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SUMMARY

I. Title
O Numerical Simulation of 3-dimensional Wind Distribution near the

Jang Bogo Antarctic Research Station

II. Purpose and Necessity of R&D
O Purpose

- Understanding regional weather and climate characteristics through
numerical simulation of seasonal distribution of Katabatic Wind around
Jangbogo Station.

- Providing useful local wind informations around the Jangbogo station
which can be useful for locating best place for science equipments
and base safety through numerical simulation of 3D wind field

considering local terrain and building arrangement of Jangbogo Station.

O Necessity

- The Terra Nova Bay area where Jang Bogo station is located is the
most important area for climate change studies in Antarctica.
Combined cryospheric elements such as land ice, sea ice polynya and
strong Katabatic winds make the place more compelling for scientists.

- Detailed wind field simulations using the mesoscale numerical model
are essential for studying the arctic winds of Antarctica where
weather observation data are very rare. With well designed numerical
simulation techniques and visualization technique, it is possible to
acquire necessary wind data for the optimal arrangement of Jang
Bogo station.

- By diagnosing/suggesting the optimal installation site for science
facillities, it is possible to reduce the cost due to the unnecessary

trial and error for choosing installation location. Basic data about



maximum wind speed, direction of main wind direction, seasonal wind
change can be easily accessed at necessary moment. However,
understanding of complex weather phenomena is not easy to
understand with conventional 2D representation of weather data, and
it is more difficult to expect effective interpretation especially in areas
where complex terrain or multiple phenomena occur. Therefore,
understanding of accurate atmospheric phenomena requires the
utilization of 3D visualization technology.

- With combined numerical techniques and proper visualization, It is
possible to evaluate the productivity of new and renewable energy
(wind, solar) in the base through the acquisition of precise wind field
according to detailed geographical features / land near Jangbogo
station and 3D visualization, and suggest ways to secure efficient

energy.

III. Contents and Extent of R&D

O Numerical representation of streamlines around the Jangbogo station

- Construct grid system and area configuration for numerical modeling
in the polar region

- Obtain basic data (boundary condition, initial condition, analysis data)
necessary for model simulations

- Simulation and characterization of streamline around ]Jangbogo station

- Production of detailed initial catalog data for use of computational

fluid dynamics model

O Creation and visualization of 3D visualization tools appropriate for
Antarctic-centered medium-scale weather data

- Creation of visualization tools specialized in complex terrain on
Antarctica

- Development of the coordinate system suitable for the simulation

_Vi_



result of the mesoscale meteorological model
- Production of 3-D ground-based detailed presentation tools produced

by the mesoscale meteorological model

O Detailed air environment study near Jangbogo Science Base

- Analysis of detailed wind field characteristics around Jangbogo Science
Base

- Anaysis of influence of the Jang Bogo Station on the wind observation
environment

- Cointegration of mesoscale meteorological model and computational
fluid dynamics model

- Analysis of the effect of Jangbogo Station on the ambient temperature

and air pollutant diffusion

IV. R&D Results

O Numerical representation and characterization of streamlines around
the Antarctic Science Base

- Successful introduction and construction of a medium scale numerical
model (Polar-WRF) for optimal simulation of polar weather stations

- Modeling grid system (27km, 9km, 3km 3-directional nesting grid) and
time integration and physical parametrization plan for optimal
simulation around the Jangbogo station

- Numerical simulation and characterization of bow breeze around
Jangbogo station

- Numerical Simulation, Causes and Characteristic Analysis of strong
wind Case around the Sejong Station

- Quantitative verification of the reliability of wind velocity data around
the Antarctic Science Bases through comparison of high-resolution
numerical model results and observations

¢) Creation and visualization of 3D visualization tools for

- vii -



Antarctic-centered medium-scale weather data

- Creation of visualization tools specialized in complex terrain on
Antarctica

- Development of coordinate system suitable for the simulation result of
medium scale weather numerical model

- Production of 3-D ground-based detailed presentation tools produced
by the mesoscale meteorological model

- User interface creation of visualization tool

O Detailed air environment study near Jangbogo Station

- Collection and detailed analysis of weather observation data (AWS)
around Jangbogo Station

- Mesoscale meteorological model (Polar-WRF) - Computational fluid
dynamics model (CFD) junction analysis of wind field around Jangbogo
station

- Analysis of air quality change influenced by construction of Jangbogo
Station

- Thermal environment analysis influenced by construction of Jangbogo

Science base

V. Application Plans of R&D Results
O Use as basic environmental database for safe operation of Jangbogo

Station

O Providing information necessary for exploration activities around the
base based on detailed 3D wind map data around Jangbogo Station

O 3D visualization of the winds around the Jangbogo base accessible
for the local wind field information public exhibition, etc.

O The detailed local wind field simulation technology developed in the
project is the first attempt in the nation-wide and facillitate new R&D

opportunities in Antarctic Science and industrial cooperation.
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Fig. 2. Time series of (a) hourly averaged 10-m wind speed (m s—1) (black

line) and 10-m maximum instantaneous wind speed (gray line) and (b)

hourly averaged surface pressure (hPa), and (c) wind direction (degree)
at Jangbogo AWS station for 5711 September 2010.
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Fig. 3. Same as Fig. 2, except for the period of 16722 August 2010.

_18_



/

i o) y 7.7-. N
— 1020010

100090

o
N
9907
SO0 Y000
LA S
1010/, f@'
=0\
/1000

1020 1010

Fig. 4.

September 2010 from ERA-Interim reanalysis.
circles in (a)-(c) and (d)-(f) indicate Jangbogo station, respectively. Red

symbol x is center of low pressure system nearby Jangbogo station.

(a)-(c) Se

a-level pressure and (d)-(f) daily anomalies of 500 hPa
geopotential height at 0600 UTC 8 (top), 9 (middle), and 10 (bottom)
Black and white closed




AR 7)A AE

1

o
yal

L(Fig. 49 5& A¥RW F Al BT
715t Abelell 914

A A]

=

33

3T

K

ol

St
Ao Z HolxmH

|

}

7
3|

R4

A
Ag 5

o
=

A

A 3T
s

O % ARel 500 hPa A

B4 g

Eis

B ATelA = oY

.

B

_20_



Fig. 5. Same as Fig. 4, except for at 1200 UTC 19 (top), 20 (middle), 21 (bottom)
August 2010.
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o,

o

R=R

R

cr!

ATFE Y& vl 235tol2 3 g (Ohio State University)2] Byrd Polar and
Climate Research Center®] Polar Meteorology Group ©lA 7§&¥ Polar WRF

Ed(version 3.7)& AFE3EI91S. Polar WRF B3-S Z31E t7|dAs ==

A st o Sstz]l 98 JiEE WRF 23 (Skamarock et al, 2005)= 7]WFO=

Ao 43 we) A5e FATNY] 98 ANE FARD. FAd) Be oo

E3a Qe AT 97 BES YA AHS AEA JuA T (Surface

energy balance)¥} A (Heat transfer) RolS €& Noah Land-surface
23 (Noah LSM)e] 7|A=om Wy &= 77 59 A7 A2 At xdS
A3l w3 S Y Fo= FAStA g FASee] ARpult) 0ol A 1714 9

H|& 2 Aez Zgo] 7l53leE i3} Fo] 91S(Bromwich et al, 2009).

