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                                  ABSTRACT

  On  the basis of  analyses  of  wave  motions  recorclecl at Hanasaki, Kushiro, Tomakomai, Muroran and

Hakodate  along  the  Pacific Coast of  Hokkaido  in Japan, regional  characteristics  of  tsunamis are  in-
vestigated,

  Tide gauge records  in ordinary  times and  in fourtypicaltsunamis: Tokachi-oki(1952,1968),Chilean
(1960) and  Off - Nemuro  Peninsula C1973) are  analyzed.  From  the  results  of  power  spectral  analyses

of the records,  peaks of  spectra  in ordinary  times  are  amplified  in tsunamis  and  the predominant  period
is elongated  as  the magnitude  of  the earthquake  increases. Dominancy  of  oscillation modes  is difTerent
with  each  gauge station  because oscillation  systems  vary  locally,

                             1. INTRObUCTION

    The  region  off  the  Pacific Coast of  Hokkaido  in Japan belongs to one  of  the most

active  earthquake  zones  in the world.  As shown  in Table 1, large tsunamis  were  frequently

generated  by earthquakes  off  this shore  and  oaused  heavy damage on  the south  coast  of

Hokkaido.

    In order  to protect the coasts  and  harbors, it is necessary  to know  the local charac-

teristics of  wave  motion  caused  by various  tsunamis.  Various tsunami  sources  and  topogra-

phies  near  harbors cause  diffbrent tsunami  rnotions.

    In this paper, tide gauge records  of  the Tokachi-oki (1952, 1968), Chilean (1960) and

Off-Nemuro  Peninsula tsunami  (1973) observed  at Hanasaki, Kushiro, Tomakomai,  Muroran
and  Hakodate  Harbor  are  used.

    In order  to investigate the regional  characteristics  of  tsunami  motion.  tide records  of

ordinary  times  before or  after  the tsunami (and in the early  and  later parts of  tsunamis  at

Kushiro and  Hakodate) aTe  analyzed  and  the causes  of  predominant periods examined.

    The  general  aspects  of  the Tokachi-oki, Chilean and  Off-Nemuro  Peninsula tsunami
have been reported[1-4]  by the special  committees  for investigation and  others.  Magnitudes
and  epicenters of  earthquakes  accompaning  the tsunamis are  shown  in Table 1.

    According to Hatori[5, 6] and  Kishi[7], source  areas  of  these tsunamis  are  estimated  as

ellipses with  the long axes  about  160km  (1952 Tokachi-oki), 240km  (1968 Tokachi-oki)
and  130km  (OfFNemuro Peninsula) respectiyely.

    In the Chilean earthquake,  the tsunami  reached  the Pacific Coast of  Japan early  in
the morning  of  the next  day and  caused  heavy damage, especially  to Hokkaido  and  the

Sanriku district.

   Fig. 1 shows  the Pacific Coast of  Hokkaido and  locations of  harbors with  tide gauges.

'Part
 of this woik  was  published in the lournal of  Analytieal Researches  on  Data  of  Natural Disaster,

 Vol.3, 1976 in Japanese,
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 harbors with  tide gauges  and  estimated  tsunami source  areas

   (1952, 1968) and  Off-Nemuro Peninsula tsunami (1973).
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Estimated tsunami  source  areas  of  Tokachi-oki  (1952, 1968) and  Off-Nemuro  Peninsula
tsunami  are  also  shown.

   A  continental shelf  of  20-30km  width  lies off  the shore  along  the Pacific Coast of

Hokkaido  and  contour  lines run  almost  parallel to the coast  Iine. On  this continental

slope  there are  distributed many  tsunami  sources.  Seiche and  edge  waves  generated on  this

shelf  exert  remarkable  influences on  tsunami  motions  in the harbors.

                   2. MAXIMUM  TSUNAMI  HEIGHT

   Fig. 2 shows  the relationship  between magnitudes  of  earthquakes  and  the maximum

tsunami heights observed  at Hanasaki, Kushiro, Tokachi, Urakawa, Tornakomai, Muroran
and  Hakodate. From  the figure, it can  be seen  that the maximum  tsunami heights were

generally lower than  the values  from the empirical  formula given  by Wilson[8].

                         IogioH=O. 75M-5.  07 (1)

where  H  is the tsunami  height in m  and  M  is the magnitude  of  the earthquake.  Accord-
ing to Saeki, Miyaki  and  Ozaki[9], tsunami  heights are  IoweT than  values  estimated  from
Wilson's formula when  the shore  line is fiat, as  along  the Pacific Coast of  Hokkaido.

