


HIG-73-6

A COMPARISON OF STORM-WAVE AND TRADEWIND-WAVE ENERGIES
OFF KANEOHE BAY, OAHU, HAWAII*

By.
Keith M. Shimada

May 1973

Prepared for
Naticnal Science Foundation
under grant GH-93
and
National Oceanic and Atmospheric Administration
under National Sea Grant Program grant 2-35-243

%*A thesis submitted to the Graduate Division of the
University of Hawali in partial fulfillment of the
requirements for the degree of Master of Science
in Oceanography, May 1973.

Approved by Director

G VP Lol

Date: 1 May 1973



ACKNOWLEDGMENTS

I am grateful to Professors Robert Tait, Gaylord
Miller, Brent Gallagher, and Keith Chave for their
guidance and encouragement during the course of this
study.

Useful discussions were held with Dr. Klaus Wyrtki.
I thank Dr. Harold Loomis who provided the computer
subroutine to caleulate the spectral values, and Mrs.
Shikiko Nakahara who assisted in writing the computer
program. The preparation of figures was done by William
E. Chase.

I wigh to thank the organizations which made weather
data available to me: the National Weather Service,
Kaneohe Marine Corps Air Station, Fleet Weather Central,
and the Meteorology Department of the University of
Hawait. .

For providing and repairing the instruments to
measure and record sea-surface elevations, I thank Dr.
Martin Vitousek and his assistants, Jerry Packard and
Jordan Ige.

T am grateful to those who assisted in the ingtal-
lation of the instruments: Gary and Susan Wiemeyer, Dr.
Edward Stroup, Christine Sakai, Thomas Dantiel, Theodore
Hirano, and especially Gene Gilley who directed lhe
initial installation.

Special thanks to those who, in prain and sunshine,
calm and vough seas, helped replace the car batteries
that powered the pressure gauge and the transmitter:
Norman H. Yoshida, Sylvia Koo, Daniel Teruya, Ralph
Saito, Lydia 0%, Ronald J. Nagata, Margo Otsuka, Frank
Gonzalesz, Brian Yoghida, William and Dora Emery, Gary
Meyers, Paul Jubinski, Jackson Tsujimura, and Joyce
Migukami.

I gratefully acknowledge the asstiectance of Mres.
Ethel McAfee and Mrs. Rita Pujalet for their many
suggestions and improvements in the writing of this
manusceript.

For typing the drafts and the final thesis manu-
seript, I thank Mrs. Carol Koyanagt.

This research was supported by the Naticnal Science
roundation under grant GH-93 and the National Oceanic and
Atmospheric Administration under National Sea Grant Program
grant £-36-2438.



A COMPARISON OF STORM-WAVE AND TRADEWIND-WAVE ENERGIES

OFF KANEOHE BAY, OAHU, HAWAII

A THESIS SUBMITTED TO THE GRADUATE DIVISION OF THE
UNIVERSITY OF HAWATII IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN OCEANOGRAPHY

MAY 1973

By

Keith Masato Shimada

Thesis Committee:

Robert J. Tait, Chairman
Keith E. Chave
Brent 8. Gallagher
Gaylord R. Millerx




iii
ABSTRACT

Sea-surface elevations were measured outside the
reef protecting Kaneche Bay, Oahu, Hawaii, from
22 January to 8 August, 1971, in a study of the wave
energy associated with storm waves aqd tradewind waves
approaching the Bay. When energy spectra of the storm
waves were compared with those of the tradewind waves, it
was found that: (1) Strong local tradewinds produce more
wave energy than do distant storms in the north or south
Pacific. (2) Strong local tradewinds produce twice as
much wave energy as do weak local tradewinds. (3} The
tradewinds produce more wave energy than do local southerly
winds. (4) The effect of Hurricane Denise, which passed

southeast of Hawaii, was negligible,




ABSTRACT . . . . .
LIST OF TABLES. . .
LIST OF FIGURES . .
INTRODUCTION. . . .
WAVE TYPES. . . . .
SITE AND SAMPLING .
SPECTRAL ANALYSIS .
Aliasing . ., .
The Spectrum

DATA AND DISCUSSTION

Comparing Storm and Tradewind

TABLE

Y

.

OF CONTENIS

Gale to the Northwest.

Low to the Northwest

Storm to the North

L)

-

Strong and Weak Tradewinds

Strong Southerly Winds

Hurricane Denise

RESULTS AND

APPENDIX A.

APPENDIX B.

APPENDIX C.

BIBLIOGRAPHY. . . .

CONCLUSIONS

»

TABLES 1 to 3.

-

N

INSTRUMENTATION,
COMPUTER PROGRAMMING

FIGURES 1 to 66.

.

.

.

DATA STORAGE,

iv

Page

iit

vi

12
13
14
14
16
18

20

22
27
48

115




LIST OF TABLES

Table ' Page
1 Computer Program . . . « « « « « s 4+ 1+ . 28
2 A Daily Summary of Gales, Storms,
Smallcraft Warnings, and the Number
of Wave Energy Spectra .« + .« + & « « + 38
3 Average Total Energy for Various

Weather Conditions « + v « v o s o o & o 47



Figure

61

62

63

64

65

66

LIST OF FIGURES

Waves approaching Kaneohe Bay
(after Moberly and Chamberlain, 1964,
Fig. L1). o v o s o v v s s o s s s s .

Bathymetry of Kaneohe Bay (after
Roy, 1970, Fig. 1) and location of
pressure gauge (indicated by dark

SQUATE) s o « o = =+ =+ s s e 4o s e s s
Wave energy spectra. Included are
spectra from 26 January 1971 through

2 August 1971. . . . .+ .« o o+ . .

Contours of equal energy density omn
a freguency-time plot. . . . . « . . . .

Sequence of wave-energy spectra showing
the shift in frequency with time of the
energy peaks . . . o+ o 4 v 4 0 0 00

From National Weather Service surface
analysis for 0200 16 March 1971. . . . .

From National Weather Service surface
analysis for 0200 21 March 1971. . . . .

From National Weather Service surface
analysis for 0200 23 February 1971 ., . .

Wind speed and total wave energy . . . .

Page

49

50

51

109

110

111

112

113

114




INTRODUCTION

The purpose of this study is to compare the energies
of storm waves and tradewind waves off Kaneohe Bay, Oahu,
Hawaii, and the distribution of this energy in time.
Kaneohe BRay, located on the northeast, windward side of
the island, is sheltered by the island land mass from
waves approaching from the scouth and west, but is exposed
to waves from the north and northeast. A barrier reef on
which incoming waves initially break, extends almost
entirely across the mouth of the Bay. Two passages
separate this reef from the fringing reef along the
coastline of Oahu. Within the Bay are other fringing reefs
and patch reefs (Roy, 1970). Knowledgc of the relative
energies of storm waves and tradewind waves in the Bay
could help to relate their relative importance to the
construdtion or destruction of the reefs. In addition,
the relation between the distribution of energies
associated with the waves and the distribution of organisms
in Kaneohe Ba§ may be revealed.

As a first step in determining wave energies, sea-
surface elevations were measured with a Vibrotron pressure
gauge located off Kapapa Island centered at the mouth of
Kaneohe Bay. Measurements began on 22 January and ended on
8 August, 1971, Next, surface weather maps, surface wind

summaries, and marine forecast records were examined to




determine the time and location of storm and tradewind
occurrences during this period. The corresponding
sea-surface elevation records were then selected, and
wave-energy spectra showing wave energy as a function of
wave frequency were calculated. Previous studies
conducted elsewhere of wave-energy spectra have been
primarily concerned with storm waves (see Snodgrass

et al., 1966; Munk et al., 1963; Dinger, 1362), not with

local wind waves.




