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ABSTRACT

Sea- surface elevations were measured outside the

reef protecting Kaneohe Bay, Oahu, Hawaii, from

22 January to 8 August, 1971, in a study of the wave

energy associated with storm waves and tradewind waves

approaching the Bay. When energy spectra of the storm

waves were compared with Chose of the tradewind waves, it

was found that: �! Strong local tradewinds produce more

wave energy than do distant storms in the north or, south

Pacific, �! Strong local tradewinds produce twice as

much wave energy as do weak local tradewinds. �! The

tradewinds produce more wave energy than do local southerly

winds. �! The effect of Hurricane Denise, which passed

southeast o f Hawaii, was negligible.



iv

TABLE OF CONTENTS

Page

LIST OF TABLES .

LIST OF F IGURES

INTRODUCTION.

WAVE TYPES.

SITE AND SAMPLING

S PECTRAL ANALYSIS...... ~

Aliasing

The Spectrum

DATA AND DISCUSSION

Compar ing Storm and Tradewind Conditions

Gale to the Northwest ~

13Low to the Nor thwes t

14Storm to the Nor th

14Strong and Weak Tradewinds

16Strong Southerly Winds

18Hurr icane Denise

20RESULTS AND CONC LUS IONS

APPENDIX A INSTRUMENTATION' DATA STORAGE p AND
COMPUTER PROGRAMMING 22

APPENDIX B. TABLES I to 3. 27

APPENDIX C. FIGURES I to 66.

BIBLIOGRAPHY.

AB S T RAG T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~



v

LIST OF TABLES

PageTable

28

38

Various

C omputer Pr ogram

A Daily Summary of Gales
Smallcraft Warnings, and
of Wave Energy Spectra

Average Total Energy for
Weather Conditions

S 't orms ~
the Number



LZS~ OF FLCURZS

PageF igure

49

Bathymetry of Kaneohe Bay  af ter
Roy, 1970, Pig, 1! and location of
pressure gauge  indicated by dark
square!. 50

Wave energy s pec tra. Inc luded are
spectra from 26 January 1971 through
2 Augus t 1971.

3-60

51

Contours o f equa 1 energy dens
a frequency- time pLot.

ity on61
109

howing
of the

Sequence of wave-energy spect
the shift in frequency with t
ener gy peaks

62 ra s

i me

110

faceFrom National Weather Service sur

analysis for 0200 16 March 1971.
63

faceProm National Weather Service sur

analysis f or 0200 21 iNarch 1971.
64

112

From National Weather Service surface
analys is for 0200 23 February 1971

65
113

Wind speed and total wave energy 11466

Waves approaching Kaneohe Bay
 after Hoberly and Chamberlain, 1964,
F ig. 1!I ~ ~ ~ ~ ~ '~ ~ ~ ~ ~ ~ ~ ~ ~



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 Bay, located on the northeast, windward side of

the island, is sheltered by the island land mass from

~aves approaching from the south 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!. Knowlcdgc of the relative

energies of storm waves and tradewind waves in the Bay

could help to relate their relative importance to the

construction 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 Ray 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 3ay. 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 a l., 1966; Munk et a l., 1963; Dinger, 1962!, not with

local wind waves.



WA VE TY PE S

Four major types of waves are present in Hawaiian

waters  Moberly and Chamberlain, 1964!  Fig. 1!. 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 year long, but is

generally largest and most prevalent from October through

May. The waves, which approach the Islands from the

nor thwes t, north! and nor theas t, are ger crated by lcw-

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

�966!, andApril and October. Snodgrass et al.

Munk e t al. �963! tracked these swells from the south

and determined their generating storms. The fourth,

Kona Storm Waves, occur infrequently from December to

March. Genera ted by local f ronts and low pres sure areas,

they approach the Islands from the southeast through the

sou thwes t..

Of these, the North Pacif ic Swell, Southern Swe ll,

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



waves, i.e., generated by winds associated with

Low-pressure 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 Swe I 1 on Kaneohe Bay is negligible s ince the

waves approach from the south  Fig. 1!. Ho and Sherretz

�969! found the sea conditions of f 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 af fected by

locaL winds. Although Kona Storm Waves approach from the

southeast through the southwest, they are accompanied by

changes in the local wind directio~  from northeasterly

to southerly and westerly! and so will be studied. The

waves of prime interest are therefore tradewind waves

 Nor theas t 'Trade Waves ! and s torm waves  inc iud ing North

Pacific Swell and Kona Storm Waves! generated in the

North Pacif ic.



SITE AND SAMPLING

To measure sea- surface elevations, a Vibrotron

Sea- sur face eleva Lions were s amp led 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.

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

o f the data aequi sit ion. syst em. !

Recording of sea- surface elevations was begun on

22 January 1971 and was intended to continue 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.



S PECTRAL ANALYSIS

Alias ing

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 be aliased. To prevent

this, the pressure gauge may be installed deep enough

so that the water acts as a filter to attenuate the higher

frequency energy. According to Airy wave theory, at the

instrument depth of 8 meters the energy density at the

Nyquist frequency of .25 cycles per second �50 milliHz!

has been reduced to 0.0628 of its surface value; i. e,,

of its value if the pressure gauge had been installed just

below the surface. Since attenuation increases with

increasing frequency, aliasing of the spectrum has been

avoided.

The S pec trum

The power spectrum in this study is labeled an

energy or wave-energy spectrum  Kinsman, l965! . 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

2
int erva 1 becomes cm

Each wave- energy spectrum presented here is the

result o f 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  Blackman and Tukey, 1958!.

The computer program used to calculate the wave-

energy spectra f irst 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 o f the calculated

spectra,



DATA AND DISCUSS ION

Comparin 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 occurrence 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:

�! the marine forecast records of the National Weather

Service~ which report ~mallcr~ft warnings; �! the

surface-wind summaries of the Marine Corps Air Station

at Kane ohe Bay, which furnish hourly wind velocities over

Kaneohe Bay; and �! 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 Pacific.

