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Relation of the Water Level with Heavy Rainfall in the Small River
Basin on the Tokai Torrential Rainfall

Kazurou NAKANE

Disaster Prevention Research Group,

National Research Institute for Earth Science and Disaster Prevention, Japan

Abstract

Typhoon No. 14 moved northeastwards from the South China Sea to the south of Japan from 9 to 12 September
2000. The Akisame Front (Autumn rain front) had covered the Japanese Archipelago, and was moving alternative-
ly northwards and southwards. Under these conditions, a high-temperature, humid air mass, propelled forward by
Typhoon No. 14, gradually covered the Tokai district in central Japan. As a result, extremely heavy rain showers
fell on the Tokai district from the evening of September 11 to the morning of the 12th. The Nagoya Local
Meteorological Observatory observed a maximum rainfall amount of 534.5 mm in 24 hours, with a maximum
hourly rainfall amount of 97 mm. These rainfall figures broke all records since January 1891, when statistical
observations were started. The heavy rainfall generated enormous flash floods, causing severe damage over the
entire Tokai district. In particular, Nagoya, one of Japan's major cities, was severely damaged, with 4 fatalities,
9,818 houses inundated above floor level, and 4,013 people needing rescue by boats. Altogether about 87,000 peo-
ple were affected.

In this paper, it was investigated the water level estimation in small rivers using dense rainfall data which were
observed by both the prefecture office and the city office. A water level estimation was carried out in 14 small
river basins including the city area to the local area by two simple methods: the run-off coefficient multiplied by
the moving average rainfall (hereinafter termed the 'Simple Rational Method') and the Tank model. In this analy-
sis, 10-minute rainfall data of dense 31 stations were used for simulating the rapidly change of flood run-off due to
the heavy rainfall in small river basins. As the results of the analysis, it was found following newly knowledge.

(1) The Simple Rational Method gave an accurate estimate when applied to urban areas.

(2) The Tank model gave a fairly good estimate in spite of applying small river basins including the city area to the
local area.

(3) Water levels in the lower part of the small rivers, which were affected by tidal movements, were also fairly
accurately estimated when the Tank model was combined with the Tide Tables published by the Japan
Meteorological Agency.

(4) Some relationships, described below, were observed during the heavy rainfall in the Tokai District.

(a) The maximum rainfall amount of the each period was represented by the function of maximum hourly rain-
fall amount and maximum 24 hours rainfall amount.

(b) The time of flood concentration was represented by the function of 0.036 x (L /v 1)/, where L is the length
of the main stream in a basin and I is the average gradient along the main stream.

(c) The run-off coefficient increased according to the increase of urbanized area in a basin.
Even if the ratio of urbanized area to a basin was small, the run-off coefficient increased to 0.7~0.8 accord-

ing as heavy rainfall continued a long time.
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(d) According to the increase of urbanized area in a basin, the run-off ratios from the Second Tank and the

Third Tank decreased. The height of the run-off pipe on the wall of the Top Tank decreased as the increase

of urbanized area.

Key words : Urban flood disasters, Flash floods, Nagoya City, Aichi Prefecture, Small river, Run-off coefficient,

Concentration time of the flood, Maximum rainfall amount and the period, Tank model
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Fig.1 Surface weather chart at 21:00 on Sep. 11, 2000 (courtesy of Japan Meteorological Agency, 2000).

X 2 o000 GMS-50 20000 90 110200 390000000000000000000O0O20000
Fig.2 Satellite image of GMS-5 on water vapor channel at 20:39 on Sep. 11, 2000 (courtesy of Japan
Meteorological Agency, 2000).
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Fig.3 Hourly rainfall spell from 2:00, Sep.11 to 8:00, Sep.12, 2000 at the Tokai City in the Tokai Heavy Rainfall area.
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Fig. 4 Distribution of the total rainfall amount from Sep.11 to Sep.12, 2000 over the Tokai Heavy Rainfall area.
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Fig. 5 Distribution of maximum hourly rainfall amounts from Sep.11 to Sep.12, 2000 over the Tokai Heavy Rainfall area.
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Fig. 6 Distribution of annual average rainfall amounts from 1979 to 1990 over the Tokai district located central Japan.
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Fig. 7 Distribution of hourly rainfall amounts at the rainfall peak during the

heavy rainfall on Sep. 1983 over the Nagoya City area.
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Photo 1 Flood caused by breaching the right side bank of the

