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Annual Water Balance in Lake Toya

By Shin-ichi URANO
Graduate School of Environmental Science, Hokkaido University
( Received November 25, 1986 )

Annual water balances in Lake Toya during the four years, Dec. 1, 1981—Nov. 30, 1985, were
investigated. The total inflow as river and groundwater from the lake basin (Rg +Gg) and the
groundwater discharge across the basin (G, ) were estimated from data of the water-level of lake (h),
the outflow from lake to the Sobetu River (R;), the water discharge for electric power generation and
other uses (EM), the precipitation at three observation stations (P) and the estimated values of
evaporation in the lake (E;) and evapotranspiration in the basin (E;).

The total inflows as river and groundwater from the basin (Rg+G,) were varied from 50 X 10° m®/
year to 90X 10° m3/year. These values were confirmed from the data of river discharges measured
at 55 sites on Nov. 29—30, 1983. Annual groundwater discharges across the basin (G, ) were estimat-
ed as+48.5X 10°m?/year for 1982,+0.5 X 10°m?/year for 1983,—34.1 X 10%m®/year for 1984 and+0.4
X10°m®/year for 1985. The mean value was +3.83x10°m?®/year and it was relatively small
compared with the other water balance terms. The ratios of the water discharge for electric power
generation and other uses (SEM) to the total inflow and those to the total outflow were 73.8% and
91.5%, respectively. As the result, the water balance of Lake Toya was controlled by the human use
of lake water.

I.&x L ® (&

WL, EMLEFENOKNES TEL A NT ZHET, ALHEELNET O BEEH 60 km I2A1E T 5
KEERE 70 km? DWTH 5, HOEHNHMB CIRIBERFBEHEL TBY, FRZ2on@Eicid AL, BHEIL
LEDEKUS DS, INLRARHE ZOREHBEERICES, XHSFARELLEN—#E L CAEKT
YAERLBEE - T b,

- FERENZ, WKPRE, »AYVEK, KESCHEIA, BTIIEBOEEITLHLN TS,
Znkjiz, BERRRE LT TESABMERE LECEREZAEL T aEllc Wiy, BN LRS
T AKFHFEGSNEE N5, AR TREFOEBRER & 2 o REKEFICETAFEZEFTLAL
BENTR N,

72 TEEL, FHHIC BT KR ORE L o RIIMERN 28387 5 2%, 19814 12 A4 5 1985
£11 AT 4ERIC BT 2 BEMOKRNE2RBEL 2. BT ZOBRL2 BN, BEHRBOKNEZ R
B oW TRET 5.



242 W OH K -

II. R&ER#E Z DRBOBEE

1) % - & '
WA, ORI BT —_ TN,
BIZRMEBOHKE LW TH D
(Fig.1). #:k&&iE, REEY
11 km, BIEH 9 km, RARKEH
180 m, WEKFEEMAT 70 km? (&FR
69.4km? THN, WEERVW
WEIE 101.6km® ThH B, #E %
DT ERNAKRICEL, #IKIE
BN 28 U CRRIAHH
LT3, RRE~HATIERD
A AR TH ), ZOM o WL .
MNREOTN 2 EHT 50 25 60D
FNHF~FAL TV B,
RRRMTRHEOHT - WEIE, TR
H T T HHE L f2 K ILTESD & TR
BEHmL T 5, FEOREIHHE
SRokLE»LE ), LREBETHE
WMicld oo HBE= KB TEL
Eﬁmkéwmm#ﬁﬁfé.%E%#%%%M#Hfumﬁmﬁﬁmﬁﬁﬁﬁmﬁ%%%WME1W$
Tﬁbﬂtmk&é%ﬁmﬁcfwé.itﬁﬁmﬁ%miﬁﬁﬁw??%&%@ﬁﬁﬁﬁ&Lt@ﬁk
LOBHRILS S 5. BERIUOEEE ) v b aE (KH, 1956) &S5 HE RN KIIER
AN Tna (Lo, 1980), REEMIBOEENLZ NHEZILE » B ) FRUO KU L > K
énfﬁo,MEMWWEﬁﬂKu,%hem2kﬁﬁ%?%6*@%ﬂﬁm%m%w%ﬁﬂﬁﬁ%ﬁm
<%ﬁb<w6.:mtbmﬁm%mﬁﬁmwﬁuﬁﬁmmﬁm¢Tmmwmmﬁﬁ%%méwﬂﬁt
toTwb (HE, 1984).

HOROBETU R,

s
Mt, KOUSU Mt., USU e

Fig.1. Lake Toya and drainage basin.
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Fig.2. Monthly variations of the water-level and the water
discharge for human uses from Dec. 1981 to Nov. 1985 in
Lake Toya.

Table 1. The annual water discharges (2XM) for human uses in Lake Toya. Water year runs from
1 December to 30 November, year number shows its ending.

