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The Relation Analysis Between Typhoons and Waves

on the View of Ship Mooring Criteria in Harbours
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Synopsis

Mooring troubles due to moored ship motions are very setious problem in a harbour facing the open
sea from the point of view of the port operation, Some countermeasures are proposed against moored
ship motions. However, there are few harbours with mooring systems considering long period ship
motions. This shows that other operational systems are necessary using database of waves or typhoons.
In this study, we focus on a harbour facing the Pacific Ocean, and research on mooring troubles which
are happened in 1997-1999 at first. It is cleared that most of mooring troubles happens under the
condition with the influence of swells or long period waves due to typhoons. Thus, relational analyses
are carried out using observed wave data by NOWPHAS system and {yphoon data. Some relations can
be found among mooring troubles, observed wave conditions, and typhoons as the basic information of
the wave prediction.
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1L.Introduction

Recently, the importance of moored ship motions in a
phase of harbour planning is recognized as one of the
main factors of the field of coastal engineering as well as
the port operation(Shiraishi, et al., 1999). Some studies
concerning the suspension of cargo handling or breaking
troubles of mooring equipment due to moored ship
motions are carried out(Hiraishi, et al, 1997), then it is
shown that the existence of long period waves around
1.3 minutes js a main factor to cause long period moored
ship motiens(Shiraishi, et al,, 1996). It is shown that the
decreasing of ship motions becomes possible by a
modification of mooring lines and fenders. Even so, the
present countermeasure is not still enough to restrain
ship motions fundamentally. Moreover, it seems difficult
to introduce the countermeasure at most of berths,
because a lot of budgets are necessary to modify to the
new mooring system. In these situations, there may be
few possibilities to accomplish the improvement of
mooring systems at most harbours. It shows that
different countermeasures for the operation of moored
ships will become necessary. On the other hand, it is
enacted that moored ships have to evacuate to ouiside
harbour in the operational standards, when it becomes
stormy weather conditions. Then, it is natural that the
prediction of waves at the stormy weather becomes very
important, A lot of studies about a weather forecasting
are carried out using the statistical method such as multi
regression analysis or the meteorological one(Goto, et al.,
1993). However, the accuracy of the prediction still has
some problems, especially in the case of rapid wave
growth patterns.

In this study, we mainly analyze the relation between
mooring troubles and growth patterns of waves due to
observed data by NOWPHAS(Nationwide Ocean Wave
information network for Port and HArbourS) system
(Nagai, et al., 1994). Harbours(A port and B port) are
selected as targets, which are facing to the Pacific Ocean,
At first, we research on weather situations at each
mooring accident in A port. Also, we compare growth
patterns of significant waves between A port and B port
to know the time difference of the propagation of waves.
Mooring troubles in A port are mainly caused by the
influence of typhoons, so it is necessary to know the
relation between typhoons and wave growth patterns.
There are some studies on properties of observed waves
due to typhoons(Aoki, et al.,, 1997). However, relations
between typhoons and mooring criteria are not discussed
in those papers. The relational analysis is carried out
using each parameter of typhoons and observed waves
including long period waves, Some relations between

mooring criteria, waves and typhoons can be explained
well in case of the propagation of swells. ‘We carry out
regression analysis to estimate these relations. It is
cleared that types of typhoons should be divided into
some patterns to explain the propagation and growth of
swells or high waves that cause mooting criteria. By
these resulls, we examine about the possibility to apply
for the prediction of waves in order to judge the mooring
criteria by combining database of NOWPHAS, typhoons
and other weather information. Also, it is necessary to
know properties of long period waves by analyzing
observed wave data, too. The final purpose of this study
is to construct the prediction model for wave growth
offshore harbours facing to the Pacific Ocean. These
points will be discussed and studied in the next and
future reports.

2.Background and flow of this study

There are a lot of studies about wave prediction and
forecasting by now. However, most of them are not
focused on the situation of mooring criteria due to
moored ship maotions in harbours. When we consider
about the influence of moored ship motions in harbours,
it is necessary to know about berth operation from the
point of view of ship mooring. Though the cargo
handling criteria becomes to consider in a stage of port
construction, mooring criteria are not focused in a field
of port planning and operation. Figure 2,1 shows the
flowchart about the typical pattern of the berth operation
of moored ships at stormy weather conditions.

The information about wave growth is necessary
before the entrance into harbours and during the cargo
handling. The evacuation to outside harbour costs a lot in
the middle of the cargo handling, because extra charges
of pilot, tugboats and berth become necessary. There is a
tendency that operators of moored ships hate to evacuate
to outside harbour when they don’t finish the cargo
handling, even if the wave condition becomes a bit
serious. Although the time length of ship mooring is
different from each condition of ships, cargoes and
berths, most of them are within three days. This shows
that an accuracy of the wave prediction is required in
two to three days ahead. Present methods of the wave
prediction do not have enough accuracy and time length
10 predict a rapid growth pattern of waves for twoe to
three days. Therefore, we construct the flowchart of this
study as shown in Figure 2.2

In this study, we consider a situation of ship mooring
criteria as well as the berth operation to the wave
prediction. Also moored ship motions become large by
the influence of long period waves or swells, even if

ot




T

wave heights are not so large. Former studies are only
focused on the prediction of significant wave heights.
However, it is necessary to research on the propagation
of swells or long period waves. We focus on the
tendency of the growth pattern of wave periods as well
as wave heights. The influence of the wave propagation
is researched between different observation points
located in open sea area. The phenomenon of the
propagation is focused about long period waves around
1-3 minutes as well as significant waves around 5-15s.
Therefore, observed time series of waves is necessary to
analyze the existence of long period waves. In Japan,
wave network observation system is constructed in
offshore harbours. It is called NOWPHAS(Nationwide

Ocean Wave HArbourS) that is used in this study.

A typical pattern from arrival to departure of a ship at
stormy weather conditions is shown in Figure 2.1. If
weather conditions become serious, ship’s captain have
to decide whether stay in a harbour or evacuate to
outside(Kubo, et al, 1998). Then, the prediction
technology of the wave growth becomes very important,
however, most of the studies about forecasting waves are
not focused on the accurate prediction model of waves
from the point of view of the mooring criteria.
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Figure 2.1 Typical pattern of the berth operation of moored ships at stormy weather
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3. Harbours and mooring troubles focused on

this study

If we research on the relation between wave growth
pattern and mooring criteria, observed wave data is
required to analyze them. There are 2 types of waves
offshore harbours in cpen sea in Japan. One is that faced
to the Pacific Ocean, another is that faced to the Sea of
Japan. Although properties of waves are so different
from each other, mooring troubles in a harbour oceurs in
both areas when weather conditions become serious.
Coastal areas facing to the Pacific Ocean have the
influence of swells or high waves due to typhoons or
atmospheric depressions. On the other hand, coastal
areas facing to the Sea of Japan have the influence of
high waves due to atmospheric depressions in winter
season. It is very hard to analyze wave data about all the
observation points of NOWPHAS, so we focus on an
appropriate point which is offshore harbour facing to the
Pacific Ocean.

