38 e puo 85 (pleial) &y (olidlyn (655 Al oo xSy sty

G Blo lgn Wb adlas (WAA) el wdlile 5 Llawlis (B pSTle fap 3B foagetome ¢ iiely)]
() olel SKpdgif alee WRE o jloars Sl odlizal b (o) = ol g jlsal —olis Silan ) 02!
.https://doi.org/10.30499/ijg.2020.235239.1277.)Y - = Y

(V)TN bl il 5 (ol ol fad s Jalse [ (U 2lgn @lgw ) aladiges (VYY) bl

ailaie > Blo glp (bW (SUilgn Lylpd adlas (WYAY) lesle (B STl 5 ome dlil £ (il
s ol ol SKnlid il B8 pmet el

dgmocd il ol es Jgl Sl P g ) cspibe cwlidlse (VYRD) o (sl

a ) oy Blo Wb (63)90 adllan (VWAD) sy ey 5 Loleslie (i 6ySTule fme ol £y ¢ il
A=V (V) VY cldd g o) K id dloo (Yoo F dom a5l3) dalo B 050 S )0 (bW sloj2dlis 5l 5 SaS

ohr9% dlkeygls ataie Blo slp Wb (Supsin 5 (padudd Jlow (W) wopw 3B 5 3900 o 1) ol (ler
https://doi.org/10.22060/mej.2021.18770.6886. Y +F¥YY+ (V) OV ¢ 5/ sgi puS puol olKiiily SilSo | puwrkigeo s puii .

gy —ole S age glep JBgdes 1 2lsmgc Clblie b (W1R0) iaden (gl g el (s
Rl ilopted 5 splore sjytelin il psle ) (ng slagsdl

Sl (g —den agSl ol (W) puadasme ( gale 5 (s o6 S ol s je 10,8 (GHSI 0o
MO-YY (YY) A lss bl pall ke olpl Gpd o aliwb S1E pSiwyl



ov Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

https://doi.org/10.30488/gps.2019.100865

s 0255 (Stzgiem 5 bl Jod (WAY) g y00 55T g ommndado o0l pol thasme caisbus (98000 co3]j (5
“FA O Y) N ab b Olbbre  dbxe Lol S laghl eaiSibyl oL 2,
https://doi.org/10.22111/jneh.2017.3335. ¥

Sopln Slaply S S o)l . s5ln ulidlsn (slosr 5 Ssy b UST (1FRA) dre o

s sl jlgp » (V-WIN) sl ¢ ledlcans o (U-WIN) ()lae slaadie ol psb ()WAQ) L jsomme o b

(oliblyn (wlid)lS 0)93 03U a9 Ao 52)plpn (culiilon (VWAY) ing JuST s 9 (2 (0 SV

A sl Slass g (bjg0l 0 pulidlon ol (WAS) o)l pgly 2850

3948 oulitlyn loilo i i 55 o st B 3 plihe Sloss (WWAB) e (e

5 Yo A Y cla Jlo 63,90 adllas ENSO (clajls L sl 59, sla Sig o ()W) Ljalb ol)jan g puwld 550

iot] 5wyl dolilas ‘Lmoi Sl slooly 9 SUyls gon slaonny 51 56 (g5lgy golam (VYVE) o 0dljpbbls
Yo blos lys

o Sl )il ¢yl 05 o wlislppg]  ilo (MYYA) . Jslg ¢ Sloxde ¢ Lo jdame ¢ SbglS

2 olodl glgel) s glgel (65 S (2 (WR0) pledl ey Silio 5 (aslie (Bt (oS e foylog s NS
FON-XOU (FY) Y s g eos Ssd b ()] 51 36 CAT Glo (glon oM g w515 (slaogSars, ;8
https://doi.org/10.22059/jesphys.2017.60298

Ol 2 635 sl e — Gloj Jlo (W) (pdipe cspme mew (SB35 i 0 pgans Ggpd 0y
https://doi.org/10.30488/gps.2019.91873 Y \Y=YYY (¥V) A (Lss  lslpis islo/ dlxo

swolidlod ple (\YAP) jpo glg Slos g Ssjoel 5550
https://doi.org/10.22131/sepehr.2022.252777. YV¥AAR (W) YN «Cppuac? 5] (llss (clojiong s dloo . o) ] o ye

o) o83l Ll ¢ lamac] (MYA) . Laillsy) lySsnane

References

Abedini, A. (2006). Meteorological services in the field of aviation. Prediction Center of the
National Meteorological Organization. [In Persian].