1982 1983 1984 1985
10°m®/y(%) 10°m®/y(%) 10°m3/y(%) 10°m®/y(%)
M, 378.6(71.1) 353.6(76.5) 287.2(73.2) 239.7(66.4)
M, 110.2(21.1) 105.5(22.8) 81.4(20.7) 117.8(32.6)
Inflow M. 2.2( 0.6) 2.2( 0.5) 2.3( 0.6) 2.4( 0.7)
M, 1.1( 0.3) 1.1( 0.3) 1.0 0.3) 0.9( 0.2)
Sub Total 392.1 162.4 392.6 360.8
M: —552.0(94.4) | —483.1(91.7) | —377.3(89.2) | —413.8(90.0)
M, ~30.7(5.2) | — 42.1(8.0) | — 44.1(10.4) | — 44.6( 9.7)
Outtlow M, — 2.1(0.4 | - 1.8(0.3) | — 1.5(0.4 | — 1.4(0.3)
Sub Total | —584.8 —527.0 ~i2.9 —159.8
Total —192.7 =640 =303 ~99.0

M,:discharge from Toya Electric Power Station, M,:inflow from Osaru R. for flood control,
Mj:hot spring discharge, Mq:discharge of water service, M;:discharge to Abuta Electric Power

Station, Me:irrigation water to the other watershed, M. :intake water for water service.



ZDKMAET I ABBIKEEE (EM) &
LB L TV 5, Fig. 312 KAZE) Ah
EIMOBBRE L VELLAZ LD, &
ROWENEZ 7oy L2 DOTH
3. B obh s ki, KOEEEIA
HHABBE:E-HEBEAEL T3
(1EBELRS 0.884, 99%KETHE), —
% Fig. 413, AMKE P, (FRMEEFT &
RN ROFEIE) & EM DB %R
Lzb 0 Th 2%, WHNMICAEMEER
B3 E A ¥ &5y (FEESRE0.005).
INLADZ &b, MEFEDKMESHI
AN&R L RBENHE LB ETTw2
ZEBhr S, '

2) Figh SH~OHAE

WEg HWANRAT 3 1 EMOMNNFE
AE (Ry) EHWFREAE (G) 0z,
BRELEKDLNDB., ZZTE, BRA

IR OFRERDI 245
2 cm/m‘?nth
60T *
o)
g
3
&
<
2 404
3
)
|&]
Z
é.
Q204
L]
-
] .
} i S N
40 e |0 20 x10%m3/month

L]
¥=1.35X+11.3
R=0.88.h

WATER DISCHARGE XM

Fig.3. Relation between the water discharge for human uses
and the change of water-level in Lake Toya.
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Fig.4. Relation between the precipitation and the change of

water-level in Lake Toya.
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Table 2. The precipitation (Pg) in the basin of Lake Toya and the esimated
values of total inflow (Rg+Gyg) as river and groundwater from the
lake basin.

Area 1982 1983 1984 1985

Ag P, Ret+Gy| Py Rgt+Gg| Py  Re+Ge| Py Ry/Ge
km? |mm/y 10°m%y |mm/y 10m%y |mm/y 10m¥y |mm/y 10%m?®y
(1) Usu-zan-Higasikohan 17.7 837 6.7 994 9.5 674 3.8 912 8.1
(2) Nakatoya-Iwaya-Takarada 58.0 1477 59.2 1442 57.1 1116 38.2 1249 45.9
(3) Toya V.-Asahiura-Tukiura 20.8 985 11.0 1237 16.2 930 9.8 1064 12.6
(4) Nakajima 5.1 911 2.3 1156 3.6 802 1.8 988 2.7

Total 101.6 79.2 86.4 53.6 69.3

See fig. 5 for groupes of subdivision.

Groupes of subdivision

Table 3. The measured values of river discharge in the basin of Lake Toya
on Nov. 29-30, 1983.

Area Number Total Mean
Gropes of subdivision € . Discharge Specific Runoff

km? of Rivers _7

1/s 10-"m/s

(1) Usu-zan-Higashikohann 17.7 13 36.6 0.49

(2) Nakatoya-Iwaya-Takarada| 58.0 16 1572 2.71

(3) Toya V.-Asahiura-Tukiura | 20.8 26 629 3.02

Total 96.5 55 2290 2.37

See fig.5 for groupes of subdivision.
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Table 4. The annual water balances from 1982 to 1985 in Lake Toya.

1982 1983 1984 1985 Mean
108m? Jy 10° m® 108m? /y 106m?/y x10°m*/y %

Storage | .4h - 53.2 + 53.9 + 1.4 - 3.5 — 0.35
P, 63,8 78.1 56.1 69.2 66.8  12.3
Inflow | Rg+Gq 79.2 86.4 53.6 69.3 72.1  13.2
SMin 392.1 462.4 392.6 360.8 402 73.8
G, + 48.5 + 0.5 — 34.1 + 0.4 + 3.8 0.7
E — 35.8 — 35.8 — 35.8 — 35.8 — 35.8 6.6

Outflow

R, — 16.2 - 10.7 — 8.1 —- 7.6 - 10.7 2.0
SMou —584.8 —527.0 —422.9 —459.8 —499 91.5

dh:change of water storage in the lake. P,:precipitation on the lake, Rgtotal outflow as riverand
groundwater from the lake basin, 3} M:total inflow for human uses, G, :groundwater discharge acrossthe
lake basin, E,:evaporation from the lake, R,:outflow to the Sobetu R., 3} Mgy :total outflow forhuman
uses, as negative value is water discharge from the lake.
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