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SNOW ACCUMULATION, MELTING AND RUNOFF
ANALYSES IN THE NORTHERN AND THE
WHOLE AREAS OF LAKE BIWA WATERSHED

By Shuichi IKEBUCHI, Seizo TAKEBAYASHI
and Mitsuhide TOMOMURA

Synopsis

The aim of this study is to apply the snow accumulation, melting and runoff models
proposed in the previous papers to the Ohura and the Takatoki Rivers located at the northern
part of Lake Biwa watershed, in the year 1985 and to improve their models. Those models are
mainly improved in the melting process by the radiation and the temperature factors and the
set up of liquid water holding capacity. Their results applied to both river basins wave good
agreement between the calculated and observed time series of the snowpack depth and the river
discharge. And then the simplified form into the daily Iump of those models is applied to the
whole area of Lake Biwa watershed. The result shows good reproduction in the water level of
Lake Biwa.

1. & L » K

BEHOKBERBREORE,T, BEBLIUZOMERHBREZ B MAMO ERICKREFELTS
D, MERHBEORIALZDEF LR, FROKBREEEZEN, BIIC b —4 VISEBCIEE LR
AKEBEETS A TEERIETH S, LT AT, FIHTY bR /c XS, BEEMRRIIBEES
BéHFETh, XBICOERN, MSHEL 220, MSHETROBERN LICRES - 8T - KlBELE
ALt BETEBRTE 227V EBRL, BEEFORBR 5 —VvTERICIE Ul Y 2 7 A ZB5T 544
BEdHbo

I U@aD 5, EFZSEHH, M8 THS - BE - RHERD =7 ts L URR~OBA F ik
ERE LT &, T0b5, EEWILHBAMIKETHANESR - AEREERL, BN —2%2F]
FUTKS « BT - BROEF b2 RP -7, COEFALR, KR, KB HHEOLELA VS y
FF-2 &L, DEE (BRSTAELRANSSELAFT, DUTSSER), $TE (BRSSELILA D 559E5
BET, UF5ER 550 MEROHEKER 7 v PHISTEX 3RAROEVEFLTH 5 C & osHH
82, BEE BISABUETHREIN TR/,

ARRTR, X ORAEFVOREMNSBNDOER LR 575, HRISHEIZH D 5604 4 BOHE L
T, 604E%), EEUMFERTORSTEHETHLER)IFBTLRAROBREEREL, =7 v OREHLE
BhsiEbic, REHMAKRICERT 2HBAEEEF ML, S SOIREBWANOBERT M —2 V&
HTDEFNVORIEERATCDTHET %0



174 TABRREFESR 205 B-2 ME6L. 4 (1986)
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Fig. 1 Map of Takatoki River basin and location of observation stations.
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Fig. 4 Variation of snow depth at station points in the northern part of Lake
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Fig. 7 Observed and calculated snow depths in the Ohura River basin, at 1985
(by the previous model).
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at 1985 (by the previous model).
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Fig. 9 Observed and calculated snow depth in the Takatoki River basin, at 1985
(by the previous model).
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Table 1 Contents of modification from the previous

model to the improved one.
case contents of modification ER

1 | no modification 1. 0614

2 | BDHF=1.5 1. 1029

3 | BDHF=2.0 1. 2367

0-4%% T % 2 & B % 4 | WHC: by eq. (3.2) 1. 0838

age of snow surface (days) e R

Fig. 11 Time variation in albedo of a 5| WHC: Of 01 (constant) 1. 0791

snow surface, 6 | PC=(30/30+DP) 1. 1629

7 | PC=(10/10+DP) 1. 0062

4 HREFIOERBREER 8 | at rainfall : PC=1 1. 6371

BREFAEEIIHHICEN L #RE | HTI=HRAD+HTEM b sass

Fig. 13 ok, WA ICE L CRIBADBILEE CT=03 o
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NTNSWC ED B b bR ok | 704

