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Ice-Band Pattern Formation caused by Resonant Interaction between
Sea-Ice Drift and Internal-Wave Propagation

Ryu Saiki', Humio Mitsudera', Ayumi Fujisaki-Manome’, Noriaki Kimura®, Jinro Ukita’,

Takenobu Toyota"*,

. 1
Tomohiro Nakamura

Signals of the global climate change may be easy to appear around the ice-edge area, because melting and re-

freezing are often occurred in such field. Ice-band pattern formation is a phenomenon in the ice-edge area. Ice-
band patterns have two basic features, one is the regular size (about 10km) band-spacing to the short axis direction
of ice-band pattern, another is suitable wind direction which is slightly turn to the counterclockwise with respect to
the perpendicular to the long axis of ice-band pattern. However, there have been no certain explanation about two
basic characters. Thus, we try to examine from a point of view of the resonant-interaction between sea-ice drift and
internal-wave propagation using 1.5-layer simple theoretical model. In consequence, we confirm that our theoretical
results associated with two basic features correspond with the results of numerical experiments and satellite
observation data. Further, we found that the resonance mode is necessary to be shifted with respect to the wind

speed change in a continuously stratification case.
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Figure 1: Typical ice-band patterns in MODIS visible satellite image (02/18/23)
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Figure 2: Schematic figure of 1.5-layer ocean model under sea-ice
floes
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Figure 3: Schematic figure of several coordinate directions and stress
balance over ocean for theory
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Figure 4: Detail of forcings for internal waves under sea-ice area
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Figure 5: Resonance point as cross point of internal-wave dispersion
relationship and ice-band pattern propagation speed formula in k-,
plane

DI S NN B ORFIFEESF G LT 5 2 EH5
5.

2.2 FEIR DR

ZIDHRTA AN R0 DRI % FE O FLH
WCOWTHIRMICEST A2 L1254, EitTEil LA
WM D2 2B 3 % A (1) LK EREOLT Ok
MR Q) 1T LTT A ANY F28% — v ENERE
O x WHPOIAIRICHIET 5 & 9 % Tl Vi dk o %
RATHZEZERD.

(i ’) - <} ) eilkx-0t)  (3)

CIZTFVY () FPHEOIIELZEZL TB ) EHT
bh olkITNZNFHPEOBRBERHEUTH Y,
i=V-1Tdhb. MAT, TNRLENOLELEZ TRLO L) IZ
SEFR L IERITALT 5.

t=f"1" x=1Lx* {‘=Z{", 1,=Tt), g'hy=c?=fLc?

_fT _ T
P2 = L T Pt
Z ZCeldhie SN7=NEFEOMAHEEZ R L Tn5
ZORR, UTEATILL222RTTAF ) AY ()
FHEHEO-OHABL 2200 2T DD L w bkl

BMLTUTOX)ICEETES.

199



200 el 3L, =% K BH AL AN

N, EH RS, BHORUE, PR

0.25
>
¥ 0.2
e
g 0.15
:L et
AN o 66=0.0
2 o ]
v — §50=0.1
F_: 0.05 sonsesnnere §6=0.2
radian
0

90 -75 -60 -45 -30 -15 O

15 30 45 60 75 90

TARNY FOEBARALERAZEDLTHE 6, (degree)
K6 : Jaln) X 2xd 57 4 AN Y FORERDZEAL

Figure 6: Variation of ice-band growth rate with respect to wind direction
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Figure 8: Result of numerical experiment in case of ice-band propagation direction perpendicular to ice-edge
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Figure 9: Time development of ice band pattern and instability growth of vertical flows under ice band
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Figure 10: Dispersion relationship per several mode in k- (@,/f)
plane under continuously stratified ocean condition
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Figure 11: Result of numerical experiment in case of blowing homogeneous wind with respect to initial random sea-ice concentration field
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