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Abstract: This study is concerned with the optimization of models using MM5 and WRF mesoscale numerical models to
simulate strong sea surface winds, such as that of typhoon Shanshan on 17 September 2006, and the Siberian high event
on 16 December 2006, which were selected for displaying the two highest mean wind speeds. The model optimizations
for the lowest level altitude, physical parameters and horizontal resolution were all examined. The sea surface wind values
obtained using a logarithmic function which takes into account low-level stability and surface roughness were more
accurate than those obtained by adjusting the lowest-level of the model to 10 m linearly. To find the optimal parameters
for simulating strong sea surface winds various physical parameters were combined and applied to the model. Model grid
resolutions of 3-km produced better results than those of 9-km in terms of displaying accurately regions of strong wind,
low pressure intensities and low pressure mesoscale structures.
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Fig. 1. Horizontal distribution of the average (shaded area, ms™) and the standard deviation (contour, ms ") of wind speed for
the strong wind cases (a) during March to November (9 cases), (b) during December to February (11 cases). (c) and (d) present
surface weather charts for the present cases at 09 UTC 17 September 2006 and 09 UTC 16 December 2006, respectively. The

solid line represents the isobar (in (c) and (d), 2 hPa interval).
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Table 1. MM5 and WRF model description

Model configuraton MMS. WRF

Grid & nest Arakawa C grid multiple nest Arakawa B grid multiple nest
. . . . (Hybrid) Sigma - z(pressure) -

Vertical coordinate system Sigma coordinate Terrain followi
Vettical resolution 27 levels
FNL (Final Analysis) data: temperature, U, V, relative humidity,
Initial field & boundary condition height, pressure, soil moisture
SST is prescribed with initial FNL data set
Physical scheme Simple ice, scheme RRTM/Simple MM5 scheme, Five-layer soil model

A HoX, Uy, Ve A2 kg 1=l 9L 2elste] MMSSE WRF B3 o]g3to] 7
Al GEu AR o= A dol, a8y 29 Roelgit(Table 2). PBL 23} wgel 2%
e A A=E UeEth ¥, & SHE 52 Eta PBL(Janjic, 1990; Mellor and Yamada, 1982)3%
A HE gAEE FE4)0 8 At ol 4 MRF PBLE A&3}92om, A HE3Hcumulus
AH g& FEIEE, 6,9 6,v 24 2¥Y parameterization, CP) 4-& Betts-Miller(Betts, 1986;
323 oMY &9, 2= B F3E 1%, Betts and Miller, 1986; Janjic, 1994), Grell (Grell et
T B8 e 2%, yee By o3 ¥4 al, 1994), Z22)7 Kain-Fritsch(Kain and Fritsch,
2 Uehith 1993y AHE-3KSITh

82.0(8,0—0,) npRgto 2 Hawe] mE A7 59 2
:—;‘L—-;',—)—z—— @ FEg uElad 2y AR =Hle zht
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Table 2. Summary of sensitivity experiments

Experiments Node Boundary layer scheme Cumulvs parameterization scheme
1 MrBm MRF Betts-Miller
2 MrGr MRF Grell
3 MiKf MRF Kain-Fritsch
4 EtBm Eta Betts-Miller
5 EtGr Eta Grell
6 BKf Eta Kain-Fritsch
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Fig. 2. (2) The horizontal distribution of sea surface wind speed obtained by QuikSCAT at 2100 UTC 17 September 2006. (b)
and (c) represent the horizontal distribution of wind speed at 6=0.99 simulated by MM5 and WREF, respectively, at 2100 UTC
17 September 2006. (d) and (e) are same as (b) and (c) but for & =0.998, respectively.

WRF 20| Bogt gidFe] EXolt}, QuikSCAT ouf, Sl FHul Fo] 2426 msTE #Eo] g
HFES FololM AL 36ms™ ol wlg- 7t okabA Uehtar gtk MMS9H WRF 28 2% o3t
TEE el 9o, MsjolA 9~10msTe g A < 0.9982 A4S AF(Fig. 2b9} c)ol 0.99% 4A
hHog ol F&E RYETE 28 A3e F3lY 3 Adel Hjg) JjHoR Fo| ke Rélgh=
A% &3} Aale) ot T RIE HoiRT 9 AFHES BYthFig 249 ). TE 6=09983 A
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Table 3. Statistics of the BIAS, RMSE, Si, and Correlation of simulated wind speed by MMS5 and WRF model over the whole
domain averaged for strong wind case according to vertical lowest heights on 21060 UTC 17 September 2006

