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ABSTRACT: Turbulence forecasting started in World War II when scientists and individuals in the field
of aviation began attempting to correlate observed clear air turbulence events with large scale synoptic
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features. Encounters with significant turbulence or simply bumpiness in flight, are a major concern not
only for passenger comfort but also for safe, efficient, and cost-effective aircraft operations. Clear air
turbulence represents disorganized fluid motions in the form of micro scale eddies that can take place

within cloud-free or limited cloud patches in the free atmosphere, which causes in-flight bumpiness of

aircraft. This study aims to present two case studies and comparison of the report of clear air turbulence  Keywords:

over center, east and south east crossings over Iran region. Regional weather predictions are carried out oo
using an ensemble forecasting system. In addition, the initial and lateral boundary conditions are taken Turbul ind
. urbulence index
from the global forecast system. For each member of the ensemble system, two nested computational

domains with spatial resolutions of 27000 meters and 9000 meters are used. Case study of the predicted Flight levels

clear air turbulence indicates the proper performance of the predicted meteorological parameters.

WRF model

Ensemble forecasting

1. INTRODUCTION

Turbulence or simply bumpiness in flight [1], is a major
concern not only for passenger comfort but also for safe,
efficient, and cost-effective aircraft operations. The magnitude
of aircraft bumpiness depends on the magnitude and size of
the encountered atmospheric turbulent eddies as well as the
aircraft response to those eddies. Aircraft bumpiness is felt
mainly for a range of eddy sizes between 100 m and 1 km.
Larger eddies cause only slow variations in the flight path
while the effect of very small eddies is integrated over the
surface of the aircraft.

Cleat Air Turbulence (CAT) represents disorganized
fluid motions in the form of micro scale eddies that can take
place within cloud-free (clear air) or limited cloud patches
in the free atmosphere, which causes in-flight bumpiness of
aircraft. CAT forecasts are typically derived from the output
of Numerical Weather Prediction (NWP) models. Almost
all these algorithms diagnose turbulence by identifying
large values in computed horizontal or vertical gradients of
different atmospheric state variables (velocity, temperature)
from the NWP model output and then threshold these
gradients empirically to correspond to light, moderate, and
severe turbulence (e.g., see [2]).

While most early studies related turbulence to wind shear
and temperature gradients, late studies suggested that one more
atmospheric feature, i.e. deformation, may play an important

*Corresponding author’s email: sghader@ut.ac.ir

role in turbulence production. Mancuso and Endlich [3]
used statistical methods to show that turbulence occurred in
areas with large vertical wind shear and deformation values.
Roach [4] also found that large scale shearing and stretching
deformation may play a role in turbulence production.
Several studies comparing satellite imagery and PIREPs
(e.g., Schwartz [5]) supported the hypothesis that turbulence
frequently occurs along deformation zones [6-8].

Considering the theory that wind shear and deformation
are important factors in turbulence production, Ellrod and
Knapp [8] suggested the Turbulence Index (77), which
presents turbulence by highlighting areas that have large
vertical wind shear and deformation values. The 77 is
derived from Petterssen’s frontogenesis intensity equation,
which relates frontogenesis to an increase in vertical wind
shear [8, 9].

This research work aims to present two case studies and
comparison of the report of CAT over Middle East with
emphasis on Iran region. Weather predictions are carried
out using an ensemble forecasting system developed for the
Weather Research and Forecasting (WRF) model.

2. METHODOLOGY

To construct the ensemble members of the ensemble
forecasting system developed for the WRF model a
combination of perturbed initial condition and model
perturbations, using multi physical parameterization
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Fig. 1. Domains used for the WRF model in the present work

schemes, is employed. Here, an ensemble prediction system
with 25 members including five physical parameterization
configurations and five initial condition perturbations for each
one, is used to generate the meteorological field predictions
over the study area. The Global Forecast System (GFS) data
is used to provide the initial and boundary condition of the
control run of the developed ensemble prediction system.

