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HYDROLOGICAL STUDIES ON SMALL MOUNTAINOUS
DRAINAGE BASINS (V)

——Water Barance of Soil Moisture and Base Flow of Streams——

By Shuichi Esumi and Kazuo OKUNISHI

Synopsis

It had been suggested by the former reports that the base flow from the Takigatani
experimental basin in Tanakami mountain range originates from unsaturated soil moisture
in the hillslopes. In this report, the water balance of soil moisture in the hillslopes was
examined in more detail so as to elucidate its relation with the base flow.

First, the characteristics of the soil moisture in the hillslopes with different vegetative
cover was compared in qantitative terms. It turned out that diffusivity of soil moisture in
a bare-soil land in drying process was larger than that in a forest land. Further analysis
revealed that it is due to the fact that the top soil of the bare-soil land has much smaller
value of the capacity of soil moisture retention than that of the forest land whereas the
unsaturated permeability is larger in the forest land.

Next, the water balance of the soil moisture was examined for the point which seemed
to be representative of prevailing vegetative cover in a subbasin of the experimental basin,
according to the result of the observation of soil moisture profile and the soil moisture potential
at different depths. It was revealed that the recharge and the discharge of soil moisture occur
mainly at the top layer of the depth of about 1.5 meters. Both the surface gradient of
suction and that of soil moisture content indicated the existance of an uninterupted upward
flux of soil moisture except for the time of the infiltration of rain water. At the depths
greater than 1.5 meters, the soil moisture is almost in a steady state, where the flux is
oriented downward.

The calculated value of the volume of stream discharge based on the water balance of
the soil moisture was reasonably consistent with the observational value.
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Fig. 2 Long-term variation of soil moisture content (in percent of the dry weight) at the
forest land and at the bare-soil land,
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profile at the forest land and at
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Table 1. Estimation of the value of D (diffusivity) and d¢/df (reciprocal of the
parameter of retention capacity) through Eq. (3) for the period from
Jul. 14 to Jul. 30, 1969,

E(mm/d) 00/0z(1/cm) D(em?/d) k* d¢/do*
Forest land 1,42 0. 000 93 153 10 15.3

Bare-soil land 0.92 0. 000 17 541 1 541

* in an arbitrary unit
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Fig. 5 Time change in the suction of soil moisture at different depths of the location
C in Fig. 1. The discharge of the stream (top) and the rate of groundwater
seepage (bottom) are also shown.
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Fig. 6 The time change in the suction profile due to the rainfall on October
30th. The rate of groundwater seepage (broken line) and the dis-
charge of the stream (solid line) are also shown.
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Fig. 7 The same with Fig. 6 but for another period.
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Fig. 9 Comparison of the rate of groundwater seepage at the location D (curve C) with
the stream discharge (curve A) and the recharge of the groundwater in the sand
deposit from the hillslopes (curve B).
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Fig. 11 The hyetograph corresponding to Fig. 10. The timing of the observation of soil
moisture is shown with arrows.
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Table 2. The values of the volume of the stream discharge calculated with Eq.
(9) and observed at the point Na.

Period P AM E; Q(calculated) Q(observed)
Oct. 31—Nov. 2 0.0 —34.5 8.4 26.1 25.6
Nov. 2—Nov. 11 12.3 —135.7 _ 37.9 110. 1 83.3
Nov.11—Nov. 15 0.0 —17.6 16.9 0.7 30.0
Oct. 31—Nov. 15 12.3 —187.8 63.2 136.9 138.9
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