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I. Some Aspects of Typhoon Disaster during the Period of Rapid Economic
Growth in Japan.

A. Damage caused by large typhoons

During World War II and the following period of reconstruction in Japan great loss
of human lives and property was caused by natural disasters such as typhoons, torrential
rains, earthquakes and tsunami. At times these disasters occurred in rapid succesison causing
even greater misfortune. In the years between 1947 and 1959, some 1,500 people were
killed and/or missing per year (on average) in storms and floods caused by the frequent
onslaught of large typhoons. In particular, the typhoon of Ise Bay in September 1959

caused serious damage to the metropolitan area of Nagoya and affected a total of thirty-

* This paper was prepared for the Third International Symposium on Urban Emergencies ‘ Hurri-
canes—Floods: Their Effects on Human Settlements ”’, held on November 24-27, 1981, at La Paz,
Baja California Sur, Mexico. This Symposium was organized by the Ministry of the Human Set-
tlements and the Public Works of Mexico, together with the Institute of Geography of the National
University of Mexico and the State Government of Baja California Sur. I acknowledge with gratitude
the Organizing Committee for the invitation and hospitality. I could read only a part of this paper,
so that I put it to press in this proceedings. I am very grateful to Dr. T. Mikami, Professor at the
Ochanomizu University for help with making an ischyet map and to Dr. M. Oya, Professor at the
University of Waseda for advice. I wish also thank Mr. Gil Latz, Ph.D. candidate, Department
of Geography, The University of Chicago and Kenkyusei (non-degree student), Department of
Human Geography, The University of Tokyo, for the work of revising of English version.
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Table 1 A Table Comparing Typhoon Related Damages, Between

People Housing
Types of Damage:
Amount of Damage: Number Injuries Number Complete Partial Washed
of deaths missing collapse collapse away
Ise Typhoon 4,700 38,917 401 36,138 113,052 4,703
10 year average 928 4,410 663 8,864 20,559 3,594
Ratio 5.06 8.82 0.61 4.08 5.51 1.31

nine prefectures. 'The number of people killed and/or missing in this typhoon alone
amounted to 5,100 people. (Table 1)

In the past twenty years, per-year typhoon disasters have decreased notably. The number
of persons killed and/or missing in storms and floods per year has fallen below 500, based
on five year statistical averages, and it has been decreasing year by year. This is partly
owing to the fact that no violent typhoon has visited Japan along dangerous courses, while
at the same time there has been the development of countermeasures for disaster prevention,
including an increase of buildings and houses capable of withstanding such disasters.

B. Frequent occurrence of inundation in the newly developed lowlands

Until the beginning of rapid economic growth in Japan, the increase of rice production
had been most important and paddy were reserved in the flood plains of the small rivers
flowing through urbanized areas. These paddy have been changed in a short time, since
around the 1960’s, into residential and other urban land uses. The first objective was
the conversion of certain well drained paddy into housing lots, located adjacent to the older
residential areas. Following the transformation of these fields, marshy paddy in the suburbs
have been progressively reclaimed for housing, by means of landfill methods, although
in many cases land was not raised high enough to prevent flooding. These works were
carried out mainly by smaller entrepreneurs.

Several cases of inundation caused by torrential rainfall in newly developed urban areas
have been researched in detail by geographers such as Prof. M. Oya (1980), M. Kikuchi
(1960), F. Tsuji (1968). A well known example is the Neyagawa river basin in Osaka pre-
fecture where inundation takes place repeatedly. The reasons have been identified by
Prof. Oya (1969). |

Almost every year we learn anew that many dwelling houses located in the lowlands of
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1948 and 1959, Using the Typhoon of Ise Bay as its Base.

