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Fig. 1 Asuwa River basin and the locations of hydrologic observatories.
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Table I River discharge data used in the study for the Asuwa River basin.

Peak Discharge 6 hours 2 days Rainfall No. of

Flood Period discharge before flood rainfall rainfall ratio rainfall

0 m?/s) (m%s) Rey(mm) Rog(mm) Rey/Rog stations
1979/9/28/0-0000 10/3/24:00 622 37 84 103 0.82 6
1981/6/30/0:0000 7/5/24:00 1117 65 73 163 0.45 4
1982/7/30/0:0000 8/4/24:00 676 18 42 136 0.31 7
1983/9/26/0-0000 10/1/24:00 758 36 54 169 0.32 4
1985/7/ 5/0:0000 7/10/24:00 542 86 43 116 0.37 10
1989/9/ 5/0:0001 9/10/24:00 608 44 67 174 0.39 10
1990/9/17/0:-0000 9/22/24:00 447 17 56 127 0.44 10
1993/7/10/0:-0000 7/15/24:00 548 11 60 116 0.52 10
2004/7/18/0:000 7/19/24:00 2400 25" 265 297 0.89 12

* estimated value by MLITL ** supposed value by the authors



Table 2 Hourly rainfall data used in the study (A : AMeDAS, F : Fukui Pref., K : MLIT)

Observatory 1979 1981 1982 1983 1985 1989 1990 1993 2004
No. stations 6 4 7 4 10 10 10 10 12
Fukui(A) o o o o o o o o o
Fukui(K) o o o o o
Miyama(A) o o o o o o o o o
Oono(A) o o o o o o o o o
Simonini(F) o o
Inari(F) o
Inari(K) o o o o o
Itagaki(A) o o o o o o o o
Shinbo(K) o o o o o
Seto(F) o o
Seto(K) o
Kamiusaka(K) o o o o
Oomiya(K) o o o o
Oomoto o o o o
Kidouchi(F) o
Imadate(F) o
Aiki(K) o
Kanemidani(K) o
Kumokawa Dam(K) o
o | S — 2500 "1979_Observed_Discharge"
"1981 Observed Discharge"
"1982_Observed_Discharge"
2000 "1983_Observed_Discharge"
1500 - "1990_Observed_Discharge"

Discharge (m”3/s)

Fig. 2 Setting of spatial rainfall distribution using nearest

neighbor method for the 1981flood.
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Fig.3 Historical hydrographs at the Tenjinbashi station,

the outlet of the Asuwa River basin.
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Fig. 4 Watershed model for the Asuwa River basin with the upper part of the Tenjinbashi station. The location is specified using

UTM coordinate with m unit.
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Fig.5 Enlarged illustration for the uppermost stream of the Asuwa watershed model.
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Fig. 6 Model soil structure and discharge stage
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Table 3 Identified model parameter values for each year flood.

parameter 1979 1981 1982 1983 1985 1989 1990 1993 2004
n (m'As) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
k, O 0O/s) 0.01 0.03 0.01 0.03 0.01 0.01 0.01 0.01 0.01
d, 0gg 0.17 0.4 0.2 0.6 0.2 0.25 0.325 0.25 0.26
d. 0on 0.1 0.35 0.15 0.15 0.1 0.18 0.2 0.18 0.16
B () 4 24 12 12 8 4 8 24 4
Time (hours) Time (hours)
0 10 20 30 40 50 60 70 80 50 60 70 80 90 100 110 120 130 140
~ 09 — 04
‘E’ 10 1 = 10 {
8 g
.% .%
@ 20 - X 20 J
"1983_Observed_Discharge"
800 "1983_Simulated_Discharge 600 - "1985_Observed_Discharge’
"1985_Simulated_Discharge_with_(1983_parameter)"
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3 500 £ 400 {
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GEJ’ 400 f‘g’, 300 A
g 2
o 300 (5}
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Fig. 7 Parameter tuning using the 1983 flood (left) and validation of the identified model parameter values using the 1985 flood.
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Table 4 Evaluation of goodness of fit using peak discharge ratio. In the column of 1993, the peak discharge ratio of each year flood

predicted using the parameter values identified with the 1993 flood are shown.