In the present work, to diagnose clear air turbulence the
index suggested by Ellrod and Knapp [8] which is known as
the turbulence index (77) is employed. The formulation of
the index is as bellow:

TI =VWS x| DEF +CVG]| (1)

In which

1
(Au2+Av2 )A
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where VWS is the vertical wind shear, u and v are wind
component from the model forecast data, Az is the thickness
between the pressure level. DEF is the deformation term,
stretching deformation is denoted by DST, DSH is shearing
deformation term and CVG is the convergence.
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Fig. 2. Prediction of clear air turbulence for 30K-38K ft level at
12 UTC on February 13, 2020

3. RESULTS AND DISCUSSION

Fig. 1 presents the main domain of the WRF model. As
an example of obtained results, Fig. 2 shows prediction of
CAT for main domain at 30K-38K ft level. Similarly, Fig.
3 presents CAT at 22K-30K ft level. From results present
in Fig. 2 it can be seen that CAT is occurred in south-east,
south and south-west regions of Iran on February 13, 2020
(12:00UTC). Based on this prediction any flight crossing
these regions needs to modify its flight path to avoid CAT.

4. CONCLUSIONS

This research work aimed to present predictions of the
CAT over Middle East with emphasis on Iran region. Weather
predictions were carried out using an ensemble forecasting
system developed for the WRF model. To diagnose the
CAT the index suggested by Ellrod and Knapp [8], namely,
the turbulence index (77) was employed. A case study of
the predicted CAT indicates the proper performance of the
predicted meteorological parameters.
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Fig. 3. Prediction of clear air turbulence for 22K-30K ft level at
12 UTC on May 12, 2020



R. JavanNezhad et al., Amirkabir J. Mech Eng., 53(7) (2021) 997-1000, DOI: 10.22060/mej.2021.18770.6886

REFERENCES
[1]P. Lester, Turbulence: A new perspective for pilots.
Jeppesen Sanderson, 1993.

[2] R. Sharman, C. Tebaldi, G. Wiener, J. Wolff, An integrated
approach to mid-and upper-level turbulence forecasting,
Weather and forecasting, 21(3) (2006) 268-287.

[3]R. Mancuso, R. Endlich, Clear air turbulence frequency
as a function of wind shear and deformation, Monthly
weather review, 94(9) (1966) 581-585.

[4] W. Roach, On the influence of synoptic development
on the production of high level turbulence, Quarterly
Journal of the Royal Meteorological Society, 96(409)
(1970) 413-429.

[5]B. Schwartz, The quantitative use of PIREPs in
developing aviation weather guidance products, Weather

and Forecasting, 11(3) (1996) 372-384.

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

[71G.P. Ellrod, Detection of high level turbulence using
satellite imagery and upper air data, NOAA Technical
Memorandum NESDIS 10, U.S. Department of
Commerce, Washington, DC., 1985.

[8] G.P. Ellrod, D.I. Knapp, An objective clear-air turbulence
forecasting technique: Verification and operational use,
Weather and Forecasting, 7(1) (1992) 150-165.

[9]S. Petterssen, Weather Analysis and Forecasting. Vol. 1
Motion Motion Systems, McGraw-Hill, 1956.

HOW TO CITE THIS ARTICLE

(2021) 997-1000.

DOI: 10.22060/mej.2021.18770.6886

R. JavanNezhad, M. Safar, S. Ghader, Diagnostical and observational analysis of
clear air turbulence over the middle east and Iran, Amirkabir J. Mech Eng., 53(7)

999






FYY - BFY Y Slio AP Jlo Vo)l OF 0,93 S sl SilSlo pwign 4
DOI: 10.22060/mej.2021.18770.6886

Oleleig a dilwo gl ddlin Blo glgn wi¥eygi (S 9 (i Jodxd

#")OB J.A)u: 4“;&.«0 dj-o-?bﬁ ‘\Q“}; u|9.> L«b)

Al el e oDl Sl3T olEzils iz g pole amly ¢ cwliilsn oaass lSs -
Ol e0l 5 ol oSG 58655 dunnnie (gLad 558 0,5 Y