WAVE TYPES

Four major types of waves are present in Hawaiian
waters {Moberly and Chamberlain, 1964) (Fig. 1l). The
most frequent are the Northeast Trade Waves, which may
be present all year long and are dominant between April
and November. These waves are generated by strong
tradewinds which are associated with high-pressure areas
located north of the Hawaiian Islands. The winds blow
over long distances northeast of the Islands. The North
Pacific Swell may also be present all yvear long, but is
generally largest and most prevalent from October through
May. The waves, which approach the Islands from the
northw=zst, north, and northeast, are gencrated by low-
pressure areas near the Aleutians and in mid-latitudes,
The Southern Swell, generated by strong winds near
Australia and in the Southern Ocean, arrives between
April and OQOctober. Snodgrass et al. (1966), and

Munk et al. (1963) tracked these swells from the south
and determined their generating storms. The fourth,

Kdna Storm Waves, occur infrequently from December to
March. Generated by local fronts and low pressure areas,
they approach the Islands from the southeast through the
southwest.

Of these, the North Pacific Swell, Southern Swell,

and Kona Storm Waves may be thought of as storm-generated



waves, i1.e., generated by winds asscciated with
low-pressutre areas, by gales (low-pressure areas with
winds greater than 33 knots), or by storms (low-pressure
areas with winds greater than 47 knots). The effect of
Southern Swell on Kaneohe Bay is negligible since the
waves approach from the south (Fig. 1). Ho and Sherretz
(1969) found the sea counditions off Makapuu Point, south
of Kaneohe Bay (Fig. 1), to be mainly a product of local
wind conditions. It would therefore not be unreasonable
to expect that Kaneohe Bay would also be affected by
local winds. Although Kona Storm Waves approach from the
southeast through the southwest, they are accompanied by
changes in the local wind direction (from northeasterly
to southerly and westerly) and so will be studied. The
waves of prime interest are therefore tradewind waves
(Northeast Trade Waves) and storm waves {including North
Pacific Swell and Kona Storm Waves) generated in the

North Pacific.




SITE AND SAMPLING

To measure sea-surface elevations, a Vibrotron
pressure gauge was installed seaward of Kapapa Island
(Fig. 2). The pressure gauge was anchored on the bottom
in 8 meters of water, (See Appendix A for a description
of the data acquisition system.)

Recording of sea-surface elevations was begun on
22 January 1971 and was intended to comtinue for a year.
However, instrument failure forced discontinuance on
8 August 1971. ©Nevertheless, this period was long enough
to include the occurrence of the four major types of
waves under study.

Sea- surface elevations were sampled once every 2
seconds during a period of 2 hours, 16 minutes, and 32
seconds. With a lapse of 6 hours, 49 minutes, and 36
seconds between periods, there were two, and sometimes

three, wave records per day.



SPECTRAL ANALYSIS

Aliasing

If there is appreciable wave energy at frequencies
greater than the Nyquist or folding frequency {one-half
the sampling frequency), this energy will be falsely
reported at frequencies lower than that and consequently
the wave energy spectrum will he aliased. To prevent
this, the pressure gauge may be installed deep encough
so that the water acts as a filter to attenuate the higher
frequency energy. According to Alry wave theory, at the
instrument depth of 8 meters the energy density at the
Nyquist frequency of .25 cycles per second (250 milliHz)
has been reduced to 0,0628 of its surface value; 1. e.,
of its value if the pressure gauge had beeun installed just
below the surface. Since attenuation increases with
increasing frequency, aliasing of the spectrum has been

avoided.

The Spectrum

The power spectrum in this study is labeled an
energy or wave-energy spectrum (Kinsman, 1965). It shows
the manner in which wave energy varies with wave
frequency. With sea-surface elevation given in centi-
meters and frequency in milliHz (millicycles per second),

2
the dimensions of normalized energy become cm /milliHz,




and the total normalized energy.within a frequency
interval becomes c¢m

Each wave-energy spectrum presented here is the
result of calculations using 4096 sea-surface elevation
values to obtain 256 wave energy (or spectral density)
estimates with a resolution of .98 milliHz. The degrees
of freedom equals 32. Thus for each spectral density
estimate, confidence is 80 per cent that the true,
long-term value lies between 1/1.33 and 1/.70 of the
spectral density estimate (Blgckman and Tukey, 1958).

The computer program used to calculate the wave-
energy spectra first searched the data for errors, then
corrected the errors by averaging the two values on either
side of an error, and finally calculated and plotted the
spectra. This averaging procedure may have smoothed the
high- frequency waves, but because of the relatively few
errors extant in the selected wave records the smoothing
may have been insignificant. (See Appendix A for a
detailed explanation of this correction procedure and
Table 1 for a copy of the entire computer program,)
Figures 3 through 60 present the plots of the calculated

spectra,



DATA AND DISCUSSIORN

Comparing Storm and Tradewind Conditions

Energy spectra for all the available wave records
could not be calculated for comparison of the wave
energies associated with tradewinds and those associated
with storms, because the computer cost would have been
too great. The 6ccur¥ence of the weather conditions
pertinent to this study needed to be determined first;
and then the desired spectra could be calculated.

To determine the time of occurrence and location of
storms and tradewinds, three types of data were examined:
(1) the marine forecast records of the National Weather
Service, which report smallcraii warnings; (2) tae
surface-wind summaries of the Marine Corps Air Station
at Kancohe Bay, which furnish hourly wind velocities over
Kaneohe Bay; and {(3) the North Pacific surface-weather
maps of the National Weather Service, First Weather Wing,
and Fleet Weather Central, which show high-pressure and
low-pressure areas, including gales, storms, tropical
depressions, tropical storms, typhoons, and hurricanes,
in the North Pacifie.

Upon examination of these types of data, it was
noticed that tropical depressions, tropical storms,
typhoons, and hurricanes usually remained in the western

and eastern Pacific, south of the Hawaiian Tslands.



Since Kaneohe Bay is sheltered éo the southwest and
southeast, the effects of waves generated by these
tropical low pressure areas were assumed to be negligible
and were ignored in this study. However, Hurricane Denise
is discussed because she approached c¢loser to the Hawaiian
Islands than did any other tropical storm or hurricane
during the pericd of study. It was also moticed that
gales were more numerous and were usually of longer
duration than storms. As wave height is considered a
function of wind duration and fetch (the distance,over
which the wind blows)--in addition to being a function of
the mean wind speed--gales may also generate higher than
normal waves and may significantly affect the wave snesrgy
in Kaneohe Bay. It was therefore important to compare
the wave energies of gales and storms with those of
tradewinds,

Gales and storms in various locations were selected
to study the effects of waves approaching Kaneohe Bay
from various directions. Also, occasions of strong and
weak local tradewinds were selected to study the effects
of wind speed on the wave energy in Kaneohe Bay.
Smallcraft warnings were used as a guide to distinguish
between strong and weak local winds. These warnings are
issued when high wind speeds {channel winds between the
Islands reaching approximately 25 knets) become hazardous

to small boats; Table 2 summarizes the occurrence of



10
gales, storms, and smallcrafc w;rnings, and the days for
which energy spectra have been calculated.