Paddy Ships Rail ways Corgrgtllitt]ii::tion
Flooeded Flooded
Above Below Erg) de_d dor Submerged
floorboards floorboards urie ‘
157,858 205,753 9,842 146,802 1,137 786 200,608
94,233 295,007 21,263 220,719 1,924 432 5,077
1.67 0.70 0.46 0.67 0.59 1.82 39.6

(Japan Meteorological Society)

city regions suffer from inundation. In this year (1981) two typhoons caused flooding and
inundation in the urban areas, one in Sapporo and Ebetsu-shi in Hokkaido, and the other
in Tokyo. In the Tokyo case let me briefly recount the events for you. From the night
of the 22nd through the 23rd of October, Typhoon No. 24, with a low pressure of 965 mb
and maximum wind velocity of 35 m/s, moved very quickly at about 100 km/h at its peak
in the offshore to the south of Honshu. It brought abundant rainfall to the southern Kanto
area: the Meteorological Agency at Otemachi in central Tokyo recorded 207 mm within
24 hours from twelve o’clock midnight of the 22nd. (Fig. 1) Due to this torrential rainfall
a number of small rivers and rivulets overflowed.

The Megurogawa and Kandagawa flooded at several points in the wards of Tokyo, as
is customary. These rivulet like rivers originate from springs and ponds at the heads of
smaller valleys dissecting the Musashino diluvial plateau. Although they have been im-
proved as urban drainage-ways in the past few decades, their width and depth are not enough
to dispose of large quantities of rainwater, in addition to sewage overflow. The reason is
partly a result of the ““ flood of housing > which has reduced the width of the sewers. Be-
cause of the exorbitant price of urban land it is extremely difficult to redeem even a string-
like free zone along the sewers. Any architectural regulations are almost ineffective.
Nevertheless, national and municipal governments responsible for the management of
rivers must conpensate dwellers for the damages caused by flood in many cases. In this
regard it is a noteworthy countermeasure that the Liaison Council of the Ministry of Con-
struction, Prefectures and Municipalities for Comprehensive Control of Drainage Basins
finally took action to identify those places suffering from past typhoon related floods by
compiling a map on a large scale, 1: 25,000, with remarks. For instance, the following is

noted in the map of the Tsurumigawa flowing in the area of Kawasaki and Yokohama city
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139°E 140°E

Figure 1 Rainfall to the Kanto Area Brought by Typhoon No. 24 within 24 hours of

the 22nd October 1981.
(by O. Nishikawa)
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Figure 2 Rainfall to the Kanto Area Brought by Typhoon No. 15 within 24 hours of
the 22nd August 1981.
(by T. Mikami)
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under conditions of very rapid and vast urbanization:

“After World War II inundations occurred several times in the drainage basin of the
Tsurumigawa and this map shows the widely inundated belts due to typhoon No. 4
of 1966 and No. 17 of 1976 with their heavy rainfall. Dwellers in the basin are re-
spectfully urged to recognize the areas inundated in the past and to utilize this in-
formation to promote reasonable land use and to seek refuge from flooding. It should
be added that the area of inundation can change according to the pattern of rainfall
and topography.”

Figure 3 The Area of Inundation Caused by the Typhoon No. 15, 1981 in a Part of the
Drainage Basin of the Kokaigawa.

(by Courtesy of the Geographical Survey Institute)

48



(uononyisuo)) jo Answutjyl ays Jo oysnwif 1foy] niresy emedouo], jo Aso1nod 4q) (861
‘1sndny Jo yipg 9yl uo 3o0[d.0 1ySia je ude} sem ojoyd 118 Siy ], ‘BmBIIBYOI] Yl JO MOQXO JOUWLIOJ B PUNOIE BIIE
ue ul uoljepunul je "G ‘ON uooyd4l Aq pesneo pooy o3 anp emeSIeOI 9y} JO Nueq 3J3] Y3 1B yowarg [ 0I0YJ

wo0g 0




Challenge and Response in the Relationship

C. Breach of river tributary embankments.

In some respects it was lucky for Tokyo, Yokohama, Kawasaki and other cities in the
western part of the Kanto plain that in 1981 a second typhoon, No. 15, with its central
pressure of 965 mb and maximum wind velocity of 35 m/s landed above the Boso Penninsula
at four o’clock on the 23rd August and ran with a velocity of 35 km/h through the eastern
part of the Kanto toward the north-northeast. It brought so much rainfall in the upper
drainage basin of the Tonegawa that the water level of that river in its middle courses rose
and flooded, in a reverse fashion, the Kokaigawa, one of its tributaries. (Fig. 2) Although
the water level of the Kokaigawa was about one meter lower than thought to be dangerous,
its embankment was breached at a point near to the confluence with the Tonegawa. As
a result a large area of paddy was flooded. The flooded area, in the upper part of a relic
stream at the entrance to a former oxbow, spread over approximately 1,600 ha. (Fig. 3)

