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In order to study the hydrological characteristics of lake basin in cold snowy region, the
water budget of Lake Toya basin were investigated by calculating the water budget of the
lake for about past 15 years. The values of precipitation were revised by using the catching
rate of rain gage because it was guessed the water discharges were overestimated. As
result, the annual evapotranspiration rates calculated from the water budget were closed to
that of estimation by Penman method from the meteorological data in the basin and the
factor F of Penman.

The discharge from the basin had the highest value in snowmelt season of April, and the
lowest value in winter of January and February. After snowmelt season the discharge was
related to the precipitation. The water storage in the basin had the maximum in winter and
the minimum in snowmelt season. As the seasonal process of discharge, it was become clear
that, in winter the snow cover didn’t contribute to discharge and the main component of
discharge was groundwater, and in snowmelt season the discharge had large value because
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the melting water adding the normal discharge was runoff from the basin, and after snowmelt
season the normal process of discharge was occurred.

I. 13 C & (2

JLE L CREBIRGH TR, FHOMEHIRS LV ) BTRBACKEEINS 2o, RE» 5
DFHIFIRBHOWIR & 13 8% - 2R E LR Y. FIZITINRHEICERY 5 &, BRBEMTIIZ
DHIRD MK EDZFHEAL L UL 22Tl 5 — > 2R 7%, BMERRH TIMKE & 12 8BER
I, BN D CRBRIIC B\ &) B A LG, ZORMEHORMEEIL 0T - E
W&o TR TH D728, MEFGHICBT 2 RNEEICET 2078, MERBICEREZHT
12HDNZ L L Z IS DOFF RIS TR 2 SRS K0 RTEIRIC A% & T3 &
AETHY, RBEERNKIZNOH TRERBL ZMEIT LHRIILL . FLHFRONGRIEM
NFEA L, EEOTWNPFAEY 5 HRBE NG E L 2BRII %,

BRI DZEEHELE WA L 210§ 21013, RBITERNEENIULETH 5. WERIIMEKE,
EREHE, REEFOP TN RNEE, KD LN B, il &R 2 KFERBEIC DWW T
3, BEANTHET -2 2 6) #EEL VBRI SN T2 (FHEIZH», 2000) 5, HRh%F:
BRELHLIN TV W, L L RENDRELFRTIUL, ~> <k (Penman, 1948) %
TORBERBBLHET 52 EHTHTH 5. —HRHEICOWCE, WNHRED L RERED
Kb b 1% 0%, BEOFBATINHSFLEY 5 HREF TR RIBROEMLTEIRETH ), W
DWEBMIC L TR L BHLHETHREBZHEET 5 L8 DH 5.

Z ZCAMRIZ, L DWNHBA~NFEA L T 5 WFREHI L RIS, BOKIRE 2 & FIRD
WHEZHET S 2 L 2R AL, LMBOARKEL 2R THEEL, TRIMETHR DKL
XOFEHIEACE RS, BERKGHIC BT 5 HRBORRFFEOR 2 BET L 72,

II. AMBRBROEE

1. MEoBE

BEEE, EEOEETICALET 212IZHEDOANVTZM T, hRICIIFEFH S, KE&
REFERH 11 km, BIE# 9 km, FAOKERH 180 m, HIKEFREH 70 km? T, #IK% v 72 g
T2 101.6 km?> TH 2, & Z2DFHITRFENARIZEL, BN %258 U TR~ HE
L Tw 3, HINIRAT 5RO ICERORENN T, % DAk~ 50 LLESTNH5#~HA L T
W3, TEEBTHROBE & AW ORFEE Fig. 112K,

THFBTIRIL, £ ORIBGHIFEZRLALE? LX), AFMWEERICIZ N LHE=RE T
fES N RARDK & W ILY AT 5. ALFEEES & AEERic 21 T IRFRECA HeRd (B 103 2,
1973) TEbLN I BHATLD > TE Y, G EBOMIZH 200m OHEEND LREICL > T b,
WBOBEMmICIE, WA LT TR, HREECEE L 28R KUDERRILY H 5, FERILDE
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Fig.1. Lake Toya and its Drainage Basin.

