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Abstract The Yeongdong region has suffered from severe snowstorms and the relevant dam-
age such as traffic accidents on slippery roads, and the collapse of greenhouses and temporary
buildings. While a lot of research on snowfall has been conducted, the detailed study of snow
crystals' phase and habit through intensive observations and the relevant microphysical analysis is
still lacking. Therefore, a snowflake camera, PARSIVEL, and intensive radiosonde soundings
were utilized to investigate phase and habit changes in solid precipitation. Two remarkable epi-
sodes of phase and habit changes were selected such as 19 March 2022 and 15 February 2023.
Both events occurred in the synoptic condition of the High in the north and the Low passing by
the south, which was accompanied by rapid temperature cooling below 2.5 km. During the events
of a short period between 3 to 6 hours, the temperature at 850 hPa decreased by about 4 to 6°C.
This cooling led to a change in the main habit of snow particles from riming to aggregate, identi-
fied with both MASC and PARSIVEL. Meanwhile, the LDAPS model analyses do not succes-
sively represent the rapid cooling and short-term variations of solid precipitation, probably by
virtue of overestimating low-level equivalent potential temperature during these periods. The
underlying causes of these the low-level temperature variations within 6 hours, still remain
unclear. It might be associated with mesoscale orographic phenomenon due to the mountains and
East Sea effects, which certainly needs an intensive and comprehensive observation campaign.
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Fig. 1. Study domain and the main observation sites enlarged. BGN denotes BukGangNeung, and GWNU indicates

Gangeneung-Wonju National University.
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Table 1. Detailed information of MASC and PARSIVEL.
. Manufacturer . . .
Site (Model) Variables Specifications
Proportion, 12.5 mm / 1.3MP (Camera lens / Body)
Particle Flux Diameter, 34 um/pixel (Image resolution)
MASC GWNU Analytics Fall speed (m s™), 35.7 mm (Horizontal field of view)
Complexity 13.4 mm (Depth of field)
780 nm (Laser diode wavelength)
Dmax (mm) 30 mm x 1 mm x 160 mm (Light sheet size)
PARSIVEL GWNU OTT Parsivel® Fall speed (m s,’l) 48 cm* (Measuring area)
P 0.3-30 (0.1-10) mm (Measuring range diameter)
0.1-20 m s~ (Measuring range velocity)

Fig. 2. Pictures of MASC (Multi-Angle Snowflake Camera), PARSIVEL (PARticle Slze and VELocity), and radiosonde used

in this study.
Table 2. Summary of primary instrumentation and stations.
. Manufacturer . .
Instruments Site (Model) Variable Time (KST)
Temperature (°C),
Pressure (hPa),
0000, 0600, 1200, 1800

Direction (°),
GRAW (DFM-09) Wind speed (m s™),

GWNU
Humidity (%),
Dewpoint (°C
Radiosonde hadi (<)
Temperature (°C),
Pressure (hPa),
BGN Vaisala (RS41-SG) Wifér:;;f; ((kr)l’o 5 0300, 0900, 1500, 2100
Humidity (%),
Dewpoint (°C)
. Snowfall (cm), 0000, 0300, 0600, 0900,
ASOS BGN OTT Pluvio Precipitation (mm) 1200, 1500, 1800, 2100
ARSI T B ddd e Bd B4 s Hot
Hojet v et =