   In the Chilean tsunami,  values  of  maximum  tsunami  height were  nearly  the same  at
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seven  harbors because the tsunarni source  was  very  distant. On  the other  hand. when

sources  lay near  Hokkaido, tsunami  heights tDok  various  values  depending on  the location

of  harbors. Namely,  in the 1973 tsunami,  the origin  was  off  the Nemuro  Peninsula and  an

especially  high tsunami height (of 3.0m)  was  observed  at  Hanasaki, compared  with  Kushiro

Tokachi and  Urakawa  where  tsunami  heights were  in the range  of  O.5-1,Om.  However,

when  the origin  was  located off  the Erimo  Cape  in the  1968 tsunami,  the maximum  height

was  5.0m  (at Urakawa)  and  it was  lower than  2.0m  at Hanasaki, Kushiro,Tokachiand

Hakodate. Because the harbor  of  Muroran  was  located behind the Etomo  Cape  for all

these tsunamis,  maximum  tsunami  heights were  lower there compared  with  those ofother

harbors.

                  3. PREDOMINANT  PERIODS  OF TSUNAMI

    In this section, local characteristics  of  tsunami  motion  are  investigated on  the basis ef

power  spectral  analyses  of  tide records  observed  at Hanasaki, Kushiro, Tomakomai,  Muroran

and  Hakodate. Predominant perieds of  wave  motion  in each  harbor are  also  estimated  by

considering  the topography  of  harbor and  are  cempared  with  observed  values.

    The period of  seiche  in a  rectangular  closed  basin of  uniform  depth h is given by

                                       2
                                                                    (2)                             T=

                                Vgh(:;'Zi)
where  L  and  b are  the length and  width  of  the basin respectively  and  m,  n  mean  number

of  nodes.  For secondary  undulation  in a  rectangular  bay of  length L  and  depth h, oscilla-

tion period is found

                                       4L
                                                                    (3)                              T=  cr

                                   (2n-1)Vgh

where

                         a=Vl+  
.2Lb
 (o. g22s-ln iLb )

is a  correction  factor. On  the other  hand, the period of  seiche  on  the continental  shelfis

given by

                                      4L
                                                                    (4)                                  T=
                                      Vgh

where  L  and  h are  the width  and  mean  depth of  the shelf.

    In this paper, one  dimentional oscillations  in wave  direction x  are  estimated  by the

equations

                               T=iS:  v,:.) 
(5)

                             T =  2.`.a 1 S,L v,,dX(.) (6)

                               '='`S:  v,:.) 
(')

 instead of  Eqs. (2), (3) and  (4). In these equations  depth h is considered  as a  funetion

of  x  and  integration is carried  out  by the Gregory-Newton  formula.

    Power  spectral  analyses  were  carried  out  by the FFT  method  for records  in time

 intervals given in Table 2 with  sampling  at three minute  intervats. Predominant periods of
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       Table 2 Time intervals of records  used  for spectral  analyses  by FFT  method.

.-
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'N.
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            x
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Table 3 Preclominant periods of tsunamis (rnin).
x

  
'-su

 Harbor    x
      x
Tsunami 

'x-x

Tokachi-oki

 (4 Mar,, 1952)

Chilean

 (24 May, 1960)

Tokachi-oki

 (16 May,  1968)

OfTLNemuro
Peninsula
 (17 Jun･,1973)

Hanasaki

16, 18, 32, 48,
82, 108

Kushiro

31, 42, 46, 57,

62, 69, 153

37, 46, 51, 55,
59, 7226,

 3!, 43, 47,

51, 55 60

           l26, 27, 30, 34,

i4, 46 i
  

-
l

Tornakomai

27, 39, 54, 78,

90, 13632,

 35, 38, 45,

73, 9024,

 25, 48, 54,

64, 225

Muroran

57, 59, 250, 300

39, 56, 65, 148,

187, 234
   -- 1

48, 56, 59, 250

55, 228

Hakodate

27, 29, 34, 55

29, 46, 55, 66,
13226,

 31, 34, 48,
58, 96, 131

four tsunamis  are  shown  in Table 3. Values  ttnderlined  twice in the Table  are  the periods
of  the largest peaks and  underlined  ones  are  the next  peaks. As  seen  in Table 3, predo-
minant  periods take various  values  for different harbors in the same  tsunami,  but nearly

identical values  for the same  harbor in atl tsunamis.