BRCHEEORESS ), MI0HA, Mk | HTI=HRAD+HTEM 0. 8569
CT=0.5

BEEAEOL 45& L, [ERKKI Fig. 14 1
T AREFROBFREZOTETAVTAB LY

WHC : by eq. (3.2)
PC: 10/(10+DP)

BEMRESATHB, T, BMEFVELTR 2. e PC—0.8 1. 8408
KNP L AL Fig. 16 05 v 7 270 2R ;;gﬁDﬁwéﬁy%ma-mmrT
T3, 2805 3 ARIEOHKSP0B/N, 3 | T -
B D 4 AR UBHODBRE TR, 3| miaion @ e B 1. 8386
e v (Fig 10) & s 3 & KB/ aEbs WHC: b 32 -
5Nz, ALBREFAEKRBNIOS, 50, 60 Pc;mA%Taﬁ)
FRICER LR TR, DEEDSSEFDOMA 14| at rainfall : PC=0.8 (CT=0.4) 0- 9527
HREEEFVERIZFARET, 2EETH-T HTI=HRAD+HTEM
SO4EEE 13 3 A i~ 4 B LEIOME TN 54K in addition to case 14,
B COBARDIIBICKES Nrco 60 1> | WHC=0.01 (constant)

KDNTH 2§ OBMBTHIOMADEES NI, | WHC: 0.01 (constant)

1Bl 7 v OBAEMRELL, BREFV 16 | TC+ 10/00+DP) 0. 7616
GBI E 5 - oo at rainfall : PC=0.5 (DP>25cm)

Table 2 [3604EEHIC DOV THEEF L Q)RE HTI=HRAD+HTEM (CT=0.4) |
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Fig. 12 Snowmelt water reaching the ground surface observed lysimeter set up at
the Nakanokawachi base camp.
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Fig. 15 Parameters of Tank model.
Table 2 Comparison between the snow melt values calculated by the previous and
improved models.
. snowmelt by snowmelt by HRAD/HTI
date basin previous model (1) | improved model (2) WA |y improved model
Jan. 12, Ooura R. 0.34 1.68 0- 20 0.21
1985 Takatoki R. 0. 62 1. 83 0.34 0-23
Jan. 20, Ooura R. 0.35 2.17 0.16 0.12
1985 Takatoki R. 0.30 1-45 0.21 0.21
Feb. 7, Ooura R. 3. 46 3.95 0.88 0. 16
1985 Takatoki R. 1.82 3.14 0.58 0.17
Mar. 28, Ooura R. { 8.39 5.17 1.62 0. 16
1985 Takatori R. 1 9.39 5. 88 1.60 0.16
5 BEHREAOHEA
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Fig. 16 Division into 7 blocks of Lake Biwa watershed.
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Table 3 Average elevation and area size for belt zones in the divided 7 blocks.

average elevation (m) area size (km?)

No. | name of block key station

| : 1|z | s 1 2 3 | total
1 | Koto B. Hikone 100 | 18 | 570 | 428 | 416 418 | 1262
2 | Yasugawa B. Ootsu 140 220 | 430 138 118 . 131 387
3 Konan B. Ootsu 90 130 , 290 72 8 . 69 223
4 | Kosci B. Imazu 10 | 260 = 55 57 57 0 57 | 17
5 ! Adogawa B. Imazu 240 500 705 104 107 | 104 315
6 . Kohoku B. Imazu 118 235 465 162 138 % 145 445
7 ‘ Anegawa B, | Torahime 120 450 730 121 123 ;123 367
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WA THE Lo
T'y="To— Bx{(h— ho)/100} - e (11)
czic, Tw 85 A(m) HEOKE, To; EE 4lm) #Hi8 @R OKE, B; KERE (0.6°C/100
m), Thb,
BB IC OO T HRBICRR TEIHOEERE LT,
Pr=Pot{l+ @r(fi— frg)} =everereerrmessisiiininniiniias i s a2
T T, P B A(m) HiSOREKE (mm), Po; 5 Ao (m) #EAORKER (mm), «; Bk (0.0009
1/m) ThH 3,
HHEERICOWTR, BREEZRESEAFROBTRAL, KRXEFVTESRICER L,
128 : RAD=3.107+0. 959%SSD
1 : RAD=3.336+1.081xSSD
28 : RAD=3.7T474+1.360%5SD | seveeseeseeeuesininnininiiiiii 13)
3H : RAD=4.296+1.602xSSD
48 : RAD=5.062+1. 740xSSD