In this study, harbours with mooring problems have to
be chosen as a target of the study. We focus on A port,
which is located in south-west part of Japan. Also, B port
is extracted to know the influence of the propagation of
waves with some distances. B port locates in south-west

istands of Japan. So, the time difference of the
propagation of waves can be researched by comparing
wave data in both points. It is reported that A port has
mocring problems at some berths by the influence of
high waves, swells and long period waves from the
Pacific Ocean{Hiraisili, et al., 1996). The information
about mooring froubles occurred at 1997-1999 in this
port is shown in Table 3.1.

This shows that most of mooring troubles is caused by
the influence of typhoons. However, some troubles are
caused by the atmospheric depression in winter or spring
seasons, like the trouble on February, 1998. In A port,
breakage of mooring lines or fenders is mainly reported
at the grain berth or the ferry berth. Typical ship size of
grain carriers is about 30,000-50,000 ton class, and that
of ferries is about 5,000-10,000 ton class. Although a
long breakwater is constructed for the safety of these
berths, these troubles show that the workability or the
mooring criteria can not be raised only by the
construction of breakwaters. The influence of swells and
Iong period waves may not reduced even in the harbour,
especially because the ferry berth is located in
comparatively inner part. Despite those circumstances,
any effective countermeasures are not carried out like the
modification of mooring systems at the present stage.
Therefore, at first, some patterns of wave growth have to
be analyzed for the safety operation of moored ships.

Table 3.1 Main mooring troubles in A port (1997-1999)

Year Month & Date Weather Reason | Situations of Ferry Berth Situations of Grain Berths

1997 April 22nd-23rd Typhoon 9701 | Shift to another berth Evacuate to outside harbour

1997 June 18th-21st Typhoon 9707 | Cancel the navigation

1997 June 27th-30th Typhoon 9708 | Depart the harbour earlier Evacuate to outside harbour

1997 July 23th-28th Typhoon 9709 | Cancel the navigation Evacuate to outside harbour

1997 August 17th-19th Typhoon 9713 | Shift to another berth Wait for entering at outside harbour
1997 Qctober 20th-22nd Typhoon 9724 | Shift to another berth

1997 November 4th-7th Typhoon 9725 | Evacuate to outside harbour Evacuate to outside harbour

1998 February 13th-14th AD. 11 mooring lines are broken

1998 April 29th-May 1st AD. 1 mooring line is broken

1998 August 28th Typhoon 9804 2 mooring lines are broken

1998 | September 15th-16th Typhoon 9805 6 mooring lines and I fender are broken
1998 September 21st Typhoon 9806 | Evacuate to another harbour

1998 September 27th Typhoon 9809 2 mooring lines are broken

1998 October 15th Typhoon 9815 | Cancel the navigation 2 mooring lines are broken

1998 November 7th A.D. 3 mooring lines are broken

1999 July 22nd 7 mooring lines are broken

1999 July 26th Typhoon 9905 | 1 fender and ship hul! are broken | 1 fender is broken

1999 July 28th Typhoon 9905 | Ferry cannot berth

99 | avgsioan | prosonor | Bl habouih) | Bt onits bt
1999 August 5th-6th Typhoon 9908 i Shift to another berth Evacuate to outside harbour(5th 15:00)

(Note) A.D. means Atmospheric Depression




Table 3.1 shows that situations of mooring impossible
exist almost during a year, and troubles due to typhoons
are happened from April to November. So we have to
pay attention to the influence of moored ship motions in
other seasons as well as in main typhoon seasons(July,
August and September). Also, a basic knowledge for the
prediction of the wave growth is expected to obtain by
analyzing waves and typhoons. In this study, we try to
carry out some relational analysis among typhoons,
waves and mooring troubles.

4.Analysis of significant wave of NOWPHAS

system

4.1 Wave growth patterns of significant waves
At first, it is necessary to know the transition of

significant wave heights and periods at A port and B port.

In this chapter, some growth patterns of significant
waves are focused on database for 5 years(1995-1999).
Figure 4.1.1 and Figure 4.1.2 show transitions of
significant waves in A port and B port on July and
September, 1995.
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Figure 4.1.1 Transition of significant waves on July,
1995
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Figure 4.1.2 Transifion of significant waves on
September, 1995

In Figure 4.1.1, start points of the wave growth(July
20th) is almost the same, however, growth patterns are
so different each other. Consuming time to the peak
point is larger in A port than B port, Peak values of wave
heights are so different each other, too.

In Figure 4.1.2, start points(September 15th)and peak
points(September 16th) of the wave growth is almost the
same. The peak value of wave heights is a bit larger in A
port than in B port in this case. The growth pattern is so
rapid in this case. Wave heights exceed 5m within one
day from 0.5m in A port. Also, wave periods are longer
in A port(15s) than in B port(12s). It is presumed that
wave periods become a bit large because fetch is a bit
larger in A port. Swells around 2-3m are observed at
September 20-24th both in A port and B port.

Figure 4.1.3, Figure 4,14 and Figure 4.1.5 show
transitions of significant waves on May, August and
November, 1996.
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Figure 4.1.5 Transition of significant waves on
November, 1996

In Figure 4.1.3, it may be the rare case that high
waves around 4m are observed in May. Although peak
points of wave heights are almost the same(May 19th),
growth patterns are pretty different between A port and
B port. The growth pattern in A port is so rapid,
consuming time of the growth is almost ope day from
1m to 5m(May 18th). On the other hand, consuming
time is almost 4 days in B port from 1m to Sm. Wave
periods are almost the same(12s).

In Figure 4.1.4, there is a remarkable wave growth in
the middle of August in both poris. Peak wave heights
are a bit similar, however, growth patterns are so
different. In both cases, waves rise to 2-3m at first, then
rapid growth to 6-7m is happened within a half day.

In Figure 4.1.5, the propagation of sirong swells is
recognized on November 10th-13th in both ports.
Although the peak wave height in A port(3.5m) is almost
half of B port(7m), growth curves are so similar each
other. Wave heights rise rapidly to peak values from
1-2m with a half day, too. It is presumed that the
difference of wave heights is due to the distance from the
typhoon in this case. Wave periods are about 15s in both
cases, strong and matured swells may influence to ships
and hatbours facing to the Pacific Ocean in south-west
part of Japan.

