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Fig. 1. Topography of Lake Toya and observation points.
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Fig. 2. Vertical profiles of temperature at Py in Lake Toya.
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Fig. 3. Vertical profiles of temperature
at Py and Py in Lake Toya.
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Fig. 4. Water temperature changes of 5m and 15m depth
at P; in Lake Toya for June 23-June 26, 1982,
Data: values of 10 min. interval.
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Fig. 5. Water temperature changes of 5m and 15m depth
at P; in Lake Toya for June 23-July 3, 1982.
Data: mean values of 30 min. interval.
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Fig. 6. Flux of solar radiation at west side shore near
P; in Lake Toya for June 20-July 2, 1982,
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a) 5m depth and (b) 15 m depth.

500



218 MR E E6k H£1F 1983
to= 1 {g 5l ris)] )
BL L: #ioks
g: EHOMHEE
01,0 LB, FTREOKOHE
hy b BB, THOEBS
oG, Bl R OTEER L=11km, L 16°C, T 4°C OKO%E £,=0.998%4, £,=0.99997, k
BOEX h=Tm, TEBOES h=115m (FHKE 122m & UGHD L LT O BHEEET5 L,
To 1150 1,400 43 (231861 2043) L7x5, < Offity, Fig. 7(b) @iR&hic € — 27 Ta O 14105 LU
Twd, O EnD, To OREIENY, WREOKE JCE LR s HHETH L EHEIh S,
¥ 7o, WER I R O R R T B 7o dd, B BIRR LI R ORE) B 2 b b, TR
B E CORMER 35 km # V0, EEFHRC DR b To RDAFRIIF 450 4 CTh » 7z Fig. 7(b)
CURJE 300 43585 500 43 iz D s TP I = 2R3 A 5N 5L OD, BT TI\-icl,
® & U]
KEESm S 20m (Py Tk 18 m) ORERENOFHK IR AL, 78 3 H P € 0.60°C/m, 6 4 18 {
P, ¢ 0.49°C/m CH 1z, Fig. b R KE 15 m O S OMIBER» 5, SBE (1,410 ) IR OEE ¢l
I ROEEE RS &, 61 27 DI EORKANE 1 T°C BRERT B, = DLl b FEEHRD ik
IBEY B 5 &, FHKEAREY 060°C/m & LCHHHRIRKG 6 m, [@049°C/m L LT Tm &b,
PR DRSS, CO X 3T m At 7m &3 BkEY & 500, 2B Tz LAL
b, KB OZELIEEZ 4£°C 225 6°C Db D%, NEERORFEIH M CHImHE 5mEELLE, &
ik, 19324F 8 A ofME (&SR, 1934) LRER CETH - 7.
® B & o RIE
6H20HMmHT7TH L ETCOROER) &~ %, Fig. 8, 9, 10 wiid, Fig. 8, 913, FhFhiis
Py, Py, Fig. 10 3tk Ps ORGSR TH B, My T 7 Ol 1IN CRIE Ui o B H
FEECH B,
R oo < 2 — vk, Fig. 10 KHOoRIh 0%, Tiobb, WETHEOBMBIAR 6 A
23 /) LA, —E OBSHEA S TE EAEE s, 6 A 24 B SE o\ b bbb h, Tooix -y
26 HECHGCCWE, 0L ERBIN4ms b 6m/s Thoto, Fi 27 Bkl Es NNW 254k
L, &A% =328 HOE— 7 (B 4~6 m/s) HRET 29 [ ¥ CHEX, 30 HUBIHOHERA~ LR T
Wh
Shes LR ONERRE, Ps Fig. 8) @k BSUhR AL trnsashs oo, Py (Fig 9) CiaiE
LA EZDOBRABL R, Py CRHIFEDOERIN SE O 2% — vaEi S h, 30 Py ciagto NNW
DK = P GRENR TGS, ARMAEDRD 2 — vHAEMED T &7 s i (1980) %0
HflT s L w5y, REHCL REBRR S,
T, Bk Py iRERICEO & — RS L, BEEY ) B SE SREEI 6 A
23 {H~27 /), (b) sl NNW SREEIH 6 7 27 H~30 {), (c) MR 6 A 30 H~7H 3 B) @ 3fic
ST CKIRELD 7 — V = fBMT R {Tie - oo TOKIREY Fig. 11 @it
TRGIREE AL U, BRANCABERCEEY S B L B2 bhD, L, EbsRIEH R
T Ta DIEINE, B - HH], I CEORHRSE I L Ty, SO Exnb, KGR



