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Abstract In this study, Yeongdong cold air damming (YCAD) cases that occur in winters have
been selected using automatic weather station data of the Yeongdong region of Korea. The verti-
cal and horizontal scales of YCAD were analyzed using rawinsonde and numerical weather
model. YCAD occurred in two typical synoptic patterns such that low pressure and trough sys-
tems crossing and passing over Korea (low crossing type: LC and low passing type: LP). When
the Siberian high does not expand enough to the Korean peninsula, low pressure and trough sys-
tems are likely to move over Korea. Eventually this could lead to surface temperature (3.1°C)
higher during YCAD than the average in the winter season (1.6°C). The surface temperature
during YCAD, however, was decrease by 1.3°C. The cold air layer was elevated around
120 m~450 m for LP-type. For LC-type, the cold layer were found at less than approximately
400 m and over 1,000 m, which could be thought of combined phenomena with synoptic and
local weather forcing. The cross-sectional analysis results indicate the accumulation of cold air
on the east mountain slope. Additionally, the north or northeasterly winds turned to the north-
westerly wind near the coast in all cases. The horizontal wind turning point of LC-type was far-
ther from the top of the mountain (52.2 km~71.5 km) than that of LP-type (20.0 km~43.0 km).
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temperature.

There is a decrease in

Fig. 1. Flowchart of classification of Yeongdong cold air damming (YCAD) cases. The circles in (a) and (b) are the areas where
northwesterly wind from Wonsan Bay is determined over the East sea. And (c) shows an example of temperature change in the

YCAD case.
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Table 1. Case date, duration time, and synoptic type selected
by YCAD.

Cases Starting time grifc(frr; Sytr}lg; tie
1 2010.02.25.20 17 LC
2 2010.12.21.14 4 LP
3 2011.02.11.06 3 LP
4 2012.12.15.00 6 LC
5 2012.12.28.10 8 LP
6 2014.01.25.13 9 LC
7 2014.02.01.13 6 LC
8 2015.01.15.11 6 LP
9 2015.01.22.00 4 LP

10 2015.01.27.16 3 LP
11 2015.02.17.14 4 LP
12 2015.12.11.01 3 LP
13 2016.02.13.20 12 LC
14 2016.12.14.13 3 LP
15 2016.12.22.07 12 LC
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Table 2. Detail specifications of numerical weather prediction model (Local Data Assimilation and Prediction System;

LDAPS).

Horizontal resolution
Vertical layers

Prediction period

Data assimilation method
Radiation physic scheme
PBL physic scheme

Micro physic scheme
Gravity wave physic scheme

1.5 km/744 (east to west) x 928 (south to north)

L70 (Top of Height: ~40 km)

36 hours — 0000, 0600, 1200, 1800 UTC

3 hours — 0300, 0900, 1500, 2100 UTC

3DAVAR

Spectral band radiation (general 2-stream and radiation)
Non-local scheme with revised diagnosis of K profile depth
Convention physic scheme None

Mixed-phase scheme with graupel

Gravity wave drag due to orography

a=7148ks t7] A307 2% (2020)
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Fig. 2. The typical synoptic patterns (Low Crossing; LC (a), Low Passing; LP (b)) that result in YCAD.

Table 3. Quantitative changes in mean values of Bukgangnueng weather observation site during YCAD period (DE), before

YCAD period (BE), and after YCAD period (AE).

