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Abstract This study investigates the atmospheric characteristics of the 2023/24 winter season
(December to February) over the Korean Peninsula, which shows unusual precipitation and
warm weather, and analyzes the associated changes in atmospheric patterns across the Northern
Hemisphere. The daily average precipitation was about 2.6 mm day ™' during the 2023/24 winter
in the observational data from Korean Meteorological Administration, which was approxi-
mately 2.5 times higher than the climatology. The primary reason for this precipitation is the
advection of warm and moist air from lower latitudes. This intensified advection during this sea-
son is driven by two main factors: (1) a poleward shift in the storm track due to an anomalous
high-pressure system over the East Sea and (2) anomalous anticyclonic circulation (AAC) over
the Maritime Continent. The poleward shift in the storm track was caused by the northward
movement of the East Asian jet stream, creating strong baroclinic instability around the Korean
Peninsula. This led to the intensified meridional heat and moisture fluxes through low-pressure
systems. Additionally, Rossby wave propagation, originating from central Siberia, influenced
advection by establishing high pressure over the East Sea in February 2024. The AAC, induced
by suppressed convection due to Walker Circulation and El Nifio conditions, further contributed
to warm, moist air inflow through southerly winds.
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a) ASOS: Daily precipitation & days DJF mm/day
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Fig. 1. Daily precipitation (mm day™) and daily fresh snowfall (cm day™") observed from the Automated Synoptic Observing
System (ASOS) during the winter season of 2023/24 in the Korean Peninsula. (a) Climatology (solid line) and anomalies
(shaded) of daily precipitation using tensor spline interpolation. (b) Same as (a), but for daily fresh snowfall (cm day™'). The
size and color of the circles represent the climatology and anomalies of the number of snowfall days observed at each station.
(c) Averaged daily precipitation (mm day ' #stn™', green bars), daily fresh snowfall (cm day ' #stn™', blue bars), precipitation
days (day, green line), and snow days (day, blue line) for ASOS station during the winter season. Climatology for precipitation

and fresh snowfall are shown as dashed lines.
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a) ASOS: Daily precipitation per station
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Fig. 2. Precipitation (mm) and fresh snowfall (cm) from the ASOS during the winter season of 2023/24. (a) Daily precipitation
(mm #stn™', light blue bar) with average for stations where rainfall is observed. The observed station numbers are marked as
blue. The maximum daily precipitation (green bars) is indicated by labeling the corresponding station name separately. For
visual clarity, the number of stations is not shown when fewer than 50 stations are recorded. (b) Same as (a), but for daily fresh

snowfall (cm #stn ™).
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a) Anomaly: 925 hPa q [g/kg), U, V [m/s), Z [gpm] y b) Anomaly: SST [K], 925 hPa T [K], U, V [m/s]
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Fig. 3. Anomaly results at 925 hPa for the 2023/24 winter season (2023/24 minus climatology). (a) Specific humidity (g kg™,
shading), horizontal wind (m s™', vectors), and geopotential height (gpm, contours). (b) Sea surface temperature (K, shading)
and atmospheric temperature (K, contours). (c) Meridional moisture flux (m s™' g kg™', shading). (d) Meridional temperature
flux (m s K). The result in (c-d) is calculated with band-pass filtering for 2~7 days, followed by Chang et al. (2002). The
climatology of the flux (black contour) and a jet stream (m s™', gray contour) at 500 hPa is indicated in (c-d). The stippling
(Hashing) indicates statistical significance at the 5% level for shading (contour) based on the two-tailed bootstrap. Only vectors
statistically significant at the 5% level are shown. Figure (b) doesn’t dot for visual clarity because most regions show
significance.

a) 925 hPa V'q’ [m/s g/kg] 25N-45N, 110E-125E b) 925 hPa V'T' [m/s K] 25N-45N, 110E-125E
6 T T 20 T T
T T T T T T T T
——2023/24 —2023/24 Max

16 90%
70%

12
Median
30%
10%
Min

/ N .
Nov Dec Jan Feb Mar Nov Dec Jan Feb Mar

Fig. 4. Meridional flux results at 925 hPa by eddy. (a) Meridional moisture flux (m s~ g kg™). (b) Meridional
temperature flux (m s™' K). The fluxes are averaged for the blue box (25°N-45°N, 110°E-125°E) in Fig. 3d with 7 day
moving average. The 2023/24 winter season indicates a red line, and minimum/maximum (median) values show a gray
(black) line. The lower and upper boundaries for light (dark) gray boxes indicate the range of 10-90% (30-70%) from
1990/91 to 2019/20.
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Fig. 5. Anomaly results for the 2023/24 winter season (2023/24 minus climatology). (a) Geopotential height (gpm, contour) and
zonal wind (m s, shading). (b) Zonally averaged potential temperature (K, shading) and zonal wind (m s, contour) in the
blue box (130°E-150°E) in (a). The climatological structure of potential temperature shows a black contour. The stippling
(Hashing) represents statistical significance at the 5% level. Solid and dashed contours indicate positive and negative values,

respectively.
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Fig. 6. Anomaly results for the 2023/24 winter season (2023/24 minus climatology). (a) Outgoing longwave radiation (W m>,
shading), stream function (10° m s™', contour), and horizontal wind at 925 hPa (m s™', vector). Only values statistically
significant at the 5% level are shown, except for the stream function. (b) The advection for temperature (K day™, shading) and
specific humidity (g kg™ day™, contour). The stippling (Hashing) represents statistical significance at the 5% level. Solid and

dashed contours indicate positive and negative values, respectively.
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Fig. 7. (a) Anomaly results at 250 hPa for geopotential height (gpm, contour) and horizontal wave activity flux (m?® s, vector)
for February 2024. Climatology of geopotential height indicates using black contour. The stippling represents statistical
significance at the 5% level. Only vectors statistically significant at the 5% level are shown. (b) The amplitude of horizontal
wave activity flux (m? s ) and geopotential height (gpm) for the blue box (35°N-55°N, 115°E-145°E) in (a) with 7 days moving
average. The result of 2023/24 indicates a red line for amplitude and a blue line for geopotential height. The minimum/
maximum (median) of the amplitude shows a gray (black) line for the period from 1990/91 to 2019/20. Lower and upper
boundaries for light (dark) gray boxes indicate the range of 10-90% (30-70%).
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