The reason for the breach of the embankment may be explained as follows; a new dike
shortening the length of the river (constructed about 1910) was not strong enough to with-
stand flooding from both the Tonegawa and Kokaigawa. Moreover, for irrigation purposes
there was a watergate of concrete adjacent to the broken portion of the dike and it may be
presumed that portion must not have been fully hardened and adhered to the watergate
after its recent construction in 1966. In addition to the watergate problem, the body of
the dike itself is protected by a concrete block lining only in its lower part, but, on the con-
trary, its upper part contains irregularly constructed sand lenses and silt layers. Further-
more, the embankment is likely to float on soft alluvial ground, so that it is prone to have
both cracking problems, landslides and crumbling. 'This type of construction is in complete
disregard of the effect of frequent earthquakes in this area. It is not yet confirmed whether
the previously mentioned watergate remained open or not during the period of high water
levels. If the gate remained open, the weak backside of the embankment must have been
scoured by gushing water from the sluiceway, further undermining the stability of the

embankment. (Photo 1)

II. Lessons from the Disaster Caused by the Typhoon of Ise Bay
A. The reasons for the tremendous damage caused by the typhoon of Ise Bay
On September 26th, 1959, the violent typhoon of Ise Bay occurred with a low pressure
of 929.5 mb accompanied by a maximum wind velocity of about 60 m/s. It landed above
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near the point of Shionomisaki in the Peninsula Kii, passed through this area with a velocity
of 60 km/h, toward the west of Ise Bay, and caused an abnormally high storm surge in
the Bay. At 21:35 of the 26th, the highest sea level above the Nagoya Peil (hereafter re-
ferred to as N.P.) of plus 5.3 meters was noted with the wind raging most strongly. This
coincided with a condition of nearly high tide. This sea level was far higher than that
normally anticipated for Nagoya in the event of storm related disaster.* The subsequent
flooding from the sea not only overtopped the sea dikes but also pushed water up the mouth
of the area’s rivers causing water to flow over the river embankments leading to severe
flooding on the reclaimed land of the coastal industrial zone. This disaster was further
complicated as the dikes surrounding the reclaimed lands and river embankments were
broken in many places. (Fig. 4)

The reasons for, and the pattern of the breaks in the dikes and embankments may be
listed as follows :

(1) The flood tide was higher than the top of the dikes. In addition, the upper parts
of the dikes were not fortified and therefore destroyed by the power of gigantic waves.

(2) Breaks occurred in the upper part of the backslope of the dikes due to overflow and
overtopping.

(3) Landslides occurred due to the leakage of water from the body or base of the em-
bankment and the increase in the percentage of water content in the embankment.

There are two important characteristics to be noted regarding this typhoon’s affect on
urban districts. First was the accumulation of muds and sands after flooding: picking only
Nagoya as an example, 370,000 m3 of mud and sand were deposited. This condition com-
pletely paralyzed transportation in the city and required extensive rehabilitation of resi-
dential sites. The second is that water from high tide flowed backward into canals, broke
embankments and combined with already collected canal water to flood built-up areas.
About half of Nagoya City, or 120 km?, was inundated for many days. As Table 1 shows,
this typhoon damaged mainly the city of Nagoya, as well as many other municipalities in
thirty nine prefectures.

The reasons for the tremendous damage may be further explained as follows:

* (In 1959 the anticipated level for storm surges was 4.8 m above the Nagoya Peil: sea dikes were

constructed according to this standard.)
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(1) Assault of a typhoon of the largest scale under the worst meteorological conditions
causing the height of the flood tide to be raised, at its highest, to 3.89 m above normal.
(As noted earlier, footnote 1, p. 7, the combination of this high tide and the typhoon in-
duced waves led to overtopping of the sea and river dikes.) In addition, densely inhabited
lowlands in the southern part of Nagoya are located along the innermost part of Ise Bay.

(2) Incomplete understanding that abnormally violent typhoons can occur.

(3) Incomplete understanding of low ground areas and land subsidence. The southern
part of Nagoya damaged most severely by flooding from the typhoon of Ise Bay remained
submerged until the end of the sixteenth century. Since then the area had been reclaimed
exclusively for paddy until the middle of the 19 century.

