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Validation of Horizontal Gradient of Offshore Wind Speed
near a Coastline Simulated by the WRF Model

FL5EZ ™! PNt S ErE LA
Takeshi MISAKI,  Teruo OHSAWA, Katsutoshi KOZAI
il EgREs° J a0

Yuko TAKEYAMA,  Yasuyuki BABA, Koji KAWAGUCHI

SUMMARY

In this study, the accuracy of the WRF (the Weather Research and Forecasting model)-simulated horizontal gradient
of offshore wind speed near a coastline is evaluated using in-situ measurements and Envisat/ASAR (Advanced
Synthetic Aperture Rader) images. The WRF simulation is conducted for the coastal waters off Shirahama in
Wakayama Prefecture and the accuracy is examined in comparison with in-situ measurements from the offshore
platform of Shirahama Oceanographic Observatory (referred to as Shirahama) and the Wakayama Southwest buoy
(SW-buoy). It is found that WRF overestimates wind speed at Shirahama through the year, while it underestimates
wind speed at SW-buoy only for northwesterly winds, which are predominant through the year. For these reasons,
WREF tends to have a weaker horizontal gradient of wind speed between these two sites. Compared with wind speed
fields obtained from ASAR, it is found that the underestimation at SW-buoy is partly due to the offshore shift of a
strong wind zone, formed by the speed-up effect from two upstream strains, in the WRF simulation.
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Fig. 1 Domains used in the WRF simulation. Two circles in the Domain 2
indicate locations of (a) the Southwest Wakayama buoy and (b) the
Shirahama offshore platform.
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Table 1 Model configuration

Al IDEEAT 7257 104 > —> D 10m EEHE o

WRF(ARW) version 3.5.1
12 h corresponding to _the overflight of Envisat

ERHEHE M L, Zhbnyv— oy ™
ﬁ@\”%% ]\755557)& 6: IMP (the Precision Image I;,]p,m

Product) & WSM (Wide Swath Mode) % FAVNT
BY, TN — 80T 64 & 40, EiFEMEE

Geographical data
Soil data
Meteorological data

SST data

Vertical resolution

30s X 30 s USGS terrain height and land use
6-hourly, 1 degX 1 deg NCEP FNL
3-hourly, 5km X 5km JMA MANAL

Daily, 0.05 deg X 0.05 deg Met office OSTIA
40 levels (Surface to 100 hPa)

Nesting option

1 way nesting

. - ~ e Domains Domain 1 Domain 2
(Z125m & 75m Th D, SARICE DJEEHEE  iorisontal resoluion Skn Lk
N N N Grids point 101 X 101 101 X 101
%Yﬁ@ﬁ#&%mﬁ:ob\‘(&iﬁﬁi%%ﬁﬁ LTTE% Time step 30 sec 6 sec
FDDA Grid nudging including PBL  Grid nudging ing below 2000 m
71': v Y Nudging coefficient 3.0x104s! 3.0X10%s!
Short wave radiation Dudhia scheme
2 3 fﬂ‘%ﬁﬁjﬁlﬁﬁ Long wave radiation RRTM scheme

Physical

Microphysics
Cumulus parameterization Kain-Fritsch (new Eta) scheme

Ferrier (new Eta) microphysics, operational High-Resolution Window

WRF 36 LT SAR HEEMHOMGEIZIE, X112 option
AR IR TR0 2 MR OB BN A

Planetary Boundary Layer Mellor-Yamada-Janjic (Eta) TKE scheme
Surface Layer
Land surface

Monin-Obukhov (Janjic Eta) scheme
Unified Noah land-surface model
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Fig. 2 Scatter plots of WRF versus observed wind speeds at
(a) SW-buoy and (b) Shirahama
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Fig. 3 Scatter plots of SAR versus observed wind speeds at
(a) SW-buoy and (b) Shirahama
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Fig. 4 Distributions of mean wind speeds based on (a) WRF and (b) SAR and (c) wind speed difference between (a) WRF and (b)

SAR, using 104 SAR images



TF L, SAR {78 95 2 — 2 LU ST & /- fE 2 S
THHATWS, BIEEEELICH 2T 5 &, BuEE
WRF Tl 5.5 m/s Hitk, SAR TiE 5.0 m/s Riitg & 720,
SAR |Z%f LT WRF Ol BAEEERGE /2o TnWDH &
b, WRF OEGEM (X 4@) 2H5 L, mME
TAHEE 6.5 m/s DEERE->TRY, TOMAEHIS
AL SEITIEOR B A L CD, 22T, 20
TR A EARANCHEZ D 7212, X512 WRFE OF 1 fEIK
(231 5 2010 FEOHEEFHIRESM 279, BT, [
TR FIER I 7.0 mis LU L, Zodbla s micinE 3 o4

