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Flash Flood along the Nakagawa River Basin Caused by Torrential Rainfall
on August 26 to 31, 1998

By
Kazurou NAKANE

Continental Hydrology LaboratoryAtmospheric and Hydrospheric Science Division
National Research Institute for Earth Science and Disaster Prevedapan

Abstract

Japars weather in the summer of 1998 was quite unusual. An anticyclone above the
Ohotsuku Sea to the northeast of Hokkaido was very strong, and an anticyclone above
the Pacific Ocean south of Japan was very weak. These conditions caused a Baiu
front to occur over a long period extending from the Hokuriku District to the Tohoku
District. Accordingly, the end of the rainy season in this region was not officially
announced in 1998, another unusual occurrence. Under such conditions, Typhoon
No.4 occurred on August 25 in the sea to the south of Japan. The typhoon changed
course to the north on August 27, and approached Japan. With the typhoon moving
northwards, high-temperatures and a humid air mass above the warm sea to the south of
Japan flowed into the Kanto District over a long period, and the Baiu front stagnating in
the north of the Kanto District became active. Therefore, heavy rain fell intermittently
from the morning of August 26 to the evening of 30, which caused a severe flood
disaster in the Nakagawa River basin. Specifically, record-breaking severe rain fell
locally. The maximum hourly amount of which was 90mm to 100mm was pouring
down over the upstream area of the Nakagawa River basin, where the rainfall amount for
a single 3-hour period peaked at between 200mm to 280mm. The rainfall generated an
enormous flash flood, causing 6 fatalities and 50 houses along the river were washed
away or destroyed. In this paper, the correlation between heavy rainfall and water
levels at some stations in the Nakagawa River basin was analyzed and flash flood
simulation was carried out using the Tank Model. The storm runoff situation caused by
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the prolonged heavy rainfall is also described. As a result, the following facts became data from the Local Meteorological Observatory of the ex-Meteorology Agency, the ex-
clear. Ministry of Construction, the Prefectural Construction Office, etc., with fairly good
(1) The time change of the moving average rainfall became similar to the hydrograph at results. It was shown that the on-line system of high-density rainfall observation

each station when the period of the moving average rainfall in each catchment basin was combining different organizations is necessary for flood simulation in small and

appropriate.

(2) The infiltration rate to the amount of rain water was very small in the each basin of
the Nittahashi station in the Kurokawa River, the Kutsukake station in the Yosasagawa
River and the Kuroiso station in the Nakagawa River. The largest calculated run-off rate
became 22mm/h, while the maximum hourly average rainfall in the Kurokawa River
basin and the Yosasa River basin was 45mm to 48mm. The total run-off rate in a 7 day
period was calculated to be 94% to 97% of the total rainfall amount in these basins.
(3) Most of the rain water in the each basin of the Ohtawara station in the Kumagawa
River, the Ohtawara station in the Sabigawa River and the Yuzugami station in the
Hokigawa River, all of which are located in the middle section of the Nakagawa River
basin and include an alluvial fan covered with a deep sand gravel layer, flowed into the
ground in the central alluvial fan and into springs in the lower section. The largest run-
off rate of the each basin was 8mm/h in the Kumagawa River, 12mm/h in the Sabigawa
River and 14mm/h in the Hokigawa River, respectively, while the maximum hourly
average rainfall amount in these basins was between 47mm/h to 59mm/h. The total run-
off rate in a 7 day period to the total rainfall amount in these basins was calculated to be
58 % in the Kumagawa River basin, 73 % in the Sabigawa River basin and 76% in the
Hokigawa River basin, respectively.

(4) The parameters of the Tank Model at the Koguchi station, the Noguchi station and the
Suifubashi station in the middle and lower sections of the Nakagawa River basin
respectively were reflected from the run-off characteristics of the geology covering the
upper and middle sections of the basin, where loam, sand gravel or unconsolidation
pyroclastic layers pile up deeply above the geological base having minimal permeability.
The largest calculated run-off rate at the Koguchi station in the middle section of the
Nakagawa River basin was 11mm/h, while the maximum hourly average rainfall in the
basin was 32mm/h. At the Noguchi station and the Suifubashi station in the lower
section of the basin, the largest calculated run-off rates were 6.7mm/h and 5.3mm/h, with
the maximum hourly average rainfall in these basins being 25mm/h and 20mm/h,
respectively. The total run-off rate in a 7 day period to total rainfall amount in these
basins was calculated to be 77 % at the Koguchi station, 63 % at the Noguchi station and
68% at the Suifubashi station, respectively.