In the study of the spectra and their associated
weather conditions, it was difficult te ascertain the
specific low pressure area that was responsible for energy
peaks in a spectrum since several low-pressure areas may
exist at the same time., One method of locating the
source was to construct a frequency—timé diagram
(Snodgrass ct al., 1966; Munk et al., 1963; Dinger, 1962).
In such a diagram, the dispersive arrivals from a distant
source appear as a ridge in the energy contours since
long-period, low-frequency waves travel faster than
short-period, high-frequency waves. These dispersive
arrivals cause energy peaks whose shifts in frequency
can be followed in consecutive spectra over several days.
In contrast, dispersive arrivals from nearby sources
appear as broad peaks in a spectrum and in the energy
contours of a frequency-time diagram, since both the
low- and high- frequency waves having less distance to
travel arrive at ecloser intervals. However, construction .
of a frequency-time diagram requires at least two spectra
per day for several days. As an example of this, a
frequency-time diagram was constructed for 20-25 March
(Fig. 61) and a distant source was located. Such diagrams
were not constructed for the other spectra since none

of them were consecutive for a long enough period.
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Among the weather conditions discussed here are a
gale to rhe northwest, a low to the northwest, a storm
to the north, & hurricane to the southeast of the Islands,
and strong and weak tradewinds. In the discussion of
these events:

(1) All times are given in local time, HST.

(2) Most of the locations of lows, gales, and
storms mentioned in the text and in Table 2 were read
from the daily 0200 HST surface weather maps of Fleet
Weather Central and the First Weather Wing. They were
used instead of the 0200 HST National Weather Service
maps since lows (L), gales (G), and storms (5) are
lebelled separately, whereas the Nationel Weather Service
maps lump them all together as lows (L). However, the
National Weather Scrvice maps were used in constructing
Figures 63 through 65.

(3) Each spectrum is referred to by the starting
time of the wave record on which the spectrum is based.

{(4) Unless the frequency band or energy peak 1is
specified, the total energy is the sum of the energy in
the entire spectrum between 0 and 250 milliHz. The
average total energy (unless the frequency band is
specified) is the average of the total energies for more
than one spectrum.

(5) Energies at frequencies greater than 180 millilliz

are compared for various weather conditions. These



12

frequencies were chosen since in most spectra energy
levels off at approximately 180 millillz. Local winds may
be primarily responsible for generating waves at frequen-
cies greater than 180 milliHz (5.5 seconds).

(6) Table 3 summarizes the total wave energies for

these events.

Cale to the Northwest

Smallcraft and gale warnings for south and west-
southwest winds were in effect 26-28 January (wave energy
spectra, Figs. 3-5). These high winds were caused by a
gale situated northwest of the Hawaiian Islands on
27 January at 27°N, 169°W, approximately 1200 km northwest
of Oahu., This gale was moving northeastward. Waves at
the peak frequency of 82 milliHz (12 seconds) for the
spectrum of 2236 28 January (Fig. 5) would have been
travelling at 18 knots and would have been 1500 km distant
at 0200 27 January. This calculation suggests a wave-
generating area in the western part of the gale (centered
at Z?ON, 169°W), which is reasonable as the winds there
would have been northwesterly and the resulting waves would
be travelling toward the Hawaiian Islands. Southerly winds
averaged 6, 20, and 12 knots for 26-28 January at Kaneoche
Bay. Despite the high winds, the total energies of the
spectra for the three days were only 970 cm2, 687 cmz,

and 717 cmz. The average total energy in the broad energy
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peak between 50 and 180 milliH; (20.0 and 5.5 seconds)
was 687 cmz. The energies at frequencies greater than
180 milliHz (periods less than 5.5 seconds), where the
energy tended to level off, were less than or equal to

1 cm2 per milliHz. The average total energy between 180
and 250 millilz was 62 cmz. As will be shown later, the
wave energies for strong tradewinds at frequencies
greater than 180 milliHz were greater than or equal to

5 cm2 per milliHz, and the average total energy between

180 and 250 milliHz was 512 cm2

Low to the Northwest

A frequency-time diagram (Fig. 61) revealed the
effects of a low-pressure area northwest of the Hawaiian
Islands. In this diagram, a ridge in the energy contours
représented the dispersive arrivals (Fig. 62) from a
source calculated to be approximately SOOO.km distant at
1748 16 March, suggesting that the wave-generating area
was in the western part of the low-pressure area centered
at 530N, 175°¢ on 16 March (Fig. 63). The average total
energy in the dispersive peaks in the spectra of 1248
20 March, 2154 20 March, and 0700 21 March (Fig. 6-8),
was 23 cm? or 5 per cent of the average total energy of

the three spectra.



14

Storm to the North

The frequency-time diagram (Fig. 61) also revealed
the effects of a storm centered at 390N, 162°w, approxi-
mately 2000 km north of Oahu, on 21 March (Fig. 64). On
22 March, the National Weather Service reported 8- foot
swells from the northwest. On 21 and 22 March, energy
increased in the main energy peak between 60 and 110
millifHz. Accompanying this increase was another at lower
frequencies, between O and 35 milliHz. The average total
energy for the spectra of 1606 21 March, 1019 22 March, and
1925 22 March (Figs. 9-11) was 2029 cmz. The average total
energy in the main energy peak between 60 and 110 milliHez
for these spectra was 1397 cmz. The average toctsl energy
between 180 and 250 milliHz was 168 cmz.

Beginning 23 March, as this storm moved farther away,
the total energy decreased. The avecrage total energy of
the.spectra between 0431 23 March and 1655 é& March was
501 cm2 (Figs. 12-16). Beginning 1337 23 March, the
energies at frequencies greater than 180 millilz were

less than or equal to 1 cm2 per milliHz.

strong and Weak Tradewinds

From 22 January to 8 August, 1971, there were 13
instances of strong tradewinds, either from the northeast
or the east-northeast. There were at least two occasions
of strong tradewinds gach month except in January and May,

when there were none. Spectra were calculated for six



15
instances of strong tradewinds (Figs. 21-25, 28-37). The

average total energy was 3013 cmz, with the two lowest
being 1863 cm2 for the spectrum of 1412 13 July and 1904
cm2 for 0757 20 February (Figs. 37 and 21). For these

two, the energies above 180 milliHz were greater than

1 cm2 per milliHz. ©For all the other spectra,.the energies
at frequencies above ?80 milliHz were greater than or

equal to 5 cm2 per miliin. For all the spectra, the
average total energy between 180-250 milliHz was 512 cm2

When weak tradewinds occurred, their average total
energy was 1262 cm2 (Figs. 38-60). The energies above
180 milliliz were greater than 1 cm2 per milliHz, The
average total energy between 180 and 250 milliHz was
325 cmz.

The total energy of each spectrum during tradewind
conditions was compared with the wind speed recorded at
the Marine Corps Air Station on Kaneohe Bay (Fig. 66),.
In this comparison, the cffects of gales and storms that
might have occurred during tradewind conditiomns were
ignored because: (1) the distant low of 16 March had
little effect on the total energies of the spectyva for
20 and 21 March:; and (2) only an approximate comﬁarison
was intended.

In general, as the wind speed of strong tradewinds
increased, the total wave energy increased. But, for weak

tradewinds, there appeared to be no incrcase with
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increasing wind speeds; total ehergiés remained less than
2200 cmz. In the case of the weak tradewinds, although
wind speeds over the Bay were 6-15 knots, the channel
winds had not reached 25 knots, and winds farther away
may have had lower speeds. In the case of the strong
tradewinds, although wind speeds over the Bay were only
9~ 17 knots, the channel winds had reached 25 knots, and
winds farther away may also have had higher speeds. Thus,
as expected, higher wind speeds over longer distances

resulted.in grecater wave energies.

Strong Southerly Winds

The five instances of smallcraft warnings for
sontherly winds occurved in Jznuzarry threcugh Merch., The
southerly winds were caused by gales and storms disrupting
the usual tradewinds. Spectra for four instances of strong
southerly winds were calculated (Figs. 3-7, 10-20) with an
average total energy of 703 cmz. The average total energy
between 180 and 250 milliHz was 73 cmz. The energies at
frequencies greater than 180 milliHz were less than 5 cm2
per milliHz, and for 26-28 January, 20 March, and 23-24
March, they were less than 1 cm2 per millitz.