Bk v b o (OKRH, 1956) ¢ HEINHFERLEFEOKNEEHEALNTwE (1D
134, 1980). BRI ZOFEZRLE 28 ) ARILOKIIEHES > BRI NTE Y, BREFS
ZIENRRRICIE, Z1L5H 0 2 KUY TH 2 RKEF OB AREOE BRI HIL 5
LT3, 2072, OB BRI AR g0 2 Tl D LR EL R D /A3 vV HRic -
v % (Urano, 1987).

IR TEE L THAI N T 300, GBI B MTERE & i L5 &
OISR S N, EFOMFEFEEICIZIKEDY, A TIIBHE L & 2L T 2 MR > T
Wb, WO FOMOEFIIFARTCELNTE ), £OWHEIIFRBEED 10%LL EisEzT 5.

2. HMoKkFA
FRHOWKIIRERAA, AHAK, BEHAAZCICHBINTEY, ABESE HECBHRG
LTwa, Z0izo, KFFHRBOKIZESH 1 m RIS 2 X5 5ES A, ERSA TN,
SR, WA b 2 AREN & WORIMEIC » 2 ARBEND 2 2 TITbL TV 3,
WCHREH IR, WRBOKERBICHEL OB~ L Cw 2, —HRABRER Ik, BRI
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LHEOAMRN CHEE LD KE P ANTHRENFEENE THAL, £0OXKEREICHHAL 2%
CHENEER L T3, 2% ) IRFEENTOREAKIE, WHRBEEFTCHE ) KLHHETEEER
2L Tw5, KEAKE L TOMAIL, BOBEEICH 5 BUKRR» 5 KERY, BLQEL 24
CEIREOTEREIRR, HEIRR, M, AW LKEE L TERAINTW 5, FR2EBAK
i3, MoER»LHKE N, HEITORMO—ICHBEIN TS, TOMASHLKOEAY
&L, RHEICIEEMNAS NTICBUKERE & L TEI~RA S NSRRI DKL, difgid 5 #
~NRAY BIRRPEK, KEPKZL EHH L. TN LFNRAL 2IZHM T 5 ASBIKFAER,
1982 £ &5 1985 SF £ T 4 SFRDFH T, M~NDEWARD 73.8%, &HHEN 91.5% T, B
DKINIZIT 58> 3 BEHBDTRE N (HE, 1987).

oI # ® F5 &

1. Mo kNX
RFEBOKMIE, KX TERINS.

ALk A(P-E)-Qut X )

BL, A KEOER (L%, Ak KE roZLE (L), At WEOHM (T)
P fekE (LT, E o #EEREERE (LT, Q@ ASKAKHAR (LT (EXHR
W), X FEe S~ mARR (LT (E2HA)
AP X3 BRHAR THNHAT 2TKPHTROBETH N, KA TRINS.

X=R+Gu+Go (2)
GD = GDin - GDout (3)

BL, R:M» b0 AR (LT, Ga: fidEs» bW TARARE (LT
Gp . BFAKFMAHMTAE (EHWA) (LT
Goin, Goour * FFKFHAB & W TAE (LT

@RUZ, KNEZZ2ERICKBT 5720, WHE» L DMTARRAR G & SKRBALIETKE
GoBERFNIL THEZ T 5, Gul3 W IFE S Lz kp i 208 - TEINFHAT 2 T AT,
FREVHTARTH 5, —HDKFERAHBTAKRE Gold, FARFREZ L THRAZ 2IZHBET 28E
HWTARDBETH Y, BBOMKESLKHEBRICEAIN T VWRI LT AKOBENLTH 5. Gol,
BERMICIZB)RD & i, DKFMAKTKE Gom & G KFRBH T KE Gooue 25T 511555,
ZOMEBEIZECREINT I EDTTEL W, L L, 20 Goid KNG OMOIE & T TR
BWEEZ bbb, BRLTE W, Ld->T X, D5 0WIFEE R & T KFH
B G DN ), ZNHFHEL LORFEREIC T 5,

