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Revised MM5 Monin-Obukhov
Monin-Obukhov Janjic Eta
Revised MM5 Monin-Obukhov

Revised MM5 Monin-Obukhov

ACM2 Asymmetric Convective Model, version 2
BouLac Bougeault-Lacarrére
MYJ Mellor-Yamada-Janjic
MYNN2 Mellor-Yamada-Nakanishi-Niino level 2.5
QNSE Quasi-normal scale elimination
YSU Yonsei University
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R RMSE Bias STDE
Dataset Scheme . L L L
Speed Direction Speed Direction Speed Direction Speed Direction
ACM2  0.66 0.89 1.54 51.61 0.13 6.31 1.43 49.08
BouLac  0.56 0.87 1.60 51.30 0.03 6.47 1.57 49.43
ERA- MY]J 0.58 0.84 1.64 51.83 0.53 8.97 1.51 49.13
Interim MYNN  0.70 0.86 147 52.87 0.13 6.11 1.41 50.61

QNSE 061 0.89 1.66 5052 053 8.72 149 4767
YSU 071 0.85 1,50  49.19  0.26 8.61 140 4707

ACM2  0.63 0.91 1.93 45.31 0.05 3.08 1.50 42.68

BouLac  0.67 0.92 1.73 47.57 -0.05 -1.06 1.44 45.58

NCEP- MY]J 0.66 0.89 1.78 47.77 0.46 4.06 1.46 4475
FNL MYNN  0.67 0.93 1.74 45.80 0.06 5.06 1.41 43.54
QNSE 0.65 0.90 1.80 47.40 0.33 -5.82 1.5 44.67

YSU 0.68 0.94 1.74 44.32 0.30 5.72 1.44 42.38

ACM2  0.55 0.86 1.87 68.86 0.59 4.51 1.61 66.45
BouLac  0.49 0.85 1.76 73.40 0.41 6.91 1.58 69.46
MY]J 0.34 0.84 2.11 69.52 0.93 20.15 1.78 64.27
MYNN  0.54 0.85 1.72 75.04 0.34 11.14 1.56 71.20
QNSE 0.35 0.87 1.99 67.47 0.82 20.71 1.75 62.01
YSU 0.40 0.79 2.05 73.52 0.60 10.74 1.82 70.11

NCEP-R2

YooA ulew YY (6l QUIKSCAT o550l 5 Jbs slacsiluasd anslia 51 eslazal b bl ladmin 3lie & J g

R RMSE Bias STDE

Dataset Scheme L N L L
Speed Direction Speed Direction Speed Direction Speed Direction

ACM2 0.58 0.77 1.55 14.65 -0.19 6.86 1.54 12.95

BouLac  0.50 0.67 1.94 20.57 -0.96 16.1 1.69 12.80
ERA- MY] 0.67 0.68 1.42 15.50 -0.15 8.78 1.41 12.78
Interim MYNN 0.56 0.69 1.66 17.84 -0.49 11.96 1.58 13.24
QNSE 0.59 0.69 1.59 16.15 -0.43 9.64 1.54 12.96
YSU 0.73 0.66 1.37 18.80 -0.43 11.44 1.30 14.92

ACM2 0.57 0.76 1.57 14.72 -0.18 6.61 1.56 13.15
BouLac 045 0.70 1.93 20.63 -0.90 1591 1.71 13.13

NCEP- MYJ 0.66 0.69 1.43 15.57 -0.11 8.66 1.43 12.93
FNL MYNN  0.56 0.67 1.66 18.07 -0.47 11.81 1.59 13.69
QNSE 0.58 0.71 1.60 16.45 -0.39 9.50 1.55 13.43
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YSU 0.70 0.64 1.39 18.96 -0.38 11.11 1.34 15.37
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Data used to evaluate Type of data  Spatial resolution Temporal resolution Time coverage
Weather stations Synoptic varied 8 records/day varied
QuikSCAT Satellite 25 km 1 records/day 2006-present
ASCAT Satellite 25 km 1 records/day 1999-2009




Yy

ol s aibate ;3 WRE Jus Law 5 s (g5luacs oebaw 5L Ol viwnnl

+ ERA-Interim o3ls L Boulac ol b st Sy
(Bias=1/+¥) sy oo o)) 5 50 o 2aS

b o)l b SLS 5 el o ol S (o)l
&y s NCEP-R2 5 ERA-Interim (glaesls 45 gazen
sliule NCEP-FNL Il 4 5 ol 3 Scela
s55celusl 8 QNSE 5 BouLac (slas sz b
S el 3 S el baolsr bl s
L ol on Bou-Lac |, (=V/+%) sl Cgx o)) LIk
oolastl 55 4 NCEP-FNL a4l Lyl 2 5,8 S
2,031y sl oy i QNSE oS Jb- 55 Sl osls

sl Ll dlesl Cog Jua 5 Shas ST 5ba
odins JSa5 ,ktle 4 PBL Sbe)lsr b 5 el
(25 S o (G ] sl o S e
2> slion S 4 b sains JS5 L) 5k
ERA- Jlesl Cod Jde .ligd oo oeie Jobe 3 Shes
Sl e 038 555 L YSU ol b 5 Interim
- s el sy s Slalie 4 Ll o 5K 5
NCEP-FNL alyl Lyl,s Cou o)lsz b e o
s sb S sl 1) R=AF) Sees o e
G2955 ool b eddldr MYNN o)ls7 b poman
s Cer ¢l R=+/4%) (5L sl NCEP-FNL
Syls

g dle ol o 5 Je sl 38 o
6\jJ»5wGujlwgﬂ,C,@§utc¢#|
@l Vs 5 (SG o5 w5tk Ll 5 or s
215 55 A5l (Static) k| glaosls &8l oyl Jubs
Ll 3 Llrba 5 ol K& usgdone abnen
ol (s BE ns dmesh) Kb Sllos
il SeBal il oMo s ph o £ 5
Ablow b mds Jls e s e
e S8l 1 g0l s fole 315 55