Shinkawa River at the Ashiwara district in Nishi Ward
of the Nagoya City taken on 12" Sep., 2000(courtesy
of the Aichi Prefecture Office, 2000).
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FIg. 8 Distribution of inundated area due to the Tokai Heavy Rainfall over the Tokai district.
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Fig. 9 Relation between the time of flood concentration in 14 small rivers and the topographical features (L /v 1) of their basins during

the Tokai Heavy Rainfall, where L is the length of main stream and I is the average gradient along the main stream.
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Fig. 11 Relation between run-off coefficients of 14 small rivers and ratio of urbanized area

to their river basins during the Tokai Heavy Rainfall.
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Fig. 13 Relation between the discharge ratio from each tank and the ratio of urbanized area to each

river basin among 14 small rivers.
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Fig. 14 Location of observation stations for water level and rainfall using the flood analysis.
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Fig. 15 Geographical feature over the Tokai district located the central Japan.
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Fig. 16 Geological features of the surface over the Tokai district located the central Japan.
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Fig. 17 Digital elevation map over the Tokai district located the central Japan.
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Table 2 Rainfall stations and their weight for flood analysis in 14 small river basins.
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2000).
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Fig. 23 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Mizuho Station in the Yamazaki River Basin.
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Fig. 24 Change of water level and average rainfall in the upper basin of the Mizuho Station of the Yamazaki River during floods in Aug.
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Photo 4 Condition of the Ueda River in the Tenpaku Ward of
the Nagoya City (source: the Aichi Prefecture Office,
2000).

19710 90000000000 0000O0C00OOGCOO
goooooooooooooooobbobobDboDon
ooooooboooobooooboobobbooobooo
oboooo2o0bobooooboobooooooboooboo
gobboooobboooobboooobboobobobogoo
gooooooooooooooboobbobobDbon
oooooobooooobboooobooboobbooooo
ooooooboooooD1971go800ooboboOg 1971
oob0ooOobOoboOoboOoogouooooboooono
030 0750000000000000000000~0
ooo0o0e0OOODODOODOOODOOOOOOSOODOO
00002800 00000000300000000
o0obOoDbDOoooooooo11oi1vo400c000O3
gooooooooooooooboobbobobDbon
O0o0000DO0 1110190 s550000000000
tododooooooooooooooboboboboboobn
gooooooooooooooobooboboboboboDon
gooooooooooooooboobboboobboDon
oooooobooooboooobooobobOoooboon
ob020000000000067000D0O 233000
000000000 K290 1971 080000197109
gooooooooooooooboobbobobDbon
oooooobooooobboooobooboobbooooo
toddodooooooooooooooboboobooboon
goooooooooooooobooboboboboDboDon
gooooooooooooooboobbobobDbon
oooooobooooobboooobooboobbooooo
oboob0oooooboboooboobooonogn9Tt
o8opboOooDbOoOooDbOoOooobooooboooo
OO0 s20000000000O0OOOoOODODDDOO
0300000000000 00000OC0O0DODOO0OO
oobooogooe6bdo7sbobboboobOoonDObOO
gboooobooobooboooobooobobo

d

obo00o04000000D0000DOOO0DODOODOO
0000000000000 00000BI300 19710
g0 o0o19710900000000000000O0OO
goooooooooobooboboboboboboboooboo
gobooooboooboooboobobooobobo
19710 8000000 1971 090000000000
gooooooo—-0oob0ooobbooobobogoboo
ggooooooooobb—0boOob0booboooooo
uoo—gooooooobobobobboboboboboboooo
goooooooooobobobobobobobobobboooo
gooooooooooboooobboooboboooboo
gbooooooboooooonoguoooogo
gobooooboooboooboobboooboobo
19710 9000000000000000O00000OO
gooooooooooboooboboooboboooo
gooooooooooboboboboboboboboboooboo
ooobOoOoOooobooOobOoOoOoooboboDo30oooo
OOoo0ooOoo0o0oooooo19710 80000 19710
ou0goooboboO0ooooooboOoooooooDooo
gooooooooooboobobobobobobboooboo
o000 200000000000000000O0O
gooooooooooboobobooboboboboboooo
goooooooooobooooboboooboboooboo
goboooon

@OREAVIRAB S O
0D0D0DO0O00MI140HoOOODODODODODODOOO &K
10000000000 74.09%m’ M0 00000 16.4km0
000000 028000000000000000000
176mO00000000O000O0DOOOCOOOOONMN31
00000000000000000000000000
00000000000000000000000 1970
00000 199000000000000000000
0000000000000 D o 080000000000
0000000 2.170000002.18000000
341000000000 3.18000000000000
000000000 8,0080000 9,2970000 9,6330
00 5,4640000 7,0960000 7,884 000000
1,95900000000000 1997000000000
00000000000 4400000000%KS500
0000000000000 0000000000000
00000000000 0D0000O00000000O0
0000000000000000000000000
0000000000000000000000000
0000000000000 00D0O00O0O00O0D0O0O
00000000000 0D0000O00000000O0
000 11.8mY/secd 16.7m/sec 0 0 0 7.6m’/sec 0 0 0 O
0000000000000000000000000
0000000000000 000O0D0DOOO0O0
173mY/sec00000000D0D00OO00DODOOOO0
0000000000000000000000000
0000 1,000m’00000000000000000

