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ON THE STUDIES OF INTERNAL WAVES
IN LAKE BIWA

By Seiichi KANARI

Synopsis

The vertical distributions of the vertical velocity components of the internal waves in
Lake Biwa were estimated from temperature variation in each layer, obtained from 24 hours
observation in May 10-11, 1967. A prevailing seven hours period oscillation was picked
up by the method of the overlapping-mean, and the vertical distribution of the amplitude
and phase were compared with eigen solutions of the three layer model basin based on
the perturbation theory. It was found that the seven hours period internal oscillation

in Lake Biwa corresponds with the second mode solution.
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Fig. 1 Schematic representation of the three layer model. The prime
of W shows differentiation with respect to 2.
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4. Three layer model

FIT, 2=hy & z=h; OFEZ thermocline #{HE L, 0<z<h, T N=N,(=Const.), h<z<h; T
N=N,(=Const.), hy<z<H T N=N3(=Const.) &Ez THBITIWOHERX% formulate +5
&,

(1] W@=Wi(2

d*W. K:N?
Tan e M0
Wi(0)=0

0<z<h;,
200 Wk =Wahy)

A I C 7
[2) W@D=Wu(2)

agWu  K? Ne
dz? +

hi<z2<hs, < Wulhs) = Wm(hz)

(de) =(dWm)
dz |z=hs dz )z=ha

(3) W&=Wwm()
AW K2 Na
dz? 7

Wm(H)=0
ey, %E@@ﬁﬁ@ﬂi&@&ﬁ:‘ﬁﬁﬁfgﬁfﬁbéhéo

(1) n] (£) ]

2 wRGsn[(T) Methe-n) |+ Wil dsin [ (T) Nia—h]
Wit (z)= sin [ (%) ”Nz(hz—hl)}

(3) . )
Wi (2) =W (ho)- Si“ )nN «(H z)]

Sin [(;) N —hz)]

oo, niX mode T 1=0,1,2, - DE%R LY, FiEHEHE (%)” TR D determinant %R T
B—HEOR, (%) KLoTExbhD,

—Wu=0

W =
ho<z<H "

......................................................... 13)

-o(14)

X e [

i\'r-—l—cot —N hy+cot —K N:D; —cosec £Nle
N, w

K N K K ) ceeeenennennnnenns (16)
cosec :—NgDL ( Na cot ““NaDz +cot ""Nle

7t L, Di=(he—hy), Dy=(H —hy)
C T, Niu=a, N:Di=8, NiD:="7, %55 k< & (16) IROBAERNTIFETE 5,

o tanaf tanBE tanvé tanaf tangf  tanv€ 0
NoNTN, TN N TN TN, an

__4_



&% : horgkops (1) 183

10.5.1967 151987,
1. 4 22 2 * © 18 150}
r~rr+try e

o
TMIHACHIMAN .4

'z
10km ° /\/\/\/l‘.
-t
-
orsy .
-2
S /\/\/\!Om
-2
Fig. 2 Location of the station No,1 in Lake Biwa. -t
.2
‘[/\/-\-/\/\/‘Zlm
-2
..
.2
: /\/\/\/\/\m
105.1967 1151967 -
4% 16h 8" 20h 22h  24h  2h 44 "3 gh 8h 1oh 12k 14h ~et

T T T T T T T T T T T T ‘o

2 f szm
150 — 3
-z

WATER TEMPERATURE (°c)

- 1=am 4—I&m 7—28m 1040 m
2—8m 5—20m 8— 32 m ' tl—44m
3—12m €—24m 9= 36 m 12—48m

50

.
Fig. 3 Temperature variation in each layer observed :
at the station No. 1. °
2
.
.
.

A~/
N\\/\/...
v

Fig. 4 Vertical velocity component
in each layer, calculated
from temperature variations.

T




184 HAB KRBT EFEHEBIITB (.43, 3)

5, BRELOHER

BB Fig. 2 RTdt¥O BELET LD BOFHEOKESH 7T0m DL Z 5 (Station-1) B EE
L, 5 A1081482:5 5 A11 B 1485 ¥ TOUBIc b/ b, £#8 (Um 4) oARY 1 BRESCHE LT,
COHUEREY EBOKBROBMNELCEE 22T, 05 bORENAEHY 4m ez bUHLE
#E% Fig. 3 K RLTHB, dLIKEIRERLALESROIE, ZOX5RARDT — 20k, 20D
BRI OB H H OILERSG W RORIC L > THEETE S, »

(%)
w= _-(:f) .......................................................................................... 18)
oz
Wak, T THL—RMBLVWE WS REVLETH S,

18) Rcb & T 4m FOBOwEFHLAHRY Fig. 4 1imd, ORI, —HiiEoBnE
CEoTHBELLLDTH AN LT &) 1REX VEVEAMOEIIEA T, 07— 2% EHE
BB HT T, EBERTAHWDAT —As + 5 axRDIFEREY Fig. 5 wRxd. FHiX7 414 %
—DAV M 10c.p.s., A—FRAPIHTH Lo, SWOBELXRD L, 44, 8, 12, 36, 4, IV
48m ORBTIXShd 6~ 8HED Fin L = AL peak 2 BbhTEY, 16, 20, 24 LIV 32m
DETIE, bolBEVWAHOLIAR, *i/ 28m BE 40m BTRLvEVCEHOL - A peak 238
TTLWEY, 2BXBU TXT 6 ~ 8RNHORIIDREFAEB L ThWA L AT ENTES, &K, 1
FIE LT, TREAEOBC OWTEREZT . 7, HENLDLRDAELBO w OEHZ 3FRHOBET
BEThoTohiEREF—2L L, Zhr»b TREEHOEYEREHTonie, ZhictER 7RHEOBE
P EToTC, 3HHOBEITEN L I DEREYES, ZDEDRINCH L TER 4BEOBEFESY
5 & (6=0.43 o filter YT 5), U 7HHMBMOERBLZE Y BT LATETY, ZOHED

@x

w

2

[=]

o

- - -
w

J

<

© +
2 i
g H
£ 32m

<

-

ul

o

<3N .
A -l
0.25 a5 Hnr) 0.25 0.5¢(n7)
f 2 Tt 8 4 27T ()

Fig. 5 Power spectrum of the vertical velocity components of the internal
oscillation in Lake Biwa.
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Fig. 6 Wave forms of the seven hours Fig. 7 Vertical distributions of the amplitude and
period internal oscillation which phase angle of the seven hours period
were separated by means of internal oscillations.

overlapping mean method.
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Appendix
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Fig. 10 Characteristics of the Overlapping Mean Filter for €=0.2, 0.5
and 0.8.
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