On 19 February and 25 March, as the wind shifted from
southerly to northeasterly, the total wave emnergy

increased, This was not unexpected as Kaneohe Bay is

exposed to the northeast, On both occasions, smallcraft
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warnings for southerly winds (strong southerly winds)
were changed to smallcraft warnings for northeasterly
winds (styong tradewinds).

During 17-19 February, when strong southerly winds
existed, the average total wave energy was 582 cm2
(Figs. 17-20)., On the 19th at 1100, the winds began
shifting from south to northwest, until at 1900 they
Became northeasterly. IWith this shift, the total wave
energy increased te 1904 cm2 for the spectrum of 0757
20 February (Fig. 21). This increase in the total energy
may have been partly caused by a storm which was situated
2800 km northwest of the Hawaiian Islands on 20 February.
It generated 20-foot surf which pounded the northern
coasts of Kauai and Cahu on 20 February. HBowever, the
total encrgy continued to increase (Figs. 22-25) as the
effects of this storm decreased. Strong tradewinds on
20-24 February, caused by a high pressure area at 35°N
(Fig. ©65), generated'swells from the east-northeast that
werce 6 feet high on 22 February. The total energy
increased to 5660 cmz, the largest of all the spectra,
for the spectrum of 1753 23 February (Fig. 25).

Strong southerly winds for 22-24 March were followed
by strong tradewinds for 25-30 March, On 25 March, as
the wind again shifted from southerly to northeasterly,

the total wave energy increased from 316 cmz at 1655

24 March (Fig. 16) to 1960 om> at 0202 25 March (Fig. 26).
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The entire spectrum increased, especially the energy at
frequencies greater than 120 milliHz (8.3 seconds).
Later, energy increased to 3224 cm2 for 1313 30 March
(Fig. 27). The increase in total energy may have been
due to the change in the local wind direction only, as
there were no discernible dispersive energy peaks in this
or in any of the previous five spectra (Figs. 12-16, and
26) which would indicate the effect of & distant source.

Also, there were no nearby storms during this period,

Hurricane Denise

Hurricane Denise approached closer to the Hawaiian
Islands than did any other tropical storm or hurricane
2uring the poriod of study. Denise appeared as a2 tronical
storm southeast of the Islands at 1&0N, 1080w,at 0800
4 July. Travelling westward, she covered 5500 km in 9
days, she.became a hurricane at 0800 & July at ISON,
1170W. As a hurricane, her closest approach to the
Islands was to 19°N, 149°w, approximately 900 km southwest
of Oahu, at 0&00 12 July. Spectra were calculated for
10, 12, and 13 July (Figs. 35-37), during which time
strong tradewinds and a gale to the northwest also
existed., The spectra were probably not the product of
Hurricane Denise nor of the gale, but of the strong

tradewinds because: (1) the total energies (2799 cmz,

2766 cmz, and 1863 cmz) are indicative of total energies
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for strong tradewinds and not of a gale; (2) there were
no traceable dispersive energy peaks that would indicate
distant storms or other distant sources; and (3) there

were no nearby-storms during this period.
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RESULTS AND CONCLUSIONS

After the wave;energy spectra comparisons had been
made, the following results werc apparent:

(1) The average total energy of all the spectra for
the strong local tradewinds was found to be greater than
the average total energy of all the spectra for
identifiable storms.

(2) The average total energy of all the spectra
for the strong local tradewinds was twice as great as
that for the weak local tradewinds. The average gotal
energy between 180 and 250 milliHz, resulting from the

local wind, was also twice as great for strong tradewinds.

LY

3)
=7

|

ha average rotal encergy ¢f all che egpectra tfor
strong local tradewinds was four times as gfeat as that
for strong local southerly winds. The average total
energy between 180 and 250 milliHz was seven times greater
for strong tradewinds.

(4) Hurricane Denise and other tropical storms and
hurricanes southeast of the Hawaiian Islands had little
effect on the energy structure in Kanecohe Bay.

Thus for Kaneoche Bay, the direction of the local
wind or the location of the storm is very important.
Tradewinds produce higher waves than do southerly winds;

storms to the northeast, north, or northwest have greater

effect on the Bay than do storms to the southeast, south,



21
southwest, or west. cf all stofms, étorms to the north
or northeast which generate swells that approach directly
into Kaneohe Bay could be expected to produce the greatest
wave energy. Although no such storm occurred during the
period of study, there was such a storm toward the end of
January 1972, A gale centered at 360N, 150w (approxi-
mately 1800 km northeast of Oahu) on 28 January, became
a storm and was reported at 31°N, 151°% {(approximately
1500 km northeast of Oahu) on 29 January. On 29-30
January, -10- foot swells from the north caused high surf
warnings to be in effect for the north shore. During
that time, waves sSeen in Kaneohe Bay were higher than any
seen during the study period.

Thus there is the possibility that on any given day
a sterm may generate more wave energy than strong
tradewinds. However, over pericds as long as a year,
strong tradewinds, because they occur more frequently

than storms, will produce more total energy.
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Instrumentation

The instruments used to measure and to store the
wave-height data were located north of Kapapa Island and
on Moku O Loe {(Coconut) Island in Kaneche Bay. To the
north of Kapapa Island, a Vibrotron pressure gauge was
installed to measure sea-surface elevations, The pressure
gauge rested on the ocean bottom in approximately 8 meters
(~26 feet) of water (fig. 2). Approximately 900 meters
(~3000 feet) of single conductor submarine cable connected
this pressure gauge to an FM Fransmitter located on Kapapa
Island. Powered by four, 6—v§1t car batteries, the
transmitter broadcasted a vertically polarized signal
at 162.175 Mz,

On Coconut Island, this signal was received at the
Hawaii Institute of Marine Biology (HIMB). A cable led
from the receiver to a digital tape recorder which stored
the data on magnetic tape. A telephone line was installed
which permitted a check on reception of the audico signal

by the tape recorder,

Data Storvage

Data were stored on magnetic tape and omn disks.
Initially, data were recorded onm half-size reels (1200
feet) of magnetic tape at 200 BPI, Birary, and 7-track.
These reels were usually changed with each transmitter

battery change, usually every 2 weeks. The data were then
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transferred to full-size (2400 feet) reels, at 800 BPI,
EBCDIC, and 9%-track, or 556 BPI, BCD, and 7-track. Two
sets of data were kept in their original form on the
half-reels on which they were originally recorded. Thus
all the data were kept on 2 full-size reels and 2 half-
size reels. All the data were also stored on an IBM 2316
disk pack., The sea-surface elevation values were separated
from the rest of the data and stored on still another
IBM 2316 disk pack. The two complete sets of data on tape
and on disk were to insure against data loss, and the set
of separated wave-height values on the other disk was for

convenience in c¢alculating the spectra.

Computer Programming

The computer program for calculating the wave-energy
spectra (Table 1) is comprised of two main sections: an
error correction section to detect and correct bad values,
and a "Fast Fourier Transform”" section to calculate the
spectral values.

The error correction section begins after the data
are read for one wave record and stored.