Flood 1993 1981 1982 1985 1983 1979 1989 1990 2004 mean

1993 1.03 0.86 0.91 0.77 0.49 0.69 0.42 0.47 0.47 0.68
1981 0.87 0.88 0.90 0.74 0.60 0.72 0.45 0.48 0.45 0.68
1982 1.02 0.92 0.94 0.87 0.49 0.87 0.46 0.48 0.45 0.72
1985 1.13 0.96 1.06 1.00 0.89 0.91 0.62 0.73 0.62 0.88

1983 1.08 1.03 1.08 0.99 0.91 0.91 0.68 0.75 0.71 0.90

1979 0.96 1.02 0.52 0.64 0.48 1.09

1.08 1.13 0.94 0.95 0.91 1.11

0.90 1.04 0.97 1.40
1.08 1.12 1.00 1.44
0.67 0.74 0.67 0.99

Table 5 Evaluation of goodness of fit using the Nash-Sutcliffe model efficiency measures. In the column of 1993, the

Nash-Sutcliffe measures of each year flood predicted using the parameter values identified with the 1993 flood are shown.

Flood 1989 1990 2004
1993
1981
1982
1985
1983
1979
1989
1990
2004 0.95 0.95 0.95

0.77 0.81 0.75
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Fig. 8 Reproduction of 2004 flood with identified parameter values.
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Fig. 9 Parameter identification using 2004 flood.
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Table 6 Model parameter values fitted to each year flood and the characteristics of each year heavy rainfall and flood discharge.

P ) Group 1 (overestimating Group 2 (over/underestimating | Group 3 (underestimating peak
roperties
P peak discharge) peak discharge) discharge)
Parameters 1993 1981 1982 1985 1983 1979 1989 1990 2004
n (m*?s) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
k,(O/s) 0.01 0.03 0.01 0.01 0.03 0.01 0.01 0.01 0.01
d,(0) 0.25 0.4 0.2 0.2 0.6 0.17 0.25 0.325 0.26
d.(Od) 0.18 0.35 0.15 0.1 0.15 0.1 0.18 0.2 0.16
d-d,(O0) 0.07 0.05 0.05 0.1 0.45 0.07 0.07 0.125 0.10
B () 24 24 12 8 12 4 4 8 4
Peak discharge
5 548 1117 676 542 758 622 608 447 2400
(m’/s)
Discharge before
R 11 65 18 86 36 37 44 17 25
flood (m’/s)
6 hours rainfall
60 73 42 43 54 84 67 56 265
Ren (mm)
2 days rainfall
116 163 136 116 169 103 174 127 297
Ryq (mm)
Rainfall ratio
0.52 0.45 0.31 0.37 0.32 0.82 0.39 0.44 0.89
Ren/Rag
Station number 10 4 7 10 4 6 10 10 12
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Fig. A Observed and simulated hydrographs when tuning parameter values for each flood.
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Fig. B Observed and simulated hydrographs with the parameter values identified using the 2004 flood.



Estimation of Heavy Flood Discharge on Fukui Rainfall Disaster 2004
and Some Recommendations on Flood Control Planning for small scale catchments

Yasuto TACHIKAWA , Ryoichi TAKUBO" , Takahiro SAYAMA, and Kaoru TAKARA
" Graduate School of Urban and Environmental Engineering, Kyoto University
Synopsis

On July 18, 2004, the largest flood since hydrologic observation has begun happened at the Asuwa River basin in
Fukui Prefecture, Japan. The Bai-u front brought heavy rainfall with 265mm in six hours. The city area of Fukui was
heavily inundated due to by dyke breaks along the Asuwa River; the upper parts of the Asuwa River basin were
severely damaged by flood and sediment disaster. When planning flood control in Japan, to estimate the design flood
using a rainfall-runoff model with a design rainfall having some exceedence probability is fundamental. While the
acculturation of hydrologic data to estimate a design flood is quite insufficient especially in small scale basins. In
particular, information of quite large floods near or above the magnitude of a design flood is less available. In this study,
how well the heavy flood in 2004 is predicted using a state of the art distributed rainfall-runoff model. Adding the
result of the predicted discharge and observed hydrologic data for the Fukui heavy rainfall, lessons studied from the

disaster and flood control planning for small scale ungauged catchment are discussed.

Keywords[] Fukui heavy rainfall disasterl] Asuwa River[] small scale basin, flood, flood control planning