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 Islands.



which the wind blows!--in addition to being a function of

the mean wind speed--gales may also generate higher than

significantly affectnormal waves and may the x ve a~avow oy

in Kaneohe Bay. It was therefore important to compare

the wave energies of gales and storms with those of

tr adewinds,

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 knots! become hazardous

to small boats; Table 2 summarizes the occurrence of

Since Kaneohe Bay is sheltered to 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 closer to the Hawaiian

Islands than did any other tropical storm or hurricane

during the period of study. It was also noticed 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



Hunk et al., 1963; Dinger, 1962!. Snodgrass ct al., 1966;

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- frequenr y 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 closer 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.

gales, storms, and smallcraft warnings, and the days for

which energy spectra have been calculated.

In the study of the spectra and their associated

weather conditions, it was dif ficult to 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-time diagram
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Among the weather conditions discussed here are a

gale to the northwest, a low to the northwest, a storm

to the north, a hurricane to the southeas t of the Islands,

and strong and weak tradewinds. In the discussion of

these event s:

�! All times are given in local time, HST.

�! Ilost 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  S! are

labelled separately, w1 ereas the National Weather Service

maps lump them all together as lows  L!. However, the

National Weather Service maps were used in constructing

Figures 63 through 65.

�! Each spectrum is referred to by the starting

time of the wave record on which the spectrum is based.

�! Unless the frequency band or energy peak is

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 far more

than one spec t rum.

�! Energies at frequencies greater than l80 milliHz

are compared for various weather conditions. These
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frequencies were chosen since in most spectra energy

levels off at approximately 180 milliHz. Local winds may

be primarily responsible for generating waves at frequen-

cies greater than 180 milliHz �. 5 seconds!.

�! Table 3 summarizes the total wave energies for

these events.

Gale to the Northwest

Smallcraft and gale warnings for south and west-

southwest winds were in ef feet 26- 28 January  wave energy

spectra, Figs. 3-5! . These high winds were caused by a

gale situated northwest of the Hawaiian Islands on

0 0
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 �2 seconds! for the

spectrum of 2236 28 January  Fig. 5! would have been

travelling at 18 knots and would have been 1'500 km distanL

at 0200 27 January. This calculation suggests a wave-

generating area in the western part of the gale  centered

0 0at 27 N, 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 Kaneohe

Bay. Despite the high winds, the total energies of the
2 2

spectra for the three days were only 970 cm, 687 cm

2
and 717 cm . The average total energy in the broad energy
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peak between 50 and l80 milliHz �0.0 and 5.5 seconds!
2

was 687 cm . The energies at frequencies greater than

180 milliHz  periods less than 5.5 seconds!, where the

energy tended to level off, were less than ar equal to

21 cm per milliHz. The average total energy between 180

2
and 250 mill iHz was 62 cm . As will be shown later, the

wave energies for strong tradewinds at frequencies

greater than 180 milliHz were greater than or equal to

25 cm per mi lliHz, and the average total energy between

2
180 and 250 milliHz was 512 cm

Low to the Nor thwes t

A frequency-time diagram  Fig. 61! revealed the

eifects c f a lcw-pressure area northwest of the Hawaiian

Islands. In this diagram, a ridge in the energy contours

represented the dispersive arrivals  Fig, 62! from a

source calculated to be approximately 5000 km distant at

1748 16 March, suggesting that the wave-generating area

was in the western part of the low-pressure area centered

0 0at 53 N, 175 W 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!,

2was 23 cm, or 5 per cent of the average total energy of

the three spectra,



14

Storm to the North

2
for these spectra was 1397 cm . The ave � age tot". n rgy

2
between 180 and 250 milliHz was 168 cm

Beginning 23 March, as this storm moved farther away,

the total energy decreased. The average total energy of

the spectra between 0431 23 March and 1655 24 March was

501 cm  Figs. 12- 16!,
2 Beginning 1337 23 March, the

energies at frequencies greater than 180 milliHz were

2
less than or equal to 1 cm per milliHz.

Strong and Veak Tradewi nds

From 22 January to 8 August, 1971, there were 13

instances of strong tradewinds, either from tbe northeast

or the east- northeast. There were at least two occasions

of strong tradewinds each month except in January and May,

when there were none. Spectra were calculated for six

The frequency- time diagram  Fig. 61! also revea led
0 0

the ef fects of a storm centered at 39 N, 162 W, approxi-

mately 2000 km north of Oabu, on 21 March  Fig. 64!. On

22 March, the National Heather Service reported 8- foot

swells from the northwest. On 21 and 22 March, energy

increased in the main energy peak between 60 and 110

illiHz. Accompanying this increase was another at lover

frequencies, between 0 and 35 nilliHz. The average total

energy for the spectra of 1606 21 March, 1019 22 March, and
21925 22 March  Figs. 9- 11! was 2029 cm . The average total

energy in the main energy peak between 60 and 110 milliHz
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instances of st'rong tradewinds  Figs . 21- 25, 28- 37! . The

2
average total energy was 3013 cm, with the two lowest

2being 1863 cm for the spectrum of 1412 13 July and 1904

2cm for 0757 20 February  Figs. 37 and 21!, For these

two, the enex'gies above 180 mi lliHz were greater than

21 cm per milliHz. For all the other spectra, the energies

at frequen"ies above 180 milliHz were greater than or

2equal to 5 cm per milliHz. For all the spectra, the
2

average total energy between 180- 250 mi1liHz was 512 cm

When weak tradewinds occurred, their average total

2e nex gy wa s 1262 cm  Figs. 38- 60! . The enex'gi es above

2
180 mi11iHz were greater than 1 cm per milliHz, The

average total energy between 180 and 250 milliHz was

2
325 cm

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!.

Xn this comparison, the effects of gales and storms that

might have occurred during tradewind conditions were

ignored because: �! the distant low of 16 March had

little ef feet on the total energies of the spectx'a for

20 and 21 March; and �! only an approximate comparison

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 increase with



increasing wind speeds; total energies remained less than

2
2200 cm . In the case of the weak tradewinds, although

wind speeds over the Bay were 6- l5 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 bad higher speeds. Thus,

as expected, higher wind speeds over longer distances

resulted,in greater wave energies.