510



oooooooo 380020020 70

[ ESEE - W - B0 L

S AR - B R R
L Ertams

RN o S

AP RN & b D

CEus il
(RHERE)

BRGH - BE
{Efir)

o 4 B 1

L S T

it (erflEEHh - A
TR Fih - i)

L e [

dkm

i { b A [

X 27 gooobooob0obDoobOobobobooobooboobooobooboo
Fig. 27 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Uedagawa Station in the Ueda River Basin.
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Photo 5 Condition of the Tenpaku River near the Tenpaku
Water Level Station. The Nonami district left side of
the river were inundated deeply, where is the junction
point of the Tenpaku River and the Fuji River in the
lower right side corner of the picture taken on 12" Sep.
2000 (courtesy of the Pasco Co. Ltd.).
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Photo 6 Flood on the left side of the Tenpaku River in the
Tenpaku Ward of the Nagoya City taken on 12" Sep.
2000 (courtesy of the Pasco Co. Ltd.).
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Fig. 31 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Tenpaku Station in the Tenpaku River Basin.
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Fig. 32 Change of water level and average rainfall amount in the upper basin of the Tenpaku
Station of the Tenpaku River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 33 Estimated water level at the Tenpaku Station of the Tenpaku River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 34 Estimated water level at the Tenpaku Station of the Tenpaku River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Fig. 35 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Kachigawa Station in the Jizou River Basin.
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Photo7  Condition in the middle part of the Jizou River Basin in the Photo 8 A flood control measure at the Komaki Junior High
Kasugai City (source: the Aichi Prefecture Office, 2000). School in the Shinkawa River Basin (source: the Aichi
Prefecture office, 2000).
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Fig. 36 Change of water level and average rainfall amount in the upper basin of the Kachigawa Station of the Jizou
River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 37 Estimated water level at the Kachigawa Station of the Jizou River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 38 Estimated water level at the Kachigawa Station of the Jizou River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Photo 9 Condition of the Shinkawa River near the Kujino
Water Level Station taken on 12 Sep. 2000 (courtesy
of the Pasco Co. Ltd.).

d

00000000000 0D000D0O00O0O0O0O0D0OO
0000000000000 000000000000
000000000000000 7.3mYsec 000 8m'/sec
0000000000000000000000000
0000000000 0000oo0oooog 5,000m’
000000000000 0000O0OlM4000000
0000000000000000000000000
00000000000000000000000011
0210220000 120110 12000000000
0000000000000 000000110 2300
0000000000000000000000000
0000000000000000000000000
O000000FKI10000000000000000
00000000000 0D0000O00000000O0
0000000000400 000000000000
0000000000000000 1101803000
000000000000110 190400000000
000000D0000000000000 0.75m000
732m00000000000000000000000
0000000000000000000000000
283200000000000000000000000
0000000000000 0 1.95mO00000000
0000000000000000000 1500000
000000 1,1940000 4,659000000000
ooo

0000000000000 0D000000000
0000000000000000000000000
00000000000120203000000000
00000000000000000000 303000
00000000000 0D0000O00000000O0
0000000000000000000000000
0000000 120 1700000000000000
00000000000 0D000D0O0O0O0O00O0D0O0O
00000000000 0D0000O000000000
00000000 6.50000000000000.70
0000000000000000000000000
0000000000000 00D0O0O0O00O0O0D0O0O
00000000000 0D000D0O00000000O0
0000000000000000000000000
0000000000000 00000000000 K
4100000000000000000000O0DDO0
00000000000 0D0000O00000000O0
0000000000000000000000000
0000o0000000000000

00000400000000000000000O0
000000000000 00000000OK42000
0000000000000000000000000
0000000000000000000000000
00000000000 0D00D0—00000000
00000000000 0000000000000O0
0000000000000 000000000000
0000000 110 170000000000 2300

63 O



oooooo 0380 20020 70

b - _',1—-
i Rt o

el = ]

R RENT B | R A

I

& L[ [

HFHE10 [(0000000000000000000000000000000000000000000O000O0

000000000000 O0O0oO?20000

Photo 10 Flood condition of the upper Shin River, where floodwater flew into the river through the emergency dam on the
right hand side bank of the Shounai River and flew into the Kusunoki Town and the Ohogama Town in the Kita
Ward of the Nagoya City from breaching point of the river bank (source: the Aichi Prefecture Office, 2000).
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Fig. 39 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Kujino Station in the Shinkawa River Basin.
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Fig. 40 Change of water level and average rainfall amount in the upper basin of the Kujino Station of the Shinkawa
River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 41 Estimated water level at the Kujino Station of the Shinkawa River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 42 Estimated water level at the Kujino Station of the Shinkawa River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Photo 11 Condition of the Ohogi River near the Narumi district
in the Midori Ward of the Nagoya City (source: the
Aichi Prefecture Office, 2000).