B. Administrative efforts for disaster prevention after the Ise-wan typhoon

In consideration of the extraordinarily terrible calamities caused by the typhoon of Ise
Bay, there arose calls for increased administrative efforts for disaster prevention in a com-
prehensive and systematic manner.

At the national level the Disaster Countermeasure Basic Act was enacted in 1961 as the
basis for future administration. This law contains such items as: (1) fundamental guide-
lines; (2) countermeasures for disaster prevention; (3) urgent countermeasures against
disasters; (4) measures for rehabilitation from future disasters and necessary financial sup-
port, and so on.

At the municipal level of large cities, especially in Nagoya, a Council for the Counter-
measure of Disaster Prevention was organized on January 18th, 1960. As early as May
of the same year it elaborated a general plan for comprehensive countermeasures for disaster
prevention. (B4: 85 pages).

This plan consists of three chapters. The first deals with the plan for disaster prevention
_including 8 items; the second with the plan for rescue from disaster, including 37 items;
the third with the plan for urban construction to prevent disaster, comprising the basic
plan, and the main countermeasures both for national and municipal levels of government
and implementation. In this respect, some of the following measures should be noted
and emphasized:

(1) The National Government is responsible for the promotion of civil engineering
works for protection against unusually high sca levels and for the replacement of timber ponds.

(2) The Municipality of Nagoya is responsible for the following:
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(a) in future land adjustment for industrialization or otherwise, the city shall raise
the ground level of the lowlands to the west of the Arakogawa to a point 1.3 m higher than
the mean low-water level of Nagoya harbor (N.P.);

(b) building regulations designating districts thought to be dangerous in the case of
natural disasters;

(c) raising the ground level of parks located in the southern part of the city 3 m higher
than N.P., in order to use them as a relief base in an emergency;

(d) countermeasures for preventing ground subsidence by means of regulations con-
trolling the pumping of ground water in the immediate area and increases in the volume
of water channels, as well as greater utilization of water from distant points to meet in-
dustrial needs;

(e) improvement of drainage facilities, especially by means of as many as 38 drain pumps

in the southern district to be capable of functioning in an emergency by means of on-site

diesel engines.
C. Outline of storm surge countermeasures in Tokyo.

Making the most of the various instructive lessons evident after the Typhoon of Ise Bay,
not only Nagoya but also Tokyo, Osaka and other cities reconsidered their counterplans
for natural disasters: Densely inhabited and intensively used areas of Tokyo and Osaka
are also situated along bays, so that they may suffer tremendous damages caused by large
typhoons, should they someday take a dangerous course toward the western outskirts of
these large urban centers. In anticipation of future disasters, the Liason Council for Storm
Surge Countermeasures was established in Tokyo in December, 1959. The members
of this council include representatives of both the port and harbor bureaus of the Tokyo
Municipality and the Ministry of Transport. This council has formulated the following
guidelines:

(1) The urban districts should be protected from atmospheric and marine disasters in
the Bay of Tokyo, which may be caused by a violent storm comparable to the Typhoon
of Ise Bay;

(2) Physical planning should be made on-site regarding the following three items, to
be implemented in parallel with countermeasures against storm surge including, (a) counter-
measures for ground subsidence, (b) the establishment of an organization for warning and

flood control, (c) the promotion of urban planning with consideration for possible evacua-
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tion from the danger caused by storm surge;

(3) Disaster prevention facilities should be located at sites which do not disturb urban
and harbor functions;

(4) Pump operated drainage systems are to be used for water inside the canals in the

district surrounded by sea dikes;

3.5
z4.0
75.0
~ .
1/4.0
4.5/3.5 =
Tamagawa
T 3.0 A

Figure 5 General Ground Conditions, at Half-Meter Contour Intervals (Tokyo, 1974)
(The Tokyo Metropolitan Government)
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(5) As a rule, cut timber should be kept in ponds isolated from other land uses. As
a temporal measure, it is necessary to improve the existing timber ponds to prevent outflow
of logs and to bind temporarily moored logs tightly to each other.

(6) Coverage, method, location, schedule, etc. of disaster prevention planning should
be determined in full consideration of future planning of the urban area, streets, rivers,
sewers and harbors.