To detect errovrs, first the sea-surface elevation
values were checked against a maximum and a minimum value
which were set after a few wave records had been examined.
If the maximum or minimum value was exceeded, the bad

value was set to the maximum value. Later, in the error
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correction section, if more than 40 bad values (approxi-
mately 1 per cent of the total number of values) were
detected by the computer, the program stopped. Forty
bad values generally means that all the values are larger
than the maximum value. Such a large number of bad values
may indicate a systematic instrument error. Next, the
differences between sgccessive sea-surface elevation
values were calculated; i. e., the first sea-surface
elevation valuc was subtracted from the second sea-surface
elevation value, and so on. This first difference may
be thought of as describing the slope of the wave--whether
the wave is steep or gentle. A distribution curve of
these first differences was plotted. The standard
deviation of these first differences previously had been
calculated and the first differences were limited to *3
astandard deviations (within which should lie 99.73 per
cent of the first difference values). This first
difference curve should resemble a Gaussian or normal
distribution. A large number of values clustered at the
endpoints of the curve would indicate that a correction
was needed. More than one maximum may indicate_systematic
instrument error. Last, the differencec between consecutive
first differences were calculated; i, e,, the first lst
difference was subtracted from the second lst difference,

and s0 on. This second difference describes the curvature
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of the wave. A distribution curve, which may be Gaussian

or skewed, was plotted.

Now the correction of bad values began. If any
sea-surface elevation was found to equal the previously
set maximum value, that value was replaced with the
average of the two sea-surface elevation values on
either side. If either a first difference or a second
difference value exceeded #3 standard deviations of its
value, the value was corrected, The second difference
was checked first and if it was tooc large, the sea-surface
elevation value associated with this second difference
was corrected by averaging the two sea-surface elevation
values on either side. Then the first difference was
checked and the sea-surface elevation values were
averaged again if bad values were still found., If the
first difference betwegn two sea-surface elevation values
was bad, the second value was assumed to be wrong and the
values on either side were averaged. For a visual check
of the accuracy of these corrections, another first
difference distribution curve and a plot of sea-surface
elevations versus time were made.

If fewer than five consecutive bad sea-surface
elevation values were found, the wave energy spectrum
was calculated next., Otherwise, the energy spectrum was
not calculated and the computer continued to another

wave record.
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Table 1

Computer Program

€ JCASE®L.d GIVES SPECERWM, JCASE = 3,6:5.,& GIVES LUG SPECTRUM. JLASE=1,3 PLATS
C BETREEN LIMIIS XU AL Ru READ INe ALL OTHWER JCASE LIMLTS CALCULATES FROM
i THE SPECTHUM.  JLASE # 5% AL [5 CALCULATEL AMD AG=KL+5, JUASE=8 YISE WERSA.
C THE SPECERUM, JCBSE=S USESXGTAL ILALCULATED ¢35, JUASE=6 GIVES AL=XGICALLI-S.
C WUTE THE HELD FLiH & PARAMETEA CARD.
INTEGER SUMINTLSO}

OIMENSTLN FMILLION, FE&ECUI, AL{5001, C5050GHs P5SES001, PLELOLD,

1ot 50,1001, ALGWISUI, ALPISO), AULFEF(S060Y, PPERCT{50}

LIMENSIONR Tlla)e TX020, T¥YL&D), PSDL251,20, 4150000

DIMENSEUN RALOZ1, KTESTIG)

OIMENSTIUN ET(500), TUILFFISGG0)

DEMENSIUN FALZLGO)y FBILZIOOK, FL{2100)

DATA TEEIONESLH (LIe/, FRBZ78'7, STAR/ "/, BLANK/® T/, m/*W'S

DATA STAR, ol, EYE 7 'we, * ¢, vjis

DATA Tx, T¥/s* CV',"P% %, % LOL"4" ENE' "RGY " "ICHP ,,'e2/C",

1*PSE "/, DAV /TR

CATA (RPVQYS

DEFINE FILE 22 £15920, 1tQ0.E,1PQ)
(A4S READ FORMAY (ARD cce

READ [542i) MM NESTLJLASE, ALy XG

21 FORMAT (4E5y Foals FS.4)
oo [ s
cLc READ CAFU FULUR LIISK RELCORE NO. cCL
211 REFD (5,21 74EMu=233) LCw, MAX
k1 FLRKAT (2I%)

CCLLc ccecc
C Frx = MAEK, ALLCWED YALUE UF RAW DATA, THIS 15 567 ARBITRARILY
L Tvh - Kiive ALLCefU 2100 oF R2d4 LATa, THIS IS SIT7 ARCITRADIL
FMX=1£0000,
FRN*14GU0C, .

c CLF ®» CALIBKATICH FACTUR FUR DIMEWSIONS IN FEET e

e CLM = CALIBRATIGHN FACTUR FUA DIMENS[ONS IN METERS  CLC
e CAL = CALIBRATICN FACTUS FOR DIMENSEONS IN CENTIMETERS  €LC
CLF » .GQCHOY
CLR =« 0001848
CAL = ,0186
(444 VM, ¥S, VN, ¥T ARE USEQD FUR THE PLOTTING OF THE "DATA vS. TIME®
C ’ CURVES

= VM-ANC VN = AMOUNT TO Bt SURTRACTED FAOM DATA
c ¥5 ANL wl = SCALING FALTOR
¥M r 13B000D,

¥§ = 200,
¥h = 141000,
¥yl = 2440,
(AR A4 LCECC
FPE=LLw
[ 4 . (A dan

€ READ 16 DISK RECORDS OF 256 VALJUES EACH AND STURE: TOTAL OF 4096 PTS.
pC T37 L=1elt
LL=256*0i-11 + 1
LIH = LL*25%
READ 122" 1PUc2D0ERR=15CH Ths IFIK) K=lL,LINM]
200 FURMAT [4A4,Z00F0.0,56FL.0)
T33! CChTINUE
ceeec [ W
IFPCO=EPU=1
PRIND 352
352 FCRMAT (["]1%)
PRINT SS9, LUnpiFO0.TL

28
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Table 1 (Continued)

Computer Program

PAGE 002
509 FOAMAT (3Xy *Luma?  E5y5ap"Made 19, 0K 5441
£ce W FLAULS 8AL QATA [uAla THAT HMAS dEEN CURRELTED 8Y LJIRAECTION
C RUUTENE] Ch CBATA w3, T1ME PLUT cCe
C BLANKING CuT © ARRAY
DO 26 K3luh
2t QIK) = BLARK
NS = @
1CaRD=0
RG = 950,%950.
H s 28,%30,48
HE = M/SBD.
SHG = SURTIHGI
Pl = 3,141593
Pl = 2.0PI
L CALEULATICN OF 18T JQIFFEREMNCE, HMEAN, MAX, MIN
20 D0 401 1=],N
IFIF{ 1. LELFHX) Gu TU BCS
PRINT B0%y 1, FILI
809 FOPMAT{S5x,]e,%2,FL2Z.5})
el = QR '
FOlIsFMx | '
KS = K5+
[Fih5.GTa%0F GU TO 211
GO Tu 40|
805 FFIF{11.GELFHN) GO TO &Ll
FRINT 80%: I« Fi1}
Qlll = LR
FEli=FHX
kS = h5#]
FFINS QT .40 GO Ta 211
40F  CONTINUF
15C+3
8109 ICC = 4T ¢+ |
AMInN=Q
AMAXaQ
Suxx=Q
SuMzSuLEd
C I¢RCING OF IHWTERY AL ARRAY
DO ST K=1,%0
PPERCTIN =D
57 SUMIKTIK} =]
PO &7 =150
GC 4T m=l, 00
67 BLl,x ) xpulhhe
DO SLC i=2,H
CIFF=F11) = FLI=-11}
AGIFFLI-1}y = JIFF
§F (OLFF.GY,AMan) AHAx=CIFF
1F (DIFE, LT 84N AMIN=LIFF
SUkX = SuMx + DLFF
SLMXSD & SUMASG ¢ DLFFCIFF
$00 CCATIKUE
AN = h-]
AMEAN = SUMNSAN
€ STANGARD CEvlaTILn = S1LMA
SIGMA =SWATILSMASSE ~ LSUMXOSUMRIZAND/ LAN=LE)
ALIMIT =3 %5 1uka
L CHMELIF * walUE UF Olricrih(CE BESwEEN 2 OATA PTS.
GMREDIF = pLLA{!