PN

A welg sl 27 27 km, 9 km, 3 kme] A% A4S 2= e Y 498

A3 39 AR5 PerAE FHeZ 9 km, 3 km
AR} A , domain 3)2 A3 S. 379 AE FH
=1 AAA 7] weko 2 Agst= e FA A Al (two-way
nesting) = - o] 4 T e Mo Y T2 10
hPa® A A A52 FE957]dH2 A8 ERA Interim
A5(59

60°W —

75°s -
75°W =

90°W

74°30°s

105°W

74°8

120°W

T T T T T T T = T N
135°w 150°w  165°w 180° 165°E  150°E 135°E 170°E 168°E 166°E 164°E 162°E
Topography height Contours: 400 to 4000 by 400 Topography height Contours: 250 to 3250 by 300

Fig. 6. Model domain with terrain height (solid line, Unit: meters) for (a)
27 km grid and (b) 3 km grid. The inner boxes in (a) represent 9
km (d02) and 3 km (d03) domains. The black circle in (b) indicates

the location of Jangbogo station.
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@)

. AFelAE Polar WRFE o]&38te] d= Ao gk 7[ddn 5l A HF
T A3E 7]+ Bromwich et al. (2013)& Fxste] A7 E wel 4
EelAs AAES A" 7 A 71l i A R ARS 9w
0000 UTCell E&HES Zx7Istste] 48A17Fe] Ais Fasiglon, =¥ (spinup)
AIZES aiEste] 27]) 24A13ES AlLJSkal YA 24A13E o SAERES Ao
d&stne. AP FHANAM AHEE B v 25 5 B8-S WSMb

(WRF Single Moment 5-Class cloud microphysics scheme) (Hong et al., 2003)

e

ol
-

oS AetF 243t AL Grell-Freitas ensemble (Grell and Freitas, 2014)

oS 27 km AAMRE AH83199 o™, 9 kmet 3 km AAbE= AR E3E

AbgEEA] ke A EW R¥(Land surface model: LSM)-& Aol A A H
o

Noah LSM (Bromwich et al, 2009)2 AR&ston, HAF E4st wWQto ==
RRTMG ®<HIacono et al, 2008)& “datEAb 31 dupnalel] st 283532
A AAZ 243 WH-S Mellor-Yamada-Janjic TKE (Janjic, 1994) Wers, A #H
L) ¥oH(surface layer scheme) 2 23 Monin-Obukhov (Monin and Obukhov, 1954)

ks HEskls. AT R = Bk Wete] ik ARt Jr= Table 13

[Table. 3] Summary of model configuration

Domain 1 Domain 2 Domain 3
Horizontal grid 240 x 230 124 x 103 100 x 109
Resoution 27km 9km 3km
Vertical layers 44 Layers (model top: 10 hPa)
Geog data resolution 10 m’ 30 s’ 30 s’
Initial, lateral ERA-Interim (6-hour intervals with a spatial resolution of
boundary condition 0.75°x 0.75°)
. . 2010.09.05. 00 UTC™12 00 UTC (CASE1)
Time period 2010.08.16. 00 UTC™23 00 UTC (CASE2)
. 48 h forecast from global analysis
Integration (first 24 h used for model spin up)
tBase state 27316 K
emperature
Relaxation zone 4 grid point (Default)
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Domain 3

Domain 2
Monin-Obukhov

RRTMG Shortwave

RRTMG scheme
Mellor Yamada-Janjic TKE

WREF Single-Moment 5-class
Noah Land Surface Model

Domain 1

Grell-Freitas ensemble

Shortwave rad.
Land surface
Surface layer

PBL
Cumulus
param.

Microphysics
Longwave rad.

[Table. 4] Summary of used parameterization schemes used for the simulations.
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olFsty ATl AR 99 AR AZE AR Hlghenio] Sl 9 x]ekH

AE, BAE AL viES AsAl AS gl 5 glen, o2fd A7kl 93
E vkl Aol os BT A nigel] FEFE Fof HAMT AL A
Hhee B Aow whe.

Sea Level Pressura Corfouns: 940 10 990 by 6 Sea Level Pressure Contours: 940 1o 990 by 6

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

Sea Level Pressure Contours: 540 10 990 by & Sea Level Pressure Cortfours: 940 to 990 by &

0 5 10 15 20 25 30 35 40 45 50 o 5 10 15 20 25 30 3F 40 45 50

Fig. 7. Sea-level pressure (blue contour, hPa) and wind speed (shading, m s—1) at
(a) 0000, (b) 0600, (c) 1200, and (d) 1800 UTC 9 September 2010 from Polar
WRF simulation with 3 km grid resolution. Contour interval is 6 hPa. Black

circle indicates Jangbogo station.
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Fig. 9. Time-series of hourly (a) 10-m wind speed (m s—1) and (b) surface
pressure (hPa) from AWS (black line), Polar WRF (gray line), and
ERA-Interim reanalysis (open diamond), and (c) wind direction from
AWS (black closed diamond) and Polar WRF (gray closed diamond)
for the 5711 September 2010.
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11. Time-series of hourly (a) 10-m wind speed (m s—1) and (b) surface
pressure (hPa) from AWS (cross) and Polar WRF simulations with 27 km
(gray dotted line), 9 km (gray solid line), and 3 km (black solid line) grids,

and (c) wind direction from AWS (cross) and Polar WRF simulations with

27 km (open diamond), 9 km (gray closed diamond), 3 km (black closed
diamond) grids for the period of 5711 September 2010.
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Fig. 12. Same as in Fig. 11, except for the period of 16722 August 2010.
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Meteorological Society, 2016)7F Ak @A stal ded 4] 9)-3-(Nam and Lee, 1991).

O d=utes 9 Ao w u9l% AStdol sidate] A7Ie] olFo] e s Fol
wom Ml AollA= AF7IAdA #5E SddEs TR O YIS S8k
A719ke] dEFow WAL l5Ss dAuelia(Lee et al, 1990). 53] 7FE7} 2oL
Alglo] gk = A7 (polar low) &3 Al ek e AHIE Fddhe Jow Ao
A de T AV dwrdoz  wz-wEHmesoB) F  LNa)FE(F
747100-1000 km)= F9 %= A9 T3 A7Itel vl 1 FEIF Zom QI AH
of 15 m s—1 o] Zgt vighs siel= 3oz deAd S (Rasmussen and
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T Aol ofgk At 2eHdom sl x| eyt afde] AANA A5 A sh=
Ao d4elA de(Reed and Duncan, 1987).