Strong Southerly Winds

The five instances of smallcraft warnings for

soutbpr 1 v vrinds occurred i n T«ucr~~ thrc ~ ~ h Parch ~

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

2
average total energy of 703 cm . The average toLal energy

2
between 180 and 250 milliHz was 73 cm . The energies at

2
frequencies greater than 180 milliHz were less than 5 cm

per mil liHz, and for 26- 28 January, 20 March, and 23- 24

2
March, they were less than 1 cm per mi 1liHz.

On 19 February and 25 Narch, as the wind shifted from

southerly to northeasterly, the total wave energy

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  st rong tradewinds! .

During 17- 19 February, when strong southerly winds

2
existed, the average total wave energy was 582 cm

 Figs. 17- 20! . On the 19th at 1100, the winds began

shifting from south to northwest, until at 1900 they

became northeasterly. With this shift, the total wave

2
energy increased to 1904 cm 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 o f the Hawaiian Is lands on 20 February.

It generated 20- foot surf which pounded the northern

coasts of Kauai and Oahu on 20 February. However, the

total energy continued to increase  Figs. 22-25! as the

effects of this storm decreased, Strong tradewinds on

0
20- 24 February, caused by a high pressure area at 35 N

 Fig. 65!, generated swells from the east- northeast that

were 6 feet high on 22 February. The total energy

2
increased to 5660 cm, the largest of all the spectra,

f or the spec t rum o f. 1753 23 February  Fig. 25! .

Strong southerly winds for 22- 24 March were fol,lowed

by strong tradewinds for 25-30 March. On 25 March, as

the wind again shifted from southerly to northeasterly,

2
the total wave energy increased from 316 cm at 1655

2
24 March  Fig, 16! to 1960 cm at 0202 25 March  Fig, 26!.



The entire spectrum increased, especially the energy at

frequencies greater than 120 mi1liHz  8. 3 seconds! .

2
Later, energy increased to 3224 cm for 1313 30 March

 Fig. 27!. The increase in tota1 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 f ive spec t ra  Figs. 12- 16, and

26! which would indicate the effect of a distant source.

Also, there were no nearby storms during this period.

Hurricane Denise

Hurricane Denise approached closer to the Hawaiian

Lslands than did any other tropical storm or hurricane

appeared as a trnniralL L g o f s tu dpi~ 1 c eev4 oAL 4 Deni se

0 0
storm southeast of the Ls lands at 14 N, 108 W, at 0800

July. Travelling westward, she covered 5500 km in 9
0

days. She became a hurricane at 0800 6 July at 13 N>

0117 V. As a hurricane, her closest approach to the

0 0Xslands was to 19 N, 149 W, approximately 900 km southwest

of Oahu, at 0200 12 July, $pectra were ca1cula ted for

10, 12, and 13 July  Figs. 35- 37!, du~ing 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

2
tradewinds because: �! the total energies �799 cm

2 22766 cm, and 1863 cm ! are indicative of total energies
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for strong tradewinds and not of a gale; �! there were

no traceable dispersive energy peaks that would indicate

distant storms or other distant sources; and �! there

vere 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 were apparent:

�! 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.

�! The average total energy of all the spectra

for the strong local tradewinds was twice as great as

I
that for the weak local tradewinds. The average total

energy between 180 and 250 milliHz, resulting from the

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

r s t. a 1 n ~ n r r wv n f ~ 'l 1 e- h
oyThe QlTO 1 9 Oe

strong local tradewinds was four times as great as that

for strong local southerly winds. The average total

energy between 1SO and 250 milliHz was seven times greater

for strong tradewinds.

�! Hurricane Denise and other tropical storms and

hurricanes southeast of the Hawaiian Islands had little

effect on the energy structure in Kaneohe Bay.

Thus for Kaneohe 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,
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southwest, or west. Of all storms, storms to the north

or northeast which generate swells that approach directly

into Kaneohe Ray 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
0 0

January 1972. A gale centered at 36 N, 150 W  approxi-

mately 1800 km northeast of Oahu! on 28 January, became

0 0
a storm and was reported at 31 N, 151 W  approximately

1500 km northeas t of Oahu! on 29 January. On 29- 30

January, 10- foot swells from the north caused high surf

warnings to be in ef feet for the north shore. During

that t ime, waves seen in Kaneohe Bay were higher than any

seen during the study period.

Thus there is the possibility that on any given day

a storm may generate more wave energy than st rong

tradewinds. Ho~ever, over periods as long as a year,

strong tradewinds, because they occur more frequently

than storms, will produce more total energy.
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APPENDIX A

Instrumentation, Data Storage and Computer Programming
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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 Noku 0 Loe  coconut! Island in Kaneohe 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! o f single conductor submarine cable connected

this pressure gauge to an FN transmitter located on Kapapa

Is land. Powered by four, 6- volt car batteries, the

transmitter broadcasted a vertically polarized signal

at 162.175 HHz.

On Coconut Island, this signal was received at the

Hawaii Institute of Marine Biology  HIHB!. 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 audio signal

by the tape recorder.

Data Storage

Data were stored on magnetic tape and on disks.

Initially, data were recorded on half- size reels �200

feet! of magnetic tape at 200 BPI, Binary, 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 �400 feet! reels, at 800 BPI,

EBCDIC, and 9- track, or 556 BPI, BCD, and 7- trac k. 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

IBIt 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 calculating the spec tra.

Co.",:puter Programming

The computer program for calculating the wave-energy

spectra  Table l! 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

spec tra l values.

The error correction section begins after the data

are read for one wave record and stored.

To detect errors, 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 se t 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 successive sea-surface elevation

values were calculated; i. e., the first sea-sur face

elevation value 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 difrerences was plotted. The standard

deviation of these first differences previously had been

calculated and the first dif ferences were limited to +3

standard deviations  within which should lie 99. 73 per

cent of the first difference values!, This first

dif ference 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 s ys terna tie

ins trument error. Last, the d if ference between consecut ive

f irs t dif fercnces were calculated; i. e., the first 1st

difference was subtracted from the second 1st difference,

and so on. This second dif ference describes the curvature
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of the wave. A distribution curve, which may be Gaussian

or skewed, was plot ted.