    Next, the characteristic  of  tsunami  motion  at each  harber is investigated by consider-

ing the topography  of  the harbor shown  in Fig. 3.

   A  spectrum  of  Hanasaki Harbor  is shown  in Fig. 4. Near  Hanasaki, the period of

seiche  on  the  continental  shelf  is estimated  as  109min  from Eq. (7) and  this value  coincides

with  the observed  value  of  108min. Other predominant periods in Table 3 seem  to be
caused  by edge  waves,  as pointed  out  by Hatori[10]. However,  it is not  yet clearwhat
is the probable  cause  for each  predominant  period.

    Off  the  shore  of  Kushiro, a  submarine  canyon  cuts across the continental  shelf  in the
direction from NE  to SW  and  the topography  of  the sea  floor changes  on  either  side  of

the eanyon.  In the eastern  sea  area  of  Kushiro, the period of  seiche  on  the shelf  is
estimated  as  55min, while  it is estimated  as  51min  in the western  seaarea.  These periods
are  predominant  in the Chilean and  Tokachi-oki tsunami,  but in the Off-Nemuro  Penins-
ula  tsunami  the predominant periods are  generally shorter, compared  with  the periods in
the other  tsunamis.

    In order  to consider  the time  dependency of  tsunami  motion  at Kushiro  Harbor,

spectral  analyses  are  made  fOr three cases of  a  tsunami:  name!y,  for the first half period,
the second  half period and  the whole  period. Spectral analyses  of  tide records before or

after  tsunamis are  also  obtained  in order  to compare  spectra  of  ordinary  times with  those

NII-Electronic  Mbrary  
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of  tsunamis.  Analyses  are  carried  out  by the Blackman-Tukey  method  for records  in
time  intervals given in Table 4. Results of  analyses  are shown  in Figs. 5 and  6.

    As  seen  in Fig. 5, the spectra  have three peaks at periods near  27, 32  and  48min  in
every  case  and  the largest peak  elongates  as the magnitude  of  the earthquake  increases.
Because spectra  of  the first half and  the whole  period are  nearly  similar  in shape,  it seems
that wave  motion  is mainly  characterized  by the earlier  part of  the tsunamL  AIso, for
ordinary  times, small  peaks of  spectra  are  found at the same  periods as  in the tsunami
time.

   Spectra of  Tomakomai  are  shown  in Fig  7. The  period of  seiche  on  the shelf  near

Tomakemai  as obtained  from Eq. (7) is 97 min.  On  the other  hand, the oscillation  period of

           Table 4 Time intervals ef  records  used  for speetral  analyses  (Kushiro).

TsunamiI  First half period
/

Secondhalf period11'Whole  period Ordinary times

Chilean

   (1960)

Tokachi-oki

  (1968)

Off-Nemuro

Peninsula

   (1973)

18:39,24  May
-2:06,26

 May!

 10:27, 16 May
-14:24,17

 May

1/11

 13:33,17  Jun.

'17:30, 18 Jun,

 2:09,26
-lo: oe, 27MayMay

 4:39,17
-8:36,

 18MayMay

 10:-14:33, 18OO,19Jun.Jun.

18:39,24 May  [             '

-9 : 30, 27 May

10:27,16 May
J8:54,

 18 May

 13:33,17 Jun.
-14:OO, 19 Jun.

15:03,22  May

-3:OO,24
 May

(Before tsunami)

 1: 03,20 May
-12:OO,

 21 May

 (After tsunami)

 22:33,16 Jun.
-10:12, 17 Jun.

 (Before tsunami)

Cm'Min

seo

2oo

 o

(a)

 96.0 48,O 32.0

Ordinary time
(Before Chilean

24.0 19.2 16,O

tsunami)

 Fig. 6 Power

Crn'Min

4oe

2oo

100

          o
13･7 12･O Min g6.o  4s.o 32,o  24,o  19.2  IaO  13.7 12･O Min

     (b) Ordinary time

        After 1968 [fokachi-oki tsnnami  (solid line)

        Before Off Nemuro  Peninsula tsunami (dotted line)

 spectra  of  tide motions  at  Kushiro.



