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SUMMARY

I Title

A study on the detailed atmospheric environment around the
Jang-Bogo Antarctic Research Station

II. Purpose and Necessity of R&D

Terra Nova Bay, near the Jang Bogo Antarctic Research Station is one
of the best place for a study on a katabatic wind, because strong katabatic winds
often appear around the bay. From this study, we expect to provide the basic
design data for optimal placements of observational equipments through the
simulations and visualizations of the detailed wind fields and, also, to provide
basic guide lines for safety. In this study, we analyzed the three-dimensional flow
characteristics around the Jang Bogo station, using a computational fluid dynamics
(CFD) model which is capable of detailed flow analysis by directly resolving
terrain and buildings and by reflecting realistic meteorological fields reproduced by
the WRF model.

III. Contents and Extent of R&D

To analyze the detailed flow characteristics around the Jang Bogo
Antarctic Research Station, we analyzed the AWS and ASOS observation data and
performed numerical simulations. To analyze the effects of the construction of the
Jang Bogo Antarctic Research Station on the AWS and ASOS observation data, we
investigated the wind environments around the station for two separated periods,
that is, before-the-construction (2014.04 ~ 2015.10) and after-the-construction
(2015.12 ~ 2016.03) periods. We coupled the CFD model to the Polar WRF model
and performed numerical simulations for the selected periods (strong katabatic
wind cases). Simulated data were compared with the observed data. The effects of
the Jang Bogo Antarctic Research Station on the dispersion of the potentially
emitted air pollutants as well as the distribution of air temperature were analyzed
around the station.

IV. R&D Results

The wind-rose analysis showed that there appeared the meaningful
change in the wind directions caused by the construction of the Jang Bogo

Antarctic Research Station (the wind speeds observed at the ASOS were larger



than those at the AWS). The numerical results simulated by the Polar_ WRF-CFD
coupled model showed that the wind directions simulated by the coupled model
were similar to those by the Polar WRF model. However, compared with the wind
speeds simulated the Polar_WRF model, the coupled model well reproduced the
observed wind speeds. On the other hand, there was no significant change in the
distributions of the air pollutants and air temperature after the construction of the
Jang Bogo Antarctic Research Station.

V. Application Plans of R&D Results

Through this study, we developed a proper assessment method for
evaluating atmospheric environments (changes in wind speed/direction, air
temperature, and air pollutant concentrations) around the Jang Bogo Antarctic
Research Station using a Polar_ WRF-CFD coupled model which considered realistic

meteorological conditions.
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2.1, AR webr]x] FEAt 120109 89 182 ~20101 8% 22¢)o] AWS_1of cfgt
Polar_WRF(3 km 3]4%)Q} Polar_WRF-CFD9] %4 RMSE

RMSE
Day - -
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

H 2.2. AE 10 7SR ZFEAR] 1(20108 8¥ 182 ~2010¢ 8Y 22)o] AWS_19] tjjst
Polar_WRF(3 km &4 %=)9} Polar.WRF-CFDQ] Z3F RMSE

RMSE
Day
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
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& AH1(2010 9¢ 74 ~1149)9 o) 5} Polar_ WRF ¢}
Polar WRF-CFD Rd9E S35, o5 HAH 1 33872 AWS 2 A He] #=

st AWS_ 2 x]Hde] #= A3}, Polar WRF &
AdE Yepdth T4 A, Polar WRF ¢}
Polar WRF-CFD R H-& dAHo=w F&H& 2 23l Polar WRFS] A&
*71gko &2 A3k Polar_WRF-CFD 298 Polar WRFSF A8 24 gl s
Uet e, Al Ao m AWS 2 #5e g% A A3E 2osi. R 3¢
1A AWS_2¢] #= #%o| )3+ Polar WRF$} Polar WRF-CFD =#(2010%d 9¢
79 ~119)¢ RMSEE 727 614 m s!, 445 m s'& Polar WRF-CFD =4 o]
Polar WRF Edxt #Z3 fASHAl 2ottt 2010d 99 7d ~11dol &
d¥ T2 RMSE+x: Polar WRFS] 7 %ol 3.86, 7.49, 828, 6.82, 1.61 m s'o]aL
Polar_ WRF*CFD o] 7$-ol= 484, 554, 535, 3.81, 1.40 m s 'o]tH(E 2.3).
5ol A%, Polar WRF¢ Polar WREF-CFD w2le] Ho] FL2 w9
AFeHAl YERskt) Polar WRF-CFD 299 2382 Polar WRF2| 33 Who} A}
3 73ko] vetdtl AR 3 38 7]x] AWS 29| #= F3Fo] th3k Polar WRF <}
Polar WRF-CFD =2(20104d 99 79 ~119)9] RMSEE 77 59.89°, 6751°=,
Polar WRF®] e F&Fo] #Zo] © 7PgA Rkl 20109 949 79 ~ 1199
s 4 ¥ RMSEE Polar_ WRF9] 7o = 29.87, 21.99, 68.25, 63.09, 85.24°
o111, Polar WRF-CFD E.22] 7%-o& 2692, 21.65, 65.69, 81.63, 103.05°°]t}(3E
2.4). Polar WRF$} Polar WRF-CFD Rdo] mo] Fako| thdt #Sghate] oA+
Polar WRF7} A A A o2 27 eyt
Polar_WRF$%} Polar WRF-CFD 29| o] AN(FIY F5)E T4
2 B3 2y 45L& Polar WRF-CFD Rdlo] #= S
ol AN¥el vt aHE F wedste] F&Ho] A}