Temperature Wind direction Wind speed Rainfall amount Humidity Surface pressure Snowfall amount
Case BE DE AE BE DE AE BE DE AE BE DE AE BE DE AE BE DE AE BE DE AE
1 86 46 46 2047 2973 2916 15 24 1.1 00 05 00 893 935 874 1007.1 10146 10171 00 0.0 0.0
2 76 75 54 3108 3068 2845 30 39 33 00 00 00 580 672 754 10152 10140 10147 00 00 0.0
3 07 -08 —06 2953 322.1 2844 27 20 18 74 40 55 996 994 999 10204 10203 10203 30 55 53
4 40 39 39 3063 3145 3094 39 46 37 50 15 05 831 8.8 8.5 10164 10160 10171 00 00 0.0
5 19 08 14 3099 1317 3233 29 35 29 05 40 05 774 915 8.9 10247 10236 10249 05 22 0.1
6 51 32 21 2589 3245 2954 20 28 14 25 45 00 868 881 915 10145 10150 10180 00 0.0 0.0
7 61 27 14 3303 3385 2802 19 19 17 00 25 40 546 8.2 82 10199 10185 10175 00 00 00
8 34 32 31 3233 3236 2937 22 19 10 05 10 00 860 873 868 1023.1 10225 10227 00 00 00
9 32 25 16 3120 3102 3252 12 23 23 00 10 30 743 815 8.8 1020.7 1019.8 10192 00 00 0.0
10 05 00 -10 2405 3258 2876 25 1.1 07 00 40 1.0 869 596 918 10222 10222 10228 00 32 27
1 30 25 1.7 2282 3396 3286 41 37 36 00 00 00 850 8.6 8.0 10134 10146 10170 00 00 00
12 82 72 70 3329 331.8 3586 23 38 38 00 10 40 802 8.2 788 10146 10141 10156 00 00 00
13 52 31 10 3237 3164 3107 14 36 18 03 86 00 990 99.0 990 1006.1 10039 10076 00 0.0 0.0
14 06 05 03 3129 3114 1999 14 20 12 90 57 01 990 990 932 10209 1020.1 10202 60 6.0 0.5
15 89 56 40 2462 3182 3030 19 47 39 65 41 00 990 89.5 895 10057 10073 10104 00 00 00
LP 36 31 26 2974 2995 3012 26 30 25 150 182 9.1 81.1 84 857 10190 10185 10194 65 114 33
LC 55 31 21 2765 3195 2942 19 29 20 167 242 95 881 921 926 10123 10133 10152 30 55 53
GFe Fohw BT me AL GEAY wob BV AY B9 T /9B 9 W
A A GEAGLR BEFol B u 3] FHo] frelgh S3do]l FAET ol MAste EEFe
Ak fEld 2A49s 5 Ak A ‘°] = 274 9 7] 5o] DG
T EAA FEAY 10d(2010~2019)7F AL (1, 7] S B wE AA7Fase] HskE 2
2, 129)9] BR71 L 16°C olQor), SolsHE & Astun, BA% ANBRSARE 7 24 94 A,
7] FF o] AP S v 5T HHEEE 3.1°CE WA AIZE A S22 ] v skt B FEAR S
odle B 7lentt Eeh ol Aelnslg 3 ywhE Wskeks Lwo Aws 249 9IS A
o] Ftol F=o] stF-shd AR FAEls Astsly] flal A YCAD ““@ A% 3AZF Hat 7%
o gk EX7]F7E AujFoln] 7]&o] o) < AT 25 7] 4 A Het 4.4°ColA
(KMA, 2019), ol2igr T3 el = sfibd A 7] F2 A Al 31°CE 1.3°C s § Ak F
Zo|H FEAGOT ol ot uhge] $AS] F7] B F 24°CE SobAtk(Table 3). §7] £3 WA ¥
Z7o] WASH) sherk ok, AWEiol Wk om LR} WolAE Al UehtAw ex e
o] QalF Foz sty AulFoz FEEIT)  (0.9°0)= FShth ol ] F3 9 U H5FL &
oL & -

o7 A Faldle W, ke diHem 2

Wahe AV} FE /|9Tl BT B 7 2
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Fig. 3. Vertical profiles of temperature, wind speed, and wind direction observed during YCAD cases with synoptic pattern of
low crossing (LC). Bule color denotes the before YCAD, orange color means the YCAD period, and yellow color indicates the
after YCAD. The black dot line is top height of YCAD.
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HEA ZH2F 23 m s‘loﬂﬁ 29m s, 83.9%cl4 86.3% B g2y s 859k g9=us A7)
2 Z71sl e AEE ) 3 Al T - Aol] whel vl F Aol A HojA AlFzE x4 o]
o] #EH AtElE 1341E(86.7%)= A AF3E o) ol AA Hiw, AgRS Amslel AT YA
2 GRS A5 DA 3] FHo] Al dAY BAE BIStuAl tkdt ARise] #AS7|ES Al

T USE YR 3] &3 A] AHe HiEt 32em AlBFITHEom and Suh, 2010; Jung et al., 2015). &
M 42 cmB Z7Fe 7H$-9] AS HF 4.0 mmol %ol 4E Eom and Suh (2010)°] #AE 715S 2
H 33mmi Zadte AFS Bk 39, LC ¥9 ga 3] 2 A 247 AR B 127 It

LP &oll Blal 7] =2 24 A A 2= A HYE ASAEE 7] F3 Ak Y2 ad
7} EATHSE5C) g7] 2 A A F Fo2 fa ST Szt BAk5elAE ¢ 23](0000, 1200 UTC)
G.1rojEr S5 A fa | 2 A LC FollM & gdSHE B, 3] SHo= AHE 154}
A19m sEE @7] FHo] sk Al F7b # F TARE(case 1, 3, 8, 9, 10, 13, 157} AEAF
2.9m s)3taAth istael A FEFQ e HAFHSAAA AR
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Fig. 5. Distribution of potential temperature (color shading) and wind field (vectors) during Yeongdong cold air damming
(YCAD) events. The white line in (a) denotes vertical cross section line of Fig. 6. The red dots indicate the location of
observation sites (Sokcho, SC; Bukgangneung, BGN; Donghae, DH; Deagwallyeng, DGR).
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