7070 So= v FAEe] 3, Al S
AR50 Ak, 2%, AHEE, 78 v, v) ARE E S8 gH s ¥ A

#1347 235 (2024)
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Table 3. Summary of the meteorological variables for the YES-WEX campaign.
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Snow (cm)/ Inversion Water Vapor
No Period of event Synoptic  Phase  precipitation 850 hPa D Remark
©0) epth  Strength IWV WV,
(mm) (m ()  (mm) (mm)
1 2019.01.25.~26. ST Snow 3.5/1.3 -10.6 433 1.7 4 6.7
2 2019.01.31.~02.01. LP Snow 17.1/15.8 -8.4 1172 2.6 7 10.9
3 2019.02.13.~14. ST Snow 0.4/0 -11.7 N/A 5.2 4.6 6.4
4 2019.03.15.~16. LC Mixed 0.5/4.9 -4.4 8.1 N/A 8.5 10.3
5 2020.01.30.~31. LP Snow 0.7/8.1 =72 424 2.8 9.5 14
6 2020.02.05.~06. ST Snow -/0 -12.9 700 1.9 39 5.7
7 2020.02.08.~09. ST Snow 42/1.2 -9.1 347 1.7 6.4 6.7
8 2020.03.15.~16. ST Snow 7.9/8.1 =79 N/A N/A 6.7 7.6
9 2021.03.01.~02. LC Mixed 43.3/72.7 -8.1 520 3.6 10.9 21.1
10 2021.03.06.~07. ST Snow 2.3/4.9 -6.3 151 5.1 10.6 11.9
11 2021.12.24.~25. ST Snow 37.0/31.7 =7.7 285 1.2 93 11.6
12 2022.01.19.~20. ST Snow 6.0/4.5 -12.5 395 04 5.5 7.2
13 2022.02.13.~15. ST Mixed - /1.7 -5.8 138 1 8.7 10.9
14 2022.03.17.~19. LP Mixed 9.8/65.1 -4.8 408 2.4 13.5 18.1 HC1
15 2023.01.14~15 LP Mixed 16.8/62.3 -6.9 351 2.4 13.56 16.8
16 2023.02.13.~14. LP Mixed 1.4/18.2 -6.2 250 1.8 93 16.3
2023.02.15. ST Snow 28.1/21.6 -11.1 360.3 3 6.4 7.4 HC2
17 2023.02.24.~25. ST Mixed 2.2/4.5 -8.5 340 1.5 6.7 7.2

YES-WEX (Yeongdong Extreme Snowfall and Wind Experiment), LC (Low Crossing), LP (Low Passing), ST (Stagnation),
HC (Habit Change), N/A (Not Available), IWV (Integrated Water Vapor)

Atmosphere,
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Table 4. Summary of HC1 and HC2 radiosonde measurements.

Altitude (km)

21 24 03 06 09 12 15 18 21
Time (KST)

2023.02.15

Altitude (km)

18 21 24 03 06 09 12 15 18
Time (KST)

Fig. 6. Time series of vertical profiles of equivalent potential
temperature (black line), wind, and relative humidity
(shading) for HC1 (19 Mar 2022) and HC2 (15 Feb 2023)
from radiosonde soundings.
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Time 850 hPa 850 hP? 850 hPa Northeasterly Inversion Inversion

Event (KST) Temperature Dew point Wind spleed wind depth depth layer
§S) §9) (ms™) (m) (m) (m)

06 -4.9 -6.6 7.3 1143 658 2400

09 -6.0 -7.0 8.5 1393 331 2640

HC1 12 -10.1 -12.2 5.6 1270 129 2074
15 -6.5 14 6.2 1471 95 2815

18 -6.0 -7.0 6.7 1261 789 2085

03 -12.0 -13.5 6.0 1206 565 2150

06 -15.2 -17.3 2.3 1688 509 1779

HC2 09 -11.1 -11.4 1.7 1613 847 2365
12 -10.4 -11.6 2.7 1283 748 2308

15 -10.2 -10.5 2.0 1156 845 2185
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Fig. 7. Variations of snow crystal habit, its diameter, fall
speed, and complexity in the case of HC1 (19 Mar 2022)
using a Multi Angle Snowflake Camera (MASC) at GWNU.
SP denotes Small Particle; CC Columnar Crystal; PC Planar
Crystal; CPC Combination of column and Plate Crystal; AG
Aggregate; GR Graupel.
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Fig. 8. Variations of snow crystal habit, its diameter, fall
speed, and complexity in the case of HC2 (15 Feb 2023)
using a Multi Angle Snowflake Camera (MASC) at GWNU.
SP denotes Small Particle; CC Columnar Crystal; PC Planar
Crystal; CPC Combination of column and Plate Crystal; AG
Aggregate; GR Graupel.
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