BEHE1

0000000o0oo, 000000000000
00000000000 O0O00o0O0O0o?2000m
Photo 12 Kamisawa Pond for storing irrigation water, which
has a function of a flood control in Midori Ward of
the Nagoya City (source: the Aichi Prefecture Office,
2000).
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Photo 13 Flooding near the Narumi Meitetsu Railway Station
in Midori Ward of the Nagoya City (source: the
Aichi Prefecture Office, 2000).
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Fig. 43 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Narumi Station in the Ougi River Basin.
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Fig. 44 Change of water level and average rainfall amount in the upper basin of the Narumi Station of the Ougi River
during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 45 Estimated water level at the Narumi Station of the Ougi River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 46 Estimated water level at the Narumi Station of the Ougi River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Fig. 47 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Ohono Station in the Yata River Basin.
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Fig. 48 Change of water level and average rainfall amount in the upper basin of the Ohono Station of the Yata River
during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 49 Estimated water level at the Ohono Station of the Yata River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 50 Estimated water level at the Ohono Station of the Yata River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Photo 14 Residential houses damaged by floodwater, which

flew from the breached dike of the Ishigase River
being the right side of the picture in the Ohobu City
(courtesy of the Aichi Prefecture Office, 2000).
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River and the Aizuma River in the Gokamura district,
where is the down stream of the Hitotsugi Water
Level Station (courtesy of the Aichi Prefecture
Office, 2000).
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Fig. 52 Change of water level and average rainfall amount in the upper basin of the Ohobu Station of the Ishigase River
during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 53 Estimated water level at the Ohobu Station of the Ishigase River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 54 Estimated water level at the Ohobu Station of the Ishigase River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Fig. 55 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Hitotsugi Station in the Aizuma River Basin.
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Fig. 56 Change of water level and average rainfall amount in the upper basin of the Hitotsugi Station of the Aizuma

River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 57 Estimated water level at the Hitotsugi Station of the Aizuma River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 58 Estimated water level at the Hitotsugi Station of the Aizuma River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Photo 16 Condition of the down stream at the Senzoku Water
Level Station in the Aizume River (source: the Aichi
Prefecture Office, 2002).
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Fig. 59 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Senzoku Station in the Aizume River Basin.
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Fig. 60 Change of water level and average rainfall amount in the upper basin of the Senzoku Station of the Aizume

River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 61 Estimated water level at the Senzoku Station of the Aizume River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 62 Estimated water level at the Senzoku Station of the Aizume River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Photo 17 Condition in the upstream of the Yanabe Water Level

Station of the Agui River in the Handa City (source:
the Aichi Prefecture Office, 2000).
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Fig. 63 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of. the Yanabe Station in the Agui River Basin.

0o 8 0O



SIS, ol

EFRTEREEE, mionin

oooooo 0380 20020 70

ann 15
400
aan
200
100
" i
EEEEZEEEEZEZEE ZEEE2EZE2ZE2EEEESEE
S S FSEcizdEggonvisinzesgy s
HODEERATIE 128 138
— — R — BEXB KA 05 8 e A
X 64 200009%00000000000O00000O0ODDOOOOOOOODODODODOOO
Fig. 64 Change of water level and average rainfall amount in the upper basin of the Yanabe Station of the Agui River
during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 65 Estimated water level at the Yanabe Station of the Agui River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 66 Estimated water level at the Yanabe Station of the Agui River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Fig. 67 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Togari Station in the Nikko River Basin.
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Fig. 68 Change of water level and average rainfall amount in the upper basin of the Togari Station of the Nikko River
during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 69 Estimated water level at the Togari Station of the Nikko River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 70 Estimated water level at the Togari Station of the Nikko River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Fig. 71 Maps of the topography, the surface geology and the urbanized area in the upper river
basin of the Kanorigawa Station in the Kanori River Basin.
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Fig. 72 Change of water level and average rainfall amount in the upper basin of the Kanorigawa Station of the Kanori
River during the flood in Sep. 2000 of the Tokai Heavy Rainfall.
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Fig. 73  Estimated water level at the Kanorigawa Station of the Kanori River with observed one in Sep., 2000 of the Tokai

Heavy Rainfall, which were simply calculated by using the moving average rainfall and run-off coefficient.
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Fig. 74 Estimated water level at the Kanori Station of the Kanori River with observed one in Sep., 2000 of the Tokai
Heavy Rainfall, which were calculated by the Tank Model described in the left side of the figure.
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Table 5 Specific water levels in 14 small river basins and times reached each water level in the Tokai Heavy Rainfall.
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