Vertical lowest height Model BIAS RMSE St CORR
MMS -3.42 9.36 0.55 0.26
=099
WRF 2245 8.83 053 033
— 0,998 MM5 -4.76 10.26 0.57 0.16
o= WRF -4.10 10.13 0.58 0.16

o] 6ms’ ol3le] 4F NPL B YA, 2ms” ol
o] A% A9E d F4 E3th BlAS(mean
error), RMSE, SKScatter Index), CORR{(Correlation
Coefficeinty?] SAES ARSS BAIE 430N 2
e Ja, FRAFE AA veEhksd, 23] d
9 FHE F BY3A] B3 Ajo|cK(Table 3). o
714 Ske 5% &3 3% 35 Alo|y HaAg2
(root-mean-square, RMS) Z}°1& #ZH Fo Hg
o ke Aoz Aodr} X3 BIASE BT &
o] e Rolud), oINS Y Ay o) njs)
&0 A RPg E3ith MMS 2¥A3 H|
3] WRF 23737} BIAS, RMSE, SI 7t #a
CORR#LE &1} wlebd] WRF E¥o] MMS 2ol
HE o £& 435 RAddeE AL ¢ 5 Aok
WRF 233 MM5 23 77} By, 4349
oty zZEds JKRE deH 9 AxMAlE
Arakawa-C, Arakawa-B ZAAIE AFgals 5 Ao
7b itk S 27eoke] HEA T Aot 3o
WRF 23] o Aug +)AE AM-H(Skamarock,
2004). w2bA] WRFS A7t MM59] Aol )&
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A Zid] 2y H3g 44 I=E T &
& A% 10m7A AgEeE Yels ZAc=0998)
B}, gi7] 8159 EEd e AYE 23t
o Z7HERY g WEske A (0=099)°] A=
& 2o glo] o BEs AxE 48 & Uk
Ao wasl ke M) 98l gzte] ®
3} Wk W2 2¥e] ¢& AAE Fig 3, 49
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BoEoH, BE FHolM F5E oF 2ms” 71
A5 2ojEka v}y, 53] EtKf(Eta PBL/Kain-
Fritsch CP)¢] 7% ol F&o] 28ms ™7} don,

ol MrKRMRF PBL/Kain-Fritsch CP)<l} H]i
3] ok 4ms” & ot} o] B3l Hikke] o)
B3 733t F&& 2 ROtk I Srinivas
et al(2007b)oIM = AAIE u} Stk WRF 2%e] 7
<, MMS 230l vl glF FHdM dutdes F
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& MRF PBL A&l B3l BIASE 0.71~1.37 7}
A, FAAEY 71271 0.02~0.25, 0.01~0.15 &
% 34 JER}EE FEta PBLY] MRF PBLe] H]s)
52 & o 7 #2 sk B AgE B
Atk AL ¢ & Utk FF, EtGr(Eta PBL/Grell
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Fig. 3. The horizontal distribution of wind speed at 10 m height simulated by MMS5 at 2100 UTC 17 September 2006. Panels
correspond to the following schemes; (a) MrBm, (b) EtBm, (c)MrGr, (d) EtGr, (¢) MrKf and (f) EtKf.
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Fig. 4. Same as Fig. 3 except for simulated by WRF.
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Table 4. Statistics of the BIAS, CORR, regression slope and intercept of y axis for the simulated wind speed and obtained by

QuikSCAT on 2100 UTC 17 September 2006

BIAS CORR Regression Slope intercept of y axis (ms ™)
MirBm 326 0.38 0.24 892
MtGr 339 030 0.19 9.57
ifl MIKf 34 0.26 0.16 9.99
s EBm 205 0.50 031 8.96
FiGr 217 0.51 031 876
EtKf 255 0.40 025 944
MrBm 263 029 018 10.50
MiGr 2.62 025 0.16 10.72
g MK f 245 0.33 022 9.94
F EtBm -1.85 045 0.26 997
EtGr 248 041 025 9.50
EKf A7 0.50 031 926

o] 984 hPa& T} 7317 H&4-g Holth Ed 9km
sd=el Al wamstel g Kgel o WA
B glom 03~05ms” A% AUEse] Zvpt
e F 2Y BF, 3km Bej5o wold Az}
T 9km T35 Al w3 BF S g F
el 28 9 e EES 2Anh s
FARD HY F5e MMS REA 257ms™(9
km Zz2he} 262ms'(3km ZA}), WRF 24
25.7ms' (9 km AR} 262 ms? (3 km FAHEH, o
28] #Z) vjs) 2 zedd.