SR O P iR 219

I e PR AN — Jun.20

-
L Tl suna

L TT1 s

{ o —_ T Jun2d

lr. R ) B oy ==t AN v S Jun 24
- N N e . Jun. 25

T e = Jun. 26

l
{
{L_, i e W s | — [_H-LJL‘”-27

Integration of wind speed (m/day)

’~l——} Fig. 8. Wind flow patterns at P
Jun. 28 for June 20-July 1, 1982.

L —]Jun. 29

e JUN. 30

L e VR
NE E SE ) SW w NW N

| [ e 1] Jun.20

P S - I"“‘I» ‘l Jun.21

— Em e e s S e Y S R Jun.22
g ( |

E ! m—»__ Jun.23

] P . Jun24

il e e

40 4
20
N { ] . Jun.26

p— = e [ﬁﬂ Jun.27

YL [h Jun.28
|

Fig. 9. Wind flow patterns at Py
for June 20-July 1, 1982,

Integration of wind speed

!:f—] A—T “H"Tﬂ Jun.29
—1 I ol o

" 1 _eem Jul 1
NE E SE S SW W NW N




220 BEMY $6%E FE15 1983

O R tue YN e JUn.20

P ﬂ Jun 21

O e MR Jun.22

5\ L___L T Jun.23
o
E
T L — Jun. 24
o -
0
0 r—:[ l """" I ] Jun.25
o .
£
2
5 ., Jun.26
c — et L Jun2
£ 4o
g
D 20 Fig. 10. Wind flow patterns at Ps
= ( for June 20-July 1, 1982,
ol — Jun.28
L, st SO g s ,——J”—vﬂl Jun. 29
l.w_,_ i ] e Jun. 30
L o= e PR S s S Jul.1
NE E SE S SW W Nw N
A(°C)
N (@)
0.4f Tc b Ta
0 I L 1 I
500 1000 1500 2000
b (b) o
i Tb
0.4 Te
Fig. 11. Ampritude spectra of i
temperature at 15 m depth 0 560 1060 1560 zobo
for (a) June 23 (15: 00)-June
26 (20:10), (b) June 26 (20: - Ta
20)-June 30 (1:30), (c) June Q4 (c)
30 (1:40)-July 3 (6:50). R
0 500 1000 1500 2000

Period ( min.)



AWM ONHEIR 221

whbhie SE R, NNW ROBGIRERELES T5EM it E2 b s,

Fig. 11 Tk, Fig. 7 TREhC~ 7 Ty OFEIIIHCHEE LTV B, i@%ﬁfiﬂjm, Wi ciry —v =
RN 0L C T TH 70D, iz 0.8°C TR L, BIICHOEELCOSCEBEC - (5%, &
hiy, B SE ROBOEEIE - Tonrhlilic, £OWELHiC, »OREE ST 5% T NNW %0
BNkt EBbRh s,

To OB, FH, LI BZBLRBIOD L5 7OTETRAD, BB o rmEL
TWbo Fio, BB A (360 43) OIBE) Te A8V 52, ChABICIEELTV S, 0
ZEnb, T, Te OREHREG - B X - CEORFENEH I (LB LRI h s,