ERA-Interim L osddCd> MYNN o)l 5z, S
&l Iy (RMSE=1/fV) RMSE ,las ldie oy a8
DA YSU o)lsm b csidns ai e 53 5 35l ol Cs
Lyl oyl b aan sl 585 (RMSE=1/0+) 5,15
4 S 35 o |1 ERA-Interim (5,0 5 4Jf
s e, NCEP-R2 ; NCEP-FNL (5,8 54
L edica> MYJ O)‘)CJL 2yls S RMSE
55 4 1, (WV) RMSE ,ldie o 25 NCEP-R2
RMSE &l .55 (range) esgdowe .das o olaist
(oobea tCwl Al e YAV GOV/FY ol Ce
o s S Ol bagilaand S o i
o> 4l e +/PF OVl (Sl S 0n e
(FY/FF°) RMSE LT o 2g ool Cgr 6l 358 o0
NCEP- 515 45 gazes 5 YSU GJ‘)CJL;.‘\:{;‘\J'L‘}J.JA
S 5 (VO F) 1y LT o 5 &S b= 53 ol FNL
(g goma ) 25108 2ls 4 NCEP-R2 s MYNN
5> RMSE pslis PBL o)l b ¢ 5 4 a5 05
&y opiie NCEP-R2 5 5 oy S NCEP-FNL
4 S (0S5 M b ERA-Interim 5 Sl b g
Zosl 4 alb NCEP-FNL
S3Lo> Oy masn Bb o ()l mlE
Sop s 4dsl b s S Boulac chjb clizala, a5
Jie DS 5 sle 3 esyls sie vl 5 NCEP-FNL
s 1)l Jdo dzesiys N ol St polie dals
Jsba 3L Cs e gl g 5,05 (over-represented) YU
s ol s,y e s (Systematic) daslel
Sadgh byb Dk 4 4 5 LMY o)l b )5 e
5l sl 5 eslaz b ple 4 Sl (6 2 Ol s
Aoy o 5 e oy i 4 NCEP-R2 > s
els B8 ks L S Jlys (Bias=/AY)



A ) ojled VY e Ol G 58 55 aloma

O‘)&aﬁ K} @)\9 Y¥

(Gtma S gl & (Klanr )3 et 5ty oo
g S 2,8 ks A w ly HE 5 Je S
Bl ol il Caddly S S s Jlses oS
23 3 355 o0 35lg dde J1s 4y JulST ) gba (g luasS
omslp LT e o Jld Gl & Sl (Jue
Jld (I slask ol ol 53 BN cpl il ¢k 4 0
3 Al 3l O (el B (ST A L o 8
Sl sl Sl (San e sl s s
Om AL (50 5 adsl by ediS el glaesls s e
s> g ity Suads o V5 ol sl
2 75 JBosba o ml sV Gl S e
M55l sy 81 Sl JE ST S,
Sl S a5 (Saade o 5 5 Coeal 36
(Y1) OLRer 5 Jois 4 Vb laS15 b g ook
S bl oS oled e 5 b ol s (50 ae
NCEP-FNL 3 ERA-Interim 4 o NCEP-R2 o315
3505 0T 53 g (3B (slaj1 5 51 adls 1) Col S
Jde 5,0 5 adsl Ll a 55 Lasl @yl ol 5 5L wdls
Jle (el 3k o ol p o wlin 51 (S5 w5 a5
ol S yu gl p L GL’.: ol plaes by s sh e

E\7g1 LS;W Sy g Glden glalllsly 51 e

Gl Cod> Cwwa (roughness) 5 Jsb Loy,
JESpELT Wi 5 (orographic drag) e
b ey Geed I pls 5 5500 dle Jde s
st b o) oolse b lsen ol ST Cow ubaw
Gludsnp a am g bl ol 5 am tCl o en
Sole 53 5 Al A (SWSasl Sl s Iib
&, 8 o iy Bl e 51 2SIy e glis,l
Wl bl 3l (5T 03 gy e b OISl
Sy Sagiluesle 4 S (luad ol
S3lslsen b5 U s Ve 5 JS 5
Lol b Slen 5 2550 aods e 5> IS 05
(S o sbwl Je 3 Shae 3 6 K5 sl il (ol
Ky i b0 s wals 53 o] ot 0 430 5L
Ny 63k Coadl 515l 55 S 4 Sl 49
Lg\de.aLgUaﬁ-ct.aj\éq@ldiwj@l
4o dlad 5k B0k Gl 058 s sl s
2 Mol 5 3L 05y Jl 3 55 Jled e
dle) Al atils Sl 3 a5 ¢S Spslos 5 B8 O
oKl 53 mils b c(andllan opl 53 st St oS
ot oA (D) ak sl ol b oy s
g ety T o o Jlad ST glasly 55,8