—7, WRNAKPZITRND L )12k 5,



MTBHGNHIC BT 5 FSRETRBRORIEE & Rl 15

fh%%zAAP—EQ—X )

BL, A, Wl (Be) o (LY, AS : REkrE &S &R (L), E, : #HE DT

WD X ZQRN X LR TH 5, FHANZEE R 55E1F, X¥bhrUTAS=0EB0T
FERUE E 2 RDODBZEHTEDY, BEHELEWALPICT BI0iF E. M EICL B, Ex b
PIUTWEARNEED H AS KD LN B,

2. TR LRIE
BOKNEZZLUTOT—2 2WEL CHEL L, LBEEH oW AREHRERA#e 5, 1981
412 Ad 5 1996 47 11 A £ T 15 EMIC BT KL, RERASOKFHARENT— 5 % 8%
Lz, &7z, BRIEK (RFREIERMAAER) LKEK (BCRETEHE) (2, @EICHIRL 72 1981
F2 5 2HEMBOT— 3 24 72, BRIEK EKESKIZERDOKNGZIC b BEEGHNE oz
7z, FDOMOEIRIC DV Tid LEEIE OFEE L6 - 72, BAKRIZRRBER & KBROT £
FAT—F B L AL IRE KRR R BRI T — 7 2\, 3 HEDTPHEE RBEERD
fEX L7, $WHEERE EIZ, BB CEANL ZIERBS & & KE D7 4 (EREEMERRT O
#200m) CEBLAES 2 m 0REER (KRR, BE, iE) BLokiRgm (0 m, 5 m,
10m, 15m, 25m, 45 m) DT —F 5, 1995 £ 5 1997 F£F T 2 £l DWW Ty =»
#: (Penman, 1948) TRIEL 2. BYMANIOHETIEZ D B0 2 E£ROTFHE % & THFIC
BHLCHEL -,

—FRBOKNFZIZOWTIE, RBAAENEH L (KEF) TBREIL 72 1995 €5 5 1997 F£F T
DIEEBHES L CBIBET— 5 & LE7A TEAIL 2 BET— 5 24 - T < BT REE
REE KD, BRBLEHE L CHEERRELHEEL 72,

V. #R & & &

1. BokRFZERNEL

Fig. 2 #* & Fig. 412, W#W/EIC BT 2 1981 £ 5 1996 £ F TOKEL b, NBHKFIHE Qn,
BeokBE P OB b ERT, Qui3lIKMICREL 2METH L. KL, BitlExrB8BThl1 mL
PIClE - TBY, 3A»L4BIIES D, 6 A5 9 AICE R ERAICH -7z, F 72K
bR AR, 2, SAICADE—7%, BEHD 4, 5 AiciEovr— 728, ZizBERE
BT TR L, REAKEEZE T2 AEGNKFBE Q. 2°2, 3 AICKEL, 4, 5 AiT/hdw
VO EGELLIEEL WL BAEPIE, 8A»SL 10 Hic»lTT£L, 2R, 3AIKIEAL
WEWSIERS AL, T4 BI—BcE k2 VR TH L. BKERIEFICL-
TELEDY, TOELOEIIMBOKNTEL ) RkEP -2, e BFEEKEIT, F94E T 1140 mm/
year Th - 72,
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Fig. 2. Water level (%) of the lake from Dec. 1981 to Nov. 1996.
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Fig. 3. Monthly water discharge (@) from the lake for human use from Dec.

1981 to Nov. 1996.
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Fig. 4. Monthly precipitation (P) on the lake and its drainage basin from

Dec. 1981 to Nov. 1996. These values are the average one of Otaki,

Toyako-onsen and Toya Limnological Station.
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Fig.5. Daily evaporation rates from the lake during Nov. 1995 to May 1997.

