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Determining the features of meteorological conditions inducing Kyucho

around the Noto Peninsula, aiming to prevent the Kyucho disasters

Noriyuki Oker' ¥, Junichi Okuno'*, Toshihiro Tsun' and Tomoharu SEnyyu?

Around the eastern coast of Noto Peninsula, events of sudden strong currents (Kyucho) often cause serious damages to
set-net fisheries. Previous studies have suggested that the Kyucho around Noto Peninsula are induced by meteorologi-
cal disturbances. Here we statistically examined the features of such disturbances in order to understand the mecha-
nisms of the events and to foresee the occurrence, aiming to establish effective measures to prevent the disasters. As
the result, we revealed that Kyucho damages often occurred after strong southwesterly exceeding 20m-s™! at Hegurajima
Island due to typhoon with central pressure <990hPa passing south of 41°N at 137°E. The maximum current velocity
(v,) at the eastern coast of the Noto Peninsula was positively correlated with the maximum of the southwest compo-
nent of wind at Hegurajima (w,,.). Conversely, v, was negatively correlated with the delay of the appearance of v,
after the time of the appearance of w__ . Using these relationships, we propose simple methods to predict the occur-

max*

Bull. Jpn. Soc. Fish. Oceanogr.

rence time and v,,, of Kyucho from the forecast information of the magnitude and passage of a typhoon.

Key words: Kyucho, wind, typhoon, Noto Peninsula, Hegurajima, disaster prevention
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Figure 1. Bottom topography around Noto Peninsula and loca-
tions of the observation stations (Sta 1: Hegurajima, Sta 2:
Wajima, Sta 3: Ogi, Sta 3": Oura, Sta 4: Maenami, Sta 4"
Ukawa, and Sta 5: Onogi) . Numerals on the contour line are
depth in meters. Inset shows the location of the study area.
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Table 1. Details of the observation at each station.

Obser\./ation Item Sensor depth Interval (min) Period Water depth

station (m) (m)
1 (Hegurajima) Wind — 30-60 1 Jan. 1993-31 Dec. 2007 —
2 (Wajima) Wind — 60 13 Aug. 199618 Aug. 1996 —
3 (Ogi) Current 10 10-60 7 May 2001-23 May 2007 75
3' (Oura) Current 10 10 25 July 2007-31 Dec. 2010 90
4 (Maenami) Current 10 10-60 6 Jan. 1993-23 May 2007 83
4' (Ukawa) Current 10 10 25 July 2007-31 Dec. 2010 69
5 (Onogi) Current 10 10-60 9 May 2001-27 July 2007 73

W DT R BB B9 5 BARR 2 G2t L, EE
UGS 2 2 EAEETHL. 200121, Ha 4%
KENLBEOFEMERKRLHLEE, MO FHMEL2 S, 2
WOFAERINRHE LWL T 5 FEEMELT 2LEND
5.

Z 2 CAMZETIE, BERICHARED X RS EERLE
L 7o BB RE D A - BREBOT— 5 2RI L, &
WRAEDREL R 2585002 TTMET 5. w, %
BZHER PR R T AR L 720 ui & i BJR & o BE & B 5
MIT D, TDH R T, [PITVHET 5 BHER O T
F—=F EFH L7z, 2WORKEECIHERL DS 7T
WHEERET .

FRATE
REE PRI RIS T 2201, iRk BY o
DFEFERPZZ 5NBH, T TIEREIEFD, (2009) T
o 72 B SE O 412 2 FE AN T LE T 2 i & k)
$L¥5.

REE PR AU O F 2 %0 il i oLl (Sta3: /NK),
el (Stad: Aidk), M (Stas: KEFAKR) @37 ¢
LNTZHND T — % AT L7z (Fig. 1). TinBiicig$
BEEMIE, Table 1IS/RT EBNTH D, ZHMAD10mE
12, XY —XE@REE (T Ly 7B FERACM-8M F
721X COMPACT-EM) Z /& L, 10-604r T & ISEEH L T
W EBE L WS, e LR TR
W7z 108 GEBERE 105 0%48) 7213301 (RE)
HFE 3040 £ 7213 6057 D5 4) DBREEO P %2 72
BIEWIFNZ, Stad TIX 19932007 4E 0 154E [, Stas3 B &
U5 T2 20012007 SED TAERITH 5.

