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A NUMERICAL EXPERIMENT OF WATER MOTION

IN LAKE BIWA-KO
On the Two-Dimensional One-Layer Model

By Norihisa IMmasATO, Seiichi KANARI and Hideaki KUNISHI

Synopsis

In order to understand the water motion in Lake Biwa-ko, numerical experiments have been
performed. Lake Biwa-ko is divided into 25 X 65 square meshes of which intervals are 1 km.
Nonlinear hydrodynamic equations for this two-dimensional one-layer model are numerically in-
tegrated by giving the wind stress as the external force, the effects of the bottom stress and the
Coriolis’ force being taken into account.

The south-west wind blowing uniformly over the whole lake with the speed of 5 m/sec has
been given, and the elevations of water surface and velocities at 30 points in the lake have been
punched out at every 5 minutes. The frequency spectra of amplitude and velocity obtained by
Fourier analysis about these 296 digital data at each point give the characters of longitudinal seiches
in Lake Biwa-ko. The periods of these seiches thus obtained are of 255.5, 79.8 and 69.1 minutes,
and these oscillations correspond uni-, bi- and tri-nodal seiches in Lake Biwa-ko respectively. On
the other hand, it is shown that the cyclonic lake currents appear in the north basin in the case of
the southerly wind. Some results about the distribution of the elevation of water surface and about
the effects of the nonlinear terms and the Coriolis’ term are also mensioned.
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Table 1 Evaluation of effects of nonlinear terms and Coriolis’ term on the lake currents.

POSITION DEPTH BOTTOM INERTIA CORIOLIS PRESSURE
(M) STRESS'T. TERM TERM GRADIENT
FLOW | 2(9,13) | 8.7 | X 0. 00012 0. 0034 0.53 0.55
Y 0. 0013 0. 0040 0.098 1.20
3(18,16) | 59.3 | X 0. 0016 0.011 0. 096 0.48
Y 0. 004 0. 041 0.47 0.83
4(24,21) | 1.9 | X 0.23 0.17 1.10 0.57
Y 0. 67 0.83 0.31 0.64
6(7,46) | 19.1 | X 0. 0016 0. 0027 0.11 1.60
Y 0.011 0.023 0.21 1. 60
9 (7,59 51 | X 0. 0023 0.014 0.011 0.30
Y 0.077 0.038 0. 041 1.20

Table 2 Evaluation of effects of nonlinear terms and Coriolis’ term on the oscillations.

bosrTIoN PEPTH BOTTOM INERTIA CORIOLIS VELOCITY PRESSURE
(M) STRESST. TERM  TERM TIME CHANGE GRADIENT
OSCILLA-|2 ( 9,13) | 84.7 | X | 0.000016 0.00017  0.022 0.141 0.49
TION Y | 0.00006  0.00007  0.012 0. 229 0. 60
3(18,16) | 59.3 | X | 0.00010  0.0012 0. 024 0.182 0. 50
Y | 0.00017  0.00053 0.013 0. 167 0. 39
44,21 | 1.9 | x| 00021  0.047 0. 0072 0.0883 0.28
Y | 0.010 0.048 0.011 0. 0694 0.22
6(7,46) | 19.1 | x| 0.0013  0.0045 0. 065 0. 0439 0.16
Y| 0.0062  0.025 0. 020 0. 2181 0. 62
9(7,59 | 51 | x| 00011 00016 0.046 0. 0294 0.12
Y | 0.047 0.020 0.011 0. 3473 0.58
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Table 3 The ratio of effects of nonlinear terms and Coriolis’ term on the lake
currents to these on the oscillations,

POSITION DEPTH BOTTOM INERTIA CORIOLIS’ PRESSURE
M) STRESS'T- TERM TERM GRADIENT
2(913) | 84.7 | X 0.133 0. 050 0. 042 0. 891
Y 0. 046 0.018 0.122 0. 500
3(18,16) | 59.3 ' X 0. 063 0.109 0. 250 1.041
Y 0.043 0.013 0.028 0. 470
4(24,21) | 1.9 [ X 0. 009 0.277 0. 007 0.491
Y 0.015 0.058 0.036 0. 344
6(7,46) | 19.1 | X 0.813 1. 667 0. 591 0.100
Y 0. 563 1. 087 0. 095 0. 388
9(7,59) 51 | X 0.478 0.114 4.18 0. 400
Y 0.610 0. 268 0. 526 0.483

