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Studies on Kyucho around the coast of the Tango Peninsula*
Yutaka KumAKI1
Abstract

The Tango Peninsula is located on the Sea of Japan side of central Honshu, and there are many set-nets around the coast
because of plentiful fishing grounds. A stormy coastal current, Kyucho, is often generated around the coast of the Tango
Peninsula related to the passage of a typhoon or mid-latitude cyclone, especially during summer to autumn, destroying set-nets
around the peninsula. The generation process of Kyucho in this area is not well-known due to the lack of relevant studies based
on direct current measurements. If we can identify the generation mechanism, we may be able to accurately forecast Kyucho,
which will enable fishermen to reduce damage to set-nets. Therefore, the study of Kyucho dynamics is important to support sta-
ble and sustainable set-net fisheries as well as academically contributing to physical oceanography. We collected various Kyucho
data using many current meters and thermometers deployed around the coast of the Tango Peninsula during summer to autumn
2004 - 2011. The results are summarized as follows.

First, the generation and propagation process of Kyucho that occurred along the coast of the Tango Peninsula due to an atmos-
pheric disturbance passing over the Sea of Japan (called Ato-Kyucho) were analyzed based on the current, temperature, sea level,
and wind data obtained around the peninsula during the summer to autumn of 2004. After the passage of typhoon 0406, a strong
current with a temperature rise in the upper layer and a sea level rise were generated on the northern coast of the peninsula, and
the phenomenon moved with the coast on its right-hand side, with a speed of about 0.4 to 0.6 m s-1. This phenomenon is consid-
ered to be connected with the coastally trapped waves, i.e., hybrid waves, with the characteristics of both internal Kelvin and
shelf waves. The continuously strong east-northeast directional wind due to the typhoon passage was considered to pile up water
on the north coast of the Tango Peninsula. A downwelling signal probably propagated along the eastern coast of the peninsula as
a coastally trapped wave and rapidly dissipated in the propagation process. Igeta ef al. (2007) performed a numerical experiment
to reproduce Afo-Kyucho induced by typhoon 0406. They showed that near-inertial internal gravity waves derived from the off-
shore region struck the tip of the Tango Peninsula and propagated as near-inertial coastally trapped waves along the eastern coast
of the peninsula. Ato-Kyucho in several cases also fluctuated predominantly with the near-inertial period as well as sub-inertial
period caused by downwelling coastally trapped waves. We concluded that Aro-Kyucho along the eastern coast of the peninsula
was generated by superposition of the near-inertial waves derived from offshore region and sub-inertial coastally trapped waves
accompanied with downwelling.

From recent mooring observations carried out along the coast of Tango Peninsula, we found that Kyucho rarely occurred before
the passage of a typhoon or mid-latitude cyclone and damaged set-nets around the peninsula. The strong current that occurred
before passage of the atmospheric disturbance was called Mae-Kyucho in Sagami Bay, but its detailed mechanism was unknown.
We examined the characteristics and generation mechanism of Mae-Kyucho associated with Typhoon 0514. Mooring current
and temperature data obtained in the eastern part of the peninsula showed that the strong northward current (approximately 0.8
m s-1) accompanied with a temperature decrease developed before passage of the typhoon. The currents distributed with the
coast on the left-hand side were extracted as the first EOF mode, and the time variation was found to be closely correlated with
the westward wind at Mt. Taiko (at the center of the peninsula). From a numerical experiment using a 3D level model with uni-
form stratification conditions, the strong northward current and temperature decrease in the eastern part of the peninsula were
effectively reproduced by the force of the wind which was blowing more than two days before the passage of Typhoon 0514.
We concluded that Mae-Kyucho occurred in the eastern part of the peninsula before the passage of the typhoon due mainly to the
coastal jet generated by a continuously blowing strong westward wind.

Moreover, we confirmed that Ato-Kyucho and Mae-Kyucho accounted for more than 90 percent of all Kyucho cases in the
study area during summer to autumn 2004 - 2011. However, in several cases, the generation mechanism of Kyucho could not be
fully explained by the wind force. For example, the ADCP data around the Tango Peninsula collected by R/V Fukui and R/V
Heian in early June 2004 showed that Tsushima warm current off the Tango Peninsula and an anti-cyclonic eddy in Wakasa Bay
grew strong when the unexplainable case of Kyucho was occurring. To clarify the detailed mechanism of Kyucho around the
Tango Peninsula, further studies on the intensification process of Tsushima warm current or eddies in Wakasa Bay and their rel-

evance to Kyucho should be conducted.
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Fig. 1-1 Upper panel: Locations of Wakasa Bay and Study area. Lower panel: Bathymetric chart of the study area.
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Fig. 1-2 The percentage catch (Upper panel) and amount
(Lower panel) obtained with each fishing method
averaged from 2009 to 2011 along the Kyoto coastal
area (by Japan Fisheries cooperative in Kyoto pref.).
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Fig. 1-3 The annual number of times set nets damaged
from 2004 to 2010 along the Kyoto coastal area
(around the Tango Peninsula and western part of
Wakasa Bay).
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Fig. 1-4 Frequency of set net damage classified by the
meteorological disturbance (typhoon or mid-latitude
cyclone) during 2004 to 2010 along the Kyoto coastal
area.
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Fig. 1-5 The number of times set nets damaged each
month during 2004 to 2010 along the Kyoto coastal
area.
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Fig. 1-6 The contents of set net damage during 2004 to
2010 in Kyoto coastal area.