BEICOWTIE, BRERIC L BHRABHE T b7
19932007 4R 138 L7-d D xS E Lz, BEFEREITO
H AR & 7213 35N DAt o AR ARt 5 % ol L 72 5)i o
e LB %, BENIEWREN RO = 7L b [TV
WV H A (http://www.digital-typhoon.org/) 7 5 L4 L 7.
BJAGEBE ORI DWW TIE, WIBOEERL LR VIIEE
(Stal) ToOF—% (M ERZTHIMN) MWz 72721,

BREADHIE S L RO 2@\ L, MEsE L rE
NECHREDINE AW > /2 — A TIE, BETORD
RFfE & L CRLIT IR SIEERT (Sta2) OF— % & w7z,
SV E ORI IE, 2003 4 DUBEIZ RN O EE O
EAGIC L AH S I K - 7278, ZNLRT ORI
LT, BEOHERLEFEN OHEEDOD - 72 HFI %2 M L
7z.

RN R E MR

A BRLABHE

1. BEICXB2BBED Y A T550F

19932007 4E42, REEP B H A F 7213 35°N Db o4&

Ml % Wl L7z B (Fig. 2) 1, #ERICEH LT

UTo4BNcER Sz, SRofBIE, 18558, 1R

13, #0756, VEID 6T, NEIHIEHRDEZ 272 (Fig. 3).
I8 B B oML E S 5 137°E 1T 41°N DLt o i

ZEBELZb0

117 137°E 1T 38-41°N O F A i rp 5 sk 2 5dam L 7z
.50

MY : 137°E | CT35-38°N % j#i#h L C HARWEICHEA L7z
D

IVH 1 137°E _FC35-38°N DR % fH L TAMN o Bl
ZH#ITLIZH D

2. HREBEEIORAAD 725 L 25E 058

JE © REEE T o HARE & a3 5 18 & [T C LI rg
POV, BEEEEN SAMN PR R & g A I L
IVETIIL2 5 TH - 72 (Fig. 3a).

BH sy A 7T ERRABDOMEE A ORR 1, TEDK
A5, ML IVELX D 3 20m-s™ BLE iR o W BUE EE 25 5
V. F 7, A EIEEAT 20 mesT B 2 22 ARk
LTw% (Fig. 3b,3c).

WIZ, 137°E LIZBU 2 BEOREE B2 & O Hi R HiEE,
HULRUE & AE B CORKIEGHE, 2MIPE 0S4 RN % 5%
L, 2l EOREICIOLNDEBOM M EHBAL -
(Table2). 7B, HEATI37°E Z@i# L7z, #&EE,

— 133 —



KERZ, WHA—, & ®E TFEE

45%TWEF_]§M r1 el 45F Type 11 |

A
f;%/%%ﬁj a0k

1

— :
p3 12 3

45F Typen2 o L9 \%&

[9] C
M1 40F Y

mi %é%%id%/ [ %> ;S

35 G e st 35 7
: é 4
30 ol 30 [ o

35

PV N
o5l [31[81 / o5l }/{ /[115]

30

5§A 1] ) 25
(21 2[12]4/ (7]
511 [61y 5 (3] 111 6] | 4 [20]
i 7] L 14l 9 i [21]
20 b %.w.... L 20{/.1. 1 I.:l:l\\ PETETIN A 20 L1 |..\l“.| 111[1181

D St ik &

120 125 130 135 140 145 120 125 130

135 140 145 120 125 130 135 140 145

Latitude (°N)

45%TWem_;;Jynnpﬂﬂﬁ’45%Twew

[24] r
74 [231] 40F

Fol(a
L [28]

4

W a4
355 o 30F /%,

2 2
120 125 130 135 140 145 120 125 130

2508+ 258 (ot

g o QH]R&EW

i [ 32 30
N L T R O L A S W

135 140 145

Longitude ("E)

Figure 2. Track charts of typhoons passed north of 35°N at

137°E in the period from July 1993 to September 2007.

The numbers I-1V and [1]-[33] indicate the type of the typhoon tracks and the reference number of the typhoons
in Table 2, respectively. For Type II, which contains many, tracks are separately shown in two charts to avoid con-

fusion (Type II-1 and I1-2).
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Figure 3. (a): Frequency distribution of wind direction when the

maximum speed was recorded at Sta 1 (Hegurajima) by ty-
phoon Types I-IV. (b): Frequency distribution of the maxi-
mum speed of southwesterly by typhoons Types I and II.
(¢): Frequency distribution of the maximum speed of north-
casterly by typhoons Types III and IV. Shaded part of the
bars in (b) and (c) indicate the number of typhoons accom-
panied with Kyucho that damaged set-net fisheries.
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Figure 4. Time series of the southwest-northeast component of
winds at Sta 1 (top of each case) and current speeds in the
main-axis direction at Stas 3—5 (lower panels of each case)
in Pattern A. Positive values at Sta 1 show the southwesterly,
and positive values at Stas 3—5 show the westward to the
southward currents. Open and solid arrows denote the strik-
ing peaks of the wind and current, respectively. In the case of
[23], the wind at Sta 2 (Wajima) is shown.

