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Rain Characteristics in Higashiyvama Watershed Area

Kunihiko Nisuio* and Yasuhiro SHuin**

I. Introduction

In comparing runoff to rainfall on mountainous areas, the accuracy of rainfall data is
usually inferior to that of runoff. This is because a rain gauge measures rainfall at a certain
spot only, making it difficult to determine areal rainfall.

The amount of rainfall changes according to topographical and meteorological condi-
tions. It is said that it is related closely with elevation.

In this study the accuracy of rainfall data, measured at a representative rain station, is
examined using data from the high density network composed of thirteen observation
stations in Higashiyama Watershed, Tokyo University Forest in Aichi.

This data was observed by two technicians, Mr. Kazuo Hayashi (obs. 1930-1938) and
Tome Nakagawa (obs. 1930-1947). This work must have required great effort, considering
the number of gauging stations and the time taken. The experiment was suspended soon
after the World War II due to the theft of the rain gauges.

II. Data for Analysis

Higasiyama watershed was established in 1923 as an experimental field for forest
hydrology in the Tokyo University Forest located at Seto City, Aichi Prefecture, in the
central Japan. It has 106.70 hectares. The river system belongs to the Syohnaigawa and
Mizunogawa, and climatology to a warm temperate zone.

Altitude from sea level is 347-617 m. The soil of the area is composed of deeply
weathered granite. The general situation of Higasiyama watershed is shown in Table one.

Vegetation is naturally regenerated

Table 1. Several Elements of Higashiyama forest including Japanese red pines. Pine

Watershed trees are especially eugenic on the ridge.
The bare land is said to have occupied more
area (ha) 106.70 than ten per cent of the area along the ridge
altitude (m) 347-617 at the time that the observation started.
drainage g?ns‘tz (/km) 22'37 The experiments were carried out from
mean gradient (*) : 1932 to 1947 with thirteen rain gauging
annual precipitation (mm) 1825 . . .
stations. The rain gauging network was
annual runoff (mm) 1000
runcff ratio (%) 54.0 f:ompqsed of seven syphon type self record-
air temperature (°) 13 ing rain gauges and six storage type ones.
humidity (%) 80 Syphon type rain gauges are structually
evaporation (mm/day) 1.8 similar to those of storage type, but have a
bare land area (%) 7.1 (1965) float in the storage tank, so these two types
4.6 (1976)  of gauge can be regarded to be mechanically
\ 24 (1989)  the same and must have been very accurate.
forest stand volume (m"/ha) 122(1) Eigg‘;; But no record was made of which type of
145.3 (1990) gauge was used in which location.

The volume of rainfall were measured
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every four or five days.

The map of Higashivama Watershed and Rain Gauging Stations One to Thirteen is
shown in Figure one.

Rain Station One is situated near the runoff gauging station and its data has repre-
sented the Higashiyama Watershed until now. Stations from Two to Four and from Eight
to Thirteen are located on the ridge of the boundary-line of the Watershed and Stations
from Five to Seven are located on small ridges in the centre of the area. Station Ten is on
the bare land.

Each Station was set up carefully to avoid interference from big trees and topograph-
ical obstructions. The rain gauges were said to have no errors except those caused by the
influence of the wind.

III. Results

Observed data from 1932 to 1947 was condensed into average monthly volume for
each Station, and is shown in Table two.

AREAL RAINFALL OF THE WATERSHED: The most probable value of the AREAL
RAINFALL was calculated by way of the arithmetic mean of the data of all the Stations,
and is shown in Table two as “mean”. Thiesen method was also tried and the results have
no differences.

For each Rain Station, the ratois of annual and monthly rainfall values against those of
Rain Station One were calculated. From this, the mean value and standard deviation for
each was obtained and is shown in Table two.

The standard deviation M of the AREAL RAINFALL is calculated from that of each
monthly rainfall m;, as follows.
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Fig. 2. Fluctuation of annual rainfall ratio.
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Fig. 4. Relationship between altitude and rainfall.

M= —11—3-(m12+m22+ R +m132)1/2

and is obtained as M=0.020

This means that when rainfall of Station One equalls to 1.000, the AERIAL RAINFALL
calculated from the data of all Stations is 0.948 and its standard deviation is 0.020.

FLUCTUATION OF RAINFALL: Figure two shows the fluctuation of rainfall. This
figure indicates that fluctuation of annual rainfall ratio in each observation point for annual
AREAL RAINFALL. From this figure, we can lead to the following: fluctuation of rainfall
in each station with regard to the volume has no change through the all duration of
observation. Figure three shows the scatter with rainfall data in each point. In this figure,
mean monthly rainfall of the horizontal axis is the areal monthly rainfall through all
duration (from 1932 to 1947), and the vartical axis is the standard deviation. This figure
indicates that the standard deviation correlates closely with mean monthly rainfall. The
inclination of regression line is 0.06, and a correlation coefficient is 0.92. The inclination of
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Fig. 5. Fluctuation of monthly rainfall.

this line means the scatter with rainfall data in each point. From this result, the scatter
with rainfall data in each observation point is a certain fixed value through all duration.

RAINFALL DISTRIBUTION: The ratio of the annual rainfall values of each Station for
the AREAL RAINFALL indicates the rain distribution in the watershed, and as shown in
Figure one. In this figure, isohyet values are not absolute values, but ratios against the
average volume. In the west part on the ridge of the basin, rain falls less than mean volume.
At Station One, which is important for representing the watershed, and on the east part rain
falls more than mean volume. The relationship between annual rainfall and the altitude of
each Station is disrelated here, and shown in Fugure four.

The steady tendency for rainfall to decrease from north west to south east as is shown
in Figure five does not change with the seasons. The cause of this tendency is difficult to
determine but it may be caused by prevailing wind direction throughout the year.

REPRESENTATIVITY OF NO. 1: As mentioned above, data of Station One has long
been used to represent the whole of Higashiyama Watershed, but has continually indicated
5.5 per cent more than the AREAL RAINFALL volume. The rainfall ratio of the AREAL
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RAINFALL to Station One is 0.948 and its standard deviation is 0.040. Therefore,
random error=0.027
mean error=0.032
and the probabilities are,
95% on 0.870<AR<1.026
99% on 0.845<AR<1.051
AR: areal rainfall

IV. Summary

At Higashiyama Watershed high density rain gauging stations were set up and the
observation was carried out from 1932 to 1947. In this study the quantity of rainfall
measured at a representative gauging station was compared to the areal rainfall of the
entire basin obtained from the data of thirteen stations. Though this watershed is small,
there is a clear relationship between each station and a distribution map has been obtained.
The result is that the volume of the areal rainfall is 0.948 times that of the representative
station and its standard deviation is 0.040 when the volume of the representative value is
1.000.
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