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

di fference value exceeded +3 standard deviations of its

value, the value was corrected, The second difference

was checked first and if it was too large, the sea- surface

elevation value associated with this second dif ference

was corrected by averaging the two sea- surface elevation

values on either side. Then the first di fference was

checked and the sea- sur face e leva tion values were

averaged again if bad values were still found. If the

first di fference between 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

e levat ions versus time were made.

Zf Sewer 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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APPENDIX B

Tab Les L to 3
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Table 1

Comptlter Program

PAGE 00 I
OT5

4 ~
I-5 ~

CCCCC
CCC

CCC
C
C
C

CCCCC

C JCASt I > 2 G! VF 5 SPEC! Xul!. JCASE ~ 3,4,5>6 GIVE 5 LUG SPECTRUN. JCASE I ~ 3 PL
C St Thtth L l» IS xt 4hu xu REap IN. ALL OTI»ER JiaSC L TI»  TS C4!Cut4TED PRON
C 1I»t SP  LT> UN JLASE + 5 XL � CALCULATED 4NP xli XL»5 ~ J» 4 SL 6 VISE VERS
C 1!lt SPtilxu>», JiaSC.5 ult'xG.XL  CALCULATED I >5 ~ JCASE-6 GIVES XL-XG C4LC

NOTE II>E Nttp f CR 4 PA>»AI»ETER CARD ~
INIEGta Sub hi �0!
DII>ENS L»I» Fkl   QI ~ F� CUI> AC�»!P! > CS�00! ~ PS�001 ~ PL lpll ~

IS  50, IQ»I I, AL !~150! ~ ALP  5J I ~ 4»I FF I 50SS I, PPEKC 1�01
GINENSION Tl�!. Ixlz!, Iv�1, PSD Z5 ,zl. u�000 
DlvlkS uh 1»  ! DZ! > x t 5  la I
DIPEkS ION ET I 500 I ~ Tul f 1 15000 I
DIXENSIDN FAI/ GQI ~ FS I 2 IOPI ~ I Cl/lppl
DA1A IZEL,TQI'»L/IH, I>I ~ / ~ IS/'0'/> STAR/' ~ ~ / BLANK/' »/ 1/>N>/
041A STAT » I»L> tYL / '6' ' '» I>/
DATA TX» TY/» C» >PS ~ ~ I OG' ~ > ENE» >RGY ~ ' Cl» ~ >» ~ ~ 2/C ~ ~

l PSI /> DQI/>4>/
Dala LR/'0>/
DET INE FILE 22 'l�920> ltpp ~ E>IPOI

CCC RE40 FPI I»AT CARD CCC
READ l5 2! I 6 l»,NEST,J  ASE ~ xL ~ xG

2l FOR!>AT I 4�, F5 ~ l ~ FS ~ l!
CCCCC
CCC READ CAT'0 Fua Ul SK RECORD NO ~

Zll RE/0 �>ZI'l»thu ZSJI LOV> !IAX
@IT FI RNAT  Z� 

CCCCC CCCCC
C F >»4 ~ I»aa ~ ALL C> ~ E»! V ALuE u>r RA> ~ DATA ~ ThiS � SE 1 ARBI I BAR  L Y

I ~ - I » ~ »C 1 ~ 6»»' » ~ ~ » ' ~ -0 ~ P
FI»X-l»nrnP
Fl'N >140»! QC ~

CCC CLF ~ CAL IBI»411  N FACI IJX FUR 01HEN5 DNS IN FEET CCC
CCC CLP CAL  BkAT IGN FACTUF FIJR D I»t< ~ 5 lph5 IN HE TERS CCC
CLC CAL ~ CAL I B>»A T CN FACTOR FOR DI HENS lph5 IN CENT I NE TERS CCC

CLF ~ ~ GQP609
CLN ~ ~ PQP B6
CAI, ~ piB6
VN ~ V5 ~ VN> VT 4»»t USED FOR THE P  OT I  NG OF Tr»E D41 4 V5 ~ 1 INE

c u'RvE 5
YN:ahc vN ANOUNT lu Bt sueTRACTED FRDN DATA
VS ANC VI < SCALING f ACTOR

VN ~ I TBQQD>
vS ~ 200.
Vh ~ l41000>
Vl ~ 200 ~

CLCCC CCCCC
 PE~LE»

CCCCC CCCCC
C READ la DISI». RECO>IDS OF 256 VALUE5 EACH ANO 5T»JRE! 10!AL OF 4096 PTS ~

DC TJT I~T> d
LL>ZS  ~ I I-I!» l
LIB ~ LL+/55
READ  ZZ> TPu>200>E» R ~ ISCI Tl ~  FIKI ~ K~LL ~ LINI

200 FORRAT I 444,200f 6.0,56F t+Ql
737 CONT lhuE

CCCCC
I PCP I I »J l
PR Ihl 152

352 FCRNAT I ' I ~ !
Pk INT 569> I »!» ~  PO»! ~ Tl
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Table 1  ContinLted!

Computer Program

PAGE 002
5f!9 FGHHAT IIXv Luv~ ~ 15 ~ 5xl'HAX 'it! ~ Say+4 II

CCC 0 FLAVS eau DATA IVAfa !HAT Has Het!I CuRREL TLV BV C,!RRECTIVh
C RuvTIHEI Ch DATA vs ~ 1 IHE PLOT CCC
C 6LAHKlhG CuT 0 ARRAV

00 26 Kv! ~ h
VIK! < BLAKK
NS ~ 0
ICARD 0
RG < 9!}0 i ~ 960

26 ~ ~ ID ~ 48
Iv  * H/9 BOi
SHG ~ !LR I IHG !
I 1 > 3~�
93
IPI 2I ~ Pl

26

C4LCVLAT Iuh Of IS I DIFFERERCE, HEaf!, HAX, Htfv

ecs

809

Acl805

C IERC!hG OF TGTERvaL ARR4v

57

67

CIFF
~   IF F

~ Clff
500

C 514004RU CEv la f TL! ~ ! IGHA
SICHX =Sax! I I s !v>s< - I EVHx ~ SVHx!/ANI/!ah-II I
AL IH IT .i ~ ~ 5 I! "4