O = A7I AFT7IAZE AAe A=A 25 LAY (Turner et al, 1993), %

3 FELS Zulsh 1%1:47\]_1: ulz\g_,] ZFQ8 go

s A<l

o2 AEHI F. sHARE AF7]A]

Y

FHol AF Tk BEAEE XA AF A SR 2 SR 54
@ ool = A7Iskel et 7] e AT o

T By A grolr 7] o]¥=(Deb et al, 2016).

o] Tal= E7-skaL o] A

_36_



O ol d=l gk 71/71% d77F dii-2 +4

K
i
)
o
o
N
-~
Mz
kel
%
%0
rir
offt
e
1l
2

qo PFHol Qov], AF/At AN AdFel= obx FHH AT Azets
AT Y Qo] REGE 2R Udlo] Ye. EF FE He T AZIY B
At md] e FHoz e SRS e ARN ARE ol g7 B

O Zappa et al. (2014)= 9 =7]d 1 A8 (European Center for Mediumrange Weather
Forecast)®] ERA interim A4 S (FEAAEAT80 km) ot QoA BAS(FH 4
ARATI6-25 km)E ol&ste] 5 A7Ibs ©Xstal, w53 vluste] st =
< AYGdEARE AHEE ©A A 3539 S FAERS RS

O & dFeAMe =249 2oE 98 /¥ Polar WRF (Weather and Research
Forecasing) 225 o]83sto] W= AlFHst7|#| o] 7FE AlElE RYstdon, ol&
Bl 1) Aol 58td FarE X2 Polar WRFS] = #7|¢F ReoldeS 4
7vstaLl 2) SA7IE T3 Ak

gele] = A7Igtel | 919 ALEHL 3 AR Ansh FE AL o

Lo

Al B s EE ATTIANAN B5E AEe] 2
&

A8k A sHdownscaling) 712 Fall ke A w7 x] 9] Aps v daS
)] w39 A%E 7S (cross validation) S 331512
O A5 AFEE Polar WRF E&(version 3.7) S 5E 134T ti7|dde s
AL o8] Sl JidE WREF Egs 7Inkes S99 Rolids e 98 7
H FAEP o Z(Skamarock et al, 2005), MW I+ TEZS AolA Noah
Land-surface %% (Noah LSM)°] #2je] A|xW oy~ #ga & ddo] rojd
T 5 /A E S Bromwich et al, 2009). 3k theket sy} = FA9 Ax A
S woh B xdstr] flal w3 YS9 For skl veE 73}
sto] Azpuict 0ol 1744 9] HIEE FEstAlA deFow A8 Thsete FAE
AE3F o] 2dS(Bromwich et al., 2009).
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A 2~ &l (Automatic Meteorological Observation System; AMOS)S ©]-&3}o] 435 o]

L3l Sl 7S A RS ATTIA ZACES 625 138 2368%, 474 58% 47
21.31%; Fig. 14 =) s 7b7tolol f1xetaL lom A4 10 m =olo T3/ F<%
AE MIFEste] oF 2 m =ololl /5=, oled2=A, oF 1.5 m ¥oldl A,

ZIASE =R AHIAPEA S0l AAE S 4 AMRFEH 10 B 12

Y

Aoz 249 ARt 10% Fiwol ARAF7|o] A4,

ub 2] b 4w - -—,/
Marian Cove I
| King Sejong Station ¥ /‘)(i:{f& é}?{_..
Eelr (=
- / 2
o at
\ A _
|| [b R
, - Ayl
H & KING GEORGE ISLAND . % A 0
-~ ,'\9 (\ “' 4‘-
- ) i< ~
| AN >
SBRTA =
‘ | ; - =

Fig. 14. Location of King Sejong station in King George Island. The inner red boxes in

©)

©)

a) and b) indicate King George Island (further presented in b) and King Sejong

station (further presented in c), respectively.

o] 2003d 129+%H 25 WAE fd 7= 71dRSA == (AMOS-10]2F g 3h) ¥}

199472013\ 713ke] o Rt F5e] 715 Bdgk(Fig. 152 AR Juk
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Wind Speed [m/s]

SFEC Pressure [hPa]
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zate] AE71Ael Aol BEHUE 149 7Y 0600 UTCell oF 960 hPaol 2]
Y A 7Iskel HAAZE EE ARE iz oF 40 mos—1 o] ARt A
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b

grol #SE ARt AXFHS gl ¢ dom, ofE FI AlTTIANA H5H
AEol FHE sk A7IYY S WASS 5T 7 Us o] 7Y AMF
714 FHE T A7IGH FHe T 7S AR f8 ST B A
o /] A|¥s= ERAInterim A%4 AZ(FHAAIFATR0 km)e] 3™ 7] (mean

sea-level pressure)g A H S
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Hourly Surface Pressure

()

995 :
Mean SFCP ——
990 |
985 |
980
975
970 ¢t

965

960 - + . + -
5 6 7 8 9 10 11
Day (January 2013)

Fig. 17. Time series of a) hourly averaged 10m wind speed (m s—1; black line) and

maximum wind speed (gray line), and b) hourly averaged surface pressure (hPa)
at AMOS station during 5710 January 2013.
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O Fig. 18& 149 5Y4FH 8Y 7|1t &<t 1800 UTCO] &liH 7|¢e] x5 e 14
5 Ml 5 oA LA = A7Igto] AJgte] Aol wht Al o] Aaf A o
SR8kl 7 AFIIA FHel MEY Sl AS FR1E 5 glen, o] AY] AlEY

A TR Sekde]l 2R ZEH s = e o2 A 7 AFIA

’ T O
o oFsto] F&ol A Fol= AITTVIA AMOS #53 RS & ¢ e 8
o] 1800 UTC o]= o= ZFA]7]|¢te] e} AletAn 5Zo =z Wo] o]Ed S &
T A=

Fig. 18. Sea-level pressure at 1800 UTC a) 5, b) 6, ¢) 7, and d) 8
January 2013 from ERA-Interim reanalysis. Countour inteval
is 6 hPa. White star and triangle indicate center of the polar

low and AMOS station at King Sejong station, repectively.
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Fig. 19. Model domain with 27 km grid (d01) and terrain heights (contour). The inner
boxes represent 9 km (d02) and 3 km (d03) domains, respectively.

_43_



ATl AREE AR AR et B 232 Polar WRFE ©]-&sto] @= A<
of tigk 7R R dsHaE 73 ATE 7= Bromwich et al. (2013)S FE3}
o AAEHS 5. A" Akl 717H2013d 1€ 5¢ 0000 UTCT11¢¥ 0000 UTC)S] 4
Ao dee 93] md 0000 UTColl Rde %71838le] 48A13F el 258 a3}
Fom, 23 (spin—up) AZHS T#3F] 27] 24A17HS AlQlEta YA 244]7E o
tERES Aol &&slS. AoA AMSE EEAAES o2 25 7F =1

I WSMs (WRF Single Moment 5-Class cloud microphysics scheme) (Hong

\r
N

et al, 2003) kS A ¥W 2 & (Land surface model; LSM)& Aol 2HA] =4
¥ Noah LSM (Chen et al., 1996)& AFH&-3t3 o, HAF 243l Beto 2= RRTMG
Wetacono et al, 20080 FIpEAL 2 GafEAle] FAA AEEA S WA

238F W2 Mellor-Yamada-Janjic TKE(Janjic, 1994) Weors X3 E&Wet

of\i

(Surface layer scheme)® #3= Monin—-Obukhov (Monin and Obukhov, 1954) oS-
A5t oFARE PR Aol gk g ALks g ALdE East g
Grell-Devenyi ensemble (Grell and Devenyi, 2002) <¢FS 27 km ZAA}fol|wt A &3}
Rom 9 kmet 3 km AAl= A& i B3t HA-S AR FeE AAES]
- Bd A 2 B 2ask ko] igk Al JE = Table. 39 4o Z42F Q.oF

ato] 7l=sls.