Figures 4.1.6-4.1.11 show fransitions on April, June,
July, and November in 1997, September in 1998 and
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The relationship between mooring troubles at A port
and the transitions of significant wave data is researched.

In Figure 4.1.6, the propagation of swells on the
20th-23rd can be seen in A and B ports. Its significant
wave heights and periods are about 2-3m and- 10-13s
respectively. In this case, the growth of wave heights is
ntot 5o rapid. Also the time difference of the wave growth
between A and B port is so little.

In Figure 4.1.7, there are three rising points of waves
more than 2m. These propagations of waves are caused
by swells due to typhoons. The first rising point is on
13th-14th. The rapid growth of waves is recognized at
the midnight of 13th in A port, from 2m to 3m. The time
difference between A and B port is very few, too. On the
other hand, wave periods are different each other, In A
port, peak values are about 12-15s. However, in B port,
they are about 9-11s. The second rising point is on 18th
in A port. The wave growth is rapidly in this case, from
1m to 4m for one day. The growth pattern is so different
from B port as shown this figure, Wave periods are
larger in A port (14s) than B port {12s), too. The time
difference of the wave growth seems to be about 1 day.
The third point is 27th-28th in A port, the growth pattern
is slower than the second rising point. On the other hand,
the peak of wave heights in B port is 26th-27th, so the
time difference is about one day, too. However, the peak
value of wave heights is much larger in B port (7m) than
A port (4m). The difference of wave periods is almost
the same as other cases in the figure,

In Figure 4.1.8, there is one rising point of waves
exceeded 4m. In this case, wave heights rise slowly, for
3-4 days. The time difference is about half a day (peak
point), although growth curves of waves are a little
different (The difference of starting points of the growth
is one day). Wave periods exceed 12s in both ports.

in Figure 4.1.9, there are two rising points of waves.
Especially, the first rising point on the 4th-6th is a
typical propagation of strong swells which significant
wave periods are about 15s, so the evacuation of the
moored grain carrier is happened. The time difference of
the wave propagation between A and B port is about one
day (comparing peak points). However, it is
characteristic that waves propagate to A port sooner than
B port. So, the forecast of wave propagation due to
typhoons in the Pacific Ocean is more difficult than them
in the Sea of Japan. Because patterns of the propagation
and the prowth are so complicated. Therefore, it is
shown that we cannot predict wave growth patterns only
by using the time difference of wave growth between
two points in the Pacific Ocean.

In Figure 4.1.10, there are some rising points from the
middle of September in 1998 due to typheons. The first
point on the 15th-16th causes the breakage of 6 mooring
lines and a fender, maybe because of the influence about
the rapid growth of significant waves for several hours,




In these cases, mooring froubles are strongly related to
rapidly growing swells within a day.

There is half day time lag of the wave propagation at
the second wave rising point in Figure 4.1.9, however, it
scarcely exist the time Iag between A and B port at the
first point in Figure 4.1.10. On the other hand, there is
no correlation of waves between A and B port in Figure
4.1.10. Therefore, the prediction of the wave growth
isn’t enough exact to use significant wave data only
between two points, because wave propagation patterns
are so various. So it is necessary to show the data
analysis of typhoons that causes the swells or long
period waves.

In Figure 4.1.11, there are 2 rising points of
waves(exceed 2m) in A port. The first growth pattern
(September 14th) is recognized only in A port. This
pattern has the rapid growth from 0.5m to 2.5m within

half a day. The second pattern is recognized in both ports.

This pattern has the rapid growth(1m to 6m), too.

4.2 Cross-correlation of the wave propagation

In the previous chapter, the time difference of the
wave propagation is researched to know the wave
growth pattern. Then it is necessary to analyze the
correlation of the wave propagation numerically. In this
chapter, the cross-correlation analysis is carried out to
rescarch on the correlation of the wave propagation. The
cross-correlation function Cy( 7 ) is calculated as
follows.

Cy (—r)= lim

T-reo

%jj-x(r)y(t—r}it, (4.2.1)

where, T: Time length of the calculation, z: Time lag
between data x and y. In this case, data x(¢) corresponds
to the observed significant wave height every 2 hours,
and data y(t- 7) is significant wave heights of long
period waves in each time period band every 2 hours. In
this study, the length of T is set to be 4 to 5 days.

In this section, the cross-correlation of significant
waves is researched in between A and B port in 1997,
Figure 4.2.1-Figure 4.2.5 show calculated results of
them on April, June, and November, 1997 and
September, 1998,
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Figure 4.2.1 Calculated result of cross-correlation
function (April 17th-231rd, 1997)
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Figure 4.2.2 Calculated result of cross—correlation
function (June 24th-28th, 1997)
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Figure 4.2.3 Calculated result of cross-correlation
function {July 21st-26th, 1997)
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Figure 4.2.4 Calculated result of cross-correlation
funetion (November Ist-5th, 1997)
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Figure 4.2.5 Calculated result of cross-correlation
function (September 12th-15th, 1998}

Values of C( r} is maximum when ¢=0 in Figure
4.2.1 and Figure 4.2.4. This shows that waves propagate
to A port at the same time or at sooner than B port. On
the other hand, C( r} becomes maximum when
=12-24 hours in Figure 4.2.2, Figure 4.2.3. These cases
are typical patterns that waves propagate from southern
point to northern point with some time differences.
However, values of C( )} do not change for 4-5 days in
Figure 4.2.5. This may show that the correlation
between A and B port does not exist about the wave
growth in A port. It is necessary to calculate
cross-correlation functions to analyze the wave growth
patterns by significant waves in different points
numerically. Time lags of the wave propagation more
than 24 hours cannot be seen in these results. Also, there
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is so little correlation in some cases between A port and
B port, despite influences of the same typhoons. This
shows that more observation points will be pecessary to
know the propagation of waves by this way. However, it
is shown that propagation patterns are not able to
calculate only by observation points in coastal zones,
Typhoons or atmospheric depressions are generated and
moving in wide area of the Pacific Ocean. Some wave
observation points should be placed in far sea area of the
Pacific Ocean, if we predict the propagation of high
waves or swells. All the observation points are placed in
coastal zones in NOWPHAS system. On the other hand,
present wave forecasting and hindcasting tends to be
examined by numerical forecasting models considering
whole regions of the earth. Also, observation buoys in
the Pacific Gcean will be changed to drifting types. This
shows that it is not easy to construct these systems soon.
It may be effective to correct forecasted values by
combining with other observation systems like
meteorological observation buoys in the Pacific Ocean.
This point will be another research theme in the future.
On the other hand, the analysis of weather conditions or
long period waves is very important fo know the wave
growth patterns, too. Thus, we will research on other
parameters that seem to be related to the growih of
significant waves.