Fig. 1-7 Schematic view of a set net. Arrows show the
main wire ropes (called Shu-gawabari).
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Table 2-1 Set net fishing ground: Name of mooring site.

Set net fishing ground Water Depth(m)
No. Name

@ Minato - oki 50
®) Mitsu - oki 46
® Sodeshi 40
@ Mashima 44
® Okiguri 64
® Sukizaki - oki 60
@) Otani 42
Nabu 61
©® Kosaki 51
Umatate 55
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Fig. 2-2 The path of typhoon 0406 across Japan.
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Fig. 2-3 Stick diagrams of 3-hour running averaged wind
at the Mt.Taiko power plant (upper panel) and tempo-
ral variations in air pressure at Maizuru (lower panel)
from 20 to 24 June, 2004. Vectors in the upper panel
are plotted by resampling with 1-hour intervals.
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Fig. 2-4 Vertical profiles of temperature (left panel), salin-
ity (middle panel), and sigma-t (right panel) in the
western part of Wakasa Bay. Dashed and solid lines
indicate the records on 17 and 22 June, 2004, respec-
tively.
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Fig. 2-5 Time-series of current speed at 10 mooring stations ((D-, see Fig. 2-1) from 16 to 24 June, 2004. Shaded lines and
arrows show the time when T0406 approached the Kyoto coast and marked peaks of current speed during the typhoon pas-

sage, respectively.
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Fig. 2-6 The same as Fig.2-5, except showing temperature (— 15-m depth, --30-m depth).
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Fig. 2-7 Time-series of 3-hour running averaged current velocity (15-m depth) and temperature (— 15-m layer, ---30-m layer) at
4 mooring stations (®-®) from 21 to 23 June, 2004. Shaded lines and arrows are the same as those in Fig.2-5. Note that
vectors directed upward represent a westward current at Sta.®), northward current at Sta.@-®), and eastward current at Sta.

®), respectively.
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Fig. 2-8 Time-series of sea level, for which inverted barometric correction and low pass filtering have been performed to
remove the atmospheric and tidal effect, at 6 tidal stations (A-F, see Fig.2-1) from 16 to 24, June 2004. Arrows show

marked peaks of the sea level during the typhoon passage.
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Fig. 2-9 Results of numerical simulation of Kyucho induced by the passage of typhoon 0406 (from Fig.10 of Igeta et al., 2007).
(a) Horizontal distributions of 21-running averaged current vector at a 15-m depth around the Tango Peninsula from 75 to
90 hours (from 3:00 to 18:00 22 June, 2004). (b) as (a) but for high-pass filtered current. Shaded areas indicate a current
speed greater than 8 cm s'. The wind vector at Mt. Taiko is also indicated. Contour lines indicate the 100-m isobath.
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Fig. 2-10 Distribution of maximum current at the eastern part of the Tango Peninsula for five cases of Kyucho that occurred
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period by the Japan Meteorological Agency.
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Fig. 3-3 Time-series of sea level, for which inverted barometric correction and low pass filtering (Hanawa and Mitsudera, 1985)
have been performed to remove the atmospheric and tidal effect, at 5 tidal stations (A-E, see Fig.3-1) and stick diagrams of
wind at Sakai, Mt. Taiko power plant, and Wajima from 1 to 11 September, 2005. The Shaded line shows the time when

T0514 approached the Tango Peninsula.
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Fig. 3-4 Time-series of 3-hour running averaged current velocity (15-m depth) at 5 mooring stations ((D-®), see Fig.3-1) from 1
to 11 September, 2005. The Shaded line is the same as in Fig.3-3. Note that vectors directed upward represent a westward
current at Sta.(D-®), northward current at Sta.(3-@), and eastward current at Sta.®), respectively.
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Fig. 3-5 Time-series of temperature (—15-m depth, ---30-m depth) at 5 mooring stations ((D-®) from 1 to 11 September, 2005.

