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Comparative Analysis of Observation and NWP Data of Downslope
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Abstract In order to investigate downslope windstorm by using more detailed observation, we
observed 6 cases at 3 sites - Inje, Yongpyeong, and Bukgangneung - during “3-D Meteorologi-
cal Observation Project in Yeongdong region of Gangwon province, South Korea in 2020.” The
results from analysis of the project data were as follows. First, AWS data showed that a subsid-
ence inversion layer appeared in 800~700 hPa on the windward side and 900~850 hPa on the
leeward side. Second, before strong wind occurred, the inversion layer had descended to about
880~800 hPa. Third, with mountain wave breaking, downslope wind was intensified at the
height of 2~3 km above sea level. After the downslope wind began to descend, the subsidence
inversion layer developed. When the subsidence inversion layer got close to the ground, wind
peak occurred. In general, UM (Unified Model) GDAPS (Global Data Assimilation Prediction
System) have had negative bias in wind speed around peak area of Taebaek mountain range, and
positive bias in that of East Sea coast area. The stronger wind blew, the larger the gap between
observed and predicted wind speed by GDAPS became. GDAPS predicted strong p-velocity at
0600 LST 25 Apr 2020 (4™ case) and weak p-velocity at 2100 LST 01 Jun 2020 (6™ case) on the
lee-side of Taebaek mountain range near Yangyang. As hydraulic jump theory was proved,
which is known as a mechanism of downslope windstorm in Yeongdong region, it was con-
firmed that there is a relationship between p-velocity of lee-side and wind speed of eastern slope
of Taebaek mountain range.
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Fig. 1. Synoptic weather maps of (a) 500 hPa, (b) 850 hPa, and (c) surface of Case 4 (0900 LST 25 Apr 2020), and those of (d)
500 hPa, (e) 850 hPa, and (f) surface of Case 6 (2100 LST 01 May 2020).
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Table 1. Issued strong wind advisory/warning in Gangwon province during case 1~6 Type: A (= Advisory), W (Warning).

Area: mt. (= mountain area).

Case Type Area

Valid time (LST)

1 A

Gangwon north - middle mountain area,
Yangyang - Goseong - Sokcho flatland

1400 12 Mar ~ 0500 13 Mar

Gangwon mountain area, Jeongseon flatland,

0200 19 Mar ~ 1200 19 Mar

A Gangwon east coast, Taecbaek 0300 20 Mar ~ 0600 20 Mar
Pyeongchang - Hongcheon flatland,
A Hoengseong, Chuncheon, Wonju, Yeongwol 0600 19 Mar ~ 0300 20 Mar
2
. 0600 19 Mar ~ 1200 19 Mar
A Yanggu - Inje flatland, Hwacheon, Cheolwon 1900 19 Mar ~ 0300 20 Mar
W Yanggu - Inje flatland, Hwacheon, Cheolwon 1200 19 Mar ~ 1900 19 Mar
w Gangwon mt., Jeongseon flatland, Gangwon east coast, Taeback 1200 19 Mar ~ 0300 20 Mar
3 A Gangwon south mt., Taebaek, Gangwon east coast 2000 20 Mar ~ 0500 21 Mar
A Gangwon north - middle mountain area 2000 20 Mar ~ 1100 21 Mar
. 1300 24 Apr ~ 2100 24 Apr
A Gangwon mountain area, Jeongseon flatland 1500 25 Apr ~ 2000 25 Apr
A Taebaek 1300 24 Apr ~ 1800 25 Apr
4 A Gangwon east coast 1300 24 Apr ~ 2000 25 Apr
A Pyeongchang flatland, Hoengseong, Wonju, Yeongwol 1100 25 Mar ~ 1800 25 Apr
W Gangwon mountain area, Jeongseon flatland 2100 24 Apr ~ 1500 25 Apr
Gangwon south mountain area,
5 A Jeongseon - Yangayng - Goseong - Sokcho flatland 140028 Apr ~ 0500 29 Apr
A Gangwon north - middle mountain area 1400 28 Apr ~ 0800 29 Apr
6 A Gangwon north mountain area 1500 01 May ~ 0900 02 May
A Gangwon middle mt., Yangayng - Goseong - Sokcho flatland 2130 01 May ~ 0900 02 May
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Table 2. Daily max instantaneous wind speed of main AWS/ASOS in Gangwon province during case 1 (12~13 Mar), 2 (18~19
Mar), 3 (20~21 Mar), 4 (24~25 Apr), 5 (28~29 Apr), 6 (1~2 May) AWS/ASOS are sorted by location (north to south). Bolded

numbers are higher than 20 m s™".

