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Thermal Regime of Deep Temperate Dimictic Lakes

By Yoshiaki SEcawa
Department of Geophysics, Faculty of Science, Hokkaido University
(Received November 30, 1973)

Seasonaly freeze lake Kuttara and non-freeze lake Shikotsu are located in almost
same latitude and atitude in Hokkaido.

Thermal diffusivities of two lakes are obtained as a funtion of depth and stability
in the water from the observed vertical temperature profiles data.

Seasonal variations of the vertical thermal structure and the heat balance items at
the lake surface are solved numerically, using the thermal diffusivity and the absorption
quantity of solar radiation. Heat balance as boundary condition at the lake surface is
gained from climatological data at stations nearby.

The results shows, however considering of climatic conditions there are some dis-
tinctions in thermal regimes between Kuttara and Shikotsu, owing to the differences
of the thermal diffusivity and morphometry of the lake.
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Fig. 1. Location of Lake Kuttara and Shikotsu.

Table 1. Morphometric data for Lake Kuttara and Shikotsu.

Shikotsu Kuttara
Latitude (N) 42°59/ 42°39/
Longtitude (E) 141°20/ 141°11/
Altitude (m) 248 260
Area (km?) 76.2 4 434
Max depth (m) 363.0 1475
Mean depth (m) 255.9 105.1
Volume  (km3) fe 0.46
Length (km) 12.1 2.8
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Table 2. Calculation of reduced thickness (RT)
Kuttara Shikotsu
depth area volume RT sum RT depth area volume RT sum RT

(m) (105m? (10m3)  (m) (m) (m) (10°m? (10°m?%  (m) (m)

0 4.72 0 76.2
5 451 23.0 4.9 4.9 10 75.6 760 10.0 100
10 4.42 22.3 4.8 9.7 20 74.8 752 9.9 19.9
15 4.32 21.9 47 144 30 74.0 744 9.8 29.7
20 4.27 21.5 46 19.0 40 731 736 97 394
25 422 21.2 46 23.6 50 724 728 9.6 49.0
30 419 21.0 45 28.1 60 714 719 94 58.4
35 415 20.9 45 32.6 70 70.8 711 9.3 67.7
40 4.12 20.7 44 370 80 69.9 702 9.2 76.9
45 4.08 205 4.3 41.3 90 68.8 692 9.1 86.0
50 4.02 20.3 4.2 45.5 100 67.7 683 9.0 95.0
55 3.93 19.9 41 49.6 110 66.8 672 8.8 103.8
60 3.86 19.5 4.0 53.6 120 65.8 663 8.7 112.5
65 3.77 19.1 39 57.5 130 64.6 652 8.6 121.1
70 3.71 18.7 39 61.4 140 63.5 641 8.4 129.5
75 3.65 18.4 39 65.3 150 62.4 630 8.3 137.8
80 3.57 18.1 3.8 69.1 160 61.0 617 8.1 1459
85 3.50 17.7 37 72.8 170 59.9 605 8.0 153.9
90 3.43 17.3 37 765 180 585 592 7.8 161.7
95 3.35 17.0 3.6 80.1 190 57.2 579 7.6 169.3
100 3.26 16.5 35 83.6 200 55.9 566 74 176.7
105 3.19 16.1 34 87.0 210 54.6 552 7.3 184.0
110 310 157 34 90.4 220 52.8 537 71 19L1
115 3.02 15.3 33 93.7 230 51.8 523 6.9 198.0
120 2.90 14.8 3.2 96.9 240 50.3 511 6.7 204.7
125 2.68 140 3.0 99.9 250 49.1 497 6.5 211.2
130 2.36 12.6 27 102.6 260 47.2 482 6.3 2175
135 2.02 11.0 2.3 104.9 270 46.0 466 6.1 323.6
140 1.73 9.4 33 108.2 280 425 442 5.8 229.4
1475 290 39.6 411 54 234.8
300 38.3 390 5.1 239.9
310 36.8 376 4.9 244.8
320 35.7 363 4.8 249.6
330 34.5 351 4.6 254.2
340 33.3 339 4.4 258.6
350 22.6 280 3.7 262.3

363.3
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Fig. 2. Relation between thermal diffusivity calculated by
heat strage and depth or stability in the water.
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FBERERY Vm, HHEGEEEELTDE,

1 t
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Table 3. In-put climatic data for numerical calculation.

KUTTARA

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

T4 —25 —30 0.1 48 106 141 183 214 164 110 55 —03

Iy 1460 2350 3350 4260 5090 48L.0 413.0 356.0 3570 2840 1630 1230
I 110.0 1140 1360 1300 1320 1040 870 830 1210 1450 1220 1070
U 2.1 2.2 22 2.2 21 1.9 1.8 2.1 2.2 21 29 2.0
€4 2.6 2.6 34 49 71 100 143 163 125 8.2 5.0 3.0
SHIKOTSU

Jan. Feb. Mar. Apr. May Jun. Jul.- Aug. Sep. Oct. Nov. Dec.

T4 ~39 —31 —04 50 103 153 200 221 170 106 47 —19

Is 1420 2240 3240 4240 511.0 483.0 4220 3540 3380 279.0 1620 120.0

Iz 1020 113.0 1320 1300 133.0 106.0 83.0 840 1180 141.0 1210 1080

U 3.3 2.9 2.6 25 2.4 2.0 1.7 1.7 2.1 2.4 2.9 2.4

. e4 2.5 2.5 3.3 5.0 7.3 10.3 14.9 17.5 12.2 76 4.6 2.8
[E = 46L-01UL8(e,—ey) (11)

L. L3HOPHR I Tk, URTFHEET em/fsec, T, T4 REHKER L FHKET
°C, €5, €4 (LK T DEATMARIE & ZLEFDEKET mmHg TH 5.
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BECDKIEE R AT
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IRL 7.

Fi, ZOFETE, RERI—ELL, r=006, r:=0.04 DfEx A\ 7.

MAEKELL T, FEOKBBRUER D, HEEH T 12 30 BiceB40°C, %%
BT ERT1IA 0 AREE38°C L 5 IiAEBS Y &2 1. ‘

ks, HECHGLHOML, KEXZOFPEHKBLELWEST, EOoFhhbitinl
Uiz, Fio, MIBAFINC X 28 O8%, METOMF &L 0RO TIEBETELLDOE L.

VI RHREOHE

FEREFHEL L CH, HHBMARAT I, EENEAE SR Fig. 5 X5 E
Lo TR O MIRLEM, XGHOKBHESMOEHENT, BH 1 BOEELRLI. #
EIBREKECHS. COFFRETHGLRERREL, BEEHT5m, ZHHTI10m, FREE
iz, RE&EWTO005H, ZHWTOLBTHS.
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Fig. 5. Vertical profiles of water temperature obtained
by numerical calculation.
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Fig. 6. Observed vertical profiles of water temperature.
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Fig. 7. Annual variations of vertical Fig. 8. Annual variations of heat
distribution of the thermal diffusi- balance items of lakes obtained
vities obtained by numerical cal- by numerical calculation.
culation.
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