Japan Society for Natural Disaster Science

NII-Electronic Library Service

JapanSociety  forNaturalDisaster  Science

60 Susumu  TAKAHASM,tsao  YAKUPV)4

secondary  undulation  ofTomakomai  Harbor is approximately  estimated  from Eq. (3)by putting
L=  2800m,  h=9m  for the inner port and  L=3800m,  h=9m  for the sea  area  containing  the

inner and  outer  ports. Results of  estimation  for n=1  are  T=20min  and  T=27min  respec-

tively. These values  seem  to correspond  to periods of  90 and  24-27min  in Table  3. 0ther

periods in Table 3 may  be caused  by edge  waves,  but it is not  yet clear  what  is the pro-
bable cause  for each  peak.
   The  harbor of  Muroran  is located near  the mouth  of  the Uchiura Bay  (Fig 1), so

that the tsunami  motion  may  be influenced by seiehe in the bay.

   According to Kashiwamura[11],  when  values  of  L  and  h are  given as  L=45km  (the
distance from  Muroran  to Yakumo)  and  h==80m  (mean depth of  the Uchiura Bay), the

1000
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                               PERIOD  (MIN)

                        (c) Off-Nemuro  Peninsula tsunami

                  Fig. 7 Power spectra  of  tsunamis  at  Tomakomai.

period ef  seiche  in the bay is approximately  estimated  as  T==54min  and  this value  coinei-

des with  the observed  periods 53-58min  in the later parts of  tsunamis,

   Spectra and  predominant periods oftide  motion  in Muroran  Harbor  are  shown  in Fig.

8 and  Table  3. 0n  the other  hand, estimated  periods are  as  fo11ows;

         T=202min  for seiche  on  the shelf  near  Muroran

         T=64min  (m=1,n=O) for seiche  of  the bay in E-Wdirection

         T=54min  (n=2) for secondary  undulation  of  the bay in S-N  direction

and  T=32min  (n=3) for secondary  undulation  of  the bay. These values  seem  to corres-

pond  respectively  to periods 230-250, 65, 56-59 and  39min in Table 3. What  kind of
'oscillation

 corresponds  to the long period of  300min  is not  yet clear.

   As shown  in Table 3, predominant  periods of  26-29, 34, 45-48, 55-58 and  131min  were

caused  by every  tsunami  at Hakodate. In the Chilean tsunami,  oscillations  ofabout  131min

period  were  also  found in tsunami  records  at Aomori  in Honshu. Tide motions  of  these

periods may  correspond  to seiches  in large sea  areas  in the Tsugaru  Straits[12].

   In order  to consider  the characteristics  oftsunami  motion  in Hakodate  Harbor, spectral

analyses  were  made  for tsunami and  for ordinary  times. Analyses of  records  shown  in

Table 5 were  carried  out  by the Blackman-Tukey  method  and  the results  are  shown  iR                                       ,
Figs.9 and  10.

    As  shown  in these figures, the spectra have three peaks at periods of  120-160, 53-60

and  25-27min  both at tsunami and  ordinary  times. In tsunami  times, peaks are  amplified  and

the largest peak of  the whole  period  elongates as the magnitude  of  the earthquake  increases.

In the same  tsunami,  however, the period of  the largest peak  changes  with  the passage ef

time. Fer instance, although  the largest peak was  at a period of  160min  in the earlier  part
of  the Chilean tsunami, it moved  to 53min  in the middle  part and  again  to 160min  near

the end  of  the tsunami  period.

TOMAKOMAI
JUN17,1973
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OffNemuro  Peninsula

      (1973)
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First, Middle  and  last period
(length of  each  period is one  third of  the

period)
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whole
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l -e3:36,24
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   (Before tsunami)

10:51,16 May-9:OO,17  May
1i'

1114:51,17
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                                                         i
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                               4. CONCLUSION

   From  spectral analyses  of  tide gauge  records  in Tokachi-･oki  (1952, 1968), Chilean

(1960) and  Off-Nemuro  Peninsula tsunami  (1973) observed  at Hanasaki, Kushiro, Toma-
komai, Muroran  and  Hakodate, local characteristics  of  tsunamis  were  examined.  At  Kushiro

and  Hakodate, analyses  fbr tsunami and  ordinary  times  were  made  and  time  dependency

of  tsunami motion  was  obtained.

   Aecording to the results  of  these analyses,  peaks  of  spectra  are  amplified  in tsunami
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times and  the largest peak elongates  as the magnitude  of  the earthquake  increases.

    At each  harbor, tsunami  motion  is greatly influenced by seiehe  and  edge  wayes  on  the

continental  shelfi  Predominant  periods are  also  caused  by seiche  in the harbor at Toma-

komai and  oscillation  in the Uchiura Bay  at Muroran.  At  Hakodate, predominant periods
seem  to correspond  to seiche  in the large sea  areas.
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