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Semidiurnal Oscillations of Sea-effect Snowbands over
the Northeastern Part of the Sea of Japan

Masayuki Kawashima® %, Shota Oda®’, Kou Shimoyama' and Tsutomu Watanabe®

During wintertime cold-air outbreaks from Siberia, the sea-effect wind-parallel snowbands over the
northeastern part of the Sea of Japan often exhibit pronounced semidiurnal oscillations in the direction normal to the
prevailing wind. On the other hand, in the northwestern part of the Sea of Japan, semidiurnal oscillations are less
noticeable and diurnal oscillations are predominant. In this study, the mechanisms for the semidiurnal oscillation
of snowbands are investigated through the analysis of realistic numerical simulations of cold-air outbreaks using
a regional atmospheric model and idealized numerical experiments using a linear reduced-gravity shallow water
model that models the inversion-capped boundary layer flow. It is shown that the diurnal variations of both the
boundary-layer heating and friction due to the boundary-layer turbulence over the windward coastal region are
important in generating the wind perturbations responsible for the oscillations of snowbands. It is argued that the
Sikhote-Alin mountain region acts to highlight the semidiurnal oscillations of snowbands by blocking the outbreak
of inland cold air, which is accompanied by a large amplitude of diurnal temperature variation.
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Figure 1: Infrared satellite brightness temperature (K) of Himawari-8 band 13 (10.4 em) over the northeastern part of the Sea of Japan. (a) Snapshot
at 0000 LT 15 December 2020. (b) time-distance section along the red line in (a). (c) snapshot at 2000LT 4 January 2021, and (d) time-distance
section along the red line in (c). The red arrows indicate the location of the thick cloud band induced by a mountain in the Sikhote-Alin Mountains.
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Figure 2: Infrared satellite brightness temperature (K) of Himawari-8 band 13 (10.4 em) over the northwestern part of the Sea of Japan. (a)
Snapshot at 0000 LT 16 December 2020. (b) time-distance section along the red line in (a). (c) snapshot at 1200LT 1 January 2021, and (d) time-
distance section along the red line in (c). The red arrows indicate the southwestern boundary of clouds associated with the Japan Sea polar airmass

convergence zone (JPCZ).
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Figure 3: The model domain and topography. The boxes A and B
represent the areas to construct distance-time diagrams.
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Figure 4: Infrared brightness temperature (K) derived from the model output of the outgoing longwave radiation for the northeastern part of the Sea
of Japan. The times of snapshots and the location and period for the time-distance sections are the same as in Fig. 1.
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Figure 5: Infrared brightness temperature (K) derived from the model output of the outgoing longwave radiation for the northwestern part of the Sea
of Japan. The times of snapshots and the location and period for the time-distance sections are the same as in Fig. 2.
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Figure 6: Distance-time sections of (left) diurnal and (right)
semidiurnal harmonics of variables at 300 m AGL averaged over the
360-km wide SW-NE span of the rectangular area A in Fig. 3. (),
(d) cross-shore wind, (b), (e) along-shore wind, and (c), (f) potential
temperature. Contour intervals are 0.1m s™ for wind speeds and 0.1 K
for potential temperature. Distance equals 0 is the coast with positive
(negative) distance values indicating locations over land (sea). The
bottom panels show the averaged terrain elevation.
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Figure 7: Vertical cross sections of temporally and spatially averaged
(a) cross-shore wind speed (northwesterly wind speed, contoured and
shaded every 1 m s™) and (b) potential temperature (contoured and
shaded every 2 K) for the area A in Fig. 2.
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Figure 8: Simulated diurnal variations of (a) surface sensible heat
flux and (b) potential temperature at the lowest model level (about
40 m above ground level) for the coastal area of the Sikhote-Alin
Mountains (140 < x < T10 km in Fig. 6c, black line), the inland area
(T300 < x < 1250 km in Fig. 6, blue line), and the coastal region of
the box B in Fig. 3 (T40 < x < T10 km in Fig. 9, red line).

Jodjgdggdgo
OOoooooooodhphoooooooooooooono
OOoOoodOooos kmOOOODOOOOOOOOOOO
OO O00htake et al., 2009[0Watanabe et al., 201711 1
goooooooooonoodoonooooooggno





