>{l

[Table. 5] Summary of model configuration(2)

Domain 1 Domain 2 Domain 3
Horizontal grid 281 x 242 202 x 220 187 x 205
Resoution 27km 9km 3km
Vertical layers 44 Layers (model top: 10 hPa)
Geog data resolution 10 m’ 30 s’ 30 s’
Initial, lateral ERA-Interim
boundary condition (6-hour intervals with a spatial resolution of 0.750x 0.750)
Time period 2013.01.05. 00 UTC™11 00 UTC
Integration 48 h forecast form global e;g?rllyiis) (first 24 h used for model
t]éj)r?l%eersattitfe 27316 K
Relaxation zone 4 grid point (Default)
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Domain 3

Domain 2

WRF Single-Moment 5-class
RRTMG scheme
Monin-Obukhov

Mellor Yamada-Janjic TKE

RRTMG Shortwave
Noah Land Surface Model

Domain 1
Grell-Devenyi ensemble

Microphysics
Longwave rad.
Shortwave rad.

Land surface

Surface layer

PBL
Cumulus
param.

[Table. 6] Summary of parameterization schemes used for the simulation
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Fig. 20. Sea-level pressure at a) 0000, b) 0600, ¢) 1200, and d) 1800 UTC 07 January
2013 in domain 1 (27 km resolution) from Polar WRF simulation. Countour

inteval is 10 hPa.
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Fig. 21. Sea-level pressure (contour) and wind (bar) at a) 0000, b) 0600, c¢) 1200, and d)
1800 UTC 7 January 2013 from Polar WRF simulation with 3 km grid resolution.
Countour inteval is 4 hPa. Shading represents wind speed (m s—1).
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Fig. 22. Time-series of hourly a) 10 m wind speed (m s—1) and b) surface
pressure (hPa) from AMOS (black), polar WRF (gray), and
ERA-Interim reanalysis (filled square) obtained from the nearest grid

point during the 5711 January 2013.
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Fig. 23. Same as in Fig. 9, except for time series from AMOS (filled square)
and polar WRF simulation with 27 (thin dotted line), 9 (thick gray line),
3 km (thick black line) grid resolutions.

_50_



o
o

H

O A7|t 5o AzfoA

el

m

sl 3 km 27} it

o] Fztel

Holw, Az} R} zfo}

7 (27 km), 4 (9

km), —1.2 (3 km) hPa ¢ %<& Ho|H,

o

O ok ul
__L]_'—] =~

L3
e

H 7HHEL% Polar WRF =4S O]%f;}o:] == “ﬂ%—-ﬂ]—

9]

g 9

FolAe FHo me)

A

il

9|

SO AINE AR At AF7ANA B

e

}

E2d]

oln
s
—_
file)

T
iz
el

o

o
N

o
Ho

OL .

O Polar WRFE ©]

2459

il

219(199472013) 717ke] T4 A8

I AZ7 AN B

17] 918

e

. 199472013

KeN
™

Ho

720] Walrl 24

= 3z
- &

3% Al w
3ol A

3

E
=

E
=

b

5]
of

A& 3% w|ke]]

Kl

ZH S5 8] AE T3 A

e

)

Tkl 14 ms—1=

6< 1200 UTC A1 Ad gt A AAE F# 7)) AlF

o3

yxﬂ%ﬁggkm

v=

?l,

1o

10 m

=
T

kel Alztel]

A AE fAE 3

gy, 1Az ol AEA A=

oj o
AN .

H

_Zfl
o
Nz
K

,_._mo

3

ik

| 3 km Zxbell A 2olE 79k

9

23} W3

= flev &

Aol

_5']_



il

AALH B FA4)

il

—_
o

i

71A] oA 9

3 A E e

Uz

o

fok
~

=K

_52_



O Fig. 24= &= Zr #87]A] FRle HA8 ASOSeH AWS_2 #7179 #1474

HE Uehd ARISL E= AR A wds SR Eg o =(Northen
Victoria Land) H|2F=1}9HTerra Nova Bay) 1¢h @] 74° 37.4', 7 164° 13.7' 9l
AA s Eso] YA AHe] dFnEE 25 meY. FRI H3r|H ] HA] Wk
Sz Aol EAstH FE F5 WEkd= vithrE A AR 3Er]A o] HA

kel =25t

rr

2kel Hal Eol= 700 mY. AR 3R] AWS 2+ 20174 39
AFom SAE oINS AWSS AAE A;E A7 @ U 37
2316", &7 164° 13" 4296""(AWS_D, <91 74° 37" 26797, 74 164° 13
59.96" (AWS_2), =<l 74° 36" 5852, &7 164° 15" 04.92""(AWS_3)°]™, ASOS*]
NAE e Tl 74° 37 20287, 74 164° 13" 41.83''9). & HollA = F7|1tel
thstel AWS 25F ASOSS] BEARE RS L.

filo

bk
Fig. 24. &= Zra 3er7]A FH AFA 3 et

S
ox T
>
>
=
S
N

2]: Google Earth)

_53_



(1) AR 78t7)% #A= 37 EA B4
O ARIL Hs7|x] TR 71 ST T, 71 T4 Aske], AWS 2%

ASOS A A@d] dste] 20149 49FE 20159 10€9714]9] #=A8E 24519
Fig. 24 FR1 738715, AWS_2, ASOS A A< 9x& e, AWS 2¥ 714
F&o Y3t L, ASOSE 71A| 9] EZol 9A|3tt). Aral 3sly|x] F o)

O Fig. 265 AWS_29} ASOS A HollA] thd 717120143 4€ ~20154 10€) st
AN EE YERE. AWS_ 2 A -el| ik tiit 7]17H2014W 49 ~20153 109)<]
FRIEE AMed 55F A9 vhgdo]l fAsHA YE e, A3(16.07%),

ool

s
o
55

Z(15.59%), AEAE(12.02%) co& =& Hler} EtS. o] AWS_ 2 A A9 &

23 2 ARl Eolot 3

gk

s

o2

o 7 FAokE(Fig. 25a). ASOS A4

Aol

A E7IZkel Ak FF HlEE AE(19.219), AEAE(11.74%), A5AE(11.38%),

5E553011.03%) o2 AWS_2 AT AR 4es el oy Adaidoes 3

o] ZatAl #5E A5 (Fig. 25b). °]x= ASOS7F AWSel| Hlal Ao s #2
oA #5H7] WEow ddtd. AE npeEAv=E 243 A3 AWS 2 AH

sz
o
al

o

el AAEFHo= H53(1749%), H553(15.77%), A5(1506%) o= HE7}
A Yebga, ASHAE AF(16.89%), AEAF(14.96%), S5535(14.75%), 5%

(12.07%) == Wx7F =4 YebtS(Fig. 25c9t e). ASOS AFoM= o 53

5555(14.93%), AF(12.74%), AFAE(11.32%), HF&3(11.28%) o= Hwr}t =

f

=

A vebk-S-(Fig. 25d¢} £). AWS_2 A delA ik 71712014 49 ~2015 109)9)

of
ot

et T F4 Wk 02~15 m s(35.76%), 1.6~33 m s '(3263%)2] T
o2 W57t =4 JeEbES(Fig 26a). ASOS A= 1.6~33 m s(35.7%)2
Zoll st RIE7F =A UERe(Fig. 26b). AldE nfgv 25 £A¢ A3

O~

B B, L

=
o]

EH-E= AWS 29 ASOS BF 16~33 m s'9 EF&o|A 714 =& Hir (77}

42.85%, 42.46%)7} WERSE-S(Fig. 26c9 d). 80 m s' ol #FTS o5H

AWS_29} ASOS A3ellA 242F 412%, 19.18%% YEkwtil, Ag
ASOS A RollA Z+2; 871%, 21.88%% WEba(Fig. 26c~1). A 7SS 24
Ay AWS_2 A eA] A 7]17H20149 49 ~20159 109)ol] sk HFd 7]
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Fig.