Anderson, A. D. (1957). Free-air turbulence. Journal of the Atmospheric Sciences, 14 (6), 477-
494, https://doi.org/10.1175/1520-0469(1957)014%3C0477:FAT%3E2.0.CO;2.

Anderson, R., Gurka, J., & Steinmetz, S. (1982). Application of VAS multispectral imagery to
aviation forecasting. in: Preprint., 9th Conf. on Weather Forecasting and Analysis, 227-234.

Aryamanesh, M. M., Gadder, S., Aliakbari Bidokhti, A., & choobari, O. A. (2020). Prediction of
the clear air turbulence over western Iran (Tehran — Ahwaz & Tehran — Ardebil) using the
WRF model simulations. in: 19th Iranian Geophysics Conference, Tehran, iran. [in Persian].

Aryamnesh, M. M. (2019). A study of clear air turbulence in the Iranian region using a
medium-scale numerical model (WRF) for weather forecasting. Doctoral dissertation in
meteorology, under the guidance of Dr. Sarmad Qadir, Tehran University, Tehran Institute of
Geophysics. [In Persian].

Aryamnesh, M. M., Qader, Sarmad., AliAkbari-Bidokhti, A. A., & Alizadeh, Omid. (2018).
Clear air turbulence study in western Iran (Tehran-Ahvaz and Tehran-Ardebil flight route)
using the WRF model simulator. Iranian Journal of Geophysics, 14 (3), 120-143. [In



VEY Glino o€ Bylowd VY By9> Lad osLdl i yiulol dlono oA

Persian].

Azizi, Q., & Safarrad, T. (2011). Analysis of Jet Stream characteristics during ENSO phases, a
case study of 1997, 2008 and 2010, Journal of Climate Research, 9 (1), 69-81. [In Persian].
Baughman, E. E. (1946). Turbulence with a stable lapse rate, Bulletin of the American

Meteorological Society, 27 (8), 459-462.

Briney, A. (2021). The Jet Stream. ThoughtCo, (thoughtco.com/the-jet-stream-1434437).

Chambers, E. (1955). Clear air turbulence and civil jet operations. The Aeronautical Journal,
59(537), 613-628. https://doi.org/10.1017/S036839310011692X.

Dutton, J. A., & Panofsky, H. A. (1970). Clear air turbulence: A mystery may be
unfolding. Science, 167 (3920), 937-944. https://doi.org/10.1126/science.167.3920.937.

Dutton, M. J. O. (1980). Probability forecasts of clear-air turbulence based on numerical model
output. Meteorological Magazine, 109, 293-310.

Ellrod, G. P. (1985). Detection of high level turbulence using satellite imagery and upper air data,
NOAA Technical Memorandum NESDIS 10. U.S. Department of Commerce, Washington,
DC. https://repository.library.noaa.gov/view/noaa/32485.

Ellrod, G. P., & Knapp, D. I. (1992). An objective clear-air turbulence forecasting technique:

Verification and operational use. Weather and Forecasting, 7 (1), 150-165.
http://dx.doi.org/10.1175/1520-0434(1992)007%3C0150: AOCATF%3E2.0.CO;2.

Ellrod, G. P, & Knox, J. A. (2010). Improvements to an operational clear-air turbulence
diagnostic index by addition of a divergence trend term. Weather and forecasting, 25(2),
789-798. http://dx.doi.org/10.1175/2009WAF2222290.1.

Endlich, R. M. (1953). A study of vertical velocities in the vicinity of jet streams. Journal of the Atmospheric
Sciences, 10 (6), 407-415. https://doi.org/10.1175/1520-0469(1953)010%3C0407:ASOVVI%3E2.0.CO;2.