Area AWS/ASOS

Max instantaneous wind speed (m s™)

12
Mar

13
Mar

18
Mar

19 20 21 24 25 28 29 1 2
Mar Mar Mar Apr Apr Apr Apr May May

Misiryeong

30.3

23.8

20.5

332 268 242 27.6 309 267 248 260 24.7

Seoraksan

28.2

294

29.2

325 305 279 276 324 208 21.1 243 218

Jinburyeong

16.5

11.4

15.9

239 157 152 190 195 16.1 190 17.1 164

Mountains Yangyang-yeongdeok

18.3

14.1

14.9

209 16.7 16.0 20.1 184 16.7 153 188 19.1

Daegwallyeong

21.2

16.0

12.9

27.7 18,6 184 212 203 173 13.6 188 149

Gangneungseongsan

17.9

17.3

20.3

209 158 151 178 188 155 139 188 18.6

Sabuk (Jeongseon)

18.3

15.7

11.4

29.5 18.8 187 22.7 222 188 144 184 10.2

Hyeonnae (Goseong)

13.9

10.8

10.9

219 192 192 145 163 139 13.0 17.0 16.6

Sokcho

13.7

11.2

9.7

198 157 129 129 158 13.0 13.0 19.1 113

Coast Yangyang airport

16.8

13.3

13.1

242 187 187 186 205 169 149 233 203

Bukgangneung

12.3

14.7

8.5

21.8 172 116 172 164 95 92 143 156

Donghae

8.8

9.3

9.2

192 146 151 13.1 146 100 88 139 12.1

Cheolwon

8.9

9.2

8.2

197 118 6.6 136 115 11.7 85 75 62

Gwangdeoksan

13.8

8.8

12.8

21.2 165 149 158 179 127 125 133 11.1

Inje

9.1

7.6

7.7

153 11.1 79 187 129 151 82 119 6.7

Inland Bukchuncheon

8.5

10.3

7.4

201 13.1 6.6 144 143 130 91 98 64

Hwachon (Hongcheon)

10.7

11.4

9.5

208 144 82 150 143 123 115 100 5.0

Bukpyeong (Jeongseon)

12.7

11.2

9.1

243 177 93 200 247 175 90 134 96

Sillim (Wonju)

7.5

9.5

83

212 109 72 154 150 11.0 82 91 6.1
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Fig. 2. Comparisons of wind speed observed at (a) Seoraksan
and Jinburyeong, (b) Hyeonnae and Ganseong, (c) Sokcho
and Yangyang with UM simulations (issued at 2100 LST 30
Apr: Case 6).

8t 23 Jtsy Tt
FE 7FsA S et A
BE AT B 1A AHEEE oA AEA T4 FH
gt 28 Al el A3kE F2(37.6°N 126.4°E)F-E
5
B

w
N
2
ba
i
I o
o
ils
o tn
HI
1z
mjo
o

8 F R E-Z5) AH(38.4°N 130.0°E)y7HA] Az ghd g &
A 2HOR PR sPd e B, F5oe 4
No g7 FAIES]THFigs. 3, 4). KIM, UM AT, UM
A9, UM =A|, KLAPS, VDAPS, ECMWF (3H25)

)

Atmosphere, Vol. 31, No. 4. (2021)



402

2020 FLGE FF YRA7VIRZ 7170 5 Aol Th @ B2 AR} 1 =l w2

|
0.2
(hPa) 1y &1
DS I SERGEE S / >
e A N ;
30ms 1z e
250 e e e Ay / 3 AN 5| o f
lﬁ i
300 ———a—5 S—5—3—3 ———F —— =
10 -2
400 R =
| 30 g

r S o T v

500 S\~

e I N N SO B~

S —— ——

o i SN

.

