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

Masayuki Kawashima'?, Shota Oda®, Kou Shimoyama1 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 um) 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 pm) 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). (¢) 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 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.

72T RAGOLEEL, EFTNVHFTOIHHINTNS
LEZLND.

1 HMOY I 2L —Ya v THEATREEET—% 2/
WTARY DR AT 728 25, MEOHZE CHLE
ERTWD L), BEETIEEMIA - RSB R A
VE¥—DE =7 PR ON EOFREDOFETIEEN
5D Y — 7 IIAHBIC 2 578, HARMILIEECIZEMNA -
PHICHBERE -2 R Oh, ZOBRSIIFAMREICLS
Z EWHr o 1z (I B ).

SAE R O HIRENAT R & W 722020451214 ~ 17H,
20214E1HIH B X "1 A3 ~5HOESHBOF— % % 1
WC, MHBEOTHHEHT— 5 2 EL 7.
ZIZ LB 2479 2 & T, 1H - FHEBowE
OEBZHMB L. FHEOFRY LR, PRSI
% & 90T, RN EF o JEGERZ By O AR, RIS
ML A NICIZIE—R T, BEICHE AT T =
kO HYLERTH ZOHF NI~ THo72. 22T, M
FelZ K30 KA D 1-LH 1 (1360 km) 1P L 72

ZoF—

Pl oOWTH T L.

X6z, 25 OFEE300 micB it 5, MHEHRICER
§ % R CICVE RS S3), i RS AT 20 G R 53y
(FVE RS 53), A1 H 3B X OV H 2B R 55 0 i -1 )
Wi %2xRd. %28, #L (x>0km) ORS1IkmfEED
ARBEAENTIE, BOSERAOMRIILD, KW
BIZEEHACIZEZ—HRTH L. HEOEMITEARNIC
] E —3T 5 0T, 2 OB vOEBIC L DAL S.
FYHEOLHEMED (M6a-c) 1, NEOEROK WY
F (=300 < x < —200 km) CTHZETH 5. FELICBITS
TREEOZB, EL LT, BEREILTEOREESE
FEEN T T v 7 AH) OEB;ICL D OTH L. AP
T R ELIRIC L D BRE oJe RIS RE L, SRR E
A9 F A MICALPE IS % (M6a) . Az HZH)
OMEIE > A7 7 ) =1k E& &R TR (-120 <x <0
km) T/HhEL, WEEEEL D S EBOAAHL ~ SRR
Z LB BT AR EAEOMAE, IR (B
10m s ) OHMETHMEET S, —F, HBHTu, viZ



188

Time (LT)

g3!){) =200 -100 [ 9300 =200 -100 O 100

b) v (along—shore velocity) &) v (along—shore velocity) e

24

Time (LT)

Time (LT)

= =
g#‘m -200 -100 e 100 200 300
Distance (km) Distance (km)

5 —_
500{ i, | 500{ e, |
e X -t 3

=300 -200 ~ 200 300 -3¢ -200 ~ 200 300

100 0 100
Distonce (km)

6 : 3D EHTEADHTE-ALHIA (1360 km) 2DV T L
72, WEIE S OB miZ B 2WHED (F) 1HEBH
& () BB O MR M. (2, (d) HEERICE
38¥ % GBI (ALFURBSS, 01 m s™'HIKE), (D), (e) HEHEHRE
VAT 2 GRS A3 (R PEJEUSE 53, 0.1 mes ™ RIRR), (o), (O AL (0.1
KiFE). BEEOIX g Lz o LB ISHs 4. Mo T2
P LS ERT.

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. (a),
(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 (—40 < x < —10 km in Fig. 6c, black line), the inland area
(300 < x < —250 km in Fig. 6, blue line), and the coastal region of
the box B in Fig. 3 (=40 <x <—10 km in Fig. 9, red line).
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Figure 9: As in Fig 6 but for the variables averaged over the 300-km
wide SW-NE span of the rectangular area B in Fig. 3.
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Figure 10: Distance-time sections of the sum of the diurnal and
semidiurnal harmonics of the along-shore wind for (a) the northeastern
and (b) northwestern parts of the Sea of Japan.

a) heat flux d) momentumn flux
2 Ve i

00 -200 -100 0 100 200 300

. ¢) heat flux (semidiurnal) W m

151 == 20
9 =20
-40
I*ED
-80

00 -200 —100 0 100 200 300
Distance (km)

Al - | soo] - |

ESOG =200 -100 0 100 200 300 -300 -200 200 300
Distance (km)

B11 : 30 EIIHAORPE-ILHI (BE360 km) (22T 13y
L7z, () WEmBE T 5 v 2 2L Z01H, LAEHKS, ()
WRMEE T 7 v 7 2 BFRICEET 200) £ZD1H,
- HZEB) o5 o PR R B TaT . BRAEOIS Py L Zc g A o AL
BB 5. RO TSP L ERT.

Figure 11: Distance-time sections of (left) the surface sensible heat
flux and its diurnal and semidiurnal harmonics (right) the surface
momentum flux in the direction normal to the coastline and its diurnal
and semidiurnal harmonics averaged over the 360-km wide SW-NE
span of the rectangular area A in Fig. 3. Distance equals 0 is the coast.
The bottom panels show the averaged terrain elevation.
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Figure 12: Distance-time diagrams of (left) cross-shore and (right)
along-shore wind perturbations. (a), (b) Response to the diurnal
thermal forcing. (c), (d) response to the diurnal momentum forcing,
and (e), (f) sum of the response. Distance equals 0 is the coast with
positive (negative) distance values indicating locations over sea (land).
Contour interval is 0.2 m s ' with positive values shaded and negative
values dashed. Thick black contours in panels (a) and (b) represent
the diurnal height forcing at 10 and £100 m h™' with negative values
dashed. Thick black contours in panels (c¢) and (d) represent the
diurnal momentum forcing at £0.05 and £0.25 m s ' h™' with negative
values dashed. The numbers in the parentheses at the top of the panels
(a)-(d) indicate, from left to right, the amplitudes of the short inertia-
gravity wave, the long inertia-gravity wave, and the geostrophically
balanced mode.
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Figure 13: As in Fig. 12 but for the responses to the semidiurnal
forcing.
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