1756CS. AFHIN} AZHY H+t 7|2 742 -2807TC, -2400C=, A=dE H+
7]e2kE oF 21.1°CSL ASOS A AelA Al 717H2014\ 498 ~2015% 10€)el tigh
Bt 712 -1747°Cola, o533 AeH e Htv)22 2H2F -300Cek -2374T

2 AWS 2 A3 e a5ty 2 2bol7k yEhtA| S9k=(Table. 5).

0o o0
20 s ne6 20 375 s

15 3150 450 15 3150 450

2925 616 928 7.5
5 s
g, g , a
E om0 | 90.0 z g2mne - : g
8 g
& s & g ‘ '
urs 125 2418 128
10 10
15 2250 1350 15 2260 135.0
20 1
20 2025 e 1576 2028 ey 1575
o0 oo
0 375 225 Fail 375 nE
1% 360 45.0 15 150 45.0
10 10
2§ P 2925 615
5 £
g X £ 5 2
= game 1900 T p 208 | == s0.0
8 g
g s g s v
478 1128 418 H"as
10 LS
15 2250 138.0 5 250 135.0
|
20 {
o 2025 P 167.5 202.5 — 1575
o0 0o
0 375 225 20 3375 25
15 50 50 15 3150 450
o 10
2925 6.5 2925 68 ]
z 5 - 2 . mmm 02 - 15ms-1
£ £ - 15~ 3.3ms-1
£ g 0.0 T o200 | 90.0
g g 33 ~ 54m s-1
g g oy A" 54~ 7.9m s-]
2478 128 478 1128 . 79 - 10.7m s-1
1 10 107 ~ms-i
15 2250 1360 15 2350 1360
20 2028 187.6 20 2028 1578
180.0 180.0
o ) =)
25. t717H(20149 49 ~20151 10€)ell tHeted (a) AWS_2¢F (b) ASOS A 7|3t

(c) AWS_2% (d) ASOS AAE54, (e) AWS_2¢9} (f) ASOS A-=He| npghdn =
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271302014 49 ~2015 10€)ell diste] (a) AWS_29F (b) ASOS 7 7]
, () AWS_29} (d) ASOS o542, (e) AWS_29F (f) ASOS A&He

A=
= =

R

o

[Table. 7] WA 717H20143 449 ~2015d 10€)9l
it 71(C)

gk AWS_29F ASOS A 3ol A 9

o5
(12€, 14, 2¢)
-2.89T
-3.00TC

A&
64, 74, 84)
-24.00C
-23.714°C

AA 713

AWS_2
ASOS

-1756C
-17.47C
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U AR 3 38712 AWS 37 ASOS AR Wi B4

O AR #HAsr|A Fwe N SA(FTF

B
Oy bl

oftl

L 71e)e sers) SAstel,
AWS_3# ASOS A/ -l tiste] 201549 12€5-H 2016\ 397t#¢] #F5A5E

e

A5+, Fig. 272 AWS_3(eld 5 A15)3 ASOS A Aol A e 717H2015
129 ~20169 39)el digh v Au e s UERY. AWS.3 A el e o
717020151 129 ~2016%1 3¥)°] FF Hkw 5AF(1392%), AHAF
(11.71%), A1&(9.32%) +o= YEYS. ASOS AANA E7|3ke] gk F3
MEE B5%53(1364%), A9HE11.84%), ME(11.84%) o2 e, A
T AGeME duHoR A vige] FE UERRa, HEF AlddAe A

Moz ok g F2 S (Fig. 28ash b).

]

Fig. 27. &= ZE3 #8712 F¥H #ASA 4 gk
AR (2) (A Google Earth)

O AWS_33 ASOSOlA 9] F&%5 &A% 23, did 713H2015d 1249 ~2016 3
D)ol diste] 1.6~33 m s 9 F& WIE(AWS_3 : 3352%, ASOS @ 38.23%)7}
7HE =A UEbs S (Fig. 28a9k b). AWS_3 A -l diste] §Fo] H& 49

1

= 02~15m s' F£0] 566%= /M Eo WML E UElla, A g Eol

off
1z
e
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2

A$olli= 55~79 m s FEo] 412%9] WEZF YERES. ASOS A Fel st
o] BREFo] B AolE 02~15m s F50] 891%=E 7 =& Ne
Uetla, B5Fo] Ee AfoE 655%9] WErt ey 80 m s ol
e vpEe AWS_37 ASOS A Aol 7b7} 8%} 14.62% W %7 YERE S, ©]

5 m)¥ ASOS(A7 10 m) A9 #= o] Aolo] w2 A%
nhzho] ko= gvkg. did 71 Bt Hat 7] AWS_37 ASOS A A

Ll

o

oA Zt7F -4.23TC¢ -42C=E, 7 AHe Hut 7| #ol= A YEhA &
SkS-(Table. 6).

20 3375 ; 25 20 A — 25

15 315.0 45.0 15 3150 45.0

67.5 2925 67.5

90.0 90.0

gel
02 ~15ms-1
15-33ms-1
33 ~54ms-1
54 ~79m s-1
7.9 ~ 10.7m s-1
107 ~ m s-1

Percent (%)
Percent (%)

2475 125 2415 1128

15 225.0 135.0 15 2250 136.0

s

20 202.5 - 1676 20 202.5 1675
180.0

Fig. 28. o 71712015 12€ ~20161d 3€)ell tiste] (a) AWS_3% (b) ASOS
A Z el A o] mheh

[Table. 8] A 7]17+(2015 129 ~2016%d 3€¥)o] thak AWS_33 ASOS =] 4 ol A
o] #F=3 H 7]2(T)

A 713k
AWS_3 -4.22C
ASOS -4.20C

_58_



FHE 714 BAl, WREE He 999 4849 #5485 ALNAEE
o1gF £H WelE i TAMA /FAYL WGT £ Ak FHS 7Y
Tey FHE A4 BEe mdol AXE Basd REAL AR Astel,
AA TR BRY e @R i 2 dFor Agae APolt A 3
449 Gahg zelsts Aol Brbssiths B /4. AAHAGSHCED) B

Polar WRF¢} CFD = o] 3 A28l 55 9sto], Polar_ WRF7} & 9] &}
Ao wig AE(U, V, W) dF& 5ol X (Turbulent Kinetic Energy)E F3
T3 4 =7F 1 kmet 3 km ©]
25 mol7] witel A8 Azt &
droll ztol7b lF. olE ek EAE slEst7] 918 Polar WRFO] Alz1w} 2w &
CFD 2d9] 1% 2tz A4 Wit & CFD 249 AxAle wio] A3
s FAE olgd RAF S Este] AAE AEE CFD 299 27|/4A A=
2 AMg3ta, Fig. 299F 303  %o] Polar WRF-CFD & A€l 3394
CFD =24l 3x¢ A& d#8 A5 BAAS 98 CAD(Computer Aided Design)
A2 (1:50000 A o] FAAR)E o]&ste], AP AZo] 3 3xd AE 7