Endlich, R. M., & Mclean, G S. (1957). The structure of the jet stream core. Journal of the Atmospheric
Sciences, 38 (5), 543-552. https://doi.org/10.1175/1520-0469(1957)014%3C0543: TSOTIS%3E2.0.CO;2.

Ghader, S., Safar, M., & JavanNezhad, R. (2018). Forecasting of some meteorological fields
using a developed ensemble for the WRF model: case study, First International Conference
on Numerical Weather and Climate Prediction, Tehran, Iran. [in Persian].

Ghader, S., Safar, M., & JavanNezhad, R. (2020). Evaluation of members of an ensemble
forecasting system developed for the WRF model, 19th Iranian Geophysics Conference,
Tehran, iran. [in Persian].

Hasani, Q., & Ataei, H. (2015). The impact of weather hazards on air transportation. The third
scientific-research conference of new horizons in the sciences of geography, architectural
planning and urban planning in Iran. [In Persian].

Inanlu, R. (1998). Examples of air accidents caused by atmospheric factors, Nahaja Inspection
and Safety Quarterly, 21 (10). [In Persian].

Irvine, E.A., Hoskins, B.J., Shine, K.P., Lunnon, R.W., & Froemming, C. (2013) Characterizing
North Atlantic Weather Patterns for Climate-Optimal Aircraft Routing. Meteorological
Applications, 20 (1), 80-93. https://doi.org/10.1002/met.1291.

Javanejad, R., Safar, M., & Qader, S. (2021). Diagnostic analysis and prediction of clear air
turbulence in the Middle East region, especially Iran. Journal of Mechanical Engineering,
Amirkabir University of Tehran, 53 (7), 4203-4220. [In Persian].

Kalantari, B., AliAkbari Bidakhti, A. A. & Mubarak Hassan, E. (2015). Investigating the
formation of mountain waves (Wind waves over the Zagros mountains and clear CAT air

turbulence caused by it). Journal of Earth and Space Physics, 2 (43), 451-459. [In Persian].

Kaviani, M. R., & Alijani, B. (2000). Basics of water and meteorology. Tehran, Samit
Publications. [In Persian].

Kazemzadeh, M. (1997). Flight accidents caused by dangerous weather phenomena and ways to
prevent them, Nahaja Inspection and Safety Quarterly, No. 20. [In Persian].

Khoshakhlagh, F., Azizi, Q., Lashkari, H., & Mahotchi, M. H. (2018). Analyzing synoptic-

scanning patterns of widespread heavy rains in the summer of southeastern Iran.
Geographical Planning of Space Quarterly Journal, 9 (33), 202-185. [In Persian].



o4 Walagylod 51g54 52 (5 e yg 5L 39, Syl guwy 1/ o 02 5 i

Knox, J. A. (1997). Possible mechanisms of clear-air turbulence in strongly anticyclonic flows. Monthly
weather review, 125 (6), 1251-12509. doi:10.1175/1520-0493(1997)125<1251:PMOCAT>2.0.CO;2.

Lackmann, G. M. (2011). Midlatitude Synoptic Meteorology: Dynamics, Analysis and
Forecasting, American Meteorological Society.

Lackmann, G. M., Mapes, B.E., & Tyle, K.R. (2019). Synoptic-Dynamic Meteorology Lab
Manual Virsual Excercises to Complement Midlatitude Synoptic Meteorology, American

Meteorological Society, Clean Air Jornal.29 (1), 13-13. https:/doi.org/10.17159/2410-
972X/2019/v29nlall.

Mancuso, R., & Endlich, R. (1966). Clear air turbulence frequency as a function of wind shear

and deformation, Monthly weather review, 94 (9), 581-585. nhttps://doi.org/10.1175/1520-
0493(1966)094%3C0581:CATFAA%3E2.3.CO;2.

Masoudian, Abulfazl. (2011). Climate of Iran, Isfahan University Publications. [In Persian].
Minaei, H., Saligheh, M., & Akbari, M. (2021). Investigating extreme rainfall and the role of Jet
Streams in that case study: Southwest Iran. Journal of Geographical Research of Iran

"Sephar"”, 121 (31), 177-189. [In Persian].