140

250

51
<

301

333
C

as1
C PR
350

3uT

505

a1
[

C

07

Table 1 (Continued)

Computer Program

DFEET o AL[MIT*LLF

CMETER = ALIMETSCLM

FHIN = AM]h%(LF

DMMIN = AFINSCLM

FHAX = AMAA®CLF

CMMAX & ANAX®CLM

FHEAN m AMEAN®CLF

DMMEAN = AMEANSCLAM

AINT & L. *SIGHAFSD.

ALCWL =AM AR=ALEMET=ALNT

fC 340 L=L.50

ALORL = ALCWL ¢ AINT

ALCwi ]y = ALCOWL

AUPIL) = ALOWI[) ¢ AINT = al
KL = N=]

DG S1% K=l.KL

Ln (AMEAN + ALIMIT + ADIFFIRI)FAINT & 1.
IF {LalE.1u2NI. L LELSD} o 1O 250
IF (LaLTal) L=l

[F(L.GT.50) 'Le50
SUHINTILI=SUMINTILE & )
CONTLINUE

5
REAREST o0%e 12Ees »1T AND ABOYE 4RE INCLUDED 1N NEXT .31t

GO 333 r=1,5%0
PPelOCD, *ISUMIRTIRIFANT #,45
1F (PP.GEa1+51 GO TO 301
PPERCTIRE=O
60 T4 332
MCHsPP 200
fpapp = 200,%*MCNH
LPCT & PR/Ze * 4%
FREALTIRG = JPCTZS,
Bl [PLT) = &TAR
IF {MCHLGT L0 BIKyIPLT) = o
CCNTIRUE
PRINT REACINGS FOR 15T DIFFERENCE GRAPH
PRINT 351
FOmMAT §*LYy1R4715T OLFFEHENCE " 42, THUK PLT OF,2iaXs"5" 4 23%y
LY lUT 3R LS 23,200 27}
14T LST CIFFERENE LRAPH
PRINT 3:T, IALO-[AI,AUPIK!.SuhlﬂliKI.PPERCTIKluISIKoLl.L-l-IDOItK'
11,%01 )
FGRMWAT lll.le.loIb-Fb.i.Zl,IDOAII
PRINT 3nT, AMIN, A4RA, #MEAN, 5S1GH4a, The N
FORMAT C/Z1GX, HMIn =4 FBy 1547 HM 0 FTal: Sk, "MEAN =° FT.125K,
195 uMA mt  FF 1t KESCLEQ BEGIN *e%hhe ke 'H =i, [4)
PAINT 805, FMIN.DHH[N.FPAX.DNHAl.FHE!&.OHHEAN.UFEET.DHETER
FURMATEZ L s MIA w2 o F e gy FTa® o LnaFa 2e Hia3RTHA 21 F. 2 "FI, % 1X
L1uFbad gt MY 20, YHERN -'.F?-s-'FT.'.1A.F?.§.'K'.3£.'Hhx ALLOREUD CHANG
LE N T -'.F&.Z.'FI.'.IJ.F&.Z.'H'I
GU TO 48l01.8E021, LU
1 SuMx = 0
CALCULATE ZNJ DIFFERERGE dNG PLOT
SUMNNLN=D
ZERCIRG UF [RTERVAL ARAALY
oG S0T Rele50
PEFERCTIRI=D
SUMINTIR)=0
DL 607 T=1450
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C TwOOIF

&07

00 40 K = ],.100

KL = K-2

Bil.K)=BLANK

00 501 Is].KC

TOIF = ACIFFL1+L} =

YOIFFIL} = TOIF

SUkX = SuUMX + TODIF
SUMXS( = SUMXSG ¢ TDIF®10IF
S0l COWTINUE

Fl = i

AMEAN = SUMX/F]
SIGMA =SCRYI[SUMXSY =

= 2ND DIFFERENCE;

TwODIF =3, 250K
AITRT = H.4510MAF50,
ALCHL = AKEAN~TwOCIF=AINT
DO 502 I=],%0

ALCWEL = ALCwWwL + AINT
ALCWH{IY = ALGwWL

Table 1 (Continued)

Computer Program

ADIFFELD

LSUMARSUMXIZFZI/LFE=11)

DIFFERENCE OF DIFFERENCE

AUPLIE = ALUWLLE ¢ AINT = L1

Le {AMEAN # TwOODLF o TDIFFIRPIFAINT & Lo
IF {LuGEsLeANDoLaLESSON GO TO 475

502
00 503 K=]4kQC
IF {LaeLT¥el) L=1
IFtLaGTL501 L=50
615

03 CCATInNUE
NEAREST 228, [.FEus +LX ANC ADOWE ARE ITHCLUDED IN WEXT .2

C

[

C PRINT 2nD DIFFERENCE GHAPH
PRIWT &40, CALGMIKE s AUP EX T 3 SURINTERE yPPERCTUKIEB (R LN oL=1,1000) 8=

C
C
<

[
<

831

633

65]

650

5%6
[

9713

00 633 Ka]l,.50
PPm]OCO.*(SUMINTIKISFL) 4.5
1.%1 GO Ig &3l

[F (PP.LE.
PREACTIK }=

¢Q 10 533

MCM=PPf2CO

1]

PPefPP = 230.%MKLH
LPCT = FPP/2s * o5

FPERCTLIK)
BOKI#CTD

= {PCT45,.
= 5Tak

SUMINTILI=SUNINTELY ¢ )

IF (MCM CTa0L BIK,IPLTY = o

CONYIANLE

PRINT HEAD{NGS FOR 2ND DIFFERENCE GRAPH

PRINT 451

FORMATITL® y 19K T HiUM

11500

PET 0% p 28K a* 5" 423K, 10% 29X L5%,23X,72047/)

FORMAT (LX¢2FBal el Foad,2%,10041)

PRINT 554

FORMAT {25X:'2h0 ULFFERENCE GRAPH®)

IN TRESE CURALLTIUND,

GhLY FLL)%5 ARE [HAWGEDI THE 15T AND ZNO

DIFFERENCES {ACIFFAND SECLT AZE CALLJLATED #aDM THE GRIGINAL FERD*S
AND AKE KOT CHANGED AFTER FU11*S ARE CORAECTED

PRINT 152
JCIR =0
PRINI 9713

FOKMAT 121X FLl=1 0 TR FLIN o 7Ry FUTeL* 8%, [, 08X, QLOFY, 12X,

LtALLFF C*

RER R L

F HAS 4036 PIS, AJIFF MAT 4395 PIS, TOIFF HAS 4094 PTS

AULFFi&aU95]

ES SET EJUAL

10 ADEFFI4094F BECAUSE I AM CHECKING DHLY

31
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Table 1 (Coniinued)