182910 Az ;U

AR R VRYATER g TR
VYA AIY Y 26,5550
CSVIRVAL SRESN
VYRV -V 5T

1gols olls

Slo lgn Y558
Soasl sas jasls
S3lon zobaw

ol Olee Joe

&lp bl Galao! jslateds Lisai lse slaallz ailsle ol jo b plse (ui¥sys b adazlse iaodls
s 5 plomlsr sloeS b alFoladdl s S8« sl sl (sl aly 005 10,55 5 YL Sl 1 () Bl
oo lee Joe gl odloslodrwss (soles e Aol oaiss oy Sl yekaie oyl @\51)5 Ccotd]
Celoas oolaiwl (5 515 FAL ol o 1iaglS Q5 YV 281 glasliss Jolgd b g (sl 95,095  Slawlons 059> g0
3,90 93 slp g (B 5k 4 Bl (lsp V)55 (St 50 03l 8)50 (aFLE 0 Slas 092 (o) Siz
Lol o 50 Clonids sy (VWA Caiignd ) Jles s (VYA o) b Jouad (o oolidl 5Lt slaolayg, )
Ji.isﬂ:_u'“‘obwjléngﬁdfbje”ﬂubuwlzasdaﬁmdlmmﬁ;d?l;d}loamglbpbui,.:egji
592 Ikl Latls ol lae (JSulgiSa 0+ alox 5l cwliilgn bt laaids culoads plodil 5| Sen 4
3 Jeol> S)L"T el )l aze losgs (53ls e 40 Blo (Slar iV y65 3929 (SLeT Led W38 dylad Al pizran
BRYPEL S A KVOSE COWOV-SUNIW- Wy SRSE SO T TN iR L GO AL ] B WX DN DY DV S L < D
o bl load aloee /AN I VL 65 V515 0 Les (lage (Kied oy 9 IVl 5VL 6500 - 515
oY y85 oaiad i aS VY B A polie sbsS ¢ Siads 5] s ol jlesliznl b ol |5 5l Lol mbs o
ods olo LngG,...U.M., dslie Colps o .Canlodg )'15)4 O S A 6...3‘)!9;.)53 o lisas VY 31 5YL g lavwgie
conlin 3,8les 5l (Sl a5 00 00 = phae Sl Hled b iV gr,95 0925 5l (S LS (515 L Sk aslele

el Blo (slga (wiV90)955 (St Sae (LB (a3 LE 5 oled (i ileles

doddlo —

Bl i a5 bl 5o Yyare Glo gle Ve, [F Y
WSLaLIlS 9y gz )0 plial gyl eizmen 5 ol B
glyel Tariy 5 Tosl yo Blo lse Vs by il e 3las!
51000ag, slagl > oo ey dilate) Tanls g slolw
1297 5 Slofg Coerl 5 00g Blo lga Vg9 (Lol e
8 o by Stiaml Sl @blie 5 [0 Y] Jlaa 5k ) el

IV 71 55 o oamlis co)ls o5zs laolsg, 39is oS

2 Trough

3 Ridge

4 Tropopause
5 Jet stream

sl alale PMasl 15 b Va9 b padaslse ogos

ool | ol dlas sl Gl Galn ] jslaieds lois 6 V] o
Solasdl g ol cesl oloul (gl oSl 00gs 0,65 oYL
5 S Y] cl Sll s cueal sljls 55 olemlsn oS o
SBOS cow 45 009 Slo Slgn 4 by o 592 V5295 €l

M g o ploS b (Blo sls2) il (s Glows] 15 Lyl (55, 52

1 Turbulence
sghader@ut.ac.ir :olsise Jsoags oainysi *

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

£Y.y



FYY e BFY ¥ aio AFe e Jls &V oylos DY 095 ¢yueS pool SilSo pusiges 4y el

Soarls Gl wibpce GVe8 St @ ok @B e
5 2liez om &S el Flle i liaees Dol dole
it jsbo ) w5 a3 Byl ol W G i 15
3 anl 0j5e adsl wlidos ,o i iw Ubsy ol (V7 )0]
oVgg ol @B Az g S8 as ols las g w88
5 s pSore b aslsl o DNV ais s sl 1) sauads b g
bugi Vg9 slaslaz ) p)lez 4w b pgw 90 S9a> 0h ez
S sl laie cond a5 b 0 098 o st 2l ()
s ax 5 Dol cul o5 a3ls ol i b e
oS ble ,0 Gui¥e,s cwgie pBe a4 Siasl oud
Ve (g 00,5 Joe 095 o wibloe 3BT o0
[vy vl A3 o Cawd 1) 9> ;0 slaail s gy sabolx|
230y5l Sl @ 55 |y aliager 5l nd lacaaise 5 00,8 [t
ols slgring 1) ¢ ol S5 oadpdlol (Siasl wud jasls Ll

