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Abstract This study investigates the meteorological characteristics of mid-level precipitation
during winter in the central Korean Peninsula, focusing on both their formation mechanisms and
potential hazardous outcomes. Using ERAS reanalysis and KMA observational data from 2000
to 2023, we first identified 18 reference events of mid-level precipitation provided by KMA for
the period 2017~2023. Based on these reference events, we established objective criteria for
mid-level precipitation and subsequently selected 100 additional cases from 2000~2023 that met
these criteria. The analysis revealed distinct synoptic-scale pressure patterns, characterized by a
westward-tilting system with mid-upper level (700-500 hPa) troughs west of the Korean Penin-
sula and surface lows developing in the initial stage. The vertical structure showed a clear con-
trast between dry lower layers (below 700 hPa) and moist mid-upper layers, with strong
ascending motion observed between 700-300 hPa. Surface precipitation was recorded in only
36% of cases, with an average of 1.3 mm. Pattern correlation analysis between composite and
individual cases showed high similarities (> 0.9) at 700-500 hPa levels, confirming the consis-
tency of synoptic patterns. With mean 925 hPa temperature at —0.4°C, freezing rain potential
was particularly high near mountainous regions, including Mt. Jiri and Sobaek Mountains. This
first systematic analysis of mid-level precipitation characteristics contributes to improving win-
ter weather forecasting accuracy and establishing effective disaster prevention systems, particu-
larly for transportation infrastructure vulnerable to freezing rain conditions.
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Fig. 1. (a) Structure of the box plot and (b) box plot of mid-level precipitation cases at Standard pressure Levels derived from
reference cases. The minimum and maximum values of the box plot represent the threshold criteria at each height.

Table 1. Threshold values by layer for mid-level precipitation cases derived from reference cases.

925 hPa 850 hPa 700 hPa 600 hPa 500 hPa 400 hPa 300 hPa
Minimum 1.55->3.0 0.60 0.20 0.00 0.00 0.00 0.00
Maximum 25.10 17.78 17.05 3.53 437 2.30 10.40
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Fig. 2. Synoptic charts over East Asia at the time of mid-level precipitation on 0300 KST, January 12, 2019. (a) 500 hPa, (b)

700 hPa, (c) 850 hPa, and (d) surface chart.
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Fig. 3. Skew-T log-P diagram for Osan at the time of mid-level precipitation on 0300 KST, January 12, 2019. The red solid line
represents the temperature at 0300 KST, and the red dashed line indicates the dew point temperature. The blue lines represent

data from 6 hours earlier.
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500 hPa geopotential height, (b) 700 hPa geopotential height, (c) 850 hPa geopotential height, and (d) 925 hPa geopotential
height. The contours in each panel represent the geopotential height, and the shading corresponds to the MSLP.
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Table 2. Mean and standard deviation of pattern correlation and RMSE between the composite pressure patterns of reference

cases and individual extended cases.

500 hPa 700 hPa 850 hPa 925 hPa MSLP
Pattern Average 0.96 0.94 0.82 0.64 0.58
Correlation Standard Deviation 0.03 0.05 0.16 0.25 0.20
Average 85.64 58.78 52.28 54.04 8.08
RMSE
Standard Deviation 21.54 15.64 13.46 13.67 2.20
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Fig. 7. Same as in Fig. 5, but for composite data of extended cases. The composite data are shown for 12 hours before the
precipitation event (a, d, g, j), at the time of the event (b, e, h, k), and 12 hours after the event (c, f, i, 1).
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Fig. 9. Composite vertical time series for the Gyeonggi region based on extended cases. (a) Standardized geopotential height
anomaly, (b) temperature anomaly, (c) vertical velocity (negative values indicate upward motion, and positive values indicate
downward motion), and (d) specific humidity. The mean period for the geopotential height and temperature anomalies is

2000~2023.
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