FoEbND (Fig.4). ZOHEE, FEERAICER-LL
ME DOFRIBRER DB EER DR FETL D H WIZIR Ik & L
TEHT LI LM SN TS KBTS, 2009). #

— 135 —



'8— 31,1 Jo suondeo 9as  ‘roquunu yoei], pue AJ-] sadA, 1o suoneue[dxa ay) 10

[€€] O £v-81 07/01/¥00C 0€c— €v-81 07/01/¥00C AN €C - 8'9PSE 186 I¢-1C 02/01/¥00C  €CvOL

[ce] £v-€0 0€/60/¥00C 991— £r-v0 0€/60/¥00C N [44 - Y PE9¢ €66 Y210 0€/60/700C  ITYOL

[1€] £7-60 60/80/€00C Ovi— £v-60 60/80/€00C AN 4! — ST19€ 8L6 ¥0-1T 60/80/€00C  OI€0L

[0€] ev-11 S1/60/6661 ovi— ev-11 S1/60/6661 AN 4! — WLTESE 666 80-¥1 S1/60/6661 91661

[6C] €v-0C 87/90/L661 0°LT— €v-0C 87/90/L661 AN L1 — 0795.5¢ 086 CS 1T 8T/90/L661  B0L6L

[8¢] €l 60/60/€661 08— ¢E€l 60/60/€661 AN 8 — 08l.S¢ 000°1 00-Cl 60/60/€661  vItol Al
[LT] £v-¢0 10/90/€00C 1= €7-90 10/90/€00C N €l - C9ToLE Y66 €¢-10 10/90/€00C  ¥0€0.L

[97] Ev-1C 17/60/8661 €8— Ev-1C 17/60/8661 dANd 6 — C9T.9¢ 666 9%-CC 17/60/8661  8086.L

[sT] Ev-L1 TT/60/8661 9LT— €v-81 CC/60/8661 N 1C — $760.9¢ €86 LT-LT TT/60/8661  LOS6L

[¥C] Er-v0 L1/60/L661 ell- €r-v0 L1/60/L661  d 91 — 9°05.9¢ ¥00°1 1280 L1/60/L661  6IL6L

(€] CES0 S1/80/9661 8Vi— C¢ES0 S1/80/9661 N ¥4 01 F0ELE 86 81:¥0 S1/80/9661  TI96L

[cT] O ST 0€/60/1661 6Cl— C¢EC0 0€/60/7661 AN 1 0l O'LTLE €86 0€:¥0 0€/60/v661 9ol 11
[17] SS-91 L1/60/L00T 091 ST-LT L1/60/L00T  MSM LI 061 079006€ LOO1 00-10 81/60/L00C  TILOL

[0T] §6-TC €0/80/L00T 081 66-0C €0/80/L00C S 0¢ 05T 6'CPo6¢ Y66 L1:¥0 ¥0/80/L00C  SOLOL

[61] O SS-LT L0/60/500C 0°Sc SS-91 L0/60/S00C  MSS LT 06T 0°00.0% $86 00-81 L0/60/S00C  vISOL

[81] £7-¢0 80/60/¥00C 09¢ €v-¢0 80/60/¥00C  MS 9¢ 0€C 17°67.6¢ €96 ¥€:CC LO/60/700C  8I¥0L

[L1] O £7-90 1€/80/¥00C 09¢ €7-90 1€/80/¥00C  MS 9¢ 001 VI8¢ SL6 rv0 1€/80/400C  91v0L

[91] O E€¥-CC 61/80/¥00C 0°LC €V-CC 61/80/¥00CT  MS LT 06¢ /£7C0.07 L6 9C:CC 61/80/700C  SIYOL

[ST] O £v-€¢ 17/90/¥00C 0°0¢ €V-€C 17/90/¥00T  MS 0T 0L /£710:8€ 186 0Z-61 17/90/400C  90¥0L

(V1] O £7:90 07/90/€00C 0'1¢ €7:90 07/90/€00C  MS 1 09¢ 16'97.6€ €66 6%-90 07/90/€00C  90€0L

[€1] O EV-€C ¥7/60/6661 0°Sc EV-€C ¥7/60/6661  MS 94 06C 10°00.0% 0L6 00-1C ¥2/60/6661  8166L

[C1] O €7-90 81/01/8661 0°0¢ €7-90 81/01/8661  MS 0T 001 0°'81.8¢ 086 0050 81/01/8661  0OI86L

[11] Ev-€C 60/80/L661 091 €v-€C 60/80/L661  MS 91 06€ 16'95.0% 066 80-00 01/80/L661 [1L6L

[01] CE91 ¥T/60/S661 08I C¢eEl ¥T/60/S661 S 6l 00T £ €16¢ L66 Se-€1 ¥7/60/S661  ¥IS6L

[6] ¢E-11 ¥0/60/€661 98¢ eI v0/60/€661  MSS 1€ 0r¢ 0Cl.0¥ $86 00-81 +0/60/€661  €IE6L I
[8] SS-10 61/60/900C 0'1¢ GS-10 61/60/900CT  MS 1 0LS ILLETY c86 80-¥1 81/60/900C  €190L