Vs ot QBLS axg LB glacd iy ol
oy o bug ST zlsel L a5 e o Glo glsa
izl ogou (pgas o i Slideu. [Y] ol Jlgds culoas
yob ) ALBdS s Wi b a9 boe I ol SIS Zlsl
Coloas aloul (] )0 d9290 golio 9 VAl K55 5 9555l Jlte
Gz )3 St b bagez 5l Jol> SIS gl ams o plis oS
Slo Glgp Va5 o SsS elde )3 9> )l 5 oL
oo Js S sl Bladay (V) F] Jle jsb 4 wish e
e @ bags> 5 ke I ol u;")f C‘}A‘ oyl (6,leds
ol il e el b Jaw jo Zlgel (pl ol il g (g5lwesls
Iy goanin 6,k (gloo ;. SSl aS 00 5501 e alie SO zlgal
ST 50 09750 mlie [Val sodly Jlo jab ) cunlos )8 olowl
655 e ) e 5 loagr 5 laluog, SLLI 1S glsel (b
ML Sl oo drng b Cns oo (6,00 slaailols oygoman
Ivy oy

o Ker g iiels )T 5 [VY] e 5 Lioenls bewl) (e o

2l 5 S oty L8 s g0 |y Blo slsn uiVe,e5 [YY]

5Divergence Turbulence Index (DTI)

Seas] ol el o3 10 5 aald b zge Sl (28ly o
ob slashog, 4l (A-F] Jlio jsb 4) 05800 V5295
bl a5 (2] Jlo jsbo ) 005 oL (555 iz walss 5> SlBs3
i 3 Bl (slga V995 £939 (Sl n (S

235 o p Sz Sz isd @ 597 S8 St
Ol gz 2lgn Jiig Jex b oo ol 3l 5 plaesils e T 5o
Soi ensen gl Shs b Slo lse Vs e8 Gube (b3
st adsl Gl s isls alawl g by Sl 5> wliie
[Y] 55 4255 0,50 92 55 2lieer Bblie & by sla Sy
o 31 2 68,50 anlllae (b [V o] (a8l il om0 a8
FE Ly s Blo Gl Ve oo plis Jled bl
S 1o ognlss iy Sl ol iiex 5 lga (slaesy wad
2l e b hoge (Sxasl oy cpaix [Y] s aw ans
6ok slawy wl axgie g Wil ol a4 Jlad udbl esildl 5108
b Sy wad St b (Fble )0 592 slagVee |
aols U5y58 [V] (Sdgil 5 ols wamy Jlo aim .ceslosls &,
b @B iz a5 bl jo 0l Jleixl 4y Blo Gloa Y g 58
lacol o olidlanlgs Ll cadbarils 04g Lo ayals 281 Lol 5
9 3L B iz LTy 592 (Vo9 gl Dlalllas ST asl L
et g Slilllas 3 Jg aiadls oo La e Lo il Lol,F
Vg8 S RSUSE 50 92 e S SR 5l s (o 45
&bl slogig, 5 e DN idail 5 gugzsle ool ¥ S o
iz ok polie b (giblis 3 g9 Vanye ologlas Gl
IS s 23 VY] 5 G i 0500 S s 5 0L o308
S oo ol (693 miVgy95 095 0 (sege S oL @SB i g
350 Y] yl5an 5 oyl pszman (6,530 Slalllas 3L S|
&lolgale pglas anslio 5l oalinal b as [Vol Qb g o)1 o [V¥]
oYs58 bl s S8 et apd)8 s planil T UL a5
o8 i) oz

Gz g S 4k 8,800 b 0] b g 0
e S T S e R e L

1 synoptic

2 Deformation

3Pilot Report (PIREP)
4 Turbulence Index (TT)