Yo ool C_l> azbie 3 WRF Jue Low g ol (g 5leans @Ja.» 3 Ol (el

150

120

Height (m)

. 26,95
26.9
Zs 26
-4ty
Ul

deg)

|
100

=

60

 Terrain height (m)

40

20

s SIS s S Slan 3 e iy sl ond e XSS

@s&b,;.xﬁ@&;,wmuqﬁomm
(Gl )15 35 s bt g o)l s wlasl JSKE1 aw )l
4 a5 L oS ey GG (0515) Gl o5 bagy ol
Cnl 5Ll a0 0305 Slej I (O (0T Camny
Sl pblie i 3 (7 (Gl b 2y (2a0)
sl ol jon L U baas g osls (0340 ex}\f Slew
sl a5 b oojlpale 5 ddbe Oljen amlie ol ol
b OT s duslin cdbe gb550 ol L 0,05 (o0L 5
Sl S opl gs b Ol Sl oyl gale slaesls
o (b oL Ol (gleans sl 5 ol
QuikSCAT ol sale 55 clacsls 51 (BL Cgz 9 Co )
S asbT ol 55 (0 5 F ladsis) Col ASCAT
~olis 8 pio glas e ooy b sble claesls
s ol ke il e e ) 65
Yool R s el e Yl S Glale e ioes
Gl ol i ¥ S 5 blois Ll 3l 5 20
bl e i Loy 55 ) gams Sloylsale glaesls Lis &5
Al opl Bl pled iy e3litel (55bT Sllons g
sl 51516 L1 dhols forba b e ST ¥D (S
Slael 5l aesls 5 wle gue Jole o5 4 by

B 1) 6

serg shden Lol Oldalin 5 Jus 5L Cgr
b gl adkate oL ondge ondly S 4T 550
Slas e Sl s 3 ) s 3,8 o Sl
Wb LBl B8 4 o S el 815 Gl
iy b G,s dled s Jled S ok 515 (VAVA sy )
Gosba (1 JSK8) Sl ods 3 gdous o S15 slaesS
U s 5 S USE i b e ol S
ot Jlo e gl 5o LB o Wb s
5 B n5 ol pted 0y o 53 e Al
bl Culda (sl S8 S5t ale (gladlate (L3l jsr
0T 55 (b Jlat sl slist ) Jlazl 5 ol oylo puidst
mosls el ol e 51 (S5 ¢ Son s b3l 5L
Shder Slaosly s o 5 5L Sl sl
Sbosls o e S 4 g b amtis (Sl
Sldalin b Jde 3k S VU (Koo (Jds 63555
olae ¥ J g 53 el Ul BB (e (slaolSas

25 oo odalie 3L Cg 6l s R (YL

o jlgalo g Juo oL (gjlwdunis dulio  Y-Y
Ode SY b Sl ol s mie (loylale (slaesls
L odte glagiluans S s (Jlo &K oS )



A ) opled VW e Ol S50 55 aloma

O 5 oM \id

.la.:\j.i: AL o7 desles 53 S 5L C e S
J‘ LA°)‘}CJ1’ J‘.’.L‘“ 4 w YSU a)‘jcjlo cd‘A:j)\
YSU 63l g sl $33 D3y 55 (Stns o
oSy adsl bysesls ja Ly Welss b S
ERA- & & (Sl sl L NCEP-R2 fudsws 5L
sb g 8y 6 Siwer NCEP-FNL  Interim
R jlae d5bes EMSE jlae 5 51,18 o Sl 4
J:lz.'i)b E) ACM?2 a)bcjlﬁ LY L}lx.‘;ﬁ (1P J“J:af
by e ple 4 Cuwws (ERA-Interim 3 ACM2)
olgale esls L i ZI s g s Shee
Calies Lgl.:ad.\;{& adl s,ls s -5 QuikSCAT
& Yz| oS W15 oyl mle glaosls L 2o Codles|
5 ks o bl sbeesls & 555 o Candly oyl
S el glacalsly Shcou 5 des s Jolo
oeeds 4 JoleS oylsale b oS 03 Jo & 5 8 s
rli;a Jdw :JQ‘.:« O s a5 355 5L Sy S
ool s el gt o] Sldalie b dus s
g N R E R S
Aoy Sdsa ol ols y & Sl oLl

8 s 50T

ASCAT o,lsnlo Y-Y—Y
o 5L (LT slaamin I glaoMs 2l 0 J g
oyl Sldalie 5 Jdo Calides lagdu S 5 o
S b Ce e gl .l oL Olde (gl ASCAT
Al s adsl ksl s s PBL Glaoylsr b S 5
Jel3l 5 YSU e)lyz b oS 5 4 Ghaie ¢ Stan
S &S J=,5 (R=+/A) .l ERA-Interim

bolsale (s bl oo g 303 Ay Sl slaesls Sl 8 K

RGSU P WA P30

QuikSCAT o lgale V-Y-Y
e 3 Jool (g bT (ladmin | glaods F g
5> QUIKSCAT (sloutalive 3L s WRF Jike sla 5 5
Jlo U QuikSCAT (slaosls .ol YooA sl YY
-4 6&@;\: oo ) ol ple sl ez p3 Yeed
aglie 5 Loyl YorA Sabin YY (glaesls L5 os5ln
Sar b Bl5 o b e gl el ol
Eane oS 5 518 Sl mnd s 4 Glae (R=4VY)
osles! YSU a)ljcjb 5 ERA-Interim  Jul><5 5L 051>
o by o R /1) (Sas 5 iumds 5 355
! BouLac o157 b s NCEP-R2 .S 5 51 eslizad
lsz b g5 4 e s 0o Ll (b 5L (G5luand
adol Lyl 5 o 5l e SlaggSluans Gl Ol 5
s NCEP-FNL (ERA-Interim 4 i 3
Sl 2alS NCEP-FNL