I. ONIL'IF v I VE !!F ulf I XR! !CE elf VEIfl 2 DATA PIS,
OKEDIF = al !vlf

20

8 100

DO XOI I l sl'!
IFIFI II LE ~ fvx! Gu Tv
PRIHT 809 ~ I g F I I I
FOPHaTIsx ~ 16, !X,FI2 5!
Dl I I ~ OR
FIII~FHX
f!S ~ hs+ I
tF Ih!,GT ~ 40! GD TO 2 II
Go Tu 40l
IFIFI II ~ GE ~ FHHI GO TO
PR lhi 809r I e Ff I !
Dill
Ft I!%FHX
hS hs! I
lf lh! ~ GT ~ 40! GO IV 2II
CL'h I I huF
~ VV
I GO ~ 100 ~
ar!f!.0
arax 0
SVHX 0
SVHXS<v0

DD sr K-I ~ su
PPERC!lx lvO
SVV!hTIKI 0
00 Ar I Iy!o
OC 6r K I p 100
Bl I xl Bl XKK
DD 5CO I 2,!l
DIFF'FI I I - F I I-II
Aolf F 1 1-! I * 3!FF
lf !DIFF.G!.a xxl XHAX
If IDtFF,!. T 4" I%I AH!fc
5vvx SVHX + Diff
Sl V X SO ~ SVHXS ' ! Vlf-F
CCRC I huE
Ah
AHEAD ~ Surx/hu
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Table l  cont inLIed!

Computer Program

PAGE 003

>OMETER
' ~ F6+2>'FT ~ I > [X
X ALI.O ~ EO CHANG

Of EET ~ AL[M[ IvMLF
CMETER ALTN[ I ~ CLIX
FN[N Ar.IN~LLF
Orr[N ~ 4I'IN ~ CLM
f MAX ~ ANAX ~ CLF
GNNAx ~ Arax+CLH
FMEAN ~ Arfak ~ CLF
DPPEAN ~ Arl44+QL>l
A[h  ~ 6,45 r MA/50 ~
ALCvL Ar AK-4L > IT A[NI
OC 3>>0 I l ~ 50
ALOML ALCML 4 AINT
ALCM  ll ~ ALCVL

360 AUP [l i ALOV[ l 4 AINT - ~ I
~ N

DC 5[5 K ~ I >XL
 ACEAN + ALIMI I + 4 ~ IFF KI I/AIN'[ ~ I ~

IF  L ~ Cl. I ~ XNG L+LE 50  GCI TO 250
IF  L ~ LT ~ I I L l
[ F II L ~ GT, 5 0 I 'L ~ 50

250 SUN [NT LIAISON NI  I I + I
515 CONTI> >/EC NEAR[ST 2'I ~ [ Ee ~ ~ I! ANC ABOVE ARE INCLOOED IN NEXT «2E

OG 333 4 l,50
PP lOGO, ~  SL>M K[IXI/4k I 4 5
IF IPP ~ GE I ~ Sl CO 10 30l
PPERC[ KI 0
GO TO 333

30[ Ncr~PP/200
PP PP 200 ~ ~ HCII
[PC[ ~ PP/2 ~ 4 ~ 5
if EAC i>'I [>PC[/5o
8[X ~  PCI I ~ STAR
IT-  NCM.CT.OI B[K ~ I PC 1 I

333 CCNT I'VE
C PM II> 1 NEAC INGS f OR [51 DIFFERENCE GRAPI 

PR[NT 35[35  fCPVXT I> I'> lX>' IST O[FTEMENCE' ~ 'le >NIJN PCT 0' ~ 2»X ' >5> ~ 2344
l' IUD� > 34 ' ' � ' >234»20 ' //I

C PR l> T ISI i[f F EMERGE l>RAPNPRINT 3 0, I ALOM  XI,AVP  KI,SLININT w I.PPERCT I XI,  BIK.LI.L-I ~ 10014K
II ~OI

450 FORMAT I [4 ~ 2FX 1>[6 ~ F6 l>24> IOOA[l
Px [>>1 36 7 > AM I 4> AVAA> AME4N ~ 5[044 ~ TL ~363 FOFMA[  //IGX ~ Nlk > F L> l> 54 ~ MXX sf 1 ~ I ~ 54> MEAN + tf I ~ l ~ 5X ~

I SI»HA ' ~ I 7 ~ l ~ KE I MC BEGAN ~ 4454 54> k ~ »  Al
PRINT 605, Fr[4,O>MIN,FPAX>DvvAX ~ FNEAN,ONNEAN>DFEET

605 fuR»AT{/ lx,'MIN ~ '.F 6. 2, ~ 11, ~, lX ~ F6.2, > N', 34, 'r>44
I ~ 16+! > M ~ 4> HEA'I > F I 5 ~ FT ~ >IX>FT ~ 6 ~ N ~ 3/ ~ NA
lE '[4 MT >F6r2> FT ~ > IX ~ F6 ~ 2 ~ k
GO> TO  $[OI BI021> IGO

Bl01 Sl.'MX - 0
C CALCOL ATE 2N>I DIFF E> ENCL ANO PLOT

SLIHXS~<0
C ILMCING OF [NTER/AL AVRAY

UC 501 6 l>50
PPERCT IXI ~ 0

KOT SCIr NTI 4! 0
DC COT I ~ I ~ 50



Table 1  Conti TLued!

Co mputer Program

OO 607 K + I ~ �0
607 8  I rx ! BLANK

RC i NZ
Do 501 I ~ I,Kc
TOIF JQTFF !v!! - AOTFF�!
701FF  1! ~ TO IF
SUVX ~ SUVX + TQ F
SUVXSO a SURXSQ 6 I QIF ~ � IF

501 CONTINUE
F2 ~ FC
Ah AN ~ SUVX/FZ
SIGNA -SCRT  SUkXSQ -  SUNKVSUVX!/F11/ FI-I!!

C TROOIF ZNO 0  FFEREhCE,' O FFERENCE QF DIFFERENCE
7 rOO!F A N +5 GVA
A NT ~ 6 ~ +5!GVA/50r
A l. C 8 L ~ A k E A h- T rr 0 0 I F � A I h 7
DO 502 I ~ l,50
ALC!rL ~ ALCrrL r AINT
ALCK �! ~ Ai.crrc