3t A} 8% Polar WRFZRE F=3 2}

b
i

3, CFD mde 537 d4ow 247 5 m

-

-

Lo
w
2
o,
>
=5
oM.
)
jinss
B
2
il
Ll
o
oX.
i
&2
wQ
w
=z
N
R
>
k
Ll
©
ofo
ol
ol

2olE flate] 71X F¥ 1000 m x 1000 m AE A7 9 AnE THAAS
(Fig. 32). 383 #3i714 Fue gt it s F A, 349
AE A 9 AR Agolw Aok A9 xol ¥ FAE T THIASES

Al
o< [e)
gty

¢
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@)

Aol M 3xke, ¥R, HIA, HIYS By sEAE LEe AARAY
8} (Computational Fluids Dynamics, CFD) RS Ag3l¢lS. o] CFD R4S
Ay AAA S bR AAZT &3E & v EE WA g4 (Wall function) &
AL8-3F AL (Versteeg and Malalasekera, 1995), WF 243+ RNG kx—e W7
4 WS AFEER S An) WA Ale #F3 A A% (Finite volume method),

A72d AAA(Staggered grid system), Patankar (1980)7F #|<¢kst SIMPLE

L

(Semi-Implicit Method for Pressure-Linked Equation) ¥il#]&& o] &3te]
A E ok 2 E VAR FARE flete], Bl AXS(x Xy X 7)
= 200 x 200 x 1007He]lar, AR} A7]= x x y x z W] o] 5 m x 5 m
x 25 mSd. QA A G AVE x xy x 2z ¥R 747 1000 m x 1000 m

x 250 m¥

WPS Domain Configuration

G0°W

TEW

1057W

135°W 150"W 165°W 180° 165°E 150°E 135°F

Fig. 29. Polar WRF 3 <9, domainl(27km), domain(9km),
domain(3km) A=
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Fig. o s
ig. 31. &= FHI #A871X 9 (a) FHAE, (b) Polyline A&, (c) Pol
A8, (d) 379 A% AA 98 A= %, (c¢) Polygon
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. Polar WRF-CFD(Polar WRF 3lA4 % : 3km) =4 A}
=S|
LSS |
(1) ¥= Axx 33717 ZFEARE 1(20109 &€ 18¥ ~2010d 8¢ 22¢)

O  Polar WRFZ5E &AaAo]

=
re
4p
a
r o
o
Xl
~.
P
N
N
A
Y
Al
il
o
By
p‘L
9

Polar WRF-CFD R4S 33t 23S E489e. 4

s
(@)
1o,
3
&
—|~
2
o)
o,
Ei
o
E
&%
O
ol
)
ko
)
|
4 of
o2
_O‘L
s
k1
o,
i
o
[
k]

W72 AWS_1 A3 #3 zpzeb vla-74

O Fig. 33 #%3 3o i3k AWS 1 A% B3 Z3}, Polar WRF 29| A3}
Polar_ WRF-CFD %] A3E yehdl. F52 4%, Polar_WRF$} Polar WRF-CFD
mdlo] dAA R F&5E T Bostls. Polar WRFe] A¥E Z7|3o = AMg3)
= Polar WRF-CFD Z®e] wo] F42  Polar WRFS} A dlEl-S veERfA| R
Polar WRF$} H]1&}o] Polar WRF-CFD &dlo] 345 wwa #33} 7pA =29
shde. AR #Ber]A o AWS. 19l #S5 FHo|l  dlgk Polar WRFS}
Polar WRF-CFD 2220108 8€ 189 ~259)¢] RMSE: 2+2F 1171 m s'), 816 m
s 12 Polar WRF-CFD X.€o] Polar WRF R#lwt}h #=3 FASHA 2olshle.
20101 8Y 18¥~25¢o] w3k U F<& RMSE:: Polar WRFe] Z$-oll= 742t
1271, 17.38, 896, 1061, 544 m s'o]™, Polar WRF-CFD %49 7$oli= 27}
735, 1099, 1009, 679, 319 m s ')(Table. 7). FFe 7#$, Polar WRF}
Polar WRF-CFD =.9l9] ®eo] F-2 v FAFSHA YElsES. Polar WRFS] Z 3=
Z71/74A Ao 2 ARESF= Polar WRF-CFD Rdle] 1weo] 23ke Polar WRF2}
FAREE ko] yebd Ry 7k AWS_19] #5 F&] g Polar WRF9}
Polar WRF-CFD =2(20108d 8Y 18¥9~25%)¢] RMSEx ZH7b 65.10°, 67.12°%
Polar WRF Edo] #53 fAHA EoJ8kal&. 2010 8¢ 189 ~254el tigh o4
%% RMSEx Polar WRFS] 7ol 7710, 60.08, 26.04, 63.46, 83.25°°]iL
Polar WRF-CFD =®¢] 7Z$-olli= 7928, 6532, 2879, 6554, 82.77°%(Table. 8).
Polar WRF¢} Polar WRF-CFD ®®e] ®e] Fak2 & xfol7h glglon), S| o
&t @ X}= Polar WRF7} AA| A o2 A YebgS.
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WRF_RMSE : 11.71
CFD_RMSE : 8.16

—e— AWS
—e— WRF
40| —»— cFD
w 30
E
e
o
o 201
e
.=
=
10+
I 2010—08—18I 2010-08-‘]9I 2010—08—20I 2010-08-21 2010—08-22I
time (date)
WRF_RMSE : 65.10
CFD_RMSE :67.12
S
E -

wind direction (°)
.

2010-08-18 2010-08-19 2010-08-20 2010-08-21 2010-08-22
time (date)

Fig. 33. #x a1 338k7) 2 Z3EALE 1(2010F 8€Y 18Y ~2010% 8¢ 22<)o| thdk =3k,
% AAIL(AWS_1, Polar WRF(3 km 3/ %), Polar_ WRF-CFD)
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[Table. 9] x a1 #37]#] ZFFAke] 1(2010d 89 18U ~2010d 8¢ 22¢)e] AWS_19]
i g+ Polar WRF(3 km 3% %)%t Polar WRF-CFD®| &% RMSE

RMSE
Day 1 1
Polar_WRF(m s ') Polar WRF-CFD(m s)
8.18 12.71 7.35
8.19 17.38 10.99
8.20 8.96 10.09
8.21 10.61 6.79
8.22 5.44 3.19
All day 11.71 8.16

[Table. 10] #® a1 #3721 x Z3EA ] 1(20108d 8€Y€ 18Y ~2010 89 22¢)o] AWS_19]
)&+ Polar WRF(3 km &4 %=)9} Polar WRF-CFD9] %3 RMSE

Day RMSE
Polar_WRF(°) Polar_ WRF-CFD(°)
8.18 77.10 79.28
8.19 60.08 65.32
8.20 26.04 28.79
8.21 63.46 65.54
8.22 83.25 82.77
All day 65.10 67.12

S
A, T4 Polar WRF-CFD Edlo] #3e] t] AMHAl B8, o= AY

ol

o = =
2o armel niE GVNE A g

= Aoz Ay, $3e] 4ol Polar WRF

mdo] ANHOE BE} fARMA OlSH L.