IA RS



YV LYY dorao AFer Jlo oV ojlaud Y 080 ¢ pusS yuol SOl wiins 4 puls

Sz Sy o5 Jo 0 wedoo lonlse e 5esd o
slal a5 LTyl s Lolaor! Loglyn oy (g5, baid Col Sas
Wi 05,50 5l Jb 4o slabanler g, p Lk sadaas
U | § IREN P LA Yy AP R L E
Olgises slabad g slojlsale pglas ST L s a5 ol (0,
Ll w5 @l olse s wi¥a s (pgas o b (aiis
Slgs o (g0 o ,sSUl 5l solatul 35 5 sanliamsdy o)l
RO Or e 5 oY il anl 4 GLls S
©,5len jo Jloy g olad Lulde 4 azgi b aiSh o iV )58
Ny a5 69k 4 Slles 9 mols &g 4 (V) i
S92y ol b el (San i (5l B iy | s (s ples
S eobie )0 Va5 b b e 65 gl o5 oLl |
wejld ¥ gy95 £989 Jloizl (ogaz )0 (5T Azl i)l )8
Tob ) ohs @ Sy e 5o GEES Slislel 5 oo,
el i g ubde 53 clagSl ol 51 B sl YL
SRPRRRSTON RN BCOW BN | 7 RN OV B L 4 J IRN AT OPSIR TR & 1S
olislgn lolis 5 Laugs gl ol 4niiS s cuslazs § 18
sl j3 a5 al e plol culitlse slagles b 5 8150
sk Cewlaidly sl Slagil sl ;58] S s a0
Pl (owliblsn Glogspm bawgs V588 (St 039l &5
g s
5 SRIL Sl cel (Vey il o5 jshailes
B R R e I
(o) e 6)lgeal b Coyw ol S Jie ouS bl
St 365 57 0 Ol sboS padslil 5 esy e Gile)S
ol Gy o ol jo aS il ga S > 5l s b ol
S ety g e | Gl 32 40 el ol g i SLalS
U Wl oo a5 318 3525 0 lgen @3B 5 (A Slnl) )3 (Sls
Caley®) (202 obD ((SilSe) T SWhacl (b3 Jole e |
aS) ol sy iz Sl (Sl @b sl T (23 (L
Olgeal ey w5 (Conl Wil ey whaw Su3p 50 el
o3 ol opdle lE e 5 lasle doosS 5g oo ol

S 0k 2 oVsns ey 5l S VY] ) en 5 asn s
Looler slagasls gose polie opyiden b (lowibugy ogl
Ll Blo glgr iV e yg0

g Sowd Sl (2loa Wb Sl b ol Caro dlu e
Shlas coge i Blo slsa oM (s () 50 45 WS (o0 p 5 ey
oo S0l al 3525l 098 o0 Lalorlgn 5 Dl (ol e 4 S0
sbieds @lpe plio )0 cwlidlss LBy St €83 5 CodS
ailse 69l 5 Sty aiejli ojlgen g 035 (IS (g yeRiey
b sloglaw oz 5l g cwlislgn slolans s adaly (ol o
oz 51 ls (3 lsn o jo SlglE 025 00l 5 ()L oo
lblse laplas Gileand 5 Snpin 2 I Slsls
2iz) feghsS o3 wiz 9> )3 (SISE L Glpl g aile gl o3gamme 5
Ol Jow golen wiloles 5l oolawl b aS” 0,5 o Lol (a0 o0
S (b ) cwloas el Slles Sgo 4y |l
4 g il gl dilaie gl p cawlio 35 IS il o sadoslaswl Jaw
2932 33 (2l Coeal 393 a5 Ceslondaid 5 5k o (lnl oy
S G 1) Jed JB bt g adls 2B by e (i
Cewlos S

Sl (Kianl Sod atle Bme a4 egh opl aslsl o
oolon abl Byme cpimman o aales axsls, [Vol QU
oo 3 ol 0Ky olpen 4y oolitil 550 el lee Joo
OIS 990 99 paPla (pl (Ul elaplis jslae 4y al salys
G Jolod ol o a4y Slo sls V595 ogas o UL
Poslitul & azg b (B)b 5l 8 Faalss 18 (o) 9)90 5o
8 esas il o e ol IS 5 Tz syl el
adaalys olo
Slo lgp Soan] wals jasls -Y

g5 5 »2 57 lulid o] ojlailey ol sleally (S5
b a4z ST oyl (S widloe T o el &5 T alacSny
bass lsn clodls Ll o)ls symy 52 5o bSomy 5l oxess