-8 .2 NCEP-FNL o513 42 gazee jl oslizul L Jde
S 548 n 5l | 6L ceslaz b g s 5
QuIkSCAT Sldalin b 1) Swad o pho S
Gl o e coolsz b B8 iy b oS s el
ERA- I oslizal b (R=+/VY) ACM2 o,l57 b |
A3 AT et Jde adsl b Ol gea Interim

l.ﬁa)\}c}]o j.’.L"" LY C.MACMZ sl 48 gaee Cy dw



Yv

ol s aibate ;3 WRE Jus Law 5 s (g5luacs oebaw 5L Ol viwnnl

ol Sy ¢l p 9 (STDE=V/40) Cul 5L Cs (6l
(STDE:Y‘;’/'A) J)‘J l) )‘Juiﬂ u._a'j‘:.msYSU c)‘jcjla

GrSazas ¥
Cildes lao)lgr b 4y (o sl Lol o 6l
Cos WRE Jue glojlw (650 0N (g5l eyl
o o ke (g5 s adsl kil bl
Slobw 50 aY oliz b i 5 eals ds sers
,@b,\wu@;@ﬁ &b lexr sl (PBL)
A 038 My s ol glg Ode A (o)
Soslsz b 5 e (63555 slaosls S Sas S 5
ssbie o) (6l el dilaie 3L Oldse b s 3 PBL
NCEP- 4 NCEP-R2 (ERA-Interim o3l5 4 yazes 4
ol b b s (e &5 ool 53) FNL
YSU , QNSE MYNN MY]J BouLac (ACM2
CBl (e s ol 5 b 55 5 (Jowe o)l b lex)
welo o slal 2 (FF) 45ei) WRF-ARW Jus U
Ol sl g opl 51 dgl Sl i oS as ilesT
=4 Olej 6l oo Sl Zelu Hlgz 5 oy 5 Gl
Slialie b Jhe gl ilsT i bl Jbe g5l
53 odbes 28 (Gldan oulislpr oSl 93 5 Sy
5 QUIKSCAT o)lpale 55 5 s gt Jlo ailate
andllas ol 55 oo ol YY i L5, ASCAT
bl clodian  kiys e 3 Shes b3 sl
4 FE3> Sl Gl b mt Gy 4 s
Glodalin slaosls J&s ol 5L (5 2t slaolams)
S 4 e 5 5 ol g sl Jbe b5l 3
35 ol S sl slodalin bl 5L
Slodalin ols 505 ‘,5\; Sg 0 4 g kb Dl
5 Sesly 5 YA LK 5 21 Y) e oylal
WJdo sl Y5 51 (S Yot 5 () 0, Kes
S & sl el ol Slaalie (ST JE en

NCEP- L3l 5 ACM2 o)lsr b S 5 1y il
(el sl (R=1/¥) das oo olat] s 4 R2
el 5 ASCAT o)l pale (slags S o3l o PECIN
o)l 4 NCEP-R2 Ll b baoylye b ols 5
Sl Sy pled o 3 S 6T Gl Sl B
NCEP-FNL o3l> 5 YSU o)lsz b oS 5 ¢ San
(R=1TAP) 3,05 3L g (8 1y (Koot (s i

e Calibes sl S ), RMSE aclows
Loi 5lsb Cs e gl OT Jldie op 2aS das 0 OLES
-4 YSU o)l5r b Jlas! 5 NCEP-R2 (550 5 433l
Glae OT Jltie oy 2o 5 RMSE=V/FY) LT saons
el BouLac o5 b s NCEP-FNL o315 S 5 4
4 ACM2 o)lsz b ool Cgr (sl (RMSE=Y/Y)
aly polae u-ij;dii-’f’ NCEP-FNL > 0515 ol jon
oslsg b 5 (RMSE=Y/F) 3,15 ASCAT Clialis
Y#/f¥ | ERA-Tnterim i3l & S 5 55 YSU
Oldalie 4 Hlaas u-ij;dii-’f’ 35 45 03 RMSE=
3,ls 51 3 ASCAT

U el ol S slagSluard pled )
polie ASCAT Cldalie 5 Jda 5 slaanslin
b e bl edzasOlis & 5,108 o ol 4 1y e
ol 5 ol ASCAT &y o 3L s por S o
NCEP-FNL (5,0 5 sl Ll b G jiin i
NCEP-R2 3 ERA-Interim 45 Cs (5 lskian O ) gopds
chjb 5 NCEP-R2 o315 46 gozs .ol 5, K5T
R lT e & Cod 1 5l s o ol o S MY
3l g 81 oS Il ys (Bias=—+/50) 3,15 ke (sla
4 S (6 S oyl ERA-Interim (gla s jluacs aen
BouLac o5 b 3 15 NCEP-R2 5 NCEP-FNL
(Bias=+/¥4) 5,15 1, ,luae -y 2aS

