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On the Cooling Effect of the Lake on Surrounding Air
Temperature in the Vicinity of Lake Toya

Akihiko Itagaki

Laboratory of Fundamental Research, Division of Environmental
Structure, Graduate School of Environmental
Science, Hokkaido University, Sapporo
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Fig. 1. Location of Lake Toya.
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Lake Toya -84
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Fig. 2. Station locations and topography of Lake Toya (Heights in meter).
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@, ® WETE, HEto i EBbhaRELAEERE S U, KR LhREOEC X - TEL
BERE N Y BRI S e, F LT, HEL A SHFREONEY, 2L vii—= v A
2 vx vEVESHC X b, IR 3 BT - 7o, F OO R L ok, BT A v
BRERECHE L BESR S B BCHIE R »lc. oiks, ERRENOThThIC OV TR TE,
BEERTT L, RE—RENOMFEL L RDI,

b £

BIERR DB S L 5.7°C (4.1~9.9°C) TH b, Fig. 6 wBRH N B NBED Hep & & 02 10~
I°CRRE LI, ToT, B ow T4 ERENMOE 1.5 m o5R#ER 2R3+ & Fig. 7~Fig.
11 ¥R i 5,

Toya o———>0 Lake Toya (Lake water)
30r
- -— Muroran o——=6 Muroran ( Sea water)
1974-1978
------ Rusutsu

1955 1964

Temp.(°C )

~10

t 1 ] ] 1 1 1 1 H 1 1 ]
Jan. Feb. Mar Apr. May Jun. Jul. Aug. Sept. Oct. Nov Dec.
Fig. 3. Annual change of air and water temperature of Lake Toya and
neighbouring region.
Air temperature: Average of daily maximum temperature and average of daily

minimum temperature.
Water temperature: Average of that measured at about 1000 JST.
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() 518 (Fig. 7)
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Fig. 4. Location of observation stations (Heights in meter).

5t6 St5 St4 100m
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\\\~\,,«/ \O\
176m 125 250m
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2 ! Lake, Toya
F 2730m e% I

Fig. 5. Cross section of observation site.
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(i) 5B 28 (Fig. 8
HHOMABG e ko, RolgEsEeL, iR

2100 m ¥ THbiz, FOHEMNIRHEHEL, KRR L

WEEHE L, RS IRHEE &7 v RIR D BA Lie, Rl
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BB, BT FEEN T 2 m/s IR T,
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1) 58 1H&EAE WMREOKE A Mo AE~
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2 L l, RETEoMImCE, 1R B RTE
HWEARL, SSCRAMEF I L bl b BT

1980
Table 1. Relative height of each
station above the lake
surface distance
from the lake shore.
Stations Rﬁlizgﬁze Distance
1 Om 0m
2 36 450
3 116 850
4 176 1,630
5 176 2,000
6 2,730

176

PR PIEE A ECER & T o T

T T T 1T T

Water temperature
e St
-=--- 5t2
o—o St3

o—o0 St5
—-— 5t6

N
(&}

L DAL S L O N A A it e

Temperature

(&)

VAN and

29 30 1 2 3 4 5
Apr.
Fig. 6.

Daily maximum and minimum temperature at each station and water temperature.
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(i) 5B 68 (Fig. 9)
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(v) 5888 (Fig. 11)
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Fig. 7. Diurnaal variation of air and water temperature on 1 May 1978.
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Fig. 8. Same as fig. 7 except for 2 Mayz1978.
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F), B OBUE & LR RS i, B T, T FRoBHIIIERIE & S, W0 o
Tunte, fok, ® HiS OB 1LEE25 4005 141 6 pe s CnCl b, ColoF — 2 AFTER
Y

ZEREBOBEE LT, @ b @ wlEincoh, 2% 0, WEs L o, SRS ER T B E
DRBIB,

—_— 5t.1
------ st2 6 May 1978
o—o St4

sl —-— St6

o8 .

o

[

v 10k

Water Temperature

Temperatu

Fig. 9. Same as fig. 7 except for 6 May 1978,

— st « 7 May 1978
~20F T 1
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o
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'2 35 T Water Temperature