PS50 S Cwl pogpie yie e U oo glaojlul b

4Frictional turbulence
5Thermal turbulence
6Inertial turbulence

£Y+o0

1 Weather Research and Forecasting (WRF)
2 K-index
3 Eddies



FYV. G FY-Y axbo M- JL..J &y D)LM QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

1
DEF = (DST2 +DSH? )A )

2 Doz a4 g oS S8 s DST YL alaly o o5

Cew!

psr 2212 -
ox 0oy

el 5 Oyg0 4 g ooy Sk SO s DSH

DSH =@+6l
ox 0oy

()
25 Eyge &g abbioe 2 Sen CVG (V) a0 (rieen
D9 g0 Ly
ou Ov

CrG = —(+] *)
Ox Oy

Lavgin U S oV 0,95 oaipoylis sl pl AL T jolie

oolie g lawgio Ve85 35 VY BA ol .conl g plSin (o
Dgr ddle lgp > 10 LAl cwiVgr,e8 cauma L VY 1 SV
ooliitul b Blo (slon i¥or)95 3 90 99 Jedod 5 (o2 4 aaldl o

esloasaizls y V0] Qb 5 05 ) Sxas] cas asls

89> Gylwbl asls -
s il ulalyy b ian il b)) sl oals o)
).s) Ala.a‘) )‘ ooLo.wJ la ua.‘>Lw u.a‘ ML:C’.A 6&9_0.9 ow 9 Lo

:05...';}‘5@ A.H..:L?bo

K -index =T (850 mb) + Td (850 mb)
- T (500 mb) - TDD (700 m)

0]

sl TDD o abaii gloo Td s T (V) alayl, jo oS
ol plas gley IS jeb 4y conl gt alads glos g Led (y
GYF oS Sloj g pS (8 pen Jomily ol ] 51 2aS 4 YO g0

9 Wgbiso 9o Ay D20 o (o) e S5 50 (S
SHbL sbml g ol LSE5 o (S Cugb, 0929 & jgo 0
oele S 5l 50 cole)S @b wigdi oo o] wass by s
gl 51 )S dgro g (gl o (65,3 <l ys S 4 ey el
oSy ol o 0929 4 b SLiS (59, il 5 3800 &) ()
Ol a8 sl olml 50 555 SlaSary awgi il o0 S eS
5 65513 et T (b 45 958 s 00l (aloB Ll a8
Jiie SasS Gbcsom 4 s d9,0 ol SR oo
by iz ol )0 45 Cul (Wb 51 IS (5 @b 09 o0
ol 55 oD sl Lol Jalge w39 oo sl 55,5 slocSons
) wilbioe "ol iz 5 TGS Elael T (o)lsenl by
AY N s sk
2o, DNVDY N adail s gugonle oloiin 4,k 4 Lo
V55 olml ) v ole IS i [VO] g g 1 5 [VY]
slol e ol B3l sbadge 5B i 0 Ole 4y ooy
LS ()15 5 0)lsmle jglai avlio a5 (5,5b 4y 00l Y5255
Bhlie ol 55 Va8 sl 5| Sl ([VF] 55108 Jlio jsb )
Vo] U g 05,0l asls aslsl o Leul, cpon ,o [V Y] col

1335 o0 (e Slo lor (V598 (AT S

TI = VWS x| DEF +CVG]| M)

g VIS ¢ Sasl os jasls TT YL alal, o a5
il 325 Oyge 4 g oL (31

1

Au2 +Av2 A
")
VWS =

2 g U )i sloa o ks Z VL abal, o
Sl Y eme slivl) ) Sy Vi X jeme sl
] ) C))}.p 4 g 009 Ji..u ).....u DEF (\) =\.]a.u|)

1Convection
2Surface roughness
3Gravity Waves
4Wind shear

€Y1



YV LYY dorao AFer Jlo oV ojlaud Y 080 ¢ pusS yuol SOl wiins 4 puls

(o] BF) WoolStussf (g0lund 1 (golad dilobus (oai iy ailno 1 Juol o ¥ 5155 glod 9 a1+ 5155 3L gyloo (6 3LT (sl inlyly gl Y Jguir
(YAl oy 50 g y0b8) couin glagu,b g
Table 1. Results of the statistical parameters of the 10 meters level wind field and the temperature at 2 meters level resulted

from the ensemble system (ensemble mean) for a number of synoptic stations (54 stations) and some dates (Ghader et al. [29])