S Ji 3 Sl e s 3 i ks 3
MY o)ls7 b 5 ERA-Interim 45! b5 S 5 &



A ) ojled VY e Ol G 58 55 aloma

O 5 oM YA

DA e O 5ol pe ¢l Glanl sl
5 E
s Sl ol Sl 3l mie (Jde gl LY
35 dhean &S Sl Cundly ol 1 A6 Jol 1S
S 5yls sy mosdees bl glresls Bl ¢SS
P - SISO KOS [ G SN LI
Syl gl dde glos Lo @L;A;tdii RYNRPRrge.t
Sl slaosls S5 ¢ 315 5 5 51 b sl ok s e
5 wrls Ges S My hw Wl o)
£33 Sl g T g Cpd 3 e 5 S
oSl (glaosls Bl lajl s ol ¢SS I AL
N BT e S e R
Sl a4 e g9 )l 5 s gl ¢l NCEP-R2
seS 5 g oml s YU b35S e 51 adl
Lo mlio 51 (SG W5 g0 5 35d e blime sla Sl 0us
ol DS sl il Jue (g0 5 sl Ll ol
P Wl (S ol Sl gl Jde gl b
g R A e N o e =
S Sy &S AS eSS (L 3b) OT (sl oS
Slaolan Sltalin 5 Jdo 635 Staed 3L

Ao B (g dar

oyleple Wlsalin b Jow awlic aoMs  Y-¥
QuikSCAT
4¢ gazes 4an 9 PBL LgLaa)‘jCJJa den 3l oslaial b J

sl G i s sl Ll s oS el (glaesls
odins0lis &S 3,18 o ale sl e e (g e
Jde .l 5L G pw ey b 4 WRE Joe Jls
(Ctn ) s Fosle i 2 blas sl g s
sle)lsz b 5515 QUIKSCAT o)lsale 5L L s 3
e 3L g 5 Lo e sl 5 54 ACM2 5, YSU

SMYT o)l b Lol beslsm b plo 4 Cod 6 5

9 s Sldalie &3 sl il rS‘JJ.&j Ca‘:— cr.}é;a
& Jﬁlf laws S ol JBw! P aad o 5L
Ol &7 Jolul p 155 6l 0390 Sl Sl 0T
03 G oS ¢l L;f_faj‘v\.ﬂ oo = 3,0
22 Al gl onl gl ool LSS e s
Jbs ds s (b dan Sildalin L Jdbe awslis e A
S ASCAT &ldaliv s QuIkSCAT Sfdalin b

J}; w)b- J‘.'.)

-lgp solius! U Joo aslio acds V-¥

G ed (ol
Jijl osls PBL ajlsm b g 58,8 Kiys 05
sl (Jbs 650 5 sl Ll a0l seay NCEP-R2
3 NCEP-FNL (claosls 4 Cud (g b (giluans
b e sl op 5 3L e ) o2 ERA-Interim
5 andllas opl 53 odd iuleT beslsz b o 5 )l
sz b (e 55,0 5 adsl Ll 3 oS el (glaosls
s ‘_S.W &5 31 IRA-Interim o315 5YSU
il Glaolin] Ghdes Sldalin L 1, Sl 3
e NCEP-FNL sl b ojlsz b ren Ll 03,05
aar g b b s sk S sl 1) (Soes
S BouLac o)lsz b stimala ()T sljbas b
Gt b l ol ol s ) o (e
YSU o)l b 4 bss o slagssluacd 4 Blaze Ol

R
o 2o e HS0ke Sl adias0ls )l
-4 BouLac ol b S b andllas opl s S ol
3 NCEP-FNL 3 ERA-Interim osls b ol o 5 5
S Sl sl p s 3 Shes op 2 03350008 4 Je
Gy i Sl ayls sl S 5 e SOl
53 351 31 oslizal i aaia sy b Sllas



Y4

ol s aibate ;3 WRE Jus Law 5 s (g5luacs oebaw 5L Ol viwnnl

et skl Ot das e 0L aalllas ) gl o
e 005 S o3I glasl 5 WRF sl slagsluass
et g Sl (650 5 adgl Ll i esls Ol 4 g
54yl lyd 4 Cowd PBL (5l il slaeyl s b
Ll ok aoiys 63515 (6 S Caenl @) (650
533,03 dde sl mls 5 LB S5 s 4]
laesls 655 Al 6 2 S 5 5 4SBT ot T oyl
53 PBL (slaslsm b sl 5 352 L3l 5 b
2,8 5 pss Su sl

3L glagSluand o Cowie Cplie omi 2
5 QuikSCAT lasyipale sl Sldalin L Jua
s osls oL Olgea WRF b bl ASCAT
O Wlg oo basylsale opl Glaesls gl 4 Jlul b
Cydgdoms b &S 5L5 o5 il (2500 5 yone
et o Sl (6513 24 5a5 5 S S8