5.Analysis of weather charts at stormy weather

conditions

In chapter 4, some patterns of the wave growth are
researched by transition of significant wave heights and
periods. It is shown that wave growth patterns are more
complicated in each case, so the prediction of the growth
is hard only by the information of significant wave data.
These results show that it is necessary to analyze
weather charts at stormy weathers and compare them
with the growth of significant waves.

Table 5.1 shows analyzed cases of observed wave
data at stormy weather conditions in 1995-1999(31
cases). Most of these cases are at stormy weather
conditions due to typhoons. In some cases, iyphoons
approach to A port within very short distances. In other
cases, swells propagate from typhoons that don’t land to
Japan. Also, cases that mooring troubles happen in spite
of the low wave heights and periods.

Figure 5.1 and Figure 5.2 show weather charts of
case 1 and case 2 in 1995. Figure 5.3 and Figure 5.4
show weather charts in case 5 and case 8 in 1996.
Figure 5.5 and Figure 5.6 show weather charts in case
16 and case 22 in 1997. Figure 5.7 and Figure 5.8 show
weather charts in case24 and case 28 in 1998 and 1999.



Table 5.1 Extracted cases of the data analysis in 1995-1999

Case | Year | Month & Date Weather Condition
1 1995 | July 16th-23th Typhoon 9503
2 1995 | September 12th-16th Typhoon 9513
3 1995 | September 18th-24th Typhoon 9514
4 1993 | October 17th-21st Typhoon 9518
5 1996 | May 13th-19th Typhoon 9603
] 1996 | July 6th-10th Typhoon 9605
7 1996 | July 13th-18th Typhoon 9606
3 1996 | July 25th-31st Typhoon 9609
9 1996 | August 8th-14th Typhoon 9612
10 | 1996 [ October 20th-24th Typhoon 9623
12 | 1996 | November 6th-12th Typhoon 9624
13 ] 1997 | April 17th-23th Typhoon 9701
14 | 1997 | May 26th-30th Typhoon 9704
15 | 1997 | June 10th-14th Typhoon 9706
i6 | 1997 | June i6th-20th Typhoon 9707
17 | 1997 | June 24th-28th Typhoon 9708
18 | 1997 | July 21th-26th Typhoon 9709
19 | 1997 | August 3th-7th Typhoon 9711
20 | 1997 | August 12th-18th Typhoon 9713
21 | 1997 | Sepiember 10th-14th Typhoon 9719
22 | 1997 | November 1si-5th Typhoon 9725
23 ] 1998 | August 24th-29th Typhoon 9804
24 | 1998 | September 12th-16th Typhoon 9805
25 | 1998 | September 25th-30th Typhoon 9809
26 | 1998 [ October 11th-15th Typhoon 9810
27 | 1999 | September 10th-14th Typhoon 9916
28 11999 | September 20th-24th Typhoon 9918
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Figure 5.1 Weather charts in case 1(July, 1995)
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Figure 5.6 Weather charts in case 22(November, 1997)
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Figure 5.8 Weather charts in case 28(September, 1999)

It is shown that stormy weathers in these cases are
caused by typhoons. However, typhoons’ course,
atmospheric pressures, distances to A port have various
patterns in each case. Figure 5.3 and Figure 5.6 arc
typical cases of the propagation of swells from typhoons
at far south-east sea area. On the other hand, Figure 5.2,
Figure 5.4 and Figure 5.8 are cases that typhoons land
to Japan with the propagation of high waves and swells.

1t is shown that the mooring trouble happens in winter
season, too. These weather conditions are due fto

atmospheric depression as shown in Table 3.1. 1t is
necessary to research on waves and weather charts for
these situations. However, waves data can not be
obtained on February, 1998, because of the trouble of the
wave pgauge offshore A port. Weather charts at the
mooring trouble in February, 1998 are shown in Figure
5.9

Figure 5.9 Weather charts on February, 1998
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This is an example that atmospheric depression locates
and grows in southern sea area of Kyushu district. The
phenomenon is similar with the stormy weather condition
of the Sea of Japan in winter season,

6.Analysis of typhoon data

It is explained that the analysis of typhoon data is
necessary in order to know trends of wave growth patterns
that happened at A port. Firstly, typhoons corresponding
to each stormy weather case at A port in 1995-1999 are
extracted by watching daily weather charts. Secondly,
positions, atmospheric pressures and routes of each
typhoon are analyzed by the meteorological database of
“Himawari”(Japan Weather Association, 1999; 2000;
2001).  Some relationships between wave growth
patterns observed by NOWPHAS in A port and these
parameters of typhoons are researched.

6.1 Reutes of Typhoons
Routes of typhoons extracted in this study are shown in
Figure 6.1.1.

Latjtude(Degrce Ny
45 : :
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Figure 6.1.1 Routes of typhoons in 1995-1999

This contains them when they are tropical cyclones, so
the following tendencies are found.

(1)Most of them are generated below 20 degrees of the
north latitude, and there are five cases that are
generated at east areas beyond 150 degrees of the east
longitude,

(2) Typhoons which come from south-east sea areas tend
to have long moving distances before they approach to
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Japan. On the other hand, typhoons which come from
south-west sea areas relatively have shorter moving
distances than former ones.

{(3) There are some cases that typhoons don’t Jand to Japan,
however, mooring iroubles at A port are happened by
these typhoons, too,

The relation between observed waves at A port and
typhoons is examined. Figure 6.1.2 shows the long period
wave heights corresponding to the distance between
typhoon and A port and the difference of the atmospheric
pressure between the central of typhoons and A port.
Details of the calculation about Jong period waves from
observed wave time series is stated in our another
report(Sasa, et al.,2001).
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Figure 6.1.2 Relation among long period wave heights,
atmospheric pressures and distances to A port(1997-1998)

Long period wave heighis tend to become large when
the difference of the atmospheric pressure is more than
40hPa and the distance is within 1000km. However, long
period waves more than 0.1m generate when distances are
about 2000km or differences of the atmospheric pressure
are less than 40hPa in a few cases.

Figure 6.1.3 shows plotted long period wave heights at
polar-coordinate whose origin is A port.