)3? )‘;\? )‘;\?
e B c e < .
sl . ok N NSSES N el S
— — . . . .
’.)"‘ ) D s 03las oz 058 s M
oSl (Ko ol ailge ol adlse
Slaws ol o5l sly Oldws sl
Uas Loo ylae Jles B &b @,
L s ] - ol adlze ob aalge Oldse b ol
S loe 0
e e e e e T g,
BB S Ve sl Vo sl
i Sy T e 7 > re
Sre N O RV T e g
oy oy SN
Sy Sy s )
Ne_e§
YA
\ia}¥ \lid AV Y/ 4 \tld i Y/ <Y YooY \
\tai V0 </AA Y/¥ <A YN <Y /4 <A YA Y
yyy V0 /24 Y/Y /A Y/iY <Y /4 <A -\.--9 Y
yyYv Vb </AA \AN <Y Y/ <Y V¥ <Y Y-\A ¥
Yoy
YA

RESUWW- ol,.,)lf)i 6LQ°)‘5C)'E <LLo.> )‘ as Sy lol) ‘) uj.m.ol) 9 v).:).?
Sk ol82ils ooz sk 99 55 T islo )l (5350 Y (g3l el sl
oolazwl Sy90 GJLJJ..Q& b)b_o o M bg_i:.}l?-‘duli—)ﬁlo 9 fug.a.w‘
~J5 5 TSl he e @R S sleeslsz b iyS o0 )3
S8 ooliil )90 (wslgesS) (slansS (g3l el )y (sl 5 (290
S I g R S e
LSLDD)‘? C)Ja L u‘ysa )...u ‘@Lla‘u a\;}l &‘f .J.;)‘.) ‘) oolaw!

ol sl g Bl alis g1 0 as wlide le Joe el

2 Ferrire

3 Planetary Boundary layer

4 Youngstown State University (YSU)
5 Mellor-Yamada- Janjic(MY])

6 Betts-Miller-Janjic (BM])
7Land Surface

8 Noah land surface model (LSM)
9 MM5 5-layer LSM

10 Surface Layer

11 MMS5 similarity

12 Eta similarity

£y.v

ey ¥e YL polie (6l g bawgio (S8 yen Jrnily a5L VA

Dpdiee (S 57 50 (e Wl

Slhbos 0,15 -F

Jae o S —F-)
Lo ol oo alex 5l g cwlillen slagloge cpss
ol 55 ls 60)9ilse Cano o SlglE 0 n) e ne 5 AL
599,01 by 3l eolil b Glo (slsa (uiVg )5 Sllos i
oolitnl b pols idgh olate ol sl caslonss bl [VO] LU
ool Joo sl saloolarws ' goled o i ailoles |
lols b sl LYl canlonss aloul Lols owlislgn (LYA YY)
e ols 352y gounie slacltl lido loo Joo )3 (So58

o) o laz sl Sod0 > sile eyl slp ol e Wil ale

1 Ensemble



FYV. G FY-Y axbo M- JL..J &y D)LM QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

ool a clen B 31y 3 (Be1+) o sbio e s(lome) yioslao Vo 3ty Sloailins] 51y 43 Y (smocs sl 6 T (510 s2aly (sbivgosr ¥ g
Obw 385 g liw f ybindS oyl Huijlo (g bl ol g pile HI5 (golod ailoluw (Y14 = +¥ = YT oo yion &9 o ,U) asiel VY Sow gion )
(Ival oy on g ,0B)

Table 2. Results of the statistical parameters of the 10 meters level wind field and the temperature at 2 meters level resulted

from the ensemble system (ensemble mean) for a number of synoptic stations (54 stations) and some dates (Ghader et al. [29])
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Table 3. Similar to Table 2 but for the GFS global model including control and ensemble mean (Ghader et al. [29])
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Fig. 1. Domains used for the WRF model in the present work
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