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White-capped breakers observed just off the lighthouse of
Cape Shionomisaki and the Kuroshio

Toru NAKAMURA", Junichi TAKEUCHI”, Yoshiki NaAKAJI”, Yoichi MAEKAWA",
Keiko NakAzATO", Takashi KOIKE”, and Yutaka NaGaTA”

Abstract : We observed regularly the white-capped breakers which are produced by strong cur-
rent in the sea just off the lighthouse of Cape Shionomisaki. The white-capped breakers are
classified into seventeen ranks from —8 through +8. Correlations of the ranks of white-capped
breaker with several quantities such as the east-west component of current speed observed with
ADCP at a fixed point, the sea level difference between Kushimoto and Uragami tide gauge sta-
tions, and the separation distance of the northern edge of the Kuroshio measured southwards
from the tip of Cape Shionomisaki. The separation distance was determined from the position
of the temperature front seen in satellite images. These correlations are very significant, and
the observation of white-capped breaker is shown to be very useful to know oceanic conditions
in the vicinity of Cape Shionomisaki. We defined that white-capped breakers are clearly seen
above rank 4. This means that significant currents would exist in the sea just off the lighthouse
at least for ranks above rank 4 through rank 8. If we define the northern edge of the Kuroshio
with the northern limit of eastward current zone of the Kuroshio, the separation distance of
the northern edge of the Kuroshio should be zero for these cases. It is hard to believe that cur-
rents are geostrophic in shallow waters just near coast. The current would be flowing under the
balance between sea surface gradient and friction due to existence of coast or sea bottom.
MAEKAWA et al. (2011) showed that the distribution of sea surface height in the sea just near
the tip of the Cape Shionomisakai is produced by the temperature and salinity structures in
shallow water less than 300 m, and that the sea level difference between Kushimoto and
Uragami is produced by the surface Kuroshio water which had been brought into near coast re-
gion off the southwestern coast of the Kii Peninsula. The east-west sea level gradient produced
just off Cape Shionomisaki would create an eastward current just along the coast. Besides, sig-
nificant ranks (7 and 8) of white-capped breakers can be seen relatively often in summer sea-
son. This would be related to the seasonal variation of the sea level difference between
Kushimoto and Uragami discussed by NAKAMURA et al. (2012).

Keywords : White-capped breakers off Cape Shionomisaki, Rank of white-capped breakers,
ADCP observation, Sea level difference between Kushimoto and Uragami tide
gauge stations, Separation distance of the northern edge of Kuroshio
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Fig. 1. Map of the area in the vicinity of observation area. A: observation point, B: the position of the direct
current measurement, C: Shionomisaki righthouse, D: Ohkura Island, E: Kometsubu rock and F:
Kuroshima Fishing Port. The map shown in upper right corner shows the position of the main map
relative to Cape Shionomisaki, ; a indicates Cape Shionomisakai, b Ohshima Island and ¢ Kii Peninsula.
Area shown in main map is shown by a square near letter a.
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Fig. 2. An example of white-capped breaker created by strong current. This picture shows a state of white-
capped breaker of rank 8. A : Ohkura Island, B: Kuroshima Fishing Port. Kometsubu rock is hidden by

Ohkura Island.
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Table 1. Number of observation of white-capped
breaker created by current (column A) and
that of ADCP observation (column B) in
each year. Numbers in brackets in column A
indicate the numbers of days without obser-

vation.
Year A B
1996 341 (25) 28
1997 353 (12) 43
1998 357 () 46
1999 360 ( 5) 50
2000 360 ( 6) 52
2001 357 (8 47
2002 356 (9 49
2003 358 (D) 39
2004 353 (13) 36
2005 364 (D 34
2006 359 ( 6) 35
2007 363 ( 2) 36
2008 365 (D 36
2009 362 (3 41
2010 364 (D 34
Total 5,372 (107) 606
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Table 2. Number of observation of white-capped
breaker (column A) and that of ADCP ob-

servation (column B) for each rank of
white-capped breaker.
Rank A B
Rank—4
Rank—3
Rank—2 72 11
Rank—1 123 18
Rank 0 1,238 116
Rank+1 594 o7
Rank+2 564 52
Rank+3 415 49
Rank+4 1,007 147
Rank+5 512 50
Rank+6 o967 74
Rank+17 145 17
Rank+8 127 15
Total 9,372 606
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Fig. 3. Correlation between current speed measured at B shown in Fig. 1 and observed rank of white-capped
breaker. Vertical bars indicate variability range (m+ o, m—0).
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Fig. 4. Correlations between rank of white-capped breaker and sea level difference between Kushimoto and
Uragami tide-gauge stations (white circle) and between east-west current components measured by
ADCP (black circle). Vertical bars indicate variability range (m+ ¢, m—a).
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Fig. 5. Occurrence frequencies of east-west current components measured by ADCP for rank —2 through
rank 8 of white-capped breaker. Occurrence frequencies are given for each segment of 10 cm/s which is
centered at —150 cm/s, —140 cm/s, —130 cm/s, and so on. The frequency at upper end of each segment is

included to that segment.

DELFTIE L 280 U2 B, HEEMICL -
TINMBELTO R HEERIEIRE O, FEROMMR
W7z TE, 2O EETHEBICANSLE
Bh b,

F7o, TITIRIREEOD, IR A AT L
725, 32 D& T — 12 DWWT, Kl Iy
Db DITHA « B oK EE & 5T, [FRE
DR EERR L THRET L7z, IR0 oI
DT b DD ERDEIZIRD, MRS O
KITHE D IKALZE D RGN FE#) 0 70 SRS 8 12
WA ETRDON D,

BB DEE, TRDBEHEOESIT DN
T, RS (2008) AEELWIETETT- T B
DS, PEIGRICE, BB a0 7R iE

T, b EFOROIEF TR U B0
FamEit &, BdbE AR S #Eh f e T A I -
TWARIZ, R ICHEN 2 EO LR N H
LI EMERHINTHS, BIfER-THWBET—7%
TlE, ZOXD BAEMROFEZ M2 FEME N
L, HMBWEGIEFIADIDT, UToMHmT
B —3 LI FTOREFIZ DWW TR gn T &I
35,
4, WIREREER - FHEEOKLE, BHES
IEEE L DRER
4.1 BREREBR - FHEREOKLEE

EBA o JHAT O M S D HE T K AL D S5 A3, A
B BEIRE EAER A & B0, IBfTHE &S



8 La mer 51, 2013

40

30+

20+

10+

Sea level difference (cm)

2 -1 0 1

2

3 4 5 6 7 8

Rank of white—capped breaker

Fig. 6. Relation between sea level difference between Kushimoto and Uragami tide gauge stations and rank
of white-capped breaker (black circles). Vertical bars indicate variability range (m+ ¢, m—0 ). Sea
level hights at Kushimoto and Uragami tide gauge stations measured from TP are shown with dashed
line and dash and dotted line, respectively. The scales of these lines are common with that of the sea

level difference.
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Fig. 8. Seasonal variations of occurrence frequencies for ranks from 5 through 8 (from top to bottom) for

each ten days. See manuscript for details.
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Fig. 9. Seasonal variation of sea level difference (thin curve) between Kushimoto and Uragami tide gauge
stations averaged for the period from 1994 through 2010. The data are used only when the separation
distance of the Kuroshio is less then 15 km off Cape Shionomisaki. The thick curve indicates 11 days

running mean (NAKAMURA et al., 2012).
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