Table 4 Parameters of Tank model for each block area.

Bio;k T First tank Second tank Third tank ! Fourth tank

AAl 0.2000 | BA | 0.0600 | CA | 0.0400 | DA  0.0010

Konan Block AB | 0.1500 | BZ | 0.1000 | CZ | 0.0600
AC | 0. 1000
AZ l 0. 2000
| AA | 01751 | BA | 0.0600 | CA | 0.0021 | DA | 0.0010
Yasugawa Block AB I 01998 BZ 0.1041 Cz 0. 0034
AC 0. 0999
AZ | 0.1786

AA | 02000 | BA . 00600 | CA | 0.0400 | DA | 0.0010

AB | 0.1500 | BZ |, 0.1000 | CZ 0. 0600
AC | 01000
AZ | 0.2000

Koto Block

AA | 0.2000 | BA | 0.0400 | CA | 0.0300 }DA 0. 0010
AB | 0.1700 | BZ | 0.0700 | CZ | 0.0400 |

. AC | 0.0800 ,
AZ | 02000 |

Anegawa Block

AA | 0.2000 | BA | 0.0600 | CA | 0.0400 | DA | 0.0010

AB | 0.1500 | BZ | 0.1000 | CZ | 0.0600
AC | 0.1000
AZ | 0.2000

Kohoku Block

AA | 0.2000 | BA  0.0400 | CA | 0.0400 | DA ‘ 0. 0010
AB | 0.1700 | BZ  0.0800 | CZ | 0.0600

AC | 0.0800 ‘

AZ | 0.2300 !

Adogawa Block

AA | 0.2000 | BA | 0.0600 | CA | 0.0400 | DA , 0.0010
Kosei Block AB 0. 1500 BZ 0. 1000 CZ 0. 0600
AC | 0.1000 ‘

AZ | 0.2000
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(STARﬂ

READ

average temperature,

meteological
data(7 blocks)

DO AREA=1,7

daily precipitation &
sunlight time at Torahime,
Hikone, Imazu & Qotsu

YOSOkKU

estimation of
meteological
data at other
points from

ones at Hikone

DO BELT=1,3
DO N=1,K0SU

from Dec.1 to Apr.30

MELTIN

lapse rate of

modification
with elevation
(temperature,
precipitation)

temperature=0.6 ¢/100m
increase rate of
precipitation=0,0009 1/m

MELT

calculation of

snowmelt(previous
& improved models)

[ —{ CONTINUE

AVE

areal average
of snowmelt +
rainfell

average weighted by
area size between
belt zones

TANKDL

runoff calculation

by tank model

’ CONTINUE

EVE

calculation of

lake evaporation
i

SYUSI

calculation of
water balance
& wat%r level

QUTPUT

print out

Fig. 17 Flow chart of calculation of water level at Lake Biwa.
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zTic, RAD; Hutg (M//m?), SSD; BIEESE (hrs), THB, BB, ThOIREREMOTEED
MERBEEEZBINIDYTH S, BRNTHRETIOTHREEFNTIE BDHF=19, HREFNVTHR
CT=5 %25Z T3, '

@) WwhieFL

B0y OFREFALELTE, BEENRAKEETHIARRESN TS Table 4 [RT 4 V7 €5
WEZOEFERO,

3 FEEBKMOFHE

Q70T AL=Q1+Q2+Q3+Q4+Q5+Q6+Q7+RBIWA

S=QTOTAL—QARAI-QUJI—QKYOTO .