Long period waves that are more than 0.1lm are
concentrated in the fourth quadrant of this
polar-coordinate graph. Long period wave heights are so
different each other even if distances and directions from
A port are close. It is said that the influence of long period
waves or that of swells cannot be explained by only the
distance between typhoons and A port. Therefore, we find
that further analysis of typhoon data is necessary.
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Figure 6.1.3 Relation between long period wave heights
and typhoon’s positions(1997-1998)

6.2 Relations between typhoons and the wave growth
Thus, we consider the transition of accumulation of
moving distance from the generation point, atmospheric
pressures, maximum wind speeds, as well as the distance
between the present position and A port. These distances
are expressed by navigation ones, because moving ranges
of typhoons are so wide. Moreover, the criteria of a ship
mooring is different from a ship type, ship size, or
mooring way, etc. According to some study results about
moored ship motions due to long period waves, it is
generally said that large ships like more than 10,000DWT
class can’t moor in ordinal mooring ways when long
period wave height is more than 0.1-0.15m(Nagai, et al,
1994b). Long period wave heights in past studies are
calculated from waves consisted on components at
20-300s in a general way, so the critical long period wave
heights for ship mooring are defined as follows.
a) The criteria of Jong period wave heights consisted on
components of 20-180s as 0.15m.
b) The criteria of long period wave heights consisted on
components of 60-180s as 0.1m,
¢} The criteria of significant wave heighis is defined as
2m, because of the corresponding to long wave period
heights of (1.1-0.15m.

‘We remark the condition that significant wave periods
become more than 10s, because of the influence of long
period waves that is started to become notable, In this
section, we research on the relation between typhoons and
waves in each case. Some of them are shown as follows,
In these cases, we show some transitions of typhoons and
positions of each limit condition of ship mooring defined
above in 1995-1999.

(1) Case 1

Figure 6.2.1 and Figure 6.2.2 show the route and

transitions of the Typhoon 9503 and observed waves

offshore A port.
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Figure 6.2.1 Route and points of the mooring criteria of
Typhoon 9503 on July, 1995
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Figure 6.2.2 Transition of wave conditions and each
typhoon parameter of Typhoon 3503 on July, 1997
The typhoon generates around 15 degrees of north



latitude, 140 degrees of east longitude. Its course is
relafively north bound. Although T;; exceeds 10s after 89
hours from the generation, it takes about 128-15% hours to
exceed limit conditions of Hy; or Hyys(60-180s).
H;3(60-180s) grow rapidly when the distance between
the typhoon and A port is the shortest(300km), When the
accumulative moving distance is about 2000km, the
mooring of ships would be difficult in A port. The
atmospheric pressure of central typhoon becomes the
lowest value(950hPa) when the distance is the nearest to A
port.
(2) Case 2

Figure 6.2.3 and Figure 6.2.4 show the route and
transitions of the Typhoon 9512 and observed waves
offshore A port.
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Figure 6.2.3 Route and points of the mooring criterfa of
Typhoon 9512 on September, 1995

The typhoon generates around 15 degrees of north
latitude, 145 degrees of east longitude. The route of the
typhoon is comparatively counterclockwise, bound for
north-east areas. Each wave condition for the mooring
criteria is almost the same timing, the distance from the
typhoon is about 1000km and the accumulative moving
distance is about 1500km. The mooring of ships in A port
would be difficult when the typhoon locates near 25
degrees of north latitude. In this case, the atmospheric
pressure of central typhoon becomes so lower(925hPa) as
the typhoon approaches to Japan. Transitions of waves
show that growth rates of long period waves are much
larger than significant waves.
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Figure 6.2.4 Transition of wave conditions and each
typhoon parameter of Typhoon 9512 on September, 1995
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(3) Case 4

Figure 6.2.5 and Figure 6.2.6 show the route and
transitions of the Typhoon 9603 and observed waves
offshore A port.
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Figure 6.2.5 Route and points of the mooring criteria of
Typhoon 9603 on May, 1996
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Figure 6.2.6 Transition of wave conditions and each
typhoon parameter of Typhoon 9603 on May, 1996

The typhoon generates around 7 degrees of norih
latitude, 140 degrees of east longitude. The generation
point is far south area in this case, it may be influenced of
the relatively early time of year. The route of the typhoon
seems to be counterclockwise, the difference of points for
the meoring criteria between Ty; and Hyz or Hys is so
large in this case. Although wave heights start to rise when
the typhoon locates around 25 degrees of north latitude,
waves more than 10s are observed from 4 days earlier. In
this case, the mooring of ships would be difficult when the
distance from the typhoon is 900-950km, and the
accumulative moving distance is about 3500km. The
property of this typhoon is so different from typhoons in
case 1 or case 3. The atmospheric pressure becomes the
lowest point(930hPa) on May 14th(4 days before the
mooring criteria), then i# rises gradually to around
1000hPa.

(4) Case 5

Figure 6.2.7 and Figure 6.2.8 show the route and
transitions of the Typhoon 9605 and observed waves
offshore A port.
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Figure 6.2.7 Route and points of the mooring criteria of
Typhoon 9605 on July, 1996
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Figure 6.2.8 Transition of wave conditions and each
typhoon parameter of Typhoon 9605 on July, 1996
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Figure 6.2.10 Transition of wave conditions and each
typhoon parameter of Typhoon 9606 on July, 1996
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The typhoon generates around 20 degrees of north
latitude, 145 degrees of east longitude. However, its
course is so different from case 5. The typhoon is heading
for north-west direction at first, and is passing A port with
a very short distance. Then its course changes as shown in
Figure 6.2.9. In this case, the mooring of ships in A port
could be impossible when the distance from the typhoon is
450km. Figure 6.2.10 shows that Hj; and Hpj; rise
rapidly as the typhoon approaches to A port. The
minimum value of the atmospheric pressure is 940hPa.

(6) Case 7

Figure 6.2.11 and Figure 6.2.12 show the route and
transitions of the Typhoon 9609 and observed waves
offshore A port.
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Figure 6.2.11 Route and points of the mooring criteria of
Typhoon 9609 on July, 1996

The typhoon generates around 15 degrees of north
latitude, 155 degrees of east longitude. The direction of
the typhoon is completely different from any other cases,
It bounds for west area(China), and locates 20-25 degrees
of north latitude all the time. In this case, the typhoon is a
bit far from Japan, however, the mooring of ships in A
port would be impossible when the distance from the
typhoon is 1000-1100km, and the accumulative moving
distance is 3300-3500km. Although Hy; rises gradually,
H; ;;5(60-180s) rises rapidly on July 31st. The atmospheric
pressure of central typhoon continues to decrease in this
period, the minimum value is 925hPa.
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Figure 6.2.12 Transition of wave conditions and each
typhoon parameter of Typhoon 9609 on July, 1996

(7)Case 8
Figure 6.2.13 and Figure 6.2.14 show the route and
transitions of the Typhoon 9612 and observed waves
offshore A port.

