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Abstract

The authors developed an analytical method for monthly water balance on
the lines of Sugawara’s method for daily runoff analysis. It is generally
applicable to river basins in Japan.

The method consists of four sub-models to estimate monthly precipitation,
waler equivalent depths of sonwmelt and snowpack, and evapotranspiration of
catchment and runoff, using meteorological and hydrological data.

The monthly precipitation of catchment is calculated by multiplying the
mean monthly data with an equal weight observed at a few Lo five stations in the
catchment by two extra coefficients, CM and CP. CM represents an extra
coefficient mainly related to the decrease of snowfall catch. Therefore, the
monthly data in the snowfall season are multiplied by CM. CP represents an
extra coefficient mainly related to a synthetic weight by which the precipitation
data observed at selected stations are modified so as to correspond to the spatial
distribution of precipitation over a catchment area. Then, all monthly data are
multiplied by CP.

The monthly water equivalent depths of snowmelt and snowpack of
catchment are calculated through a snowmelt model which represents the
relation between the monthly snowmell ratio and the mean monthly thempera-
ture corresponding to the mean altitude of the calchment.

The monthly evapotranspiration of catchment is estimated with the
observed data measured by small evaporation pans multiplied by 0.65.
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The monthly runoff is calculated by tank model with three steps.

The optimum model structure for each river basin is evaluated by CRE
value of mean square of the deviations of calculated runoffs from observed ones.

Based on this method, they analysed optimum model structures for 187
catchments of 97 main river systems in Japan. The main results obtained are as
follows :

(1) Judging from the ratio of the cases with CRE less than 0.40 reached to 60%
for analysed 187 catchments in spite of disturbed runoff data due to various
water uses and controls, this developed analvtical method for monthly
water balance can be regarded as generally applicable to the rivers in
Japan.

(2) CM extends its value from 1.0 to 3.0 according to the coldness of a
catchment in each month and geographical location. CM values of the
catchments in Hokkaido and Tohoku Districts are extremely larger than
those of the other districts.

(3) Most CP values range within 1.0 to 1.2 and show a slight tendency of
increasing according to the altitude of catchment.

{(4) The monthly snowmelt ratios of catchment can be calculated from a simple
linear function with a wvariable of the monthly mean temperature of
catchment. However, since they give very sensitive effects on runoff
analysis, the datum temperature observation station and its data modifica-
tion have to be decided delibarately.

(3) The tank models analysed for 187 catchments are classified into five
categories, I to V, according to their water holding capacity. The models
classified as I and II, having larger water holding capacity, generally
distribute over the areas mainly covered by Quaternary volcanic ejecta, and
IV and V, having smaller capacity, distribute over the areas covered by
granitic rocks and Paleozoic and the Mesozoic systems. Accordingly, the
classified runoff models fairly reflect the geological conditions in the
catchment, in other words, the runoff characteristics and structures of a
river have a close relationship to the geological conditions in its catchment
area.
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[ 1.25 1.10 1.38 716 | 238 0.33
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Table.6 Number of monthly runoff model classified to each category in each

district

i 1#) 1% TI# TVE Vel | & E

et

&R (%)

b # E| 729 | 9 (38 3013 | 2(7) 3 (13) | 24(100)
® ] 2 (8) 2 (8) |12 (50) 4 (17) 4 (17) 24(100)
it F£| 8 (57) 2 (14) 3 (21 1(8) 0(0) 14(100)
i #| 6 (32 3 (16) 8 (42) 2 (10) 0¢0) 19(110)
i B} o2 (1) ' 9 (50) 3 (Q17) 2 (11) 2 (11) 18(100)
AT #2100 315 | 525 | 4 (200 | 6 (30) | 20(100)
h 0 (o) | 3 (18 7 (41) | 4 (23) | 3 (18) 17(105)
s E| 0C0) 2 (13) 5 (33) 8 (54) 0(0) 15(100)
L 110 (31) |12 (38) | 6 (19) | 2 (6) | 2 (6) | 32(100)
. 37 (20) |45 (25) |52 (28) |29 (16) |20 (11)J' 183(100)
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