Computer Program

TO THE %095TH QATFA PTe; THEREFORE, IF THE OIFFERERGE BETWEEN THESE
2 PTS 15 GTe TwuBIF, THENW FI8093) wOULD KELD {0 RE CUAAECTED oY
AVERAGLNG Fi4aud%w) Aty Fia09b0, HOWEWEA, (K AY LLOPy | AM LUUKING
GHNLY A5 FAR AS Fl4o45).
ACIFF{RLI=ADIFFIRL-L)
KT = 0
DO 402 I=2,KL
JC = 0
SFCD & TOIFF(I=1)
LECL= ABSISECOI
TFLFL 1) NELFHLE GO Fd 420
JC o= 40 0 1
FL{L) = (F(I=L) & FLE#L]I®,S
Gt} = QR
PAINT 433, FLI-L1}b,y FOL)y FOI®MI o
403  FGHMAY (1M LIMIT EACEECED 4 31241408}
€ THIS CLLF [5 ELTHEA THE SAIGINAL FIULE DA THE FIL) CORRECTED BELAUSE
C AT |5 SFEATER ThiN FAX
420 OLCFer(]])
TFL{SECDLLELTWODIF) GO TC 421
JC o= 40+
FUEY o {FLI=1} # Filsli)e.5
QEtr = CR
PRIMT A04, FOI=Lb, F{L), FIToL}s (4 OLOF, SELD
406 FCPRMAT (161 ¢W0 DUIFFERERCE o 3F120lelt Fi2.L, 61, Fl2.110
c IF THE 15T CGIFFEAENCE dETwEeN 2 DATA PTS [S BAD, 1 AM ASSUMING THAT
C THE 280 DATA PT IS T CALSE GF ToE BAUNESS
421 IF(ABSCAGIFFII-1 1} LTLCMREDIFD GD TO %520
€ THES OLOF CAN BE TwhE ualoltal FIE) GA TeE FUT) CGARECTED JECAUSE THE
[+
c

[aEaNalal

SECCHME CEFFERENCE IS5 Wi ATER Trab TwuJdIF 0R Tne FI[) CLRAELTEL
BECALSE LT IS GREATER Friakh FAX AND ITS SECUND DIFFERENCE |S ST 20IF

FliEda ,5%{FLI=-11+Fiiel))
QUi = GR
JCTR = GCTReQ
FRINT 405, FA1=%)s FOL}s Filetds Ly QLOFe JLTRy ACIFFLII-1)
4D5% FORMAT{loM 15T CIFFERENCE j 3FL2ule 16y Fl2.1p 16y Fl2.1)
570 IFIJC.FG.00 GO TO «0&
KT = kT + |
C IF THERE ARE % UR MCRE CONSECUTIVE BAD YALUESs KT 13 «GE.5 AND THE
L SPECIALM 1% MNOT CALCULATED :
IFIKTLGELS) GO TO 402
IFIRT.GT,L1) GO TO 521
£22 KTESTIKT) »
G0 YO &02
Sl IFIKTLSTORT=1l).Edatl=Li) GO TO 522
C IF THEARE ARE LESS TrAN 5 CCASECUTIVE BAD VALUES, KT IS SET BACK TO
C IERD ANDG THE SEARCH FOR % LCMSECUTIVE BAD VALUES BEGINS AGALN
Kt = @
4902 CCATINVE
IFLICO.EQa LY GG TO B190 .
C PLUTS CDWRTS W&, TEME [H TeQ CURVES: EACH CURYE COUMSISTS OF W/Z2 PTS.
BlO2 hh=h/Z
PRINT 352
DO 4C9 I=leNN
DC 442 MI=1,101
442 R{MIJ=BLAAK
IPA = {FLLI-WMI/VS

32
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Table 1 (Continued)

Computer Program

-
PAGE Q06
Nhu=I sk
IFS » {FINKN)=¥N}/VWT
IFUIPB.GEQuANDS {PBL.LEL100.1 GO TO 749
IFLLPR.LT.0.) NIPe={PB/100.
[rg=-1tP8 ¢ [O0O*HIPB
REIFPBI=W
GO TO 750
T49 RIOIPBI=DOT
750 RCEIPAI=STAR
409 PRINT 408, Gild, Ll QUHNND, NNMN, FELDy FiINNWE; (R{MZ} M2=]1,101)
&08 FORMAT (1K ALsissiXaAl vi4sZFB0Q20H LalOLALyLH})
TFieT.CEL51 GO TO 211 '
€ CALCULATE AVERAGE
A=,
O 291 I~1.NM
291 Av=av ¢ FiLLi
AW=AYiN
PRENRT 24, AY
24 FOCRMAT ["OAVERAGE VALUE OF ¥ = %3 E12.5)
PRINT AG2
C CALLULATE SPECTRUM
C CALIGRATICN FACTOR 15 0LBE LIN CMI
DG 9371 f=14N
C FLI} BECOMES CALIBRATED VALLE, 1FS UNITS ARE Cm3 THE SPECTRUM LS
€ EMERGY Ik S5CG.CH/CYLLE PER 3£LCND
937 FOIF = (FEi)-Av}ieCaL
CRLL FCURCIIF 4409641420492, FAFB.FCI
CALL SMFCLFCePS92049.8,0E5T}
e LCcce
c OF = FREQUENCY SNTERYAL BETWEEN SPECTRAL ESTIMATES
DF = lo/t2e*tiNhcbl-dad®2.i
(AN AR Ll
GG & 1 = 2,003
B PLEIT} = BL
Do % I = Lsl01,50
9 PLULED » EYE
IFLJCASELLEL20G0 TO 11
cee PUMCHES CARDS WITH RANW SPECTRAL VALUES (WITHOUT TAKING 106
C AND WITHOUT CORRECTING FOR DEPTHI (A
PLAKCH 547, LOw, I1F00s T1
26T FORMAT (1215, %a40
D0 554& I=1NEST &
LUPA = [+ 5
ICARDA = (/76 + ]
554 PLAWCH 555, (PSIK}.X=DyILPA), [CARDA
sk FORmMAT (eEL2.5. 3%, 131
(444 YH1IS PCRIION MAKEY DEPTH CUARECTION AND TAXKES LOG [
SIGHA®+2 = GepaTakHiKeNH)
BETA®® 2 = ALPHASTANALALPHAL
ALPHA = FK*H
BETA = SIGMA®SQRTI(HIG)
SIG = FRELUENCY ICYCLES/SECH
SIGMA = FAEWUERCY IRAJIANS/SEC) = 20P[*510
16 = 0.
PLUF = O,
Qsm « Qda
G es5 1=14NEST
BEFA = TPI+5]LoSHG
A¥in = ALPHAIULETA)

[aRaRal ol ol ol
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Table 1 (Continued)

Computer Program

PAGE 0Q7T
COSHK = (EXPlAxXH) # EAP{~BKH]II/ 24
[ ETEI) 1S DEPTH CUKRECTEL SPECTRAL ESTIMATE
ETLID * PSELNeCUSHK*LUSKFK
PUR = PUM + ET{I)
G5M = R5SM ¢ PS(I}
PRI = ALGLIOLAASIPSIN)) + 1.E~30)
ETIE) » ALOGLOLABSIETLLH + L.E-30}
SIG = 5iG ¢+ DOF
&4% COChTINUE
LCCee cecce
Ll IFQJCASELEQ-1alRCJCASESEQeIIGO Fu 13
PH = —-i.E30
PG = 1.E30
00 2 I=1,NEST
PM = AMAXLIPM, ETCI)}
12 PG = AHLINLLIPG, ETEIND
xL = PG
xG = PM
1ELPH o LEede0nANDGPGuGEe=240F X6 = 3.0
13 CONVINUE
IF {JCASELEU.S) XG = XLed,
IF [JCASELEU.A) M. = XG-5a
RANGE = 1O0C./{AG-XL)
PRINT 224 Ny BEST, XL,y 2G, JCASE, Ti
22 FGRHAT €/4/7% NO. POINES =9,[5," NO, ESTIMATES = Tal3,% L = Y
LELZ2a5s" XF = " ELZ.5,% JCASE = Tel2.* RECORD BEGAN *.4A4)
pd 34 [ = LyhEST
KX = (PSCE) = XL) ® RANCE ¢l
[£ {KXeLEskad KK=]
[F IKKeGESLUL} KK = §01
pumsy = PLIEY)
FL (KK} = STAR
LL o (ETUl)=XL}*raNuE + ls
(FILLJLESLD L=}
1F ILL.GELLOk) LL=L0D)
auM = PLILL)
PLALLY = DCT
IMhe -1
PRINT 23, IMM, PSUER, ET(LNs PL
23 FORMAT {1X, 13, L&, ELleSs LXKy EillaSy EXy LOLALD
PLILL) = DuM
L4 PLIKKE = DQUMNY
(A X FRINTS SUM OF ENERGY cCce
PHINT TT24 USHy PUM
772 FURMAT {3X,*50UM GF ENERCY AT ODEPIH = CLEL2,5 TR, "5UN OF ENERCY AT
1SURFALE = *,E12.5)
FRINT 352
GQ 1o 211
150 PRINF 410
410 FURMAT [3Xx, '"ERROR IN REACING DISK')
GG 10 211
233 5TCP
DEBUG SUHLCHK
END
SLBROUTINE FOURCICF I LEN edb o JUy JCASEFASFB,FL)
CIMENSIGN FI&lOOI.FAIEICG).FElZlGOI.?IBDQEI.FCIZIDOl
DIFERSIUN AACZ)s BBIZI, JHTLLEEY, GI2)
CUMBLEA X14Q38), Ay ds ke 214 IR
ECLIV&LENCEIG.!I.il.AAI.IBgﬁBI-lZ-YI