N Latitude(Degree N}

(3)H 1n>2Zm : I89hours, 712km, &
(2)Tws>10% 1 E9%honrs, 666Kkmy2085km H
40 (3)H112(20-1805)>0.15m - ¥31hovrs, 683km} 1568km
(4)HL1n(60.3805)> 0.1 7203 hauss, 651km, 2125km
4)
30) N
PY FDUOIID 3 7 YOO NS SO SO
200~
1)
D] IS DU SR !
10} 4 ‘
26 30 50 150 160 T

Langitude{Degree E)

Figure 6.2.13 Route and points of the mooring criteria of
Typhoon 9612 on July, 1996
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Figure 6.2.14 Transition of wave conditions and each
typhoon parameter of Typhoon 9612 on July, 1996

The typhoon generates around 21 degrees of north
latitude, 135 degrees of east longitude. Although the
generation point is comparatively near to Japan, its course
is so complicated as shown in Figure 6.2.13. The mooring
of ships in A port would be difficult when the typhoon
locates offshore 650-700km  from A port. The
accumaulative moving distance is about 2000-2100km. H;
rises more than 2m at first, and then it rises more than 4m
again later. It is presumed that the growth pattern is
influenced by the complicated trail of the typhoon. The
atmospheric  pressure(minimum value is 955hPa)
decreases gradually as the typhoon approaches to Japan.
{8) Case 11

Figure 6.2.15 and Figure 6.2.16 show the route and
transitions of the Typhoon 9624 and observed waves
offshore A port,

Latitude{Degree N)

(1)H13>2m : 171hours, 1262km,2785km
(2)T13>105 : 51hours] 3110km, 125km ;
A3)H115(20-1805)>0.15m : 131honrs, 2104km,
(4)H 0 12(60-1806)>0.1m : 169hours, 1304km,
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Figure 6.2.11 Route and points of the mooring criteria of
Typhoon 9624 on November, 1996
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Figure 6.2.12 Transition of wave conditions and each
typhoon parameter of Typhoon 9624 on November, 1996
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The typhoon generates around 10 degrees of north
latitude, 153 degrees of east longitude. The course of the
typhoon is typical counterclockwise. The mooring of ships
in A port would be impossible when the typhoon locates
around 20 degrees of north latitude. The distance from the
typhoon is 1200-1300km at that time. Also, the
accumulative moving distance is 2700-2800km. The
atmospheric pressure of central typhoon becomes the
lowest(930hPa) on November 10th, it is 1 day before the
mooring criteria. As Ty; rises gradually from 10s to 15s, it
is a typical pattern of the propagation of strong swells
from far area of the Pacific Ocean.

(9) Case 12

Figare 6.2.13 and Figure 6.2.14 show the relations

between the Typhoon 9701 and observed waves.

Latitude(Degree N
45 (Deg )

(1)H15>2m : 223hours, 1337km,3101km
(2)T23>105: 187hours, 1838km,i273%km |
(3)H1L13(20-1805)>0.15m : 191haurs, 1788km, 27%1km
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Figure 6.2.13 Route and points of the mooring criteria of
Typhoon 9701 on April, 1997

Swells about 2.5m and 12s propagate to A port. The
typhoon generates below 10 degrees of north latitude. It
takes about 233 hours for exceeding the long period wave
height around 60-180s of 0.1m. The accumulated moving
distance is 3336km, and the distance to A port is 1195km.
Also it takes 223 hours for exceeding the significant wave
height of 2m, 187 hours of significant wave period of 10s.
The atmospheric pressure becomes the minimum 2 days
before the wave height becomes the maximum.
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Figure 6.2.14 Transition of wave conditions and each
typhoon parameter of Typhoon 9701 on April, 1997

(10) Case 13
Figure 6.2.15 and Figure 6.2.16 show the relations
between the Typhoon 9706 and observed waves in A port.

4 Latitude{Deprec N)

(1}His>2nm : 208hours, 1181km,i3296km
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Figure 6.2.15 Route and points of the mooring criteria of
Typhoon 9706 on June, 1997

_25.



Hius(m)

[T ___.‘, [ D =Y
Tin(s)

L o T )

3000

1500

5000 Accumulated Moving Distance from Original Point (km)

25003 eeeeeeee-

1020

iz
Day(June, 1997)

Figure 6.2.16 Transition of wave conditions and each
typhoon parameter of Typhoon 9706 on June, 1997

The typhoon generates below 10 degrees of north
latitude, too. Exceeding points of the mooring criteria It
takes about 233 hours for exceeding the long period wave
height around 60-180s of 0.1m. The accumulated moving
distance is 3336km, and the distance to A port is 1195km.
Also it takes 223 hours for exceeding the significant wave
height of 2m, 187 hours of significant wave period of 10s.
The atmospheric pressure becomes the minimum 2 days
before the wave height becomes the maximum.

(11) Case 14

Figure 6.2.17 and Figure 6.2.18 show the relations

between the Typhoon 9707 and observed waves.
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Figure 6.2.17 Route and points of the mooring criteria of
Typhoon 9707 on June, 1997
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Figure 6.2.18 Transition of wave conditions and each
typhoon parameter of Typhoon 9707 on June, 1997



The typhoon generates around 15 degrees of north
latitude. It takes about 113 hours for exceeding the long
period wave height around 60-180s of 0.lm. The
accumulated moving distance is 1520km, and the distance
to A port is 389km. Also it takes 113 hours for exceeding
the significant wave height of 2m, 107 hours of significant
wave period of 10s. The route of the typhoon is north
bound, and approaches to A port with shori distance, The
atmospheric pressure becomes the minimum in a day
before the wave height becomes the maximum.

(12) Case 15

Figure 6.2.19 and Figure 6.2.20 show the relations

between the Typhoon 9708 and observed waves.