502 AUPII 7 ~ ALVR  I I r AINT - ~ 1
00 503 K~!rKC
L~  AREAN + TvvOIF r 10!FF K! I/AINT A I ~
IF  L AGE ~ 1 ~ Aha ~ i. ~ LE ~ 50! GQ TQ 675
IF  I. ~ LT ~ 11 L 1
IF L ~ GT ~ 50! Lr50

675 SURINT L! ~ SVN NTlL!
503 CCKTINVE

C NEARES! ~ ZTr I ~ Er ~ ~  8 AKG Ai}QVE ARE TNCLUDEO I!  NEXT AD ?8
OQ 633 K ~ ir50
PP IOCO tv SVV!NT Xi/F7.! vs 5
[F  PP,GE I 5! GQ !J 631
PPFRCT K! 0
CQ '10 633

631 ! CAPP/200
pp happ - 2ao. ~ Rch
IPCT r PP/2 ~ r r5
PPERCT xi !PCT/5 ~
8  xr !PC! ! STAR
IF  VCR GT Oi B K> IPCT I

633 CCKITKLE
C PRINT HEAQ hGS FQR 2NQ DIFFERENCE GRAPH

PR INT 65 
651 FQR I   1' r !9 K ~ hUV PC! 0' rZKrX ~ '5 ~ 23X ~ ' la r23X ~ ' 15 23xr '20 //!

C PRIhi 2KQ OlfftRENCE GRAPH
PR!h  650r   ALGv I Ki ~ AVP  K I ~ 5UV!NT   K I ~ PPERCT K! ~  8  Krl I ~ L 1 t 100! ~ K~

LlrSO!
650 FCRPA I   lx 27 8 l,l6 F6 !,2K, lcaxli

PR lh7 59 r
596 FQrkhAT �5x,'Zha UlfFLR KCE GRAPH' !

CCC Ih THESE Cck LCTIVhl, ;.',L! F l!'5 ARE CHANG a  TNE !ST ANQ ZNQ
C O FFERENC�  A"i!FKNV 5 CL! ARE CAL V A TEV  RQV THE QR C NAL F li'5
C ANO ARE h47 CHKNCLQ AFTER f ii'S ARE CORRECTEV

PR!hi 352
JCIR ~ 0
PR lhi 973

973 FQkRAT I?!Xr'Fl I I! ~ TX ~ «F I ! ~ r7XK ~ F  lrlir ~ AK r ~   ~ rBXr QLOF r 12K ~
1 ~ Ac if f ck 5:LQ ~ 7

C F HAS Aa>6 PTS, A !!FF HA' 6095 PTS, TOIFF HAS 609rr PTS
C AQIF f  +V95! IS SE 7 EQUAL � Ao FF IKQ9w! BECAUSE I Av CHCCK ING QNLK

ADAGE 006
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Table l  cont i TLued!

Computer Program

ADAGE 005
C TO THE 4095TH Da A Pf ~ . THEREFORE, IF THE Qlf!EHEhCE Bff!tffh T~ESE
C 2 PTS IS Gf+ 1 ~ Ut!!F ~ Tttfh F!4095! HQULQ hEED TO HE CQAAE CTEQ BV
C Av ERIC I hc F � J94! I'«'t f  AQ ! b I ~ ta!ttEvER ~ Ih Hv LCQP t I AH LVQKIHG
C ChLT as FAR AS F�095!

ACIFF KLI ADIFF KL I!
KT - 0
00 402 1>2 yKL
JC ~ 0
Sf CD ~ TQ! F F   'I-I!
5 CL ABS SECD!
IF F  I! hf FHX! GD IQ 420
JC JC ~ I
Fl I! ~  II l-l! a F i  il� ! ! ~ 5
0  I ! ~ QR
PR h! 403' F  ! I I ~ F  I ! y I  fall ~ I

403 f Qtthaf   IAH L!ttlf EIC IEQEQ 3  12 1, Ib!
C IHI 5 t'LGE � E I fttr R !ttf Qri!GIHAL I   I I QR IHE I I I ! CQRRECTEQ BECAUSE
C ll fs GFEaTEA TH h
420 OLCF«  I!

IF SECD.LEi THQDLFI GO TC 421
JC-JCil
F I I! ~  Fl l-l! + Fi  +I ! ! ~ 5
0  I! - CR
PRIHT 404, F  I-I!, F�! ~ F  !+I! i I ~ OIDF» SECD

404 FCFHIT  Lait Zhv Dl FER hCE ~ JF 12 ~ 1 ~ I6IF12 ~ I ~ Bxi F12.1!
C IF THE !ST Qf f F ERE HCE BE I if Ett 2 Da TA Pf 5 I 5 BAQ I AK ASSVHIHG THAT
C THE 2 tD QAIA PT ls Tref CavSE QF 'fHE Bavhfss
421 IF  ABS AC FF I! � I I! L I ~ Ctf 0! F I CQ TO 520

C fHIS OLDF Cah Bf T~E Uaf�! iaL F  I ! QR T~F F l! CORRECTED ttECAUSE THE
SECCHD CIFFIRE' ~ CE IS it ' A!fa Titatt TivtD!F QA Trlf F! I ! C RAECTED

C DECA' SE IT ! 5 Gif Af I< !ttax F" X AHD ITS Srrhws HtFFxqa> CE ls r~f ZOIF

JC- J/C AL
F   I ! ~ si F I I-l I VPI IVI! !
0  I ! GR
JCTR JCTR ~ I
PRINT 405' F  I I! ~ Fll !i FI I+I! t I ~ QLDF ~ JCfRt ACIFF  I ll

405 FDRHAT L tH 1ST QIF FERE I CE t 3FIZ ~ I ~ IBt FL2 ~ I t I Bt F LZ ~ I !
520 IFI JC EQ DI GO TQ 402

Af i af
C IF TttERF ARE 5 QR HQRE CQHS CVTIVE BAO VALVES KT 15 ~ GE ~ 5 AI D THE
C SPEC RLH ! 5 HOT CALCVLA f Et!