Sl dda o i 8T (g 5 S s
-4 .S oo 03Lawl NCEP-R2 (glacsls 51 487 39 (sl
I PY Lgha\i:.m.i\ sleesls sl S s
050 0 dnglde baosls Il Jda sl il (B (S dan
A ol ssh e e 2l e Ol sl
ASCAT o)l sale 5L glaesls b By ol HKET 28

2 5 5o Ay e

108 g SAS
Sor pole 5 (ols gL e oRia g5 51 O Ay 5
sy S ol S Sl ol Ol oKl
T4 oS (el g Oljl S ipen S r G108
Gbdan slaolanl (slaosls Ols 15 Ll s o

25 )l Bl 5 S5

&lw

ole I (6l 1y e o 2 NCEP-ENL osls
oSk €11 3 Je il Ty ,& (Bias= /1)) 515 sl
bl @l &S sl awls bjgla.ﬁ b gz 9 L
(] dd iyl Jolul g g ohsa 6551 Olallae
D s ke b e e 383 @l S ol

oylgale Wlaaliv b Juo duwlio ads  Y-¥
ASCAT
&1yl NCEP-R2 osls I eslazal b Jde dy o e

STDE 4 Bias (RMSE (S juslis o5 5 Jaiys b g0
NCEP-FNL (slaosls b (b3 53 0T  Kowas bal el
B)ls pms Hldde 5 Gl Dl NCEP-R2
Je 53 MYT o157 b s NCEP-R2 55 ¢nls g sl
8 53 5L o Sile Sl 1 g5 e 3550058 4
Sl oreddsp 5 4 e mman 2505 ASCAT |,
S Sosba 31> Lls ASCAT L ld 53 5L s
S U NCEP-FNL I oslizal o8 rasis 3 ol
il L By WRE s IS Hsbay .ol 2y
iz b bk Ce gl 40 o ASCAT
Ll )l Lojlyz b ple & G (6 20 > Shes YSU
Sloslsg b a8 L ) 7 gdsn 2k L Gl

.J)‘.) ua)bcjbﬁl.wmwtsﬂ.a 43‘)‘

S Ao F-¥
1355 0 oW 5 D) st e ) (K s

mosls o 33 Geles pl S e el )
o315 WRF Jus (55,0 5 adsl Ll a oaiS el (sla
5 3L o ilwas ¢l ERA-Interim s 5L
0313 p jmwlin 3 Cgr (g1, NCEP-FNL s 031
Gl alsl DBl YSU o)l b &8 (b o5 4 dizes

b 8 L5, PBL



A ) ojled VY e Ol G 58 55 aloma

Qb&oﬁ}@)ﬁ‘— Y

Deppe, A. J., Gallus Jr., W. A., and Takle, E. S.,
2013, A WRF ensemble for improved wind
speed forecasts at turbine height: Weather
and Forecasting, 28(1), 212-228.

Dudhia, J., 1993, A nonhydrostatic version of the
Penn State-NCAR mesoscale model:
Validation tests and simulation of an
Atlantic Cyclone: Monthly Weather Review,
121(5), 1493-1513.

Easterling, D. R., Anderson, D. M., Cohen, S. J.,
Gutowski, W. J., Holland, G. J., Kunkel, K.
E., Peterson, T. C., Pulwarty, R. S., Stouffer,
R. J., and Wehner, M. F., 2008, Measures to
improve our understanding of weather and
climate extremes: weather and climate
extremes in a changing climate. Regions of
focus: North America, Hawaii, Caribbean,
and US Pacific Islands, A report by the US
Climate Change Science Program and the
Subcommittee on Global Change Research,
Washington DC. Available from
http://downloads. climatescience.
gov/sap/sap3-3/sap3-3-final-Chapterd.pdf.

Floors, R., Vincent, C. L., Gryning, S. E., Pefia,
A., and Batchvarova, E., 2013, The wind
profile in the coastal boundary layer: Wind
lidar ~ measurements and  numerical
modelling: Boundary-Layer Meteorology,
147(3), 469-491.

Hong, S. Y., Noh, Y., and Dudhia, J., 2006, A
new vertical diffusion package with an
explicit treatment of entrainment processes:
Monthly Weather Review, 134(9), 2318-
2341.

Hong, S. Y., and Pan, H. L., 1996, Nonlocal
boundary layer vertical diffusion in a
medium-range forecast model: Monthly
Weather Review, 124(10), 2322-2339.

Janjic, Z. 1., 1990, The Step-Mountain coordinate:
physical package: Monthly Weather Review,
118(7), 1429-1443.

Janjic, Z. 1., 1994, The Step-Mountain Eta
coordinate model: Further developments of
the convection, viscous sublayer, and
turbulence  closure schemes: Monthly
Weather Review, 122(5), 927-945.

Janji¢, Z. 1., 1996, The surface layer in the NCEP
Eta Model, paper presented at 11th
Conference on  Numerical  Weather
Prediction: American ~ Meteorological
Society, Norfolk, Va. Preprints.