PRI & ME PR T 5.0 mis~6.0 m/s & 72> TW5,

Z OUER I A E L CILE Y ORMPERT 5 7201
AR & JB RN 2T CEEEDSRE 19, BEphos
AR O HITZC & B ORI K> TRk S
TNDZ EEREL TN,

4(c)ix WRF JEi#A 5 SAR JEGEZZ L5\ b DT
b5, EEPEAHIICROCEEREZE0.5 m/s ik DIE
TEDEDS > TD, WRF 2NEGHAE 2@ /G L, SAR 23
BN D &0 D AEERES TR SN ENEIORE
FEPEAERRIZIN - THEPINZ /A LT D Z & AR TH
N5, ZAUTx L TG (N 13,-0.5m/s LUFOA
TED A HHRICHBL L CQd, Z OAREEIE WRE EUEDS
SAR FEUE L ¥ BIK< 725 Z & &7R L, SAR S (RIvE
7)) TREBREHEZ T Z LD HOTHD,

LREOFERND, X 2 THERSNIZIBFEEMED 2 A
O Bias fEOFEAX] 4 (2H BV 2725 & BIR L
TNDZEDVRB SNz, % 2 TIRE T, 4 SOERD
B ARG AR & G % Hl 5 Z & C, WRF D
FREEIZRE L CGER A D T,

- B

T

133°E 134°E 135°E 136°E 137°E

5 2010 4RZF1F D WRF OHEEBED )55
Fig. 5 Mean wind speed distribution based on WRF in 2010

4. BRIZHANTARGE
4. 1 KPEEGEAELOMGE

AEATIE, RIS 19723572 2010 FEOAFERIFH RS A7)
FLC, BUEAEE B 03E LT ER DD WRFIC K B
ACERHEAR A RS D, BRI, ARSI LT, A
TP JRAHEFE D R A RS 2 BT~ A ORI A E
0 & FWTH¥E LT, 2 MRS OBIHIT A &R ATZERR &
ZDOFHETLOFEE LT, 4 SOEFE {LRER : 21°
<0<111°, FEHEGR : 111°<0<201°, FEPHJER : 201°<0<
291°, ALPEEGR : 291°<0<360°,0°<0<21°) (Z/HFEL, Bl
TEGEEAY 1.0 m/s AMOFEIERFR L 252 (X 6(a),
2010 RIZ381T 2 MR OHBUER L, JLHREGR 19 %, FEH
R 18 %, FEPEER 11 %, LIRS 50 % &7, §5Ed
2%& e o7z, AFERROHBBEE A & HE< R D DI,
[ CAER 238 L CHllid 2403 © O&AFF/MEN G
FNTNATDTHD,

ACERGE AL, 5, AU 28, Ax il L7
L& AUAX TROINDD, AR TR S 10L& [Fkk
W2, B & 72 5 BEAE Ax AW L, FTEIR A ORGEIE>
B ISR O JRGHEAE 25 | V2 JEGEZE AU (Uswbuoy-Ushirahama)
ZRGEARLE S AT D,

FRRIZIT D WRF OHEE R %X 7 1R
T, EFRIROBARUTEHE LR LG ETO 2
km FOHROFRHEZ B 8 (277, ALPEER T,
JEGHAS 8.0 mvs LA D@ EGHEANA < 53 L, FEEIH~ A
& BESREOBTIE 025 mis RSB 17 S EGE RO M
WEAEIT 72 0 TR AFLAS K E N2 & bnnd, —J5, b
SR ZEBRZ 3 DO CTIIFHAAREES; & 720,
kxR O BERA DY L 72D 7280, BT A - A
DOACHIGEARIT NS < 72 D,

#2128, FERIZIT D WRF FGE & K ERGEAELOHT
FHEZRT, WRF NS, WO RRIZBWTHE
18> HEENL A 1F S RHEDS K & < 7o D8 1A R CEUL
%o ZAUE, WRF DNREBDLC A 5325 Bl D52 % il

N

(a) i

6’&

6 (@FETEMNT A L (Ob)FESIEICHIT D 4 BRD
Fig. 6 Definition of four wind conditions at (a) SW-buoy and
(b) Shirahama
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Table 2 Comparisons of WRF simulated wind speeds with in-
situ measurements at (a) SW-buoy and (b) Shirahama and (c)
the difference AU. for four wind conditions

(a) Usw-buoy

ALL W NE SW SE

OBS MEAN  7.00 m/s 8.89 m/s 5.09 m/s 5.60 m/s 5.17 m/s

WRF MEAN  7.15 m/s 8.57 m/s 5.75 m/s 5.76 m/s 5.90 m/s

Bias 0.14 m/s -0.33 m/s 0.66 m/s 0.16 m/s 0.73 m/s

(b) Ustirahama

ALL W NE SW SE

OBS MEAN 545 m/s 6.20 m/s 422 m/s 5.09 m/s 5.13m/s

WRF MEAN  5.74 m/s 6.58 m/s 4.56 m/s 5.15m/s 5.25m/s

Bias 0.29 m/s 0.38 m/s 0.35m/s 0.06 m/s 0.12m/s

(©) AU (Usiybuoy = Ushirahama)

ALL NW NE SW SE

OBS MEAN  1.56 m/s 2.69 m/s 0.87 m/s 0.52 m/s 0.04 m/s

WRF MEAN  1.41 m/s 1.99 m/s 1.18 m/s 0.61 m/s 0.65 m/s

Bias -0.15 m/s -0.71 m/s 0.31m/s 0.10 m/s 0.61 m/s
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