[L] SS-61 T1/L0/900C 001 SC-ST T1/L0/900C S cl 0¥9 $760EY 000°1 Y1-10 TI/LO/900C  €090L

[9] O €v-91 €1/60/€00C 0°1¢ €v-91 €1/60/€00C  MS 1T 091 OVElp 086 SI-81 €1/60/€00C  ¥I1€0L

[S] ev-v1 10/80/000C €8 ev-vl 10/80/000C MSM 6 06L CCEYY ¥00°1 O0l*¥1 10/80/000C  9000L

[¥] CEST ¥T/L0/S661 011 CEST ¥T/LO/S661  MS ! 06S NG44 €00°1 8100 ST/LO/S661  €0S6L

(€] ¢e81 CTl/01/v661 9Ll CETT TI/01/v661 M 0¢ 09L 0 8lotP L86 0€-10 €1/01/v661  6TV6.L

(<] CELO T1/80/€661 06l CELO T1/80/€661  MS 6l 06€ £LS0V 66 O¥-¥1 11/80/€661  LOEOL

[1] CE:0T 0¢/L0/661 6Cl C¢E0T 0€/L0/€661  MSM 1 (U8Y 0°00.CY 966 00:60 1€/L0/€661  90€6.L I

() (Lsom) (ury) (edy)
oy, puim 3o iy, \Aﬂoo_? S104s ot (N) amssaid o],
— oFewep ‘ jusuodwod : 9:\.5 - woiy opme]  oudydsoune : wooydAr odAL
oyonkYy 1S9MYINOS "XBIA : doue)sig 210D

ewifeInSoH J8 POAIISqO BIEP PUIA

oL €1 Y& suooyd£y oy) Jnoqe uonewIoju|

"S180A Ju2031 Ul ewllfeINSoH e A1100[9A PUIM WNWIXEUW PIAIISQO PUL dINjodJald emeyIys] punote passed suooyd£) oy jo [rejoq

‘¢ dlqeL

— 136 —



HEEF- B i > 2l b 56

s BISWAE T9306:[1] 30 Sta1SWAE T9503:[4]
0 TR ZArhee S S 0

20
1

20
_ Sta 4 SW-NE 7 SmawsweNE
K oF ettt FI
E E
5 lsapsa9 30 31 1 2 g lesmm223 24 25 26 27
o 73
& 5o Sm1SWAE g TSl & operiswe T0603:(7]
0 0
20 20
1 Sa4SWNE 1 Sa3WE
0 0 it b
6o/72930 31 1 2 3 1 Staaswne
Date OE
I sassN
OE b e T g1
1oe7e 10 1 12 13 14

Date

Figure 5. Time series of the southwest-northeast component of
winds at Sta 1 (top of each case) and current speeds in the
main-axis direction at Stas 3—5 (lower panels of each case)
in Pattern B. Positive values at Sta 1 show the southwesterly,
and positive values at Stas 3—5 show the westward to the
southward currents. Open arrows denote the striking peaks of

the wind.
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Figure 6. Time series of the southwest-northeast component of
winds at Sta. 1 (top of each case) and current speeds in the
main-axis direction at Stas 3-5 (lower panels of each case) in
Pattern C. Positive values at Sta 1 show the southwesterly, and
positive values at Stas 3—5 show the westward to the south-
ward currents. Open and solid arrows denote the striking
peaks of the wind and current, respectively.
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Figure 7. Time series of the southwest-northeast component of
winds at Sta 1 (top of each case) and current speeds in the
main-axis direction at Stas. 3-5 (lower panels of each case)
in Pattern D. Positive values at Sta 1 show the southwesterly,
and positive values at Stas 3—5 show the westward to the
southward currents. Open arrows denote the striking peaks of
the wind.
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Figure 8. Frequency distribution of the direction at the maxi-
mum current speed (a), the maximum southward alongshore
current speed (b) and the time lag from the occurrence of
the maximum southwesterly wind at Sta 1 to the occurrence
of the maximum southward alongshore current (c) at Stas
3-5 in Type A. Shaded circles in the middle and lower panels
show the average current speed and time lag at each station.
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Figure 9. Relationships between the maximum southwest com-
ponent of winds at Sta 1 and the maximum southward along-
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time lags show the time from the occurrence of the maxi-
mum southwest component of wind at Sta 1 to the occur-
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