700 F—r—n =Y ] o
[L,é/'//////////»—o 0 3

w0 G ae o o <
B e e T == 2 o =

1000 PR = = =
126.4E 127 4E 128.8E 130.0€
376N 379N 382N 384N

Fig. 3. Vertical section from Gangwhado (37.6N 126.4E) to East sea (38.4N 130.0E) of predicted p velocity (green solid line,
downdraft: blue area, updraft: red area), wind vector (black arrow), temperature (blue solid line) and geopotential height (black
solid line) by UM RDAPS. Target time is 0600 LST 25 Apr. 2020 when windstorm peak time of Case 4. The strongest p-

velocity of downdraft was +200 hPa hr™" at 700 hPa level.

|
(hPa) ms’ — e N N N S e~ S s TN et o o
200 - Lo LT
I~
||_30ms‘ o
2505‘.“~.—v-—‘—aA——0—.N\\\\\’-’F\\\\o\\‘\-\\\\\\\—‘ og?
L 10330
300 , 5 » — o £+ > A~ e N N e SN NS S S SNONINNNN NN S -
-2

—

/W

700 =

-

850

1000

126.4E
376N

FEEL RN | AN | PR
JU VIN V[ 4

‘
i

130.0E
384N

Fig. 4. Same as Fig. 3 except for target time; 1800 LST 28 Apr. 2020 when windstorm peak time of Case 5. The strongest p-

velocity of downdraft was +60 hPa hr™' at 850 hPa level.

By F p-5xel el 45l 7y Fash
HARHE UM A9 29S Abgsath,

B ol M2y 3% St Fela, 37
Folo] We4E o B 914 U7t £5euA

= Q8o Faje] £o| o M LeRtol g

S=712dsks di 7] A|319d 43 (2021)

1~42} At el A p-&=



i
o
oE

Day max instantaneous wind speed (m s?)

35
]
° °
]
30 on
e}
] ]
]
25
o
°
20 .
® Seoraksan m Misiryeong |
15
0 50 100 150 200 250

Maximum p-velocity (hPa hr?)

Fig. 5. A Scatter diagram between maximum p velocity
(downdraft) and daily maximum instantaneous wind speed
of Seoraksan, Misiryeong AWS.

ZZAH(Case 6: Fig. 4). AHdl 71 BA+ &Rk,
Aokt AWSS] ) 752 A 3 p&E
oF &l AHAAAE dAlsH, UM A grdoe] &5
a3 o5k & AW AFS I Besta
RS omlgith. oRk vAE AWSE T ¥ A
DA FEEHA &th(Fig. 5). S p-&= A
AR e 75T FBAAE BYeE] HaM=
o B ZAPF dasith

4

SN
k0
12
Pl
R
re

N
N,

ol
o

2,

oft
o
of

>
1

N

>,
&
[o o)
o
o
off
=

o

=)

)

o

K
Ir
42 o
L0
c
<

N
N
oX
\

N
o)

7, o
N

)
o
5
L
F_°= 3

lo,
o,
olr
o
N,

o
il
£
2
>
=
w2
fl
A
e
ol
o g
o g ot
= oo
o
E i
i OI'N
o of
o
Lo
:i

of
offt
D)
18
=
N
o3l
offl
P

2o, 64 5 Akl 3
FPoH, Umx A= UM A
& HUgel 3~6A7r =A dElstth
ASOSE= HlF-& &= 7|7k disl] 2~4
ot AEFS B vwA HIwrt =
A= UM A3ad F49] de e 3

S o= o) AT A2 H=F =

N
i
Ml s

2 ot

g _11)1.

