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HEAT BUDGET IN SOUTH BASIN OF LAKE BIWA

—THE WATER EXCHANGE BETWEEN THE SOUTH AND THE
NORTH BASIN OF LAKE BIWA AT BIWA-KO BRIDGE—

By Yoshio Muramoro, Yukio Oonisar and Kenji Ookuso

Synopsis

In order to elucidate the heat transfer and the structure of the water exchange between the
south and the north basin of Lake Biwa, we calculated the seasonal variation of water and heat
budget in the south basin and the heat flux through Biwa-ko bridge divided to 7 frequency bands.
The detailed observation of water temperature and flow near the bridge was conducted to catch
the density current of winter season.

The calculated results of the heat budget show that the convective heat transfer between the
two basins plays not less important role than that of surface heat process for the seasonal varia-
tion of the water temperature in the south basin.

From the frequency analysis of the heat transfer, it is found that the contribution of the density
current is about ten times greater than that of alternative current and the dispersion coefficients
due to the first mode of the seiche and density current are estimated 2.1 x 10* cm?/sec and 3.0 X
105 cm?[sec, respectively.

The distribution of water temperature observed shows the clear intrusion of cold water by
the density current from the south to the north basin of Lake Biwa.
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Table 1 Calculated results of each term of monthly water budget.

TERM Voer ™V le L 0w3 O Qws Q

MONTH
1 -0.6 29.0 0.4 0.1 -31.8 -0.2 (-0.2) 1.8 (1.8)
2 -0.1 34.8 0.7 0.2 -38.2 0.1 (-0.2) 2.7 (2.6)
3 3.3 60.9 3.4 1.1 -56.1 -0.2 (-0.2) -5.9 (-5.9)
4 -1.4 67.9 1.9 0.6 -79.1 -0.2 (-0.3) 7.7 (7.7)
5 -1.0 46.7 1.5 0.5 -48.7 -0.4 (-0.5) -0.5 (-0.6)
6 0.8 42.0 3.4 1.1 -34.1 -0.3 (-0.4) | -1n.2  (-1.3)
7 -1.0 36.0 1.4 0.5 -34.8 -0.5 {-0.6) -3.4 {-3.5)
8 1.5 20.4 0.6 0.2 -26.7 -0.7 (-0.9) 5.0 (4.8)
9 0.3 19.8 2.6 0.9 -20.4 -0.5 (-0.6) -1.9 (-2.0)
10 -0.6 13.0 1.0 0.3 -21.4 -0.3 (-0.4) 7.0 (6.9)
n 0.4 17.5 2.3 0.8 -19.8 -0.2 (-0.2) -0.0 (-0.0)
12 0.4 17.0 0.9 0.3 -20.5 -0.1 (-0.2) 3.0 (2.9)

total -1.0 405.0 20.1 6.6 |-431.6 -3.7 (-4.7) 4.3 (3.3)
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Table 2 Calculated results of each term of monthly heat budget.

W (2

. 1 +Ven N ' . ' . B '

TERM Comd SOWEC N (N DLTCO (R M S S (N A A0 R O f| O

MONTH
1 18.6 -1.0 18.4 57.7 -0.3 0.1 57.2| -134.3 (-164.,4)} 280.7 194.5 1 -94.7 (-64.6)
2 18.3 2.6 47.8 9.1 -1.7 0.9 91,01 -131.9 {-161.4)] 357.83) -193.0 92.7 {-53.2)
3 19.9 4.4 88.3 -99.1 6.3 =0.7 64.6| -143.8 (-176.0)| 426.2 1.4 26.1 (58.3)
4 20.8 4.9 101.3 | -250.5 6.1 -0.1 91.0| -152.8 {-187.1)| 562.8 178.5 23.3 (57.5)
5 19.6 4.1 80.8 i-151.4 3.4 -0.7 -24,5| -264.,5 (-323.7)| 715.8| -200.7 3.3 (62.6)
6 19.5 4.0 771 -132.0 7.4 -1.9 -24,1 | -221.6 (-271.2)| 505.7 149.7 93.3 (142.9)
7 19.4 7.1 136.9 109.8 2. -1.1 -5.7 | -284.8 (-348.6)| 738.2] -133.4 53,6 (-4.8)
8 18.2 -2.7 48.9 -45,1 -0.9 -1.0 25.2 | -469.9 (-575.1)| 595.2| -164.5 12.0 (117.3)
9 17.6 -5.7 100.6 13.3 3.4 =1.1 -25.8 | -287.1 (-351.4)| 486.6] -146.5 | -143.4 (-79.1)
10 17.4 ~7.4 126.3 31.3 0.0 -0.3 | -43,9} -205.1 {-251.0)| 519.5{ -225.8 | -205.0 (-159.1)
13 17.4 -3.5 60.3 55.9 3.2 0.6 | ~45.1] -149.9 (-183.5)| 291.9} -192.9] -23.9 (9.7)
12 17.8 -4.4 -79.1 39.9 -2.1 -0.6 -0.2 -92.2 {-112.8)| 272.8| -186.9 | -109.8 (-89.2)

total 98.6 580.7 26.9 -7.9 1159.7 -2537.9(-3106.2)|5753.2 [-2147.8 | -579.1 ( 0 )
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Fig. 4 Annual variation of total heat flux th-
rough the section of Biwa-ko bridge,
which is compared with that of the heat
flux due to the lowest frequency compo-
nent of water termpeature and flow velo-
city.
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Fig. 5 Annual variation of daily heat transport due to shear effect of quasi-steady flow.
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Fig. 6 Seasonal variation of water(a) and heat(b) transport at each part of the Biwa-ko bridge section.
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Fig. 8 Anual variation of daily exchange ratio, r.m.s. of flow velocity and water temperature,
and heat flux of frequency Band 2.
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Fig. 9 Records of flow velocity and water tem- Fig. 10 Typical transverse (W-E) distribution of
perature at Biwa-ko bridge on 14 and water temperature observed at the 1.5km
15th December 1978. south section from Biwa-ko bridge.
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Fig. 11 Horizontal distribution of the highest water temperature observed.
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Fig. 12 Horizontal distribution of the lowest water temperature observed.
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