HOBRGBENMLTEEDENI HENBETH b0 HEMCRBABEATRAZ VY, FEBLID
OB LETOHEKER YA B E, —TAELZHROEGRRZABEN L REVET, EERARLRADSE
OEADEFNE, BMFRIE L CLGEUMICEERBORKELRY IH, BERELIZL 28koRkENIE
BABTHBEELONS, EHITH 24 ) HOKRE IR KEBBEPEREOKRE I LRAEETH - T,
FENITHT 2R ERLBIBTHIY, hREHWNI W EBEZORRATLLEELON D, & 4
10m/sec ¥ 22 2BABIZEATY, ERBEOHRR OWTEROBEZ EBRY IO E S IOV
TRABBRITREBEETS %,

WIZIRBRAMCHT 2T R LR 208212 5L, PEINZBITRBRSICH L CREEOHME
ILOKREIREHAROBEEFABEORE I > TnAE I BT T 5. EBOENEZATH, KE
BEEHE BREAEHAREHD 1/400 YT CEREAOHRI/NE v, ThboiiThR 4 REAMO
REOFBY3 2 VZUIEVDT, 24 ) AOHRIKREL 2L, ENAERED 1/20 PITFTH5. L
LiXD, G4 0BITBVE A TRERHOMBEILZVEE TS - T, BB LT IKIOBEE
RgIerR v ERTELREER V. 2 AENPLUEE0RI0 4 BEREABHOBREIZES FhoXkEint
ATH, 24V HOGENEREREZNI b2 b, HHOBWE IATHRKEEROHRIPLEY
WHT L EBTEE N,

FHETORBORNBEMIA T 2RBRSOKRE T OLEXIITR LS, TRV ThOEHIIRE
BARENLRS LD /NI e FHES LV ETCRARSORNESIAITRABELEZ > TWEY, Thid
BEOKENEFAY® Seiche B L TWE I LNEORERLEZEZObNS,

¥, BIERTRIELo7dd ) =2 OIBHEE pugndn/dx, pugndn[dy ORI, £ TOFERITDE >
ThY>) ChoT, FNFN pughdn/dx, pughdy/dy Xt LTER L TELOP LA e UL EREEAL 2
) A ) ERFOMRIZONTILARKEILEHR DD LBRH LI ko b3 TH L, THIRILARA
APV AT LBLOHERZONTOBRFEHD ZLELD S0

8. ¢t v U

BB LB 2REEFVERNT, 2W—RIC Smfsec O SW RASBRELT S LV HEREHOTT,
Ubhifio Seiche LHiFIZOVWTER I k> Thko LALEZMLIOBOREHETED ZEHAITS
BRELZGNEZOZVEB L OMBABD LI LRUTIE LD TH . 208 1 HEREHOHP, BER
REINIEBBELIZO8DPENVITETHE, COMBREANENEEHL T, ZhICHELEHE
PRETILRL o CRE R EERMTENEL IR L LR > TRRLAThE 2L %o B2RAD
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BoE2HTH2. UbHEORHE » AAIAFIZOVWTHRIBLEALHGORTVWEVEV S TV, i
BHENBAEZZ LN, bibhBELL—EREORALBLH—BIT—FFARA->TRESBTS LR
5EDENPIAENE . TOETHELDPIXL TV ZLRMKEOHEFBEXERL T LTEbDT
BELEELOND BE3RDNDLOBRALLIBEFAMZOIDOROVWTTH S, LBEEFVEEED
BET2APOEFTAMEHBT 2 EZELLNBDTH-> T, BILRERITEET I L vnbh Ty ailifitR
5841, 2BETATRAVLILERD S, INLOATRACBRTIOREFALIZESEFEEEZD
NEnd, ZoLoBHREBELLhTHS, A2ERBHOMKEOMBEIZIOWTR, BE2E2KRLET
NI BHEYEED—ASRETHLLELTEDLLNTAWT, BIZERD ZEREBBELNBED TS, T,
HA « BHANORREPHRROMRELER LLHE, 22VEAOMHEER LICHEIBITHED AT
%0

BT, TOWRTHEDBHIZEL, BHBEHIHN LTk REBRY, NERFRECEHLE T,
BEHEREBAPABGHER > % —0 FACOM 230-60 2 HHI ¢ Ttz & &, By 2 —
DEBOZL OF 2 OPBM LA TeZnTc 2 EICEH LT 2 OBFRRB KPR bl sim Ak cEnlses
MEELIMEEL T, E& LCEM 45 EECBENETFEE BEFELD) KXot IxbhidoT
T LERLIRBOBELERLE T,
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