The shaded line is the same as in Fig.3-3.
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Fig. 3-8 Results of EOF analysis. (Upper panels) Dominant current direction of EOF1 to 3 mode at each station deduced from
eigenvalues of EOF analysis. The vector length shows the relative velocity. (Middle panel) Temporal coefficient EOF1 to 3
mode of 2-4-day periodic current (15-m depth) at 5 mooring stations ((D-®) from 1 to 10 September, 2005. Shaded lines
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power plant.
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Fig. 3-10 Results of numerical simulation of current velocity and temperature at 15-m layer from 6 to 8 September, 2005 (time
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® are also indicated.
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Fig. 3-11 Same as Fig.3-10 except for 35-m layer.
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Fig. 4-2 Locations of CTD casting site (O) and ADCP observational lines (-). (Left panel) Cruises by R/V Heian carried out

from early May to July 2004. (Right panel) Cruises by Fukui-maru carried out during 1 to 9 June, 2004.
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Fig. 4-3 Weather charts from 1 to 16 June, 2004 (released by the Japan Meteorological Agency).
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Fig. 4-5 Power spectra of East-West components of the
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Fig. 4-6 Stick diagrams of current speed at 5 mooring stations (2-®) and time-series of sea level anomalies, for which inverted
barometric corrections are made to remove the atmospheric effect, at Maizuru (C, see Fig.2-1) from 1 to 17 June, 2004.
Current vectors are plotted by resampling with 3-hour intervals.
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Fig. 4-7 Spatial distributions of temperature at a 100-m depth (upper panels) and current at a 10-m depth (lower panels) around
the Tango Peninsula from early May to early July 2004. Shaded areas in the upper panels indicate the San'in-Wakasa cold

water area (after Katoh er al., 2006).
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Fig. 4-8 Vertical sections of East-West components of the geostrophic current speed calculated from CTD data at Line W
(upper panels) and Line E (lower panels) from early May to early July 2004.
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Fig. 4-9 Spatiotemporal distributions of temperature anomalies and the current at a 50-m depth in and around Wakasa Bay from
1 to 9 June, 2004.
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i 25189 % (Igeta et al., 2007), ZDFER, FHE
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Fig. 5-1 Frequency of the various patterns of Kyucho that
occurred around the coast of the Tango Peninsula dur-
ing June to October 2004 - 2011.
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Bris R (Igeta et al., 2007) 2L D &, BWINDOZEFLEIL
MIBELOBEHEOLIMREN, ZOZENS, FHHIT~
VD& 5 ARG O B A8 512 FHE - S~ R
B CHAET D N EARO 2N, TIEMIRE O m e
MERTHO, LRIHOLEREIC K S ZEIIMBRE R
THDuHEEND 5.,

(REUE D HAME@EE IS %aid, PHEEELET
Tl < HAWREOMBETHHEET 5, KES
(2009) 1%, BJEO03 145 i85 1T RER B A T
S U2, v E O ERERC A S N B R
CEMIRENICERT 2 2 L 2R Uz, BROHATEE
I & N 2 EMEIREY SRR B SRR g s THE A
THRAMICEEL TWSZ &L, &5 (2007) OHE
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Table 5-1 Wind feature at Mt.Taiko (at the center of the Tango Peninsula) before and after the passage of a meteorological dis-
turbance corresponding to the generation of Kyucho around the Tango Peninsula (See Figs.2-10 about cases I -V, Fig.3-13

about cases VI-VI, Fig.5-3 about casesVI-1X).

Duration (maximum wind speed more than 10 m s)(hour)

Change of wind direction

Meteorological
disturbance Before passage of After passage of Rotation Speed
typhoon or low pressure typhoon or low pressure (deg.hour")
Case I (T0406) 14 (SE~E) 16 (SW~W) clockwise(E—~WSW) 68
Case I (T0416) 45 (ENE~SSE) 16 (SW~W) clockwise(SE— W) 23
Case II (T0418) 26 (SE~ESE) 14 (SW~W) clockwise(SE—~WSW) 14
Case IV (T0613) 24 (ENE~SW) 19 (SW~W) clockwise(E—WSW) 10
Case V (LowPR) 16 (SSW~W) 44 (W~NW) clockwise(SSW—NW) 10
Case VI (T0514) 39 (NE~E) 20 (SSW~W) clockwise(NE—W) 9
Case VI (T0610) 53 (E~ESE) weak — -
Case VI (T0911) 16 (NE~NNE) 13 (NNE) - -
Case KX (T1106) 45 (E~NE) 20 (W~SW) anti-clockwise(NE— W) 19
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Fig. 5-3 Distribution of maximum current at the eastern part of the Tango Peninsula regarding two cases of Kyucho that
occurred when a typhoon passed through over the Pacific Ocean. The right and middle panels show weather charts released

in each period by the Japan Meteorological Agency.
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Fig. 5-4 Flowchart of the elementary processes associated with Kyucho occurring around the Tango Peninsula.
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Fig. 5-5 Frequency distribution of the current direction at each mooring station (D~@0) during summer to autumn 2004 -

2009.
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