(2) F= FAH3 77 R ZFFAE 2201049 99 74 ~20104 9€ 114¥)
O Z& AHI20109 99 74 ~119)ell thste] Polar WRF$} Polar WRF-CFD 2 ¥l &

AR 3714 AWS 2 Al B3 Amsh vlaBAse &,

o

e

TFykdaL, o
O Fig. 4= 53 S sk AWS_ 2 A9 #= A3} Polar_ WRF %9 A3}
Polar WRF-CFD 59| A3E Yeldl. 559 75, Polar WRF$} Polar WRF-CFD
e dAHor T4 & FoE S, Polar WRFS| 23S Z7|3o 2 ARESh:=
Polar WRF-CFD X ®2 Polar WRF$} AFE F5 sjds Yephdin, dAH SR
AWS_ 2 #5el B8 A 235 Rofsiale. R 38h7]A] AWS_ 29| #5 ¥
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sy

o] ek Polar WRF$} Polar WRF-CFD ®2(2010d 9¢ 79~11%)¢] RMSEE
247} 614 m s !, 445 m s & Polar, WRF-CFD ®@o] Polar WRF R 9Bt} #=
I fFAHL BejEtds. 2010 9¥ 7 ~11ddd digk d¥l FE5 RMSEE
Polar WRF2] 7d-9-oll3= 3.86, 7.49, 828, 6.82, 1.61 m s 'o]iL, Polar, WRF-CFD =9
o] 79l 4.84, 554, 535, 381, 1.40 m s '(Table. 9).

WRF_RMSE : 6.14
CFD_RMSE : 4.45

—e— AWS
—e— WRF
40+
“ 304
E
e}
&
o 20
o
£
=
101 % &=
% | W 2‘;) :5"} ‘;" V. m\s‘s‘-&i“:' B ﬁ-;“v;
I 2010—09—07I 2010»09-08I 2010—09—09I 2010—0910 2010-09-11
time (date)
WRF_RMSE : 59.89
S CFD_RMSE : 67.51

wind direction (%)

2010-09-07 2010-09-08 2010-09-02 2010-09-10 2010-09-11

time (date)

Fig. 34. Fxr3 #3717 & &4 AH_2(2010d 99 7¢ ~ 20104 9
4 11l g3 T FTHE OAAE EA I EZ(AWS_2,
Polar WRF(3 km 3|4 %), Polar WRF-CFD)
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749, Polar_ WRF¢} Polar WRF-CFD R2lo] Reo] ZE38ke uf-g- {-AFSHA

ofd
oft
Lo

. Polar WRF-CFD X.99] #38-2 Polar WRF2] &S ol {-ARSE 7o)
E} AR AE7IA AWS 298] #5 F3e]l  digk Polar WRF$}
Polar WRF-CFD =9(201003d 9¢ 7¥¢~11¥)¢ RMSET ZH7; 59.89°, 6751°%,
Polar WRFS] E.9] F&o] #Zol v 7MEA o33+ 20109 9¢ 74 ~11¢ o
st dW T8 RMSE: Polar WRFe] 7 -9-ol&= 29.87, 21.99, 68.25, 68.09, 85.24°¢] 4L
Polar WRF-CFD 49| Zf-o= 2692 2165 6569, 81.63, 103.05°(Table. 10).
Polar_ WRF®}  Polar WRF-CFD =#e] we| Fakd djgh #5379
Polar WRE7} A4 4 o2 ZA eSS,

Polar_ WRF$®} Polar WRF-CFD 2 9] W9 AiNFF FH)E THH o=
A3}, F4-8 Polar WRF-CFD R.dlo] #3ol 1 ZASH R

b gakE & wkgste] FHo] Hasiely] dwow ddd. @0 A

o,
v
ulleS

iy

i

to

e

ofd

M
4%
rok

1o,
QL
e
0
)
rlr
D)
o
o,

Polar WRF 2 2lo] AAdo g =3} FA}5}

[Table. 11] &R 1 338t7] A ZFFAHE 2(2010d 9¢ 7°1~2010Lj 9¢ 11¥)°l AWS_2

o] & Polar WRF(3 km #14=)8t Polar WRF-CFD®] %2 RMSE
R RMSE
a Polar WRF(m s?) Polar WRE-CFD(m s

97 3.86 484
938 7.49 5.54
99 8.28 5.35
9.10 6.82 3.81
9.11 161 1.40

All day 6.14 4.45

[Table. 12] FH 31 #s7)1#] ZFEALE 2(2010d 9¢€ 74 ~2010@ 9€ 11¥)o] AWS_2
o] th3t Polar WRF(3 km &4 %)%} Polar WRF-CFD9] %3 RMSE

RMSE
Day
Polar WRF(°) Polar_ WRF-CFD(°)

9.7 29.87 26.92
9.8 21.99 21.65
99 68.25 65.69
9.10 68.09 81.63
9.11 85.24 103.05
All day 59.89 67.51
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t}. Polar WRF-CFD(Polar WRF 3lA % : 1km) =4 A}

(1) &= FrRa 3371 A ZFaAkd 120109 8¢9 189 ~2010d 8¢ 22¢)
O Yolx A3 Wiyt FU3 WHoR Polar WRF(I km sj=)e] o] Axs
Polar WRF-CFD =9 %7] % AA A8& AREsIlaL, 1 23E 4830+
AEAE0108 89 18¥~254)el  digte]  Polar WRF(lkm 314 %)
Polar WRF-CFD =H-& F83t3li, o]& Hil 337 AWS_1 #A|59
A5} vl A5 S
O Fig. 352 %3 Fo| thdk AWS_1 %] #= A3}, Polar WRF =2 A}
Polar WRF-CFD =.°] Ay& Yepl, F59 745, Polar WRF$} Polar_ WRF-CFD
o] AAH o o ®2oletar, 3 km LS Polar WRF 235 AR&3E 7 $-
o} nlalste] 20100 08¢ 18Y 12~23A15 Al€letal FulH oz F&o] A ey
S 1 km® 3 km 3% %=2] Polar. WRFS AF&3k 49 A X
Polar WRF-CFD & 4lo] 1Roj3l mo] FLEWrh 7 Rojsk Awu 31817]%
AWS_19] #= ZZo tigk Polar WRFS} Polar, WRF-CFD 2220104 8¥ 18¥¢
~259)2] RMSEE Z+zt 1447 m sy 970 -m s'2 Polar WRF-CFD X.2o]
Polar WRF Rdxtl #53 fAHA Rofsts. 28v 1 km S ES]
Polar WRF$} W]1&te] 3 km 1429] Polar WRF 22o] #=3 fAFSHA vebyt
<. 2010 8€ 189 ~250l i3k I F< RMSEE Polar WRF2] 7%l 11.03,
24.23, 837, 1505, 638 m s 'o]i, Polar WRF-CFD %.2¢] Z$-ol&= 590, 16.32,
7.09, 1031, 366 m s '¢}(Table. 11).
*38ko]l 79 Polar WRF2} Polar WRF-CFD =.&¢] &9 B9 FARSHA
Byt 1 kme 3 km i E9] Polar WRF 22 2o F3ke AR ES A9)sta v
¢ Al WS Polar WRF-CFD R9lo] mo] #3ko AZo] EAstx] k7]
wjol, Polar WRF®] 43S wrol fA}gh A ako] v, Fra #317]%] AWS_1
o] = E3Fo] )3k Polar WRF$} Polar WRF-CFD 22(2010 89 189 ~ 25¢)
o] RMSEE 717} 54.22°, 61.26°% Polar WRF9] ®.9] ¥3Fo] #Z=3} §A18HA L}
g F53= vlE2 3 km 4= Polar WRFSF Hlwdte] 1 km siA=<]
Polar WRF RX@o] #5 F&3 fARH UebslS. 20109 8¢ 18U ~25 el thgh

i

S

A

i

d

bl o ggos

i)

ol
o
=]

ol
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o F3 RMSE+x Polar WRF9| 74-%-ell+= 3532, 59.83, 19.78, 7553, 63.32°¢]1,
Polar WRF-CFD RE®9] Z-$-o+= 3947, 61.71, 2069, 84.71, 76.12°%(Table 12).
Polar WRF$} Polar WRF-CFD ®.9] Fakell= & ztol= gllon, Fakl et <