DELTA=S/A—E

Hy=H; \+DELTA J
TZig, QTOTAL; Wi G, Q~Q7; £7 vy /HhoOWAR, RBIWA : MEKKE (REBNAE
D), S; BEMOKFHRE(L, QARAL; WEHRHE, QU/I; FHREIUKER, QXYOTO;
KEBUKE, DELTA; BUKEIZALR, 4; B/KEH (680km?), £ ; MR, & HOWKA (ER18
), TH53,

128, WEERRICOVTREEE, BRHMT W B 2BEMEDY THEM, CITREDHA
THERICL 2 AEOERBOHEEEY ICERO HHBOTEMEE YHOHHFROFEDLERE U THE
L7z, T78bb,

E12=2.63xRAD/6. 6
E=2.37xRAD/6.9
Ez=1.92kRAD/8.9 Yerresseresssuuersiiioimiiieiiiiisineinnistnniiessnsmnosiaansonasstsosisiese (15)
Es=1.38%xRAD/12.5
E,=0.37%xRAD/15.0
ZZic, 2.63, 2.37, 1.92, 1.38, 0.37; HHEMICL 312 ~4 A OMEZERE (mm/day), R4D; ZiRH
S (M//m?), 6.6, 6.9, 89, 12.5, 15.0; ERDI2A~ 4 HOBHFEOEHME (M//m?), ThH 5.
P EDOARBREFNVOHE S v ) 5 0% 70 —RTRUASDH Fig 17 TH 5,

52 £EBEFIOBRER

LW E T L BRIERE D H60EF DIMERIC b » THEIZE 05 4 A TORSE - MEHICEM L
72, Table 5 MMM EEEUKMOBR (HHEEE) THIODTH2, TLIC, HERESOR /A
DRFDEARKEL Hovsld) EFHEKEL Healld) DERRTHELONE D TH %0

-.................(14)

Y sesrssiesanesen
/

Y
SD:1/%.-21{1”"“(1')711“1({»2 e es et snasre e ersresesene s nsesesenencesinsenasssnnenss (16)

19ERID T IREB T F VO L HEEREL 8.3em & 2.0cm A& ->T 5B, HREFVOEE
WENBEETFNIDREL L - TOBDIIMERIALS, 47, 48, 53, 60FE L, DBHERLEL, 4 DEFNVD
WROLZATHRRGRES—H LTS,

%7, HEFLEDS 40 AEGHICGEBAENERTC M0, COERELTIE, 1) 4BokidE
CALCERHETH 0K, BRICHLTHESICE 35 BAMmEE 0.0000l/m &Lkcd, 2) &
BOWRICE BBNEOROHB TRERBEND BOREZNEZERLTHENT E, BEZSNE, £C
T, THhoDORMBICHRT 570, BTFOLSIKEil, 1) KDVTR, EHHOKRE:21°C M,
BROUNSE) AL &, BRIUKL, BABMRIZI0ET S, 2) KOVTR, 70y s%
HEOREKRS 0L E, 207 8 v/ DZOHBEICIZBOROCIRERHE LA EEZ, BKBIC3E
KEE, EMKHICROXOERBELLEZ, BE0HsHEOHREIEKESTARTELAL THRbES
NANDA YTy b ET B, TTIC, HWIRERREE UTREBROEMICOI 2 BRAROFEEREICT VKR
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Table 5 Summary for the comparison between the observed and calculated
water levels at Lake Biwa, by the previous and the improved models.