 F  K!AGE ~ 5! GQ IQ 402
IF KT kG s! ! GQ fo 521

522 K!EST!af! ~
CO TO 402

521 IF  K�ST a -1! if<a  I-I ! I CQ TO 522
C IF THERE ARE 1 ESS  utah 5 LChSECVTLVC BAD VALVES ~ KT I 5 SET BACK TO
C lERO AHQ I HE SEARCH FQR 5 CLhsECUT I VE BAD VA!.VES BEG fttS ADA I ti

Kf ~ 0
402 CChllhvE

IF   ICQ ~ EQ ~ 1! GO TQ 8100
C PLOTS CQVttfS VS. TIRE IH TVO CVRVESI EACH CURVE CQHSISTS QF I /2 I TS.

0 IQZ hh ~ h/2
PRIHT 352
DO 4 09 I 1 ~ ttft
DC 442 Hl I ~ 101
R HZI BLAhK
IPA ~  FI 1!-VH!/VS
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Table l  ContiTIued!

Computer Program

PAGE DDB

  SIZ I ~ HZ~ I, 1011

SPECTRUH IS

AKING LOG

CCC

HI4H~TVHH
TP8  FI NNNI-VNI /VT
TP I IPB~GE ~ 0+AND ~ IPB ~ LE ~ 100 ~ I GO TD 74>9
IFt TPB ~ L I 0 ~ I NIP>S~ PB/100 ~
tPd~ PB 4 IDO+NI PB
Rt BPBI ~i 

'TG 750
74>9 Rt TPB I DDT
750 Rt tPAI STAR
609 PR IP>T 40 B 0  I I ~ I 0 INRNI ~ HNN ~ F   I I ~ F I NNHI ~   R
AOB F I«HAT I IX ~ A I ~ 14 ~ Ii ~ AI ~ � 2F8 0 ~ 2H   ~ IDIA g IiH  I

TPB«T.GE>5  GD TO ZII
C CALCIILATE AVERAGE

AV>Qo
D� 291  I >H

29  AV AV 4 F  ll
AV ~AV /H
PREHI 24 ~ AV

26 FCRITAT I > OAVERAGE VALUE OF F ~ > E 12 ~ Bl
PR T>NT 352

C CALCU .ATE SPECI Rus 
C CAL I BRA'7 ION FaCTDR IS ~ D 86  IH CHI

DG 937 j~  >N
C F ll RECON� CALIBRATED VALLE> ITS UNITS ARE CH  THC
C ENERGY TN SQ ~ CH/CTCLF. PER S COND

937 f I tl ~  F  II-AVS ~ CAL
CAI.I. FDURC3 F >409er I 2049 2 FA FB FC I
CALL SNFC FC ~ PS ~ 2049 ~ 8 ~ I i S l

CCCCC CCCCC
C OF ~ f REDUENCY INTERVAL BITS>E EN SPECTRAL EST HA�'lE 5

OF ~ I ~ /� ~ +Ice SI-I ~ I ~ 2 ~ S
LL ,CC CCCCC

DG S I ~ 2>IDG
8 PI ~ I I BL

Do 9 I ~ I>101 ~ 50
9 PL II ~ ETE

IF I JCASE LE>2IGD TD 11
CCC PESACH� CARDS S>ITH RAN SPECTRAL VALUES Iw THDUT T
C AND >/I IHQVT COK RECT ING FOR DEPTHI CCC

PL>T>CH Sd7 ~ LD< ~ I POD ~ I I
567 FGRS447 I 2 I 5, 444 I

DG 554 I I ~ NESS >d
ILS PA ~ I ~ 5
ICARDA ~ I/O + I

554 PuS CH 555> IPSIKI,K I ~ ILPAI >  CARDA
555 FGRHAT  eE IZ ~ 5> 54 > I I I

TH I 5 PCRT IDN S>SKE 5 DEP IH CORRECT IDN AND TAKE S LDG
C SIGNA ~ ~Z G ~ K ~ TAS HI K ~ HI
C BETA ~ d2 ALPHAATANHIALPHal
C ALPHA ~ K ~ H
C BETA ~ 5IGS>a ~ S>2RT H/C!
C S G ~ FRE~vtwcV IC/CLED/SECT

SIGNA ~ FP >S>S NCV IRADIANS/S CI ~ 2 ~ P PSIG
STG ~ 0
PL;P ~ 0 ~
OSH 0 ~
O� 645 I ~ I NE Sl'
8ETA ~ 7 PI LOSIS> ~ SHG
A«I> ~ ALPHAIBETAI



Table 1  Continued!

C � III p LI t e r program

PAGE 007
COSRK  EXP�KP»I e EXP -AKP ll/2 ~

Ei  II IS DEP'I»» CUKRECTEU SPECTRAL ESTIMATE

23

14
C .C

PR lhi 772» USP»e PU» 
772 FURRAI �X ~ »SVR OF F4ERCV AT DEP k e EL2 ~ 5 JX ~ SUB OF ERERGT AT

LSURFACE e»»EL2 ~ 51
PR hl 352
GO TO 211

150
410

GG IO 211
STCP
DEBUG sUBCIIK
EPIC
S BRQUT14E FOURC3 F LEh.JL,JU JCASE,FA FB,FC!

233

e45
CCCCC

11

12

L3

22

EII II e PS I INCUS»»K ~ CUSFX
PUP PU4 e E I  I I
DSP» ~ OS»e e PS�!
PS I I e ALGUIO ABS PS i !I + 1»E-301
E' I I! ~ AI.DGIO A»35 ET�!l + leE-30l
SIC ~ SIG e DF
CGXT INUF

CCCCC
IF /CASE EO ~ 1 DR JCASE ~ EO ~ 31GO I»3 L3
PP  ~ -1 e E30
PG ~ I E30
OO 12 I~L»4EST
PP  ~ ARAXL PP»e ET' l!l
PG Ax hi PG» O'I ill
XL ~ PG
XG ~ PR
IF  PP  ~ LE ~ 3 ~ 0 AP D~PG»GE ~ 2 ~ 0 I XG r 3 ~ 0
CCh T ihUE
IF I JC4SE ~ E»J.SI XG Xi, ~ 5 ~
IF IJCASE ~ EU 8! XL XG-5 ~
RAhGE ~ IOC,/ XG-xL I
PR hi ZZ ~ 4» hEST» XL» XG ~ JCASE ~ Tl
FOR~A   ///' 40 PDINIS 15 ~ ~ hD ~ EST IRAJES ~ �,e XL e ~