Ali2[ot 1719t 8220064 128 16%)
2006 129 1691 Aelelol 27)3Fe) B
2 s Aalelo] 43 wigel A2 Fig. 62
ol Mol HalF o] ME F&o 57 PEE 4
B
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o) Ao F5L 24ms’ AE A 2k 9l
oH, MM59 WRF 28 2% ogto] 09981 3%
o#to] 0.99% Aol i) A FHo] 2~4ms” A
T ok 2=}, QuikSCAT &9t w3 Az
Atole] BIAS, RMSE, SI, CORRY] £413 2450
Zol) AMFUTHTable 5). WRF 283 MM5 2

go] AxE vlwsRH WRF 23] BIAS, RMSE,
SUF &3, CORRel #& & JepfSth %3
MM59F WRF 53 2% FH3ls Aot dds
09982 HAshs AR 0.992 dAske Ao] 73t
5% 9 Z RYsite A& BIASS RMSE 23
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Hsle TS e A A 52 o
Z 293§ Qi

zhzke] B4eEl Wl g 2o o2& ARE
Fig. 7, 8ol A Jepilz 54 ¥4 4742
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& 393475ms 0|3, 7187) Fe 0550592 %
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M kAl BAKSRe S Aol EAs. o] A3
= AT ARe2003)e] Aels dXgit
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PBL ¥<te] oh& o7t o =H, PBL ¥l wieh
Aol F R e Ag 8 5 dvh A
gk B AbH|S} @] MRF PBLS AM3 749 Eta
PBLO| H]&] #ubzloz BIASE 2, AAs9t
Ng71E A JepdoEyn, 458 £ o A
nolslion, A= H|SEAl vehdth AR
MRF PBL®] 79 18ms™ olAe] wf¢ 743t F<&
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Fig. 5. (a) Surface weather chart at 2100 UTC 17 September 2006. (b) and (c) represent the horizontal distribution of wind
speed (shaded area, msfl) simulated by 9-km grid MMS and WRE, respectively, at 2100 UTC 17 September 2006. (d) and (e}
are same as (b) and (c) but for 3-km grid, respectively. The solid line represents the isobar (1 hPa interval in (a), 2 hPa interval

in (b)~e)).
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Fig. 6. Same as Fig. 2 except for 2100 UTC 16 December 2006.

Table 5. Same as Table 3 except for 2100 UTC 16 December 2006

Vertical lowest height Model BIAS RMSE SI CORR
MM5 -2.06 337 0.18 0.82
c=0.99
WRF -2.06 3.03 0.15 0.87
MMS5 -2.51 3.6 0.17 0.83
o=0998 2 >

WRF 243 3.36 0.15 0.86
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Fig. 7. Scattered diagram of wind speed at 10 m height simulated by MMS5 on 2100 UTC 16 December 2006. Panels corre-
spond to the following schemes; (a) MBm, (b) EtBm, (c) MrGr, (d) EtGr, (e) MiKf and (f) EtKf.
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Fig. 8. Same as Fig. 7 except for simulated by WRF.
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Table 6. Same as Table 4 except for 2100 UTC 16 December 2006

BIAS CORR Regression Slope  intercept of y axis (ms™)
MiBm 233 0.85 0.59 393
MrGr 233 0.83 0.58 402
;‘d‘ MK f 206 082 055 475
s EtBm 246 0.84 0.58 394
E{Gr 247 0.85 057 4.03
EIKf 241 0.79 0.58 403
MrBm 229 0.89 0.76 135
MiGr 204 0.87 0 217
w MrKf 206 087 0.74 1.96
1; EtBm 282 0.88 073 123
EtGr 276 0.77 0.65 261
EKf 244 082 0.63 313
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Fig. 9. Same as Fig. 5 except for 2100 UTC 16 December 2006.
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