Year previous model | improved model in;gtrig\elegf :;)ood“fl livl\;l;h
1967 14-3 5.3 5.2
1968 6.9 9.7 12.1
1969 4.4 2.9 4.3
1970 9.8 7.7 4.2
1971 14.0 10.8 2.8
1972 10.3 10.6 3.5
1973 6.6 10.5 10.8
1974 9.7 7.5 7.7
1975 10.5 7-6 8.3
1976 14.5 10.6 4.9
1977 13.5 12.9 6.1
1978 6.1 6.3 3.3
1979 22.9 10. 4 6.0
1980 8.8 4.8 5.3
1981 8.4 7.5 9.9
1982 12.8 7.6 3.8
1983 4.1 3.6 6.2
1984 10.6 10.3 11.3
1985 7.5 11.0 13.9
average 10. 3 83 6.8

BERUAM A2 1, 2, 3, 4AIRDVTENER, 0.8, 0.7, 0.8, 1.4, 2.0mm/day) ZHFHE
ERBOMEREEL, WORLARK ThEEROEHROTEEE LD BHBOVSEDOLERL S

HTHEA .

BRARBEISHHO Table 5 OREBMICTRINTH 5, H2 MOBREF VL DBERESRE(L ST
WEERLH LY, FTAS EEREEED 6.8cm E1E-TEY, EFVORBREEDOHTEREMR TR

= s 8.3
LCM) L \= o (<10°m>)
< b - ;S -
o 80 water equivalent =™y s Ve
s 1 4
- X obseryed e vy i
= 60| ~--calculated v —e {20
- water level kY / -
© ees Obseryed ' / s
= 40 —calculated et / 139
: 5
~_20F 0 AT e 140
<
I x
B T U T TN, AU
=
=
-20 |

1 3

Dec, (1981)

Fig. 18 Observed and calculated water levels at Lake Biwa,
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Feb.

31
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in 1982,
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(cm) \ N (108a3)
NN TN e T
i AVl Ve s "
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= 60 s 1%
- water equivalent ” s
© X obseryed . 135
— 40F  ...calculated &
g water level
% 59l ... obseryed {43
- — calculated f 2
I . °
R N mm——— [pintsol’ Alnteichieiieiaiieieb e
©
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Fig, 19 Observed and calculated water levels at Lake Biwa, in 1983,
(em) A ',/ x108n3)
o 80k 3 P B
= . i
) A /
- M\ 1
- \ i {2
x 60 \»‘\\ K -
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b water equivalent % / =
L \ 4 -
a0 X obseryed \ / 35
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b | water level \ / o
220 T obseryed ) \ ! g
“ — calculate Y K
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40 7
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Dec. (1983) (1984)
Fig. 20 Observed and calculated water levels at Lake Biwa, in 1984,
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BIRBETEZDDEEL TS,

Bigic, Table 4 OBRBMICRUIcE PV OBREEEEEN K OMRIELOBHRTS L7100, &

S AERIC OV THE/AKBROHEME, BEE ESICRRLIOM, Fig 18,19, 20, 21 TH 5, KB
DM B X U2 OEBREOHEHD & A TEENKSEICENEERERR T I 6DLEEL 5,
35 Liafige 7 oM, EEHMRREEIER3RA v ¥ a2 (9 1kmX1km) Z~X—2{T20484
oV 2 ICDEIL, AFEBIEREHE A vV aF—2 LT 2 EbEL, MERHEEESOMEPEREL
t2o ZOBAKRATRHELBEOYATATOTHOHELSA LN, EREKSAOKHEET 2EICE
OHRBEI/NE - 72DT, CCTREMBERE U, 272, T UkA v ¥ 22T VOBEBHERTIEER
HEEOBERMICRSEATICERESFEREA LTV DT, BNIKX > TRZOHEHEDL SAH T
SRS RbN DS,
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ol \ e 1
e \ x A
F e -
* 60 e 2+
z -, / c
- water equivalent \‘!,J i
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Fig. 21 Observed and calculated water levels at Lake Biwa, in 1985.
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