Mirzaei, M., Zilicke, C., Mohebalhojeh, A.R., Ahmadi-Givi, F., & Plougonven, R. (2014).
Structure, energy, and parameterization of inertia—gravity waves in dry and moist simulations

of a baroclinic wave life cycle. Journal of the Atmospheric Sciences, 71 (7), 2390-2414.
https://doi.org/10.1175/JAS-D-13-075.1.

Mohapatra, P. K. (1995). Turbulence Modelling in Open Channel Flows, Chapter 14, Lecture
notes on Advances in Turbulence Modelling, Short term course, December 1995, ME, IIT,
Kanpur.

Mojarrad, F., Masoompour, J., Koshki, S., & Miri, M. (2018). Temporal-spatial analysis of
thunderstorms in Iran. Geographical Planning of Space Quarterly Journal, 32 (9), 213-232.
[In Persian].

Petterssen, S. (1956). Weather Analysis and Forecasting (volume 1 Motion and Motion Systems),
McGraw-Hill, (1).

Plougonven, R., & Zhang, F. (2014). Internal gravity waves from atmospheric jets and fronts.
Reviews of Geophysics, 52 (1), 33-76. https://doi.org/10.1002/2012RG000419.

Pravarpars company. (2007). Meteorological Science, Sepehr Aviation Training and Services
Center. [In Persian].

Rafighi, M. R. (2019). Effects of Zonal Wind (U-Wind) and meridional wind (V-Wind)
components on UAV flight. [In Persian].

Rahimi, M. (2018). Familiarization with rubex and aviation meteorological bulletins, General
Directorate of Aviation Message Network. [In Persian].

Ritalak, B. J., Nielsen, A. W. (2001). Aviation Meteorology, translated by Parviz Rezazadeh,
Bachelor of Meteorology course. [In Persian].

Roach, W. (1970). On the influence of synoptic development on the production of high level

turbulence. Quarterly Journal of the Royal Meteorological Society, 96(409), 413-429.
https://doi.org/10.1002/qj.49709640906.

Sepehr Aviation Training and Services Center. (2007). Meteorology. [In Persian].
Sharman, R., & Lane, T. (2016). Aviation Turbulence: Processes, Detection, Prediction, 1st ed,

Springer. https://link.springer.com/book/10.1007/978-3-319-23630-8.

Subhan, I. (2010). Meteorology in Flight, Sinai Institute. Print 7. [In Persian].

TajBakhsh, S. (2015). Aviation Meteorology 1 and 2, first edition, Tehran, Air and Air
Publications. [In Persian].

Tajbakhsh, S., Aliakbari-Bidokhti, A. A., & Azadi, M. (2006). Study of Clear Air Turbulence
over Iranian Plato. Journal of Aerospace Science and Technology, 3 (2), 87-95. [in Persian].

TajBakhsh, S., Azadi, M., & AliAkbari-Bidokhti, A. A. (2004). A study of meteorological
conditions of clear air turbulence in the region of Iran, 9th Fluid Dynamics Conference,
Shiraz University. [In Persian].

TajBakhsh, S., Azadi, M., AliAkbari-Bidokhti, A. A., & Arabali, P. (2006). A case study of
smooth turbulence over Iran with the help of some turbulence indices in a period of 5 months



VEoT Gliunoj o€ Bylowd VY Bygd lidd oyLdl i yiylol aloro 1

(January-May 2004). Journal of Earth and Space Physics, 32 (1), 85-102. [In Persian].
Wei, J., & Zhang, F. (2014). Mesoscale gravity waves in moist baroclinic jet—front systems,
Journal of the Atmospheric Sciences, 71 (3), 929-952. https:/doi.org/10.1175/JAS-D-13-0171.1.
Zakizadeh, M., Saligheh, M., Naserzadeh, M. H., & Akbari, M. (2017). Statistical and synoptic
analysis of the most effective Jet Streem pattern that causes heavy rains in Iran. Journal of
Natural Environmental Hazards, 15 (7), 31-48. [In Persian].