D. Implementation of countermeasures for typhoon related floods in the
Koto district of Tokyo

The lowlands of Tokyo have suffered from typhoon related floods quite often, including
twenty times in the Edo era (1600-1867) and thirteen times since the Meiji Period. The
most dangerous area is the Koto-district, the delta region made by the ancient Tonegawa,
stretching between the Sumidagawa and the Arakawa canal, completed in 1929. This
district has an area of 45 km? with a north-south length of about 12 km and an east-west
width of about 5.5 km. About 609 of the district lies below zero meter sea level measured
by the Arakawa-Peil (A.P.). The lowest portion is —1.5 meter A.P., and even the highest
point rises to only 4.8 m above A.P. (Fig. 5) This is a densely inhabited area of about
650 thousand people in 1981 and used intensively for industrial and commercial activities.
The ground subsidence of this district began at the end of the last century. On the first
of January 1980, the total value of ground subsidence at the point of highest incidence
amounted to 4.5 meter. Owing to multiple regulations to prevent ground subsidence,
adopted since 1961, there are no areas which have sunk more than five centimeter per year
on average since 1976.

To protect this district and areas of Tokyo harbor as effectively as possible, suitable sea
dikes have been constructed or strengthened according to a series of operational plans since
1960. (Fig. 6) The crown height of sea dikes is now based on the simulation that a typhoon
similar in scale to the Typhoon of Ise Bay would take either the course of the Typhoon
of October, 1917 (near Tokyo Bay)*, or the Typhoon of Ise Bay. (Fig. 7) In total, ten
model typhoons were examined. (Fig. 8) For instance, in the case of model seven, the

largest deviation from the A.P. would reach 302 cm in the area adjacent to Funabashi city.

* The 1917 Typhoon caused in Tokyo Bay the highest sea level (A.P.+4.21 m) in history. This
typhoon measured 950 mb with a wind speed of 40 m/s.
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Figure 6 Ground Plan for Tokyo Harbor Coastal Defense Projects.
(The Tokyo Metropolitan Government)
@ Dike constructed before 1979. @ Dike under construction in 1980. @ Dike in planning
after 1981. @ water gate. (® Drain pumping station. ® Dike under the control of the
TMG. @ Dike under the control of the Ministry of Construction. 3 Reclaimed land No.
13. @ Reclaimed land No. 15.
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Figure 7 The Main Typhoon Routes Intersecting Japan (1917-1966).
(Japan Meteorological Agency)
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Figure 8 Real (with thick lines) and Possible Course of Typhoons Based on Histroical Data
(Kanto Plain, Greater Tokyo Region)
(The Tokyo Metropolitan Government)

Concerning astronomical tide, A.P. +2.10 m was adopted as mean high water level during
the typhoon season, July through October. Adding projected wave height, 0.5-2.9 meters,
to these values the sea dike crowns have been determined. In the Koto district, for ex-
ample, the crown height of the sea dike shall be maintained at A.P. +6.3 meters at the gate
of Toyosu, and as high as A.P. 48 meters in certain land fill areas (such as that called No.
14-2). With regard to internal drainage in the Koto district, the following standards for
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facility planning have been adopted.

(1) Pumping drains are to commence operation when the anticipated water level ex-

ceeds A.P. +2.5 in this district’s rivers and canals;

(2) The planned crown height of the embankments of the inner rivers and canals is
to be maintained at A.P.43 meters. Ground subsidence must be considered in the con-
struction of embankments;

(3) Closure of the gates is to coincide with the time when the sea level reaches A.P.
+2.00 meters, with due regard to navigation;

(4) Storm surge and precipitation are to be anticipated and planned for according to
the worst conditions;

(5) Anticipated rainfall is calculated for 254 mm per 24 hours, according to 50 year
probability statistics, and 337 mm per day, according to 100 year probability statistics,
with regard to typhoons;

(6) All rainfall after gate closure is to be drained into the inner rivers and canals by
means of electric pumps capable of diesel operation in an emergency;