Lo AT, SN, Bk OB 6 B 28 Hiz Py CHEEI X A 8.0 m/s (B NNW) Thotoe &
D Py ORI E 7o T B2, Bl Uik 5 s NNW oghgicis, —eduifisie c e iE
SV Po i TREECAT & b DBEELATE LIcE, £ OB LRI 1,410 4 D REHE & & bfs
s e E, Lo oORBNRCEMEIEOHE TR X 5 EHE » ¢ Fig. 4 © X5 (ko %« 7%
F &L PoeEET 5 ¥ Colig 17 M S 18Ik & RS h 5, Fig. 5 OKRET 245 L, 6 5
29 H o 9 BRI KEE S m, 15m OEOKBILESITETLTVS, HCKESm OE TR LThETCODS
Ry B T B & TR D AMIME T 2R LT\ b, ShHEHEOME T Lk, Fig. 6 mibh s X
568 29 HOHSBBHAIYKRTCHBE ELDHONTHE, TDXLIRTENDAT, 6F29HDY
BT UK, 6 7 28 H oI B X hicd o Ch S TR ARV
2. ZREFINICKDHUBEHE

1) ¥ 8 F &

WROPHERC OV T O BB, BALOMEERC I > TihEhTwb (BlxiE, Kanari, 1973,
1975 ; Schwab, 1977) 2%, = Z CIIEE L O—ARLCH VLD (M, 1981) L[ UHERER LT,

YA L, BEY—ELThiE, BB RE 1 cEhT) cofmsti,

U, v ey 0
‘“a_[L‘ —fVi=—gUn+85—Co) (aCLl“ +Fa1
V. . . aC
ot FIU= =g+ =0 5o+ Fan (2)
au, vy _ 8. .
Tae T oy~ G
Ty Ly
HL U, = S wydz
-L,
Ny —C,
V= g vydz
TR RT2 tEDbT) L
aU. . o ot Oy—0 il
"(“a‘rjz“ —fVe=— p; g{hy+Co) %*gj‘ -t @;—1 g (he+Cs) a%“ + Fa2
Vs | . e 3 L0 e
*”522‘ +fUy=— p: g (ha+Co) "‘5‘5‘“ - 252"1_ g (ha+Lo) %’:5 +Fy2 (3)
AU, 3Vy _ 9%
dx oy ~ ot
fy iy
H1 U, = g uydz
Byl



292 BB A M6% mlE 1983

R+l
Vy,= vodz

hy—Gs
w, vAFOED 2, v R, S ) ok VR, ¢ EDOIEE, FuUShE, 0 GEBE, OuilisRiEs X
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Fig. 12. Computational grid on Lake Toya. Pic indicates
the sampling point.
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Fig. 13. Amplitude spectra at Pje, (a) wind direction of SE,
(b) wind direction of SW.
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Fig. 14. Calculated phase distribution
in the case of SE wind.
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Fig. 15. Calculated interface displacement at Pie.
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Summary

The internal seiches in Lake Toya, Hokkaido were investigated by the observations and the
numerical calculations. The water temperatures were observed at a point near the west shore of
the lake during June 23-July 3, 1982. The wind speeds and directions were observed at three points
near the lake. Two-dimensional model with two-layers was used for numerical calculations.

The results obtained from this study are as follows:

(1) Two typical periods of internal seiches, 1,410 min. and 870 min. were confirmed throughout
observations. The short periods of internal seiches, typically 360 min., were also recognized
while the wind was strong.

(2) It was considered that the fundamental oscillation of 1,410 min.-period was related to
the lake size and that the oscillations of 870 min.- and 360 min.-period were affected by the wind
speed and direction. N

(8) These typical oscillations were also found in the numerical calculation results. The
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typical periods obtained from observations and calculations coincide with each other.

(4) By the numerical calculations, it was indicated that the periodic motion of lake water
occurred by internal seiches had two principal flow patterns, the counterclockwise direction and
the clockwise direction. The former corresponds to 1,410 min.-period and the latter to 870 min.-
period for the observation.

(6) The amplitude of internal seiche in this lake was 6-7 m at maximum and 3-5 m in general.
The similar results were also obtained from numerical calculations.

(6) It was clear from numerical calculations that the effect of the lake basin shape together
with the existence of an island prolonged the internal seiche periods. The island effect was strong
for the clockwise flow pattern.