>
&
3

i)
o 2
o iz

—1

8 =
oo E

it ol FH_E
P

R £
U2 oM bd ool ofd X fy o L

=

2L

UM AZRYSe HAumxog Fio
7raste] Relet= Wi, AgtoA =
Uehd wj7ix] Msoe] AskAl velt
ot} T3k Higk A2 UM A+

P

rr rle

Jpr Bo L
o,
oft
%

0,

o o)
o N

e 5 i

o ofd gt
o

o,
o

0,

1Z
£
Ny

403

20t 3647 AAof bk 97k B
o9tk ol ofx Agle] A g3, UM A7nd
g Ahgk AN o F FAF 102 F
o] Pt FAZ molstdetE, dARE
Awd o Auigk AN 3647 ol
Tha 7 ukeH(10m 57 Wjslel ool 4 UL

o Mty &4 lo A 1o
of
i

AR, Aot AWSe] AH T =EE Ty s
P-&igtoll = kel daaArt EAT 7hedel A,
HlAIE AWSE A#BAE FEEA gdTh P-E
o gE AFe] AF ASE ] oy, Al A
3 g AAVE o @A sl ole AR B
stod, &S dliel &8s flside o e A
ARl Bigk 2APF E et

[0

offl i

REFERENCES

Barcilon, A., J. C. Jusem, and P. G. Drazin, 1979: On the
two-dimensional, hydrostatic flow of a stream of
moist air over a mountain ridge. Geophys. Astro.
Fluid Dyn., 13, 125-140.

Brinkmann, W. A. R., 1974: Strong downslope winds at
Boulder, Colorado. Mon. Wea. Rev., 102, 592-602.

Cho, Y.-J., T.-Y. Kwon, and B.-C. Choi, 2015: Characteris-
tics of meteorological variables in the leeward side
associated with the downslope windstorm over the
Yeongdong region. J. Korean Earth Sci. Soc., 36,
315-329, doi:10.5467/JKESS.2015.36.4.315 (in Korean
with English abstract).

Clark, T. L., and W. R. Peltier, 1984: Critical level reflec-
tion and the resonant growth of nonlinear mountain
waves. J. Atmos. Sci., 41, 3122-3134.

Colson, D., 1954: Meteorological problems in forecasting
mountain waves. Bull. Amer. Meteor. Soc., 35, 363-
371.

Durran, D. R., 1990: Mountain Waves and Downslope
Winds. In W. Blumen et al. Eds., Atmospheric Pro-
cesses over Complex Terrain. Meteorological Mono-
graphs, vol. 23, Amer. Meteor. Soc., 59-81, doi:10.
1007/978-1-935704-25-6_4.

, and J. B. Klemp, 1983: A compressible model for
the simulation of moist mountain waves. Mon. Wea.
Rev, 111, 2341-2361.

Houghton, D. D., and A. Kasahara, 1968: Nonlinear shal-
low fluid flow over an isolated ridge. Commun. Pur.
Appl. Math., 21, 1-23.

Atmosphere, Vol. 31, No. 4. (2021)



404 2020 499 %5 35 YA

gl

A

717 7

Jang, W., and H.-Y. Chun, 2008: Severe downslope wind-
storms of Gangneung in the springtime. Atmosphere,
18, 207-224 (in Korean with English abstract).

Klemp, J. B., and D. K. Lilly, 1975: The dynamic of wave-
induced downslope winds. J. Atmos. Sci., 32, 320-
339.

Lee, J. G, and S.-R. In, 2009: A numerical sensitivity
experiment of the downslope windstorm over the
Yeongdong region in relation to the inversion layer of
temperature. Atmosphere, 19, 331-344 (in Korean
with English abstract).

Lilly, D. K., and J. B. Klemp, 1979: The effects of terrain

=718k 7] A319 43 (2021)

of

Abellel T #2 Aok 42 e v A

shape on nonlinear hydrostatic mountain waves. J.
Fluid Mech., 95, 241- 261.

Long, R. R., 1953: Some aspects of the flow of stratified
fluids: 1. A theoretical investigation. Tellus, 5, 42-58.

Miller, P. P, and D. R. Durran, 1991: On the sensitivity of
downslope windstorms to the asymmetry of the moun-
tain profile. J. Atmos. Sci., 48, 1457-1473.

Queney, P., G. A. Corby, N. Gerbier, H. Koschmieder, and
J. Zierep, 1960: The airflow over mountains. WMO
Tech. Note 34, World Meteorological Organization,
135 pp.



	2020 강원영동 공동 입체기상관측 기간 강풍 사례에 대한 관측자료와 수치모델 비교 분석
	Abstract
	1. 서론
	2. 강풍사례 선정과 실황 분석
	3. 결과
	4. 요약 및 제언
	REFERENCES