Latitude(Degree N) "
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(2)T1/2>105 : 107hours, 875km, 1284km !
A3)H1y2(20:1805)>0.15m : 87halirs, 1316km, 1046km
(4)HL:in(60G-180s)>0.1m : heurs, 320km,1775km
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Figure 6.2.19 Route and points of the mooring criteria of
Typhoon 9708 on June, 1997

The typhoon generates around 15 degrees of north
latitude, too. It takes about 129 hours for exceeding the
long period wave height around 60-180s of 0.1m. The
accumulated moving distance is 1775km, and the distance
to A port is 320km. Also it takes 113 hours for exceeding
the significant wave height of 2m, 107 hours of significant
wave period of 10s. The pattern of the typhoon is similar
with case 3. The atmospheric pressure becomes the
minimum half a day before the wave height becomes the
maximumn.
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Figure 6.2.20 Transition of wave conditions and each
typhoon parameter of Typhoon 9708 on June, 1997

(13) Case 16
Figure 6.2.21 and Figure 6.2.22 show the relations
between the Typhoon 9709 and observed waves,

4 Latitude(Decgrec N)
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Figure 6.2.21 Route and points of the mooring criteria of
Typhoon 9709 on July, 1997
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Figure 6.2,22 Transition of wave conditions and each
typhoon parameter of Typhoon 9709 on July, 1997

The typhoon generates around 10 degrees of north
latitude, 135 degrees of east latitude, It takes about 151
hours for exceeding the long period wave height around
60-180s of 0.1m. The accumulated moving distance is
1785km, and the distance to A port is 775km. Also it takes
153 hours for exceeding the significant wave height of 2m,
133 hours of significant wave period of 10s. Although the
route of the typhoon is north bound, the accumulative
moving distance is longer than case 3 or case 4. The
distance to A port becomes longer. The atmospheric
pressure becomes the minimum 36 hours before the wave
height becomes the maximum,

(14) Case 18

Figure 6.2.23 and Figure 6.2.24 show the relations

between the Typhoon 9713 and observed waves.
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The typhoon generates around 7 degrees of north
latitude, 165 degrees of east latitude. It takes about 195
hours for exceeding the long period wave height around
60-180s of 0.1m. The accumulated moving distance is
3565km, and the distance to A port is 1277km. Also it
takes 197 hours for exceeding the significant wave height
of 2m, 171 hours of significant wave period of 10s. The
route of the typhoon is north bound, and approaches to A
port with short distance. The atmospheric pressure
becomes the minimum 2 days before the wave height
becomes the maximum.

(15} Case 19

Figure 6.2.25 and Figure 6.2.26 show the relations

between the Typhoon 9719 and observed waves.

Latitude{Degree N)

45 ; T ‘ T
(D)His>2m : 21%hours, 1033k, 4790km
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{($)H12(66-180s)>0Am : 209hovrs, 1280km; 4518km
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Figure 6.2.25 Route and points of the mooring criteria of
Typhoon 9719 on September, 1997

The typhoon generates around 15 degrees of north
latitude, 180 degrees of east latitude. It comes from far
east area. It takes about 209 hours for exceeding the long
period wave height around 60-180s of 0.lm. The
accumuiated moving distance is 4518km, and the distance
to A port is 1280km. Also it takes 219 hours for exceeding
the significant wave height of 2m, 191 hours of significant
wave period of 10s. The route of the typhoon is north-west
bound, and approaches to A port with very short distance
when it lands to Japan. The atmospheric pressure becomes
the minimum 2 days before the wave height becomes the
maximum.
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Figure 6.2,26 Transition of wave conditions and each
typhoon parameter of Typhoon 9719 on September, 1997

(16) Case 20

Figure 6.2.27 shows the transition of the typhoon and
positions of each limit condition of ship moocring defined
above in case of Typhoon 9725 that occurred on
November in 1997. In this case, grown swells about 3m
and 15s propagate to A port. It is characteristic that the
generation point is very far from A port, and the
accumulation of moving distance of the typhoon is very
long, then the most approach distance to A port is more
than 1500km. Every limit conditions of ship mooring
defined above are exceeded when the position of the
typheoon is below 20 degrees of the north latitude. It takes
157 hours for exceeding the significant wave period of 10s,
241 hours of the significant wave height of 2m, 233 hours
of the long period wave height around 20-180s of 0.15m,
and 229 hours of the long period wave height around
60-180s of 0.1m.

The transition of observed waves in A port and the
typhoon for 5 days are compared at Figure 6.2.28.
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Figure 6.2.27 Route and points of the mooring criteria of
Typhoon 9725 on November, 1997
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Figure 6.2.28 Transition of wave conditions and each
typhoon parameter of Typhoon 9725 on November, 1997
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1t is found the tendency that wave heights and periods
start to rise when the distance between the typhoon and A
port is about 2000km, and the accumulated moving
distance of the typhoon exceeds 3000km. Atmospheric
pressures of the central typhoon become minimum 1-2
days previously of the wave growth at A port.
(17) Case 22

Figure 6.2.29 and Figure 6.2.30 show routes and
observed waves in A port in case of Typhoon 9805.
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Figure 6.2.29 Route and points of the mooring criteria of
Typhoon 9805 on September, 1998

In this case, the typhoon is generated around 17 degrees
of the north latitude and show the rapid growth of long
period waves. The nearest approach distance to A port is
about 500km, and limit conditions of ship mooring are
exceeded almost at the same time. Consuming time from
the generation of the typhoon to the lmit conditions is
75-79 hours. The accumulaied moving distances are
1550-1684km, and the distance between A port and the
typhoon is 540-630km. In this case, values of atmospheric
pressures of the central typhoon are 975hPa when wave
heights are start to rise, and the time difference between
the minimum atmospheric pressure and the wave growth
point is very low. It is characteristic that the rapid wave
growth happens due to the influence of short distances
between the typhoon and A port, although the value of
minimum atmospheric pressure is not so low.
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Figure 6.2,.30 Transition of wave conditions and each
typhoon parameter of Typhoon 9805 on September, 1998

Therefore, it is obvious that these two patterns of the
gencration and growth of typhoons are completely
different from each other, though swells and long period
waves propagate to A port in both cases. Swells propagate
to A port in both cases, however, significant wave periods
are 15s (the former case) and 12s {the latter case)
respectively. The difference of the maturation of swells
like this may depend on the accumulated moving distance

and the consuming time from the original generation point.

It means that well grown swells tend to be generated by
typhoons come from the far south-east sea area.

6.3 Some relations between typhoons and waves

Figure 6.3.1 shows that long period wave heights
(60-180s) exceed 0.1m (shown as circles) and points of
minimum atmospheric pressures (shown as triangles) in
typhoon routes in 1997-1998.

