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Hydrological Observations at the Forested Watershed
in the Headwater of the Kotsuki River in Southern Kyushu

Takashi JiTousono and Etsuro SHIMOKAWA
(Laboratory of Watershed Management and Fovest Products Technology)
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Fig. 2 Topography and geology of the experimental water-
shed.
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Table 1 Monthly precipitation and monthly runoff at Kooriyama watershed
Monthly precipitation (mm)

Year Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1983 79.0 135.0  347.0 397.0 343.5 663.5 309.5 217.0 459.0 92.5 30.0 41.0
1984 96.0 87.0 122.5 219.5 196.0 491.0 135.0 489.0 145.5 33.5 57.0 64.0
1985 52.0 240.0 293.0 123.5 315.5 352.5 282.0 270.5 204.5 109.0 118.0 87.5
1986  107.0 98.0 157.0 233.5 252.0 380.0 362.5 99.0 215.5 110.5 40.5 154.5
1987 107.0  120.5 325.0 277.0 384.5 200.5 612.0 461.5 149.0 304.5 147.5 42.0
1988 37.5 76.0 186.0 213.0 204.5 451.5 209.5 388.5 288.0 26.0 88.5 34.0
1989  191.5 236.0 178.5 90.5 274.5 289.5 520.5 144.0 424.0 30.5 31.5 46.0

Average 90.0 141.8 229.9 222.0 281.5 404.1 347.3 295.6 269.4 100.9 73.3 67.0

Monthly runoff (mm)

Year Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1983 14.1 37.5 230.1 377.1 231.4 644.9 330.9 45.5 354.4 41.5 8.4 4.1
1984 13.2 32.0 30.3 125.4 54.1 405.5 85.6  356.7 60.4 11.7 22.4 17.8
1985 14.7 78.8  235.3 8.0 203.6 262.6 302.9 91.2 89.0 46.8 15.3 15.6
1986 64.6 38.5 57.1 154.6 138.7 275.6 347.0 16.4 71.8 10.7 1.5 24.0
1987 41.2 52.8 226.5 189.9 330.1 118.7 517.5 361.0 39.7  142.3 86.6 9.0
1988 7.8 19.3 58.9 124.2 126.2 318.1 136.2 282.9 160.5 21.0 14.1 5.8
1989 36.6 163.2 85.7 37.1 214.7 154.9 555.8 99.3  392.8 25.0 8.3 3.9

>

11.

(92]

Average 27.5 60.3 132.0 156.2 185.5 311.5 325.1 179.0 166.9 42.7 22.
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Fig. 4 Relationship between annual precipitation and annual
runoff.

Table 2 Annual precipitation, runoff and loss at

Kooriyama watershed (mm)
Year Precipitation Runoff Loss
1983 3114.0 2319.9 794.1
1984 2096.0 1215.0 381.0
1985 2448.0 1440.8 1007.2
1986 2210.0 1200.5 1009.5
1987 3131.0 2115.2 1015.8
1988 2203.0 1275.2 927.8
1989 2457.0 1777 .4 679.6

(=2

Average 2522.7 1620. 902.1
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Fig. 5 Fluctuation of monthly ratio of runoff.
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Fig. 6 Direct runoff and recession coefficient in
flood hydrograph.
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Cs, Ci, Cor: Recession coefficient.
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Fig. 7 Relationship between total rainfall and direct runoff.
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Fig. 9 Relationship between total rainfall and ratio of direct runoff.
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Fig. 11 Relationship between recession coefficient of groundwater
runoff and discharge at the end of direct runoff.
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Fig. 12 Hydrograph of daily runoff.
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Fig. 13 Depth-and flow-duration curves.
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Fig. 14 Relationships between annual precipitation and uncontrolled-
and controlled-runoff
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Fig. 15 Relationships between K¢ and Rye, and

between Rgpr and Ryp.

Rye: Ratio of uncontrolled runoff to
annual runoff, 9.

R¢o: Ratio of controlled runoff to annual
runoff, 9.

Ryp: Ratio of uncontrolled runoff to
annual precipitation, %.

R¢pr : Ratio of controlled runoff to annual
precipitation, %.
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Summary

At a forested watershed established in the headwater of the Kotsuki-river running through Kagoshima-
shi, some runoff-characteristics were clarified by the analyses of the hydrologic data obtained during the
period from 1983 to 1989. The results are summarized as follows:

1) The annual precipitation, runoff and loss at this experimental watershed obtained respectively during
the above mentioned period are shown in Table 2. The average values of them during these seven years are
2522.7 mm, 1620.6 mm and 902.1 mm, respectively. Providing that the amount of loss is equal to the amount
of evapotranspiration, the annual evapotranspiration is about 900 mm at the experimental watershed.

2) The annual ratios of runoff during the seven years were within the range of 54 - 75 %, being about
63 % in the average.

3) To get a quantitative understanding of the runoff-characteristics observable at the experimental
watershed, some hydrologic factors of the short-term-runoff were researched. Some relationships between the
characteristics of direct runoff and the total rainfall were examined. A positive correlationship of highly
significant level was noted between the total storm rainfall and the direct runoff. The direct runoff increased

exponentially with the increase in the amount of the total rainfall (Fig.7). This relationship was brought
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forth due to the discharge happening at the time of rising, namely, to the initial discharge representing the
index of the moisture-conditions at the watershed. Hence the assumption that in the case when the storms
contained the same amounts of rainfall, the direct runoff increased with the initial discharge (Fig.8).

4) The ratios of direct runoff were within the value-range from 0.8 % to66.3 %, being 12.0 % in the
mean value. The ratio of direct runoff increased with the increasings both in the total storm rainfall and in
the rainfall intensity, reaching constant at the time when a specific value was obtained (Fig.9) .

5) The durations of direct runoff were within the range of 5.2 - 64.5 hours, being 20.8 hours in the
mean value. A positive correlationship was noted between the total storm rainfall and the duration of the
direct runoff. The duration of direct runoff increased with the increase in the amount of rainfall.

6) On logarithmic graph-paper a positive correlationship of highly significant level was noted between
the peak-discharge and the rainfall-intensity (Fig.10). This relationship was dependent upon the moisture-
conditions at the watershed.

7) Some characteristics of the recession period on the hydrograph were examined. The groundwater
recession-constants were noted to be within the value-ranges from 0.004 hr™' to 0.033 hr!, being 0.021 hr*
in the mean value. The groundwater recession-constants changed with the change of seasons, namely, (0.023
hr~! during the summer months and 0.019 hr~! during the winter months. It was assumed that these changes
were caused by the seasonal changes of the evapotranspiration at the watershed.

8) Some characteristics of the long-term-runoff at the experimental watershed were examined. The
hydrograph of the daily runoff during the seven years is shown in Fig.12. Due to the smallness of the
watershed the daily runoff responded immediately to the daily rainfall.

9) Some factors of flow-regime at the experimental watershed were researched, using the depth- and

flow-duration-curves obtained during these seven years (Table 3).