o] 7%, Polar_WRF E.€lo] dA|How =53} fAlet
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WRF_RMSE : 6.14
CFD_RMSE : 445
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B 2.3 AE1 57X ZFEA 220109 9Y 7€ ~2010 9¥€ 11Y)o] AWS_20] tjist
Polar_WRF(3 km 3} =)Q} Polar_ WRF-CFD9] =4 RMSE

RMSE
Day - -
Polar_WRF(m s™}) Polar_WRF-CFD(m s™)
9.7 3.86 4.84
9.8 7.49 5.54
9.9 8.28 5.35
9.10 6.82 3.81
9.11 1.61 1.40
All day 6.14 4.45

B 24 FEA 40*7] Al ZFEAHE 2(20109 92 7€ ~2010d 99 11¥)o AWS_20] tjst

Polar_WRF(3 km 3% %=)Q Polar .WRF-CFD2] &3 RMSE
RMSE
Day
Polar_WRF(°) Polar_WRF-CFD(°)

9.7 29.87 26.92
9.8 21.99 21.65
9.9 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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#) 3 A Polar WRF-CFD(Polar WRF 3JAY% : 1km) 2dl Az} £

k.

= R H8Hr1A AEARE 1 (2010 89 18Y ~ 20104 8

1
o 224)

S

A2 Aol dms gyek Fde o Polar WRE(L km 8]/ 5)9] &9
A% Polar WRF-CFD ®9le] 27] 2 72/ A8= AH8stga, 1 Asg 24
sttt AEAFE(20109 8¢ 18U ~25¢)ol tiste] Polar WRF(1 km 3/d %)<}
Polar _WRF-CFD =4S Fast3lil, ol& AR #3t7]x] AWS_1 A #=
2t 5 9 vl al- A sl o

O 27 FE5Y T us
o] A}, Polar WRF-CFD &X¢o] Zz»
Polar WRF-CFD R do] A= oz 3 X< O]'}\}\v]—- 3 km &A= e Polar WRF
7348 AEE 799} vlaale] 2010 08€ 189 12~23A15 A28}
o] =A yElytth 1 kmet 3 km A =2 Polar WRFS A}-&-3F
Aol o]3k 9o 2 Polar WRF-CED X.&lo] RLej3t o] F&nt) =7 .
Fral 3871 A] AWS_19] 35 F5¢ tigk Polar WRFF Polar WRF-CFD =&
(2010 8¥ 18¥~25¥)°] RMSELE: Z7F 1447 m s, 970 m s'&
Polar_ WRF-CFD % 9lo] Polar WRF E® Wt} #=30 FALeA 2oatgivt. 12
Y 1 km 3§59 Polar WRF9} H]Lsted 3 km A =2 Polar WRF E2o] 3
=23 FAFEHA YEbkt 20109 89 189 ~25Ud] thEk dd ¥4 RMSEE
Polar_WRF¢] 7-%-oll &= 11.03, 24.23, 837, 15.05, 6.38 m s '°] i, Polar_ WRF-CFD
nde] AH$oE 590, 16.32, 7.09, 10.31, 3.66 m s o] THE 2.5).

&2 4%, Polar WRFS} Polar WRF-CFD 2dl9] R o] F3ke w9
AbSHAl YERSEAL, 1 kmet 3 km 34 =9] Polar WRF 29l R o] 3E3gke i
Alelsta vh$- FAFSHAl YEFS T Polar WRF-CFD Rdle] o] Fae HEZEo
AskA] &7 wiitol, Polar WRFS] d&& wrol fAReE A ako] yepdth R
a7 2] AWS_19] #= Efﬂ:oﬂ &+ Polar WRF$} Polar WRF-CFD =% (2010

183‘ ~ 259)¢ RMSE: 77 54.22°, 61.26°% Polar WRF&] 9] F ko]

S frARsHA eSS FE5 9= HPﬂ]i 3 km =2 Polar WRF$} H]uL3}o]
1 km %9 Polar WRF Rdo] #Z F&3 FAFsHA WerEith 2010 8¢ 18
A ~25d0] th3k A F3 RMSE+E Polar WRF2] 7-$-ol= 3532, 59.83, 19.78,
7553, 63.32°0]11, Polar WRF-CFD =E99] 7§l 3947, 61.71, 20.69, 84.71,
76.12°01THE 2.6). Polar_WRF$} Polar WRF-CFD 9] Zdd= & Zol:= gl
o, Fe W3 22k Polar WREZF tiA]d o2 2HA Yyt