Janji¢, Z. 1., 2002, Nonsingular Implementation of
the Mellor-Yamada Level 2.5 Scheme in the
NCEP Meso model: NCEP Office Note,
437, p. 61. Available at:

o ObLE 5 co)ls) A G 3B (oD

dbe Lwg sl Olde b i Sbosl YAy

2 Oglize 55,0 5 adsl Ll 5 3B WRF

5 Ghden laosls b oawslie )l 61:— aalaie

&S5 50 alws :ASCAT 5 QuikSCAT (slao,l sale
JEYSYYY (V)PP (Lzd 5 e

Banks, R. F., Tiana-Alsina, J., Baldasano, J. M.,
Rocadenbosch, F., Papayannis, A., Solomos,
S., and Tzanis, C. G., 2016, Sensitivity of
boundary-layer variables to PBL schemes in
the WRF model based on surface
meteorological observations, lidar, and
radiosondes  during the  HygrA-CD
campaign: Atmospheric Research, 176, 185—
201.

Blackadar, A. K., 1976, Modeling the nocturnal
boundary layer: paper presented at Third
Symposium on Atmospheric Turbulence,
Diffusion and Air Quality, American
Meteorological Society, Raleigh, NC.

Borge, R., Alexandrov, V., José del Vas, J.,
Lumbreras, J., and Rodriguez, E., 2008, A
comprehensive sensitivity analysis of the
WRF model for air quality applications over
the Iberian  Peninsula:  Atmospheric
Environment, 42(37), 8560-8574.

Bougeault, P., and Lacarrere, P., 1989,
Parameterization of  orography-induced
turbulence in a mesobeta-scale model:
Monthly Weather Review, 117(8), 1872—
1890.

Bouniol, D., Lemaitre, Y., and Protat, A., 2002,
Upper-and  lower-troposphere  coupling
processes involved in the FASTEX IOP16
frontal cyclone: Quarterly Journal of the
Royal Meteorological Society, Wiley Online
Library, 128(582), 1211-1228.

Compo, G. P., Whitaker, J. S., Sardeshmukh, P.
D., Matsui, N., Allan, R. J., Yin, X,
Gleason, B. E., Vose, R. S., Rutledge, G.,
Bessemoulin, P., 2011, The twentieth
century reanalysis project: Quarterly Journal
of the Royal Meteorological Society, Wiley
Online Library, 137(654), 1-28.

Coniglio, M. C., Correia Jr., J., Marsh, P. T., and
Kong, F., 2013, Verification of convection-
allowing WRF model forecasts of the
planetary boundary layer using sounding
observations: Weather and Forecasting,
28(3), 842-862.



A

ol s aibate ;3 WRE Jus Law 5 s (g5luacs oebaw 5L Ol viwnnl

Pleim, J. E., 2007a, A combined local and
nonlocal closure model for the atmospheric
boundary layer, Part I: Model description
and testing: Journal of Applied Meteorology
and Climatology, 46(9), 1383—-1395.

Pleim, J. E., 2007b, A combined local and
nonlocal closure model for the atmospheric
boundary layer, Part II: Application and
evaluation in a mesoscale meteorological
model: Journal of Applied Meteorology and
Climatology, 46(9), 1396—1409.

Rauscher, S. A., Coppola, E., Piani, C., and
Giorgi, F., 2010, Resolution effects on
regional climate model simulations of
seasonal precipitation over Europe: Climate
Dynamics, Springer, 35(4), 685-711.

Shin, H. H., and Hong, S. Y. 2011,
Intercomparison of planetary boundary-layer
parametrizations in the WRF model for a
single day from CASES-99: Boundary-
Layer Meteorology, 139(2), 261-281.

Skamarock, W. C., Klemp, J. B., Dudhi, J., Gill,
D. O., Barker, D. M., Duda, M. G., Huang,
X.Y., Wang, W., and Powers, J. G., 2008, A
description of the advanced research WRF
Version 3: NCAR Technical note-475+STR.

Sukoriansky, S., 2008, Implementation of the
Quasi-Normal Scale Elimination (QNSE)
model of stably stratified turbulence in
WREF: Report on WRF-DTC Visit.

Sukoriansky, S., Galperin, B., and Perov, V.,
2005, Application of a new spectral theory
of stably stratified turbulence to the
atmospheric boundary layer over sea ice:
Boundary-Layer Meteorology, 117(2), 231—
257.

Wang, W., Bruyére, C., Duda, M., Dudhia, J.,
Gill, D., Kavulich, M., Keene, K., Lin, H.
C., Michalakes, J., Rizvi, S. and Others,
2014, ARW Version 3 Modeling System
User’s Guide January 2014: National Center
for Atmospheric Research, Boulder, CO,
http://www2.mmm.ucar.edu/wrf/users/docs/
user_guide V3/contents.html.

Wilks, D. S., 2011, Forecast verification:
Academic Press, 100, 301-394.

Xie, B., Fung, J. C. H., Chan, A., and Lau, A,
2012, Evaluation of nonlocal and local
planetary boundary layer schemes in the
WRF model: Journal of Geophysical
Research Atmospheres, 117(12), 1-26.

http://www.emc.ncep.noaa.gov/officenotes/n
ewernotes/on437.pdf.

Jimenez, P. A., Dudhia, J., Gonzalez-Rouco, J. F.,
Navarro, J., Montavez, J. P., and Garcia-
Bustamante, E., 2012, A revised scheme for
the WRF surface layer formulation: Monthly
Weather Review, 140(3), 898-918.