I 4 I i 1 i 1 " n J.
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Fig. 10. Same as fig. 7 except for 7 May 1978.
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£ - . Water Temperature
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Fig. 11. Same as fig. 7 except for 8 May 1978,
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8 May 1978,1200-1400 (Wind Direction, Lake —>Land )
o—— 2 May 1978,1300-1500 (Wind Direction , Land = L ake )

-
(8]
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Temperature ( °C )

r
o
T

3Km

1 2
Distance from the lake shore

Fig. 12. Air temperature change as function of distance from the lake shore.
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Fig. 13. Air temperature variation at station 1, 2, 4 and air temperature difference
between 1.5m and 6 m above the grond at station 1 and 4.




W28 R oo SR B T i U 195

WL SERREC HBYECH D, KO OMRREC B BB L,

WARRPEEHACEGZ E0 b, W Lo KME L Cw5 £ 2 5, BRI oM LI _ -
DHEZORA LR CTE X 5, M, 4Ty ORQLERLESMOEL LFFKETH D, WESRALEOFERN -
TnwbhEBLLRD,

Thic, COBAGROZT Fig. 13 X b, WECoXBOhaB8Ths o b, YHO%BLGDOE
AEMRACE IR S Co e Ll d, @ Hylo 4Ty GIRGRTH b, BIBIEDELR & b, o4
e b DT TE

WD R RETEE Lo 1oL LG, dilio 5 A 8 ol Bb h 5 il b M ~0
BRDOBABIER b5, ¥R BEEARET T, EREA TR L 2Wl LTE T b, WKiio
MR, HAHEE h BHEOBEE Y L ORCERT T 5, coRERRbcitiiicoh, SRIED
WHEE DS OBE LT, FIHALRAED B, FLWEHAAHE LT XOLRETTBES b,
BT o CHBTRR S5 D5, WSRO R BB L, BRI Bl erEb i b sn
IR BE B B2 D (Fig. 14 B),

= OB ISR E OB LIC £ 5 ZE SO B E OV TS L O I ST B, #l%E, Richards et
al. (1966) yx, =V —W) (i 2,567 x 102 km?) KO, # v & U4l (R 1,968 x102km?) s\ C, 2250
SRS & WD B O BTSN 1 0 B0 BUE T R S - 7. Phillips (1972) 13, vk A v & VA #IC
OEI X v, WEMOBEIC E - CEERNTY, B Eo&R, MR, BOWIH LoWEIFHchHs 2 &
HRGH LK,

FE B CENR S (1970) 23, il H A BT B0 b RAT ZRAOLEIC O THEL T b,

¥, WMREOREC IR LB & LT, SethuRaman (1976) 53, AR O K TGEE L 0 KR EATE 50
Db, TOEZERDILLONRD D,

X5, FEEHE &SRR A A b Bl & L, Taylor (1970) oBIFEH b 5 A%, SEHRIE & o ik
MEZLL, ThrbOBIEN B ENDE LZATHS,

Wind Direction
5 \ :
% \\\ \\\\ H, Y
o V- o
Temperature&i Lake \\\ \ \\ \ \

Fig. 14. Simple model of dvevlopment and vanishing of cold layer.
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Summary

The cooling effect of a lake on the surrounding air temperature was investigated in this
paper. Air temperatures at six observation stations in the vicinity of Lake Toya, Hokkaido,
were observed for about two weeks in spring, 1978. One of the stations was on the lake shore
and the other five stations were located at about 450 m, 850 m, 1630 m, 2000 m and 2730 m from
the lake shore, respectively. During the observation period, the lake water temperature was about
10-15°C lower than the air temperature.

The results obtained were summarized as follows.

(1) The cooling effect of the lake was very strong when the wind was blowing from the lake
in clear weather. On such days the air temperature difference between the lake shore and the
interior, approximately 1600 m from the lake shore, was about 7°C.

(2) The cooling effect of the lake was seen even on rainy days, although the effect was less
pronounced.

(8) The cooling effect of the lake disappeared when the wind was blowing from the interior
to the lake.

(4) On the lake shore, the change of the air temperature was very large when the wind was
slight¥and the weatherywas clear.