A= Polar_'WRF7}F thAl 4 o= 2HA] Lebs -

WRF_RMSE : 14.47
CFD_RMSE : 9.70

—8— AWS
—a— WRF

wind speed (m s7)

T T T T v T
2010-08-18 2010-08-19 2010-08-20 2010-08-21 2010-08-22
time (date)

WRF_RMSE : 54.22
CFD_RMSE :61.26

wind direction (°)

2010-08-18 2010-08-19 2010-08-20 2010-08-21 2010-08-22
time (date)

Fig. 35. X 1 8712 ZF3ZAE 1(2010d 8¢ 189 ~2010d 89 224)q]

gt Fg EFE AAYL(AWS_1, Polar WRF(1 km 34 %),
Polar. WRF-CFD)
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[Table. 13] x 1 #}37]#] &b 1(20109 8€ 18°‘~2010ki 84 22¢)° AWS_1

o] gt Polar WRF(1 km 34 %)9 Polar WRF-CFD<] %% RMSE
RMSE
Day
Polar WRF(m s™) Polar, WRF-CFD(m s )

8.18 11.03 5.90
8.19 24.23 16.32
8.20 8.37 7.09
8.21 15.05 10.31
8.22 6.38 3.66

All day 14.47 9.70

[Table. 14] x5 #}3t7]1 =] ZFF Ak 1(20100d 89 18¥ ~2010 8¢ 22¢)e] AWS_1
of tgk Polar WRF(1 km 3|7 %)t Polar WRF-CFD®] &3 RMSE

RMSE
Day
Polar_WRF(°) Polar WRF-CFD(°)
8.18 35.32 39.47
3.19 57.83 61.71
8.20 19.78 20.69
3.21 75.53 84.71
8.22 63.32 76.12
All day 54.22 61.26

(2) = FrR B8 A ZFFAkd 220109 99 79 ~2010d 9¢€ 11¢)

O Fig. 362 S5 T digk AWS 2 A9 #= 23, Polar WRF ®.9] A3}
Polar WRF-CFD %.¢] A5 Jehy.

O %49 7% Polar WRF$} Polar WRF-CFD 2&& Az oz #=ga A3 7
o]l EbS. 1 km d14=2 Polar WRF 22 AFE3E g0l 1 km L]
Polar WRF R9& AMS A¢Htt Had F5& Aoee 33le. 12y
Polar WRF-CFD 242 1 km®} 3 km 31’4 %=2] Polar WRF 2d5 AR&-gk 7o
%, A9 AN 4G molalglS. AR #3H7)A] AWS_29] #= o g
Polar WRF$} Polar WRF-CFD =2(20104 99 79 ~11¢)9] SE= 77+ 815
m s, 492 m ') 20109 9¥ 7Y ~11Yel ik A FZE RMSEE Polar WRF



o] 7Z$-ol= 294, 917, 14.33, 562, 1.47 m s 'o]al, Polar WRF-CFD 22¢] 7399

= 276, 539, 854, 3.12, 1.31 m s ' (Table. 13).

WRF_RMSE : 8.15
CFD_RMSE @ 4.92

—e— AWS
—&— WRF
40| —w— cFD b
e T a
%
— o v
w
E
o]
QO
Q
O
vy
o LT
= li.'i’-‘s%
3 L W "
%
r
% 2 o SRR, SR
"’é_{;;_, g ..(‘;wa'?ﬁ 4 t,—"’;',g_r" o i.r"‘.;zr‘-r__{i&‘y" V
2010-09-07 2010-09-08 2010-09-09 2010-09-10 2010-02-11
time (date)
WRF _ RMSE : 66.27
CFD_RMSE : 64.05
S ¥
|
.©
=
()
!
=
e]
=
=
2010-09-07 2010-09-08 2010-09-09 2010-09-10 2010-02-11
time (date)
Fig. 36. Fx 3 387]# 23 Abd 220108 99 79 ~2010d 9€ 11Y)ol w3k
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S FARHA YERdS. Fra 782 AWS_29] #5 F&o] tig Polar WRF9}
Polar WRF-CFD =49(20101 9€ 74 ~ 119)2] RMSE: 27} 66.27°, 64.05°%
Polar WRF_CFD RE®o] #Z Fo] o] 7MA R8s 3 km =]
Polar WRF =& A¥dE A& 499k vagk A¥, 3 km 31445%(59.89°)¢]
Polar WRF 24 ZA3}7}F 1 km sI=(6627°)8 AH8e AR o U4 T3 o=
< 3o Polar WRF_CFD X222 3 km 3ll’¢%=2] Polar WRF 2 &2-& AR&3 7
(675198t 1 km 314 =2] Polar WRF =& AR&-3 7-9-(64.05°)0] =5kl

O 77k T3 Roetdls. 20109 99 7Y ~11¢del wigk 4 F3F RMSE+

o

o] 750 1923, 25.08, 86.26, 85.60, 68.89°%)(Table. 14). Tt} 717FE<ke] &
o sl Polar WRF ®@ 8t} Polar WRF_CFD ®wlo] %43} 238 Ao
2 % mose

[Table. 15] FH 11 #3871 #] ZFE A 2(2010d 9€ 74 ~2010@ 9€ 11¥)o] AWS_2
of gt Polar_ WRF(1 km 34%)¢ Polar WRF-CFD<2] $< RMSE

RMSE
Day - -

Polar_ WRF(m s™) Polar WRF-CFD(m s™)
9.7 2.94 2.76
9.8 9.17 5.39
9.9 14.33 8.54
9.10 5.62 3.12
9.11 1.47 1.31
All day 8.15 4.92

[Table. 16] FH 11 #st7)1#] ZFEALE 2(2010d 9¢€ 74 ~2010@ 9€ 11¥)o] AWS_2
o] th3t Polar WREF(1 km &%)} Polar WRF-CFD9 %3 RMSE

RMSE

Day Polar_WRF(°) Polar WRF-CFD(°)
9.7 24.03 19.23
9.8 19.38 25.08
9.9 91.21 86.26
9.10 91.37 85.60
9.11 65.85 68.89
All day 66.27 64.05
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Fig. 73. Sea level pressure and surface wind component: 2010-09-05:00 ~
2010-09-12:00, domainl

Fig. 74. Sea level pressure and surface wind component: 2010-09-05:00 ~
2010-09-12:00, domain3
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Fig. 76. Surface wind component(streamline) : 2010-09-09:06, domain3
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Fig. 78. Vertical wind component — model time : 2013-01-05 00:00, domain 1
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Fig. 79. Sea level pressure and surface wind component - model time : 2013-01-05
00:00, domain 2

Fig. 80. Sea level pressure and surface wind component - model time : 2013-01-05
00:00, domain 3
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