Kalnay, E., Kanamitsu, M., Kistler, R., Collins,
W., Deaven, D., Gandin, L., Iredell, M.,
Saha, S., White, G., Woollen, J., Zhu, Y.,
Chelliah, M., Ebisuzaki, W., Higgins, W.,
Janowiak, J., Mo, K., Ropelewski, C., Wang,
J., Leetmaa, A., Reynolds, R., Jenne, R., and
Joseph, D., 1996, The NCEP/NCAR 40-year
reanalysis project: Bulletin of the American
Meteorological Society, 77(3), 437-471.

Kosovic, B., and Curry, J. A., 2000, A large eddy
simulation study of a quasi-steady, stably
stratified atmospheric boundary layer:
Journal of the Atmospheric Sciences, 57(8),
1052-1068.

Laprise, R., De Elia, R., Caya, D., Biner, S,
Lucas-Picher, P. H., Diaconescu, E., Leduc,
M., Alexandru, A., Separovic, L., 2008,
Challenging some tenets of regional climate
modelling: Meteorology and Atmospheric
Physics, Springer, 100(1-4), 3-22.

Mellor, G. L., and Yamada, T., 1974, A hierarchy
of turbulence closure models for planetary
boundary layers: Journal of the Atmospheric
Sciences, 31(7), 1791-1806.

Mellor, G. L., and Yamada, T., 1982,
Development of a turbulence closure model
for geophysical fluid problems: Reviews of
Geophysics, 20(4), 851-875.

Nakanishi, M., and Niino, H., 2004, An improved
Mellor-Yamada  level-3  model  with
condensation physics: Its design and
verification: Boundary-Layer Meteorology,
112(1), 1-31.

Nakanishi, M., and Niino, H., 2006, An improved
Mellor-Yamada level-3 model: Its numerical
stability and application to a regional
prediction of advection fog: Boundary-Layer
Meteorology, 119(2), 397-407.

Perrone, T. J., 1979, Winter Shamal in the Persian
Gulf: Naval environmental prediction
research facility menterey, Technical Report.

Pleim, J. E., and Chang, J. S., 1992, A non-local
closure model for vertical mixing in the
convective boundary layer: Atmospheric
environment, Part A, General Topics, 26(6),
965-981.



Iranian Journal of Geophysics, Vol 13, No 1, 2019, P. 2

Sensitivity of the WRF model surface wind simulations to initial conditions and
planetary boundary layer parameterization schemes (case study: over Persian
Gulf)

Siavash Gholami', Sarmad Ghader™, Hasan Khaleghi Zavareh®, Parvin Ghafarian®

'Ph. D. student, Iranian National Institute for Oceanography and Atmospheric Science, Tehran, Iran
?Associate professor, Institute of Geophysics, University of Tehran, Tehran, Iran
3 Associate professor, Iranian National Institute for Oceanography and Atmospheric Science, Tehran, Iran
“Assistant professor, Iranian National Institute for Oceanography and Atmospheric Science, Tehran, Iran

(Received: 01 October 2018, Accepted: 20 January 2019)

Summary

In this work, sensitivity and performance of the Weather Research and Forecasting (WRF) model for surface
wind field simulations are evaluated under several initial and boundary conditions, along with different planetary
boundary layer (PBL) schemes during several dates over the Persian Gulf region. Since there are differences
between production approaches and development periods of analysis and reanalysis data (namely, assimilation
system) on the one hand, and differences in applied method for PBL parameterization by any scheme on the other
hand, this paper aims to identify a suitable set up among the whole configurations which are under examination.
To this end, three datasets (two reanalyses and one analysis) including, ERA-Interim, NCEP-R2, and NCEP-FNL
and six PBL schemes (two local and four nonlocal) including ACM2, BouLac, MYJ, MYNN, QNSE, and YSU
accompanied by their relevant surface-layer schemes are used. To assess the WRF model wind simulations,
available observational wind data including 22 synoptic weather stations located in the region and observations of
QuikSCAT and ASCAT satellites are employed.

Findings of this study indicate that when the wind simulations are compared with synoptic weather stations
observations, irrespective of the type of PBL scheme, ERA-Interim and NCEP-FNL datasets exhibit better
performance in comparison with the NCEP-R2 and when PBL schemes are also considered, results show that
combination of YSU scheme and ERA-Interim reanalysis data leads to a better estimate of wind speed and
combination of YSU and NCEP-FNL data generates less error for wind direction. Moreover, comparison of
model wind simulations and observations of QuikSCAT and ASCAT satellites shows that there are no substantial
differences between various configurations. However, using YSU and ACM2 schemes, WRF model generates
speed and direction of the wind close to the observations of QuikSCAT. Although all tests have almost similar
results as ASCAT satellite observations, YSU scheme estimates are slightly better than other schemes.

Overall, the results of this study revealed that the major difference between WRF wind simulations and
measured winds arises from the choice of initial conditions data and it does not depend on different PBL
schemes. Consequently, changing initial and boundary conditions data has a noticeable impact on the model wind
results. Thus, in future studies, emphasis must be more on reanalysis and analysis datasets and the option of WRF
PBL parameterization schemes should be the second priority.

Due to the fairly good similarity of the model surface wind with QuikSCAT and ASCAT observations, the
choice of WRF model simulations as offshore wind database can be a valid available alternative instead of
QuikSCAT and ASCAT wind, particularly when meeting their limitation in spatial resolution (swath data) or
temporal sampling.
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