Fig. 5%, 1995 455 1997 £ F T 1 £ 0HERSER E, 0EILTH 5. E 3, 10, 11, 12
ADXINZEL 5, 6, TROEMIcAHLdr -7z, F4EFERIT, BEo 1481995 4 11 A
A5 1996 4E 11 A) 1348 650 mm/year TH - 7255, #3200 1 FR (1996 45 A4 5 1997 £ 5 A)
13#7 740 mm/year T - 72, T, Fig. b5 Hba 5 L 512 1996 4£40 & 1997 il To%
DEBED LD - 2720 Th 5. WAFHHOERRIC OV T, FHE (1981) 2Bl E» 5 H#E
L 72 512 mm/year &\ ) EHH 5, KAHFEOBENEIZITEE (1981) Dl & b3 L BT RKE L,
SPEEE L CIBAFHE L TV 2 R D 5. ERBROTFHN L ERME L FEMEL LR L7209
WWREBEMOT—F DEBEEPVETH 55, HBICLELT— 725K % Ek L TRL A8
i, BICR L7z TARREIZT TH » 22728, RIFZE T3 EMED & #E%E L 72 Fig. 5 E% HERE
NFEFRERE L CHAL 2.

2. MEHLORHEX & X DOFHEAL

Fig. 6 13, ABMTHEL ZBEFTHOKNE TH 5, &3 15 FEMICODTT- 7208, 22T
131988 £ 5 1993 £ F THO S FERMEZIRL 72, Hil» 5 OWME X 8 L UKHIHE @ iZink
MICHRELZETH S, Kb, X34 AoBMEHIcRRELZRL, &80 1, 2 Aci/MED
BNTwbs0hbhrsb, TNEIHIDLELIRET S728, KINEZD 1 ENFEHEILL KD T
A1z,

Fig. 713, A}NEEZED R FEMEZFE > TRd 72 1 FEROELRIKNE TH 5. HiliaE X i,
QIR TREND & IcHiily S nFdiE (MNIREE R T KK E Ga) EKRBAHMBT
KE GoFITH 5, LrL, MBEHNCEWTL GoidBH TS v (T, 1987) 128, XDk
I I S ORMEEEZ T v, b, XiZ4 AOBMSHICRERELZRL, £ 1,
2 B/ MED BN T 5D 05br 5, 7z, BIFEHLIHED 6 Rici3—H/A3 LY, 6 ALK
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Fig. 6. Water budget of the lake from Dec. 1988 to Nov. 1993.
A is the change of water level in the lake, P is the precipitation, @, is
the discharge for human use, and X is the inflow rate as discharge from

the basin.
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Fig. 7. Mean annual water budget in the lake.
Marks are the same as Fig. 5 except E, evaporation rates.
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I3 Pt 72 E i » Twab, B, X OFEFHEIZ 1360 mm/year ThH - 72,

3. MROEREE

WHFUDEORE THRA L 2 IEREHN R, KR IBE EHHO 74 CHRIIL 12 8ET— 5 24>
THRBOEREREZHEL 2. ERBEFREBEAICRAD S - 12, RABEOHEIIEEIETE
LADHOBAMEZ > TRHIEL 72, 58I, T v ETHRERKEL RS, FHIcK
BEL BN CERRBRBRHEE L 2. EREIL, PR (197D 25EF LRBOKSTERN L
H3RD720.65 2FEHL 72, EREEIZ6, 7 4% 60 mm/month TERL %L, 11 A» 62 A0
f13#7 10 mm/month T#h - 7z. FEFEREIZIFH T 505 mm/year TH 72, ZDfEi, BB

(1971) 253K s> 72 ALK > 472 mm/year, E#? 531 mm/year & \» ) EFHEREE L FOUL T
5.