J

_—

4

rL K do o

-

o0
o
s

_3"_



WRF_RMSE : 14.47
CFD_RMSE : 9.70

—e— AWS
—e— WRF
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E
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o 201
e
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10+
' 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
S
=
Re
1S
o
=
O
£
=
' 2010-08-18 2010-08-19 2010-08-20 2010-08-21 2010-08-22
time (date)
O 27 AR 3872 ZFE A 120109 8Y 189 ~2010d 8Y 22%)e] th3k F
5 A AL (AWS_1, Polar WRF(1 km 3l7%), Polar_ WRF-CFD)
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# 2.5 ARY W] FEAR] 120109 89 18U ~2010d 8Y 22U)ol AWS_10] thst
Polar_WRF(1 km &}%¢=)2t Polar_WRF-CFD9] &4 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

H 2.6. AE 1 TSR] ZFEAR] 1(20108 8¥ 182 ~2010¢ 8Y 22)o] AWS_19] tjjst
Polar_WRF(1 km &4 %=)9} Polar.WRF-CFDQ] Z3F RMSE

RMSE
Day
Polar_WRF(°) Polar_WRF-CFD(°)
8.18 35.32 39.47
8.19 57.83 61.71
8.20 19.78 20.69
8.21 75.53 84.71
8.22 63.32 76.12
All day 54.22 61.26
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2. &= FEI HI7IA AFARE 2(2010d 99 7 ~ 2010 9€

a9 282 T T didk AWS_ 2 A He] #= A3} Polar WRF &
o] A3} Polar WRF-CFD %9 Z#Z bt

549 4%, Polar WRF$} Polar WRF-CFD =gl #HA|dow 3=
740l veEbskth 1 km sl E9] Polar WRF 29S& AF&3F 7 =

ol

frAbst

13 =9] Polar WRF ®Hl& ARE8F 45Kt vw2] F5& Joje oot
12y Polar WRF-CFD 2498 1 km% 3 km 84 =9 Polar WRF Rd& A&
F Aoz, Ao fAEA T45S RSt FRa #Er|x AWS_ 29 #=
#40o 3+ Polar WRF$} Polar WRF-CFD =2(20101d 99 79 ~11%)¢] RMSE
= 247 815 m s, 492 m s'olth 20109 99 7 ~11Ye] hI I F&
RMSE¥X  Polar WRF¢ 7 9el= 294, 917, 1433, 562, 147 m s'o]a,
Polar WRF-CFD =2¢] 79oli= 276, 539, 854, 3.12, 1.31 m s 'o]tH(&E 2.7).

%3Fo] 7A¢, Polar_ WRF$} Polar WRF-CFD R4lo] wo] 3o uj{ H

AFeHAl YeERsEa, 1 kme 3 km A =9 Polar WRF 24l Ro] 3%3ko =
Alelstar wl-¢ fFARSHA UERsETE R AL ez 4] AWS_ 29 #5 F3Fel] i
Polar_WRF$¢} Polar WRF-CFD 292010 9¥¢ 79 ~ 11¥)¢] RMSEE 7+
66.27°, 64.05°%, Polar WRF_CFD 9o} #= Z ko] v 717A 223t
km 3|4 %=9 Polar WRF 22 A3E A3 A9 vust A3 3 km 3
(59.89°)¢] Polar WRF 29 A7} 1 km Y =(6627°)5 AFE3F -$-H}
2 TF d=E s oy Polar WRF_CFD 2492 3 km 3|4 %2 Polar WR
S ARE3 967510 1 km A= Polar WRF 2SS AL&3
(64.05°)0 #AZgkell o 7M7h FFS Eofstath 20109 99 7d ~1144)
o #Z3 RMSEE Polar WRFQ 790+ 24,03, 19.38, 91.21, 91.37, 65.85°¢] 1L
Polar WRF-CFD =@ ¢] 7 $-o &= 19.23, 25.08, 86.26, 85.60, 68.89°°]tH & 2.8).
A 7175k ZEAbdlol dsl e Polar_WRF R Bt} Polar WRF_CFD R 9lo]

T TEE ddHer & 1o

g

S =
oz,

o
dodo 1 © Ko N

f‘aoﬁpﬂ
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WRF_RMSE : 8.15
CFD_RMSE : 492

404
“ 30
=
O
o
. 20
]
=
=
10-
I 2010—09—07’I 2010—09—08I 2010—09—09I 2010—09-10I 2010-0-11I
time (date)
WRF_RMSE : 66.27
CFD_RMSE : 64.05
S ¥
[ =
.0
L8]
&
=
&)
=
=
I 2010-09-07 I 2010-09-08 I 2010—09—09I 2010—09—10I 2010-09-11 I
time (date)
a9 28 AR 73R ZAE A 22010 99 79 ~20109 99 11e)el tyd E3F

al
5 A AL (AWS_2, Polar WRF(1 km 3l7%), Polar WRF-CFD)
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® 2.7 FRN WA FEAE] 2020108 92 798 ~20109 9 11%)oll AWS_20] thst
Polar_WRF(1 km 3dj4t%=)Q} Polar_WRF-CFD2] &4 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

# 2.8, FEU WAl ZFEAR] 2(20109 9¥ 7Y ~2010 99 11Y)o]l AWS_20] thgh
Polar_WRF(1 km 3j4t%=)Q} Polar . WRF-CFD2] &3F 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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