The AMeDAS observation network with about 17km interval between the stations was

insufficient to monitor the such severe local rainfall. In this study, the water level at each
station was estimated using the Tank Model utilizing high-density observation rainfall

0380

medium-size rivers.

Key words: Flood disasters, Flash floods, Yosasagawa River, Tributary of the Nakagawa
River, Main stream of the Nakagawa River
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Fig. 1 Asia-Pacific Surface Weather map at 2100 JST Aug. 26, 1998 (source: Mito Local
Meteorological Observatory, 1998).
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Fig. 2 Route of Typhoon No.4 from 900 JST Aug. 25 to 900 JST Sep. 1, 1998 (source: Mito
Local Meteorological Observatory, 1998).
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Fig. 4 Bird's-eye view of the whole Nakagawa River basin, which was made from digital elevation data with 50m relSolution
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Photo 1 Kumagawa River on the alluvial fan near the Minowa District, Kuroiso City taken on SR

Nov. 12. 1998
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Fig. 5 Landform classification map over the Nakagawa River basin, which was edited from the
landform classification maps of the Economic Planning Agency (1972, 1973 and 1974).
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Photo 2 Return flow from the spring zone on the lower section of the alluvial fan near the
Hinokisawa Districil Kurohane Town (courtesy of the Tochigi Prefectural Office).
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Fig. 7 Geological surface layer column in the Nakagawa Rbasin, which was edited from
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Fig. 8 Bird's-eye views of the upper section, the middle section and the lower section of the
Nakagawa River basjmhich were made from digital elevation data with 50m resolution.
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Fig. 12 Hourly changes of river water levels in the upper section of the Nakagawa River basin.
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Fig. 13 Hourly rainfalls in the middle section of the Nakagwa River basin.
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Fig. 15 Hourly rainfalls in the middle and lower sections of the Nakagawa River basin.
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Fig. 16 Hourly changes of river water levels in the middle and lower sections of the
Nakagawa River basin.
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Fig. 18 Diagram of the simulation procedure for flood water levels.
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Table 3 Rainfall stations and their contribution coefficients and delay times for using flood run-
off simulations.
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Fig. 19 Distribution of water level and rainfall stations, which were used for flood simulations.
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Fig. 21 Tank Models for flood run-off simulations and functions representing the virtual
relation between river discharge and water level.
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Fig. 22 Results of flood run-off simulation using the Tank Model in the upper section of the

Nakagawa River basin with hourly averaged areal rainfall shown in the upper right hand
corner.
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Fig. 23 Ten-minute rainfall at the purification center in Nasu Town.
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Fig. 24 The time change of moving average rainfall amounts comparing observed river water
levels in the middle section of the Nakagawa River basin.
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of the Nakagawa River basin with hourly averaged areal rainfall shown in the
g7sd

Fig. 2601 Results of flood run-off simulation (1) using the Tank Model in the middle section
upper right hand corner.
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Fig. 2602 Results of flood run-off simulation (2) using the Tank Model in the middle section

of the Nakagawa River basin with hourly averaged areal rainfall shown in the
upper right hand corner.
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Fig. 27 The time change of moving average rainfall amounts comparing observed river water
levels in the lower section of the Nakagawa River basin.

0son

BRI EF O Hh = AR K FFHE e 2

e E® 2,181 km? SR 2,552 km”
120 |2 120f—2-03
0.03 0.02
80 (== 80—
60 201
0.005
20—
fo.03 0018
120 | 0.035 140 =
0.01 l0.0017
o] 0007 0] 0.0005
f0.002 0.0005
0.0001 0.0003

R U 7 RIBK AR E R HE
1. BEISHOME  Q=90.52X(H+1.73)
2. PBEIKFEEHE Q=39.8X (H+1.23)

028 gl oooooboobobobooooo

Fig. 28 Tank Models for flood run-off simulations and functions representing the virtual
relation between river discharge and water level in the lower section of the Nakagawa
River basin.
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Fig. 29 Results of flood run-off simulation using the Tank Model in the lower section of the
Nakagawa River basin with hourly averaged areal rainfall shown in the upper right hand
corner.
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Annex Fig. 1 Tank Model with four tanks arranging
verticaly and its parameters
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Annex Table 1 Calculation procedure for the Tank Model with four tanks arranging vertically.
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Annex Fig. 2
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Simulation result by the Tank Model showing filg. 21 at the Nitta-bashi
station in the Kurokawa River basin using AMEDAS data of Nasu station.
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Annex Fig. 3

oooooooooooooo
Simulation result by the Tank Model showing fig. 25 at the Ohtawara
station in the Sabigawa River basin using AMEDAS data of Nasu station.
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