—7, B CTRS - FED S MAFAT 5 HEHE X (=1360 mm/year) i3, WO FHEIC
45 & 950 mm/year Th 5. BKEiL 1140 mm/year TH 555, T DEZAGRITICAL
TAS=0 L LT0) MIBOERRBE E.#KdD b &, Es=190mm/year i27% 5. ZOEIZHEL
IS TH B, D EplZFDKRNI A LFHEL 2B TH B 720, @IS N TR &Y
g, KNEEOHHE X B RKTHEIN b2 8ic% s, ZORKE L TR, BInERER E,
DWEKFTHT, BAKE P o#/NHEAE 2 b b, E,O@KFHED TTREMIZ DW= T T Tlek~ 7z
%%, ZZCTRERBREICERN T 5 BKE P OB/HC >W TR L TA 5.

KEPA (1998) 1, RETCTHEAE N T EEARMRETIC DWW T, BEREEK (FK) Ioid
HREELFRE B ML, MR RE;E IS L, BE 4 m CEARFOH
60%, JAH 2 m TL 80%LATICZ 22 L &ML Twa, EEREK (BK) &KX TIIHEE
FBHRLN, BEREKDOLEFREIZNT 2 REOBDIIIEVEEZLNL, LrL, WTh
KL EWTHRAE N T 2Bk RI, HEERFARHICL > RS T2 E2#FE L TREL Y
Tk biwv, 22Tk, WREBFRIBR 2 ORLDREKY, £MIIFETH 55°Z2 DMITFET
HHIE, FLHMTHEAUL 2EFHREI 2 m/s THDLI 2 ERL, BMAKORERE 12 A
L3IRZTIE80% (B), 4A»5 11 AZ T 0% (M) LEEL, HREBOBEKEEZBIEL TA
72, %5 F 3 &, FROKEIZH 1310 mm/year 12 7% 9, FE® X 3K E CH 1190 mm/year,
HHE Tl 833 mm/year i27% 5. L7297 » THBOEREEIT 477 mm/year L 5TE I NS, &
OEII B EOBBMES 5K 72 505 mm/year 123\, MEEFOFEREIC OV T ZRETT
XBEHIERIN TV 5, KNEDFHETIZIV & DDEDBEIMOBOWHEICHET B 720,
BABOWIERLETH S, 2%V, Fig. 7 CIIBAE P/ NHEE N TW 3 L EZ 5NN
LThb, LEh->TCI 2T, MEFTORERELMHE > TP E2MIEL, X 2BEL THRBNKIL
F#EE L. %8, Fig. 6, Fig. T3 X OBIEICE ) P & X DEVFETEDL S, X DZEEi
b g~ BZELTH 5.
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4. RERMMISDKINE

WiE X #2IEIE L CRIEFREO AN 2 58 L 28R %, Fig. 81cR¥. /- Fig. 9
FANXZEREMEAL 12777 Th 5.

Fig. 8 Ti3, 4 ANMEMOMEE X 3MKE P LV KE(L>Twab, F72Fig. 945,
FHATRE ST 1, 2AICERKICRSZ L, MEHLUED X & PIIZITHAIL T 28l <
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Fig.8. Mean annual water budget in the lake basin.
AS is the change of water storage in the basin, P is the precipitation, @,

is the discharge for human use, X is the discharge from the basin, and E
(=E,) is the evapotranspiration rates.
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Fig.9. Cumulative values of each term in water budget of the lake basin.
S is the water storage in the basin, P is the precipitation, X is the
discharge from the basin, and E (=E,) is the evapotranspiration rate.
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WRI ED bbb, INLNDIENSL, WRMRBOTRERMEL L TR L ) &2 L HEEES
5, Thbb, XYOBTFIIZDORIBIHPEE L ) B THERICHEIN, RIBICEIFESLY
, ARSI L) REIEEE S AL, Bl 72 S REMEMCRE T 5. LHoREIE
HPICHEEIN T K TFARE L THRIHT 2845, 2 ) EBERE GDIoRERL & @&~
EHERAT 2HTFKIEEOR) 2 & &b, RBOWSEIX 3 ARED HENT MR, S iEZnE»
LA LIZLH S, 4 Biciz SO—EBTH LB AIIEAKRE Piciib 5728, X i3 P(HEEITR
% b OB B TR B KRN HEBEARL D) V) 0% b, BMEHKRTHD 6,
7T ALK, WHEEEKRICHAIL, MEREIIZIZ—EIC TS, DF DRI T HIZ ik
B2~ A P75 7 TRENBMMRBRED £ = X4 THRIEAPHEL, HHEEDAESEIZBKE
ICXBELE B,

