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Abstract A long-term ESSAY (Experiment on Snow Storms At Yeongdong) campaign has
been made since 2014 to understand the mechanism of severe snowfall hazard. Among the 57
events, two extreme cases exhibited snowfall rates exceeding three times the mean (~0.8 cm h™)
of typical East Sea effect snowfall events. This study investigates characteristics of these two
episodes (EP1: 20 Jan 2017 and EP2: 17 Mar 2025), and provides a quantitative analysis of
snowflake properties. A comprehensive analysis was conducted using synoptic weather charts,
reanalysis data, radiosonde, satellite image and Multi-Angle Snowflake Camera (MASC) data.
The main common features are as follows: 1) A trough accompanied by a cold core at the upper
level moved toward the Korean Peninsula. 2) Radiosonde observations confirmed northeasterly
inflow between 800—500 hPa and showed an inverted-V shaped vertical thermodynamic struc-
ture. 3) A backdoor cold front formed over the East Sea and moved southwestward with north-
easterly winds in the middle troposphere. 4) A 4.5 PVU (potential vorticity unit, 10° K m* kg™’
s™) on the 305 K isentropic surface advected to Yeongdong region. Finally, 5) MASC observa-
tions showed a large number of smaller graupels with complexity values close to 1.3, suggest-
ing the possible occurrence of fragmentation. To improve the forecast of extreme snowfall
events in the Yeongdong region, further investigation should be conducted for the mechanisms
of backdoor cold front and orographic effect.
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Table 1. Comparison of main characteristics of this study’s extreme snowfall events with East Sea effect snowfalls.

Precipitation ~ Snowfall Air-sea 850 hPa Precipitable
intensity intensity temperature Temperature ~ Wind speed ~ Water vapor’
(mm h™) (emh™)  difference? (°C) °C) (ms) (mm)
East Sea Median 0.5 0.2 19.9 -8.3 6.0 7.2
Snowfall
17) Mean = std' 0.7+0.8 0.8+ 1.0 19.7+ 4.0 -79+3.8 72+54 8.0+34
Extreme Median 0.9 2.0 19.2 -7.9 7.1 7.3
Snowfall
®) Mean =+ std 1.8+19 3.0+£23 19.8+3.2 -8.0+2.0 8.6+43 8.0+3.1

'Std denotes standard deviation.
?Air-sea temperature difference indicates temperature difference between 850 hPa and sea surface.
*Precipitable water vapor is obtained from radiosonde sounding.
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Fig. 1. (a, ¢) Surface and (b, d) 500 hPa synoptic weather charts of EP1 at (a, b) 2100 LST 19 Jan and (c, d) 0900 LST 20 Jan
2017 issued by Korea Meteorological Administration (KMA).
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Fig. 2. The same as in Fig. 1 except for EP2 at (a, b) 2100 LST 16 Mar and (c, d) 0900 LST 17 Mar 2025.
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speed is in knots. The temperature is solid line and dew point temperature is dashed line.
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Fig. 4. The same as in Fig. 3 except for 2100 LST 16 Mar to 1200 LST 17 Mar 2025.
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tropopause.
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Fig. 8. Time variations of potential vorticity from ERAS5 reanalysis data, for each episode (a) 20 Jan 2017 and (b) 17 Mar 2025
at Bukgangneung, along with 3-hourly snowfall shown as bar graph. Shading indicates PVU and the black solid line represent

1.6 PVU defined as dynamical tropopause.
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