As observed, the atmospheric pressure of central
typhoons becomes minimum when they are below 20

.31.

degrees in the north latitude and has long moving
distances. Moreover, there are five cases that long period
wave heights (60-180s) exceed when they are below 25
degrees in the north latitude. Ordinary, weather charts in
Japanese newspapers are focused on about 20-50 degrees
in north latitude, 110-160 degrees in east longitude. These
ranges of weather information are not enough to know the
influence to wave growth patterns including swells and
long period waves. Because in some cases, the wave
growth happens in the area below 20 degrees in the north
latitude, especially, typhoons come from the far south-east
sea area,
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Figure 6.3.1 Points of long period waves exceed 0.1m and
of minimum atmospheric pressures in each typhoon

6.4 Considerations of the relation between the
mooring criteria and typhoen data

In previous chapter, it is shown that is necessary to
know the influence of the growth of significant waves,
swells and long period waves in each parameter of
typhoons. Thus, we carry out some regression analysis
between typhoon parameters and observed wave data at A
port. Figures 6.4.1-6.4.4 show that relations and
regression analysis results among moving distances,
distances to A port, and the consuming time in following
limit conditions (a)-(d).
(a) Significant wave heights exceed 2m.
(b) Significant wave periods exceed 10s.
(c) Long period wave heights (20-180s) exceed 0.15m.
(d) Long period wave heights (60-180s) exceed 0.1m.
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Figure 6.4.2 Relation among moving distances, distances
to A port and consuming time of waves (Limit condition

(b))

In Figure 6.4.2, values of R? are so little on relations
about  distances  between  typhoon and A
port(R*=0.03-0.06). The correlation is so low among these
parameters in limit condition (b). This shows that mooring
criteria should not be evaluated in this limit condition. It is
necessary to redefine the limit condition by wave period in
the future.

S
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These figures show that the influence of long period
waves becomes notable in the following cases.

(1) Typhoon patterns of the accumulated moving distance
is about 1500-2000km (100-150 hours), and distances
to A port are about 300-800km.

(2) Typhoon patterns of the accumulated moving distance
is about 3000-4500km (200-250 hours), and distances
to A port are about 1000-1800km.

As the former pattern has a high possibility of typhoon
landing to Japan, typhoon warnings are relatively apt to
announce in these cases. Therefore, moored ships are
ordinary recommended to evacuate outside harbour
beforehand. On the other hand, there is a possibility that
typhoon warnings are not announced if they don’t land to
Japan. However, the influence to moored ship motions is
considerable in these cases even if typhoons don’t land or
approach closely to Japan.

The previous section shows that growth conditions of
propagated waves depend on atmospheric pressures of
ceniral typhoons, so the relation between minimum
atmospheric pressures and time lag from minimum
pressures to limit conditions of ship mooring is shown in
Figure 6.4.5.

The minimum atmospheric pressure tends to be lower,
as the time lags become large in case of Hj; and
H;15(60-180s). However, there are 2 cases of typhoons
that become about 920hPa without time Iags. This shows
that time lags are not necessary appropriate parameter to
evaluate mooring criteria. These figures show that there is
less correlation between time lags and minimum
atmospheric pressures.

As is examined in this chapter, the time difference
between the minimum atmospheric pressure and the limit
wave condition of a ship mooring may become an
effective parameter for the prediction of swells and long
period waves. Especially, in case of maturated swells due
to typhoons with long moving distances.

7.Consideration of mooring criteria from wave

data and fyphoon data

In the previous chapter, it is shown that the growth of
swells and long period waves can be explained by some
parameters of typhoons. It is necessary to know growth
situations of waves for the judgement of mooring criteria.
However, it is hard to know them only by themselves for
their non-stable property. Also, it is necessary for the
influence of moored ship motions to know the property
and the estimation of long period waves. Thus, mooring
criteria should be evaluated and predicted by multi

variables that consist of parameters of waves and typhoons.

These points will be researched on the second report and

-34 -

the third report,

Mm;mum Atm ospherlc Pressure(hPa)
' R? 0 162

1000 —
980 __..._...‘;....A } ,:.;L,,,g.,,”,wvﬂg,.,,.,.. ..i

y = 944,94 0.2296x (@ : ;
90-040 -20 0 20 40 60 80 100
Time Lag when His>2m (hours)

Minlmum Atmosphenc Pressurc(hl’a)
“0 601

1000 ' A
980wum€mﬁm;mmM}
960
949

920
)y L 939.07 + 0.018x
900

40 -20 0 20 40 60 80 100
Time Lag when T13>10s (hours)

Mlmmum Atmosphenc }’ressure(hPa)
y—9393() 01034x§ ‘R *-0 058

1000
980|- ; S

04 0l | | :

G20

9(:.-{)40 -2‘6 O 26 4.0 6.0 86 100
Time Lag when Heis>0,.15m (hours)

Minimum Atmospheric Pressure(hPa)
y = 945.00- 0.2182x {R’=0.096

1000
980 i : : : :
T e e e T S I

005 20 0 20 40 60 80 100

Time Lag when Hui3>0.1m (hours)

Figure 6.4.5 Relation between minimum atmospheric
pressures and time lag of the wave growth

8.Conclusions

In this study, we focused on the mooring criteria at a
harbour facing the Pacific Ocean from the point of view of




the analysis of wave growth pattern using observed wave

data by NOWPHAS system. And then the relation

between mooring froubles and wave growth patierns is
examined from wvarious aspects. Conclusjions are
summarized as follows,

{(1)Mooring troubles in A port happen at stormy weather
conditions due to typhoons. However, there are few
examples of mooring troubles due to atmospheric
depressions in winter season. It is reported that troubles
of moored grain carriers due to swells and long period
waves happen from April to November.

(2)Time differences between A and B port are about 0-1
day length of the wave propagation if typhoons are
north bound, nevertheless, the correlation of the wave
propagation can not be seen if typhoons are north-east
or north-west bound. So, more wave data of differemt
observation poinis will be needed to obtain the time
difference of significant waves,

(3)Long period wave heights at A port are apt to exceed
0.1m when the distance between typhoon and A port is
within 1500km and the difference of atmospheric
pressures between typhoons and A port is about
40-80hPa. However, long period waves that exceed
0.15m exist when the distance is about 2000km and the

difference of atmospheric depressions is about 60-80hPa.

And it is known that long period wave heights tend to
become large when typhoons come from south-east sea
areas of A port.

(4)Most of typhoons that causes mooring troubles is
generated below 20 degrees of north latitude in
1995-1999, and then 7 typhoons of them are generated
below 10 degrees of north latitude. So the ordinary
range of present weather charts in Japanese newspapers
is not enough to know the existence of typhoons
correctly.

{5)There are two types of typhoons that generate larger
long period waves. The former type has the relation
between the accumulated moving distances of

1500-2000km and the distances to A port of 300-800kmnt.

The latter type has the relation between the
accumulation of moving distances of 3000-4500km and
distances to A port of 1000-2000km. Consuming time
for the wave growth is 100-150 hours at the former type,
and is 200-250 hours in the latter type.

(6)There is the tendency that the time difference between

minimum atmospheric pressures and limit conditions is
about 40 hours to exceed 0.1lm of long period wave
heights when the minimum atmospheric pressure is
below 940hPa. On the other hand, the time difference is
so little when the minimum atmospheric pressure is
more than 960hPa, and those ones have relatively short
moving distances and consuming times. However, there
are some cases of typhoons below 940hPa without the
time difference. It is necessary to research on detail in
the future.
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