(7) Anticipated sea level in the Koto district is to be A.P.+5.10 meters based on the
model case of the Typhoon of Ise Bay. At this time the volume of drained water will pro-
bably amount to 190 m3/s. This goal is now nearly realized through inplacement of four
large stations for drainage purposes. Ones of these stations (Kinegawa Station) is equipped
with five gigantic pumps (three pumps are equal to 2,500 mm and the two others are 2,200
mm) capable of draining 50 m3/s of water. By 1979 all the planned sea dikes were com-
pleted so that they were capable of protecting the Koto district against a sea water level
of A.P.+3.14 meters, the second highest level following that of 1917, brought about by
the storm surge from Typhoon No. 20 in October, 1979 (976 mb, 147 mm of rainfall, wind-
speed of 38.2 m/[s, from a southerly direction).

Besides the sea dikes, river embankments, and the provision of adequate facilities for
drainage, the other big project for disaster prevention is anticipation of a great earthquake
in the Koto district. Since 1969, the construction of eight bases for the prevention of
disasters have been or are in the state of being gradually implemented. (Fig. 9) The first
project, in a section called Shirahige Higashi, is in large part realized. (Fig. 9) This 37.9 ha
section is situated in the northern fringe of the Koto district. In 1967, the Municipality
of Tokyo began to purchase the grounds of two big factories which had previously moved
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Figure 9 Location of Disaster Prevention Bases in Koto District.
(after “Tokyo at a Glance”, TMG Municipal Library No. 16, 1981.)
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to the suburbs, as well as smaller sites. By 1972, the renovation guidelines for the site
were adopted. The physical planning is characterized by the construction of very long
(about 1,100 meters) and high (14 meters) dwelling houses which function as a protective
wall against fire. In addition, a large park of 10.3 ha is to be used as a place of refugee in
an emergency, and will include centers for disaster prevention and medical services. A
community center will also be established. This section of the Koto district provides
dwelling houses for 2000 families and has a capacity to accept evacuees amounting to 80,000
people, for whom a large amount of water, food, and other necessities will be provided.

The ground of the refugee park is to be raised high enough to offer protection from floods.

Conclusion

Until the end of the 16th century the Japanese response to flood disaster took place mainly
in a passive way: it was either an attempt to evade disaster or a striving for its minimization.
Since then positive countermeasures for flood control have been executed in order to protect
developing urban and industrial areas as they expand into alluvial plains. This counter-
measure technique may be explained as the construction of higher and stronger dikes and
embankments. These were also necessary to protect securely Japan’s rural settlements
and rice fields because retarding basins, which were reserved previously to a large extent
along rivers, had been reduced inexorably in order to increase paddy. Needless to say,
newly reclaimed land along the coastal area must also be defended from destructive storm
surge.

Against these human actions natural violence such as typhoons and torrential rainfall
have occurred with more tremendous damage than ever through the breach of dikes and
embankments, at times causing different types of calamities such as repeated and extensive
inundation in urbanized areas.

Nowadays, owing to the increase in public investment based on rapid economic growth
in Japan, some countermeasures for disaster prevention have become considerably more
effective and reliable, so that natural forces are likely to submit themselves to human tech-
nology. It is, however, indispensable to provide continually for new challenges from un-
forseeable natural disasters, especially those which are complex and which might even happen
simultaneously. In reality, then, on the human side there are as of yet several problems

capable of producing great anxiety, including the following:
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(1) Expenditures for maintaining and repairing protective structures is apt to be in-
sufficient. Thus, these protective structures may become ineffective earlier than we think
due to unforseeable environmental changes;

(2) Overly heavy reliance on mechanical operations and automatic control systems
which may grant a false sense of security that keeps us from paying proper attention to
everchanging circumstances;

(3) Increases in the number of new urban dwellers, who have no experience with disaster

and whose consciousness regarding the prevention or avoidance of dangerous situations
may exacerbate emergency situations.

There seems to be a potentially fatal contradiction in the Japanese mentality regarding
natural disasters. On the one hand, rice culture and urban activities including the secondary
and tertiary industries require intensive use of the alluvial areas. On the other hand, history
and science tell us these areas are the most dangerous places in which to live since they are
frequently visited by all manner of natural disasters, including typhoons, floods, earth-
quakes, etc. Of great interest is the conscious acceptance of this contradiction by modern

Japan, one that is linked both to past historical experience and future outlook.
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