ZHL I, MERGBOTBTE, MBEOLOLP L MEHORHE X »MAR Pl
TnZE, FLINUCE)RBITEE S BAMICRAICK S Z AW TH B,

V. & & &

AFRMTIROANGE & 2 IET 2 2 & % HIIZ, WHRBOKNZZAL»ICL, i
b LI HROKINE DFEH e EEHELEHEE L 72, BIOKNIE, |REEHT— 7 LBk
FET—2 b8 L, REBRIGEROERED L KO, RBOERBHER, REOBAMEE
fio TRy IETHEL 2, BONTHERIZROBY) TH 5,

1. Fde 5 OMMEIZME D 4 AickkfEE27Rm L, £8ol, 2 QichMEZRT L,
F 72 6 ALRRIZREKRIC G L 2 BMb 2RI b o 12,

2. MEEZREFCHREL TROLBRBOFEREKER, BN Th-72. 22T, ME
STORREERE M > THKELZRIEL CHITE L /&R, FRoOWHEIX 833 mm/year, #FEE
i3 477 mm/year & 7%t -7z, T O{EIZEANED L #EE L 72 EEHE 5050 mm/year E BBl —HK
L, 12374 cE eI N,

3. FROKNENEHZAS &, WHBTIETE, BMEDZHTBEHE» LR ARIC L
52 &, ZMREEFHRBICHESET, RBIBTAREL ERKSET50b0 2 ERERHE
E b2 b otz FREEHND 4 AICEREEIRKEICIb S8, KHBIZRKE L
N %L 505 ST HIIEHEIZBEAEICHFL, RIBREIZIZIZT—EIck b Z Lfbd -
7z,

4, U ko b, MEKSHOFB TR, BEOLOEXYEMEYOWEE X »BKE P
HEIL Wz &, F2cd ) BB E S IZEMICRAICR 2 2 EERMICHE LT

ez,



22 WE O SRR WA - BB A
X 8

JRRMIIE, 1981, BMES I 2L —3 3 viC K HOKIR - % - ERBEOHE, KIENHFR, 25(2), 1543,

FRBFKIUER, 1971, BRBARMLOZREEIC DV TOWER, LHEERFEHIRYEEFRY, 25, 2487,

P SR, HEPE—, NTAR, JEOERK, 2000, AR T — 5 2 - L HBARREOHE, BEKR, 56, 261—
273.

KBPEZ, BUFEKRER, AL, HER SRE—, 1998, JtEEMF i BT 5 BokEiToBRBRIERE, BX
FokELsk [EXK], 60(3), 225231,

NHESE, 1956, 1/5 FRVEBINE [#CH | WETEARR, 76

Penman, H. L., 1948. Natural evaporation from open water, bare soil and grass, Proc. Roy. Soc. London, Ser.
A, 193, 120—145.

Urano, S., 1987. Runoff characteristics in the Lake Toya basin, Hokkaido, Journal of the Graduate School of
Enuvi. Sci. Hokkaido University, 10(2), 313—323.

WEHME—, 1987, FMMOEMANZ, ACHEERFHERYHELTRRE, 49, 241-249.

WWnAZE), REEZM, BRFE, 1980, WH{IBERICRIZTL BHRINEANRE, BAMTKESEE 22(3),
1—14.

IR, B, OHEED, THEZMH, 1973, FFkil, duiEERF K&, 254 pp.