Table 1 (Continued)

Computer Progranm

-

IRwE1a0a)
FiwlOu,lad
PRINT 30,LENsJLy s JCASE
30 FORMATI?OSUSRUUTINE FULRCY CALLED WITH LEN = 'oI5," JL = %414,
L %, JUu = 9, 1h,', AND JLASE = ¢ .02}
IF{JCASELEC.2)GO TO 116
DO 315 Jdsl,LEN
115 ¥YiJ2¥=FiJi}
G0 YO L5
11§ Av=0,
B0 & J=l.LEN
& AvehveFLJ}
MLwLEN:]
Av=AV/LXL-1.)
00 5 J=l,LlEN
AJmge2
ARG=3. LaL5s2Teial/i 1.1
5 'I’tJl'IFiJ}-A\FIOI.5&0.‘-&‘C0${ARG|l‘l.sb
15 L=LEN-]
0O 20 Jel:le
LeL/2 )
[FILLEQeQ)GO TO L&
20 CONTINUE
S$ICP
16 LimZew]
ILZ=2 FFLOCATILENY
LLE=LX~-LEN
LEN LY
L=LR/2
FINLI S
nNivmlorlc
FICL+3.1%15%5277000
oS 1 t=1.N
11 JRTLI)n2eein-1]
SumMs=0,
00D B I=)l,LEN,2
8 SLM=SuUMeYiii-Yilel}
LENML=LEN®)
00 #3 [=LENL.LX
13 YtIl=(w
YiLXel)mSuReZel
YiLA+21=0,
D0 &0 LAYER=] N
NULOCK=2%*{LAYER=]1]
LLCOM=L/hBLOCK
LEraLF=L8LLLR/2
Nw=D
00 40 FRLCCe=1,mwpLICH
LSYART=L 0l COR*L IBLULK- L}
ARGe=Z ,8PICL*FLCER ]
GLLE=CLCS ARG
I FSENTILERT. T
00 2% l1=*i.LHMALF
del4l STAKG
ke p4LBHALF
AuXiK}ow
X{W)mx{ Ji=A
25 AtJl=alJ)eA
0O 312 122:h
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70
153
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Table 1 {(Continued)

Computer Program

TFLANCIINTE [ ) yNulaEYaOeiGD TO 40
Mwm=hw-JhT{1}

Nm=lar JND( ]}

NWag

DC 80 K=l.t

Anl=hne]

TFINWL.LESKIGD TO 55

BaX[hwWll

X{NWEE=XINK]

X{K)=H

0G 70 [=1,N
IFIANCLUNTC Iy Nmd oEGaUa 1GO TO 80
Nw=hW=JNTL]]

NushWs INTIT)

waCEXPL{PIUL®IN)

XUL)=IRe{YLLI#Y {20001

LL=Lf2+}

LO $0 [=2,kL

JeL=122

A SO JORMLY(ZW -2 deY (L0 ~Lbiel1niY{2¥di-Y{2¢])})
Bo 5etiRN{Y(ZN]=1i=Y (2@ b=k d =2 1o qYL2o3baY {20 [} bousstl-4)
Xtli=gas2]leg)olll

yi2eg=lbedaat Lienal2b itz

¥i20 4= BELLI-AAL2ZbIOLLY

LX=LXe2

LeLsl

DO 9% I=JdL.tu

Faild=rv(2%1-1)

FBLEbaYI2¥[}
FCILI=FACLi®*2+FBLII**2

p:'l'usl.

DEULG SUBCHY

EnD

SLHROUTINE SMFCEC 0¢NpMeNL)
DINENSTON CL2100E, DUL3GL)

CK=0.

TFIMS292.EQ M) CK=e 5

LRV

NiIsleIN-L-MLI/M

PRINT ZluaheM,uMl
FGRMAT{"OSUBHOUTINE SM FL CALLED W1TH He f¢l5,%, M= *, 12,
LER GF COEFFECIENTS RETURNED LIS ', 14}
Dil}=CLLd

00 L JsluHL

DELYI=CELIsCEIeL)
DL1)aOLE)-EXPC (ML)

CO 2 I=2.N1

Kell=1)wNel

DilI=CiK)

D3 Jel.M1L
CDlI)=CETd+CiR+)beCINR=a]

DOIdsUIT I-CRO{CIRIMLISCIK=ML)}
RETURN

DEBLG SUBLHK

£ND

FUNCTIUN ALPHATUETAL

TEST=1.E-0%

BUHTRETABETA

1F(BETA LELe) A=BETA

fLNUMB
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Table 1 (Continued)

Computer Program

IFCBETALGTala) A=BD

KeEXP LAY

YREAP(=A)

Lwd X=-Y)SUXeY]

CCaBa-Ar]
LEAABSECCILLTLTESTY GO TO 50
SECH 2./ (1Y)
FLPea=CC/l=l-A®SECHYSECK)
AmALP

¢Q 10 30

ALPHA=A

RETURN

END
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Table 3

Average Total Energy for Various Weather Conditions

Average Total Average
Energy in Peak Total
Average Average Energy
Total Total for 180-250
Type of Energy Peak Freq. Energy _ MilliBz
Event (cm2) (milliHz) (cm?) (em?)
Gale to the
Northwest 791 50-180 687 62
Low to the
Northwest 40- 60
40- 64 23
42-65
Storm to the
North 2029 60-110 1397 168
Stroung
Tradewinds 3013 512
Weak
Tradewinds 1262 325
Strong
Southerly

Winds 703 73




APPENDIX C

Figures 1 to 66
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Figure 61.
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1 | — | i ! i 1 2 | A

TIME: 1200 1200 1200 1200 1200
WMARCH 7. 20 2zl 22 23 24

Contours of equal energy density on a
frequeney-time plot. The contours are at
equal intervals of the log of energy. Heavy
contours represent 0.1, 1.0, and 10
cmz/milliuz. Dashed lines indicate a
missing spectrum for 0112 21 March. The
yidpe (marked by the arrow) in the energy
contours represents the dispersive arrivals
from a source originating at 1748 106 March.
Dark circles, along the arrow, mark the
energy peaks.
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Figure 62, Sequence of wave-energy spectra showing the
shift in frequency with time of the cncrgy
pcaks.,
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Figure 66,
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Wind spced and total wave energy. Wind speced
data are from Kancohe Marine Corps Air Station
surface wind summaries. Dark circles indicate
the total wave cnergies for tradewinds when
smallecraft warnings wvere in effect. Crosses

indicate the total wave energies for trade-
winds when smallcraft warnings were not in
effect.
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