LEIZ.S,' XR ',EIZ ~ 5, ~ JCASE - ~,IZ, ~ RECORD BEGAN ~ .444!
Do � I ~ I ~ hEST
FX ~  PS II - XLI ~ RARCE +I ~
 f  KK,LE.I.! 4K ' I
IF  KKeGE ~ Loll KK ~ 101
C" '" "v P L I »' e I
PL  KK! ~ STAR

~  ETI1 I-XL.I+r44Est e 1 ~
 F  L ~ LE ~ LI LLel
1F  I.L GE»1011 LLelol
DUP ILILL!
PL LL I ~ DGT
[1»he I-I
PR h  Z3 ~ 144 ~ PS ll ~ ET  le PL
FORP AI   IX ~ 13 ~ lx, El  ~ 5» LX» ELI ~ 5 ~ lX 101AII
PL L .! ~ DUP 
PL IKK I e 04»»P V
PR� S SUP  OF E4ERGT

PR14  410
FOR»»AT 13X ~ ' ERROR Ik RLAC�G DISK' I

D P E45104 F � OO I ~ FA ZLCO I,F ei 2100 I,V�09»3  » FC�100l
D P'Ehsl  4 AA ZI» E»8�! ~ J4TI �! e G�1
CD~PLEX X�098! ~ 4 ~ »3» he Zl ~ ZR
ECLIVALEHCE G»r I, IA,AAI, e,eel, X,TI
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~ AGE 008
2R«I 1 ~ tO ~ I
2 «�«t  ~ I
PR kT 30 ' LEk«JL ~ JV«JCA5 

30 FORk4� ~ 05VKRVVI�E PVVRC3
1 ~ , JV - ~ ,In,', 440 JL45E

LL5

I 14

4 5
L5

20

5  ARG I I ~ 1 ~ 54

16

S

13

25

LF JCALE.EG«2 GO TD L a
GO 1 15 J ~ I,LEk
'TIJ  F JI
GO TO 15
A V«0 ~
GO 4 J L«LEk
AV ~ AV«F J I
XL«LEh ~ I
AV AV/ XL-I« I
GO 5 J«l ~ LEk
X J «J«2
ARG«3 ~ LKL5%22 ~   xJ/4  � 1 ~ I
Yt JI ~  F Jl-Avl ~  .sat.ne«CO
L«I.Ek-l
OO 20 l«l, le
L ~ 1/2
 F IL ~ EO ~ 0100 TO 14
COk  14VE
5TCP
LX«2«' ~ I
212 2«/FLOAT LEkl
LI.X ~ LX LEk
III« I I
I.«L X/2
2 . «L
0/I - l. //I.
F GL 3 1C150'7.
GG 11 1«1,4
Jk'   l I ~ 2 ~ «Ik- 1 I
5 Vie ~ 0 ~
OD 8 I« tLEH«2
5LIt 5vi «v  11-vl 1«ll
LEk I LEH«I
DO �   Llhl ~ LX
Y�1 0
'Y I L 4 « I l «5 0 ii ' ~ 2 L 2
T LX+21 0 ~
00 +0 LATER« rk
kl LOCK 2« ~  LATER-ll
LdLrCCK L/KVLGC<
LB44LF LVLCCK/2
k'«0
GG Kr0 I OLCCK 1 ~ 4IILr CK
L5TART«LVLCCK«  iti Vi K-L I
ARG -2, PIRL ~  LCA lt «I
G    l«CC51 ARt 1
G�1«5 tr ARVI
00 25 I «  r  tirtnLP
J ~ [«I 5 AKI
4 ~ J+ L Lt IA L  
A ~ it   K I 4 rt
X KI ~ K JI-4
XI JI«XI Jl«A
00 32 I ~ Z,it

Table 1  Contil ued!

Computer Program

CALLED klvk LFI  « ' ~ �t' JL «T�«
~ �1
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PAGE 009
!GO TO 50

!GO TO BO

ILZ
I

ph !
CI

J ~ NU!IB21
IER CF COEFF ICILNTS KE TU
D I I! ~ C�!
DO 1 !~ 1 <hi
011! «Cf 1!JC  JAL I
D  ll ~ 011!-CKAC I NL I
DO 2 1*2 ~ 41
K ~   I I I ~ hi 
0�! ~ C K I
DD 3 J Le!II
Dill 0�!iCIK+Jl+C r-J!
D�!FIJI I !-CK ~ I C I K th ! !<C
RETURN
OEBL|G sUBchr
ENO
F IJ hc I I ILIN A L PI I A   BIE I A I
TEST 1 ' E-05
88-BE!ARSE!A
!F BEIA ~ LE 1 ~ I ABBE A

IK-N I ! I

32
50

55

70
80

90

91

 PIANO  JNT  [! yhh! ~ EU ~ 0 ~
NK I a-JNT�!

hh ~ JNT  I 1
NK ~ 0
DO 80 K 1>L

4~i I
 FINN !.L E ~ K!GD � 55
B ~ X INK I� !
X ANL! XIK!
x K!~e
DG TQ 1~1 ~ 4
IF I AND I JNT  I I y Ne I @E0 ~ 0 ~
NR hh- JNT I I !
NK NRAJNTI!i
!J CEXPIPIUI ~  II
XILI ZR+ Yl!!+Y�!I+ Ll
LL ~ L/2+I
DO 90 I ZOLL
J ~ L-I +2
A~ F 5' ~  ZR+ Y� ~ I l!AYIZ' ~
B ~ ~ SAIZR ~  YI/AI � 1! Yfc' ~
Xfll  A ~ ZIAt!!~ LZ
YIZ+J-!I*IAA  L!+88�!! ~
YIZ~JI IBBIL! AA ZI! ~ LL
LX LX ~ 2
LiLt 
00 91 I JLeJII
FA  I IY   Z ~ 1-11
Fell! AY�+f!
FC  I! FA  Iles 2YFB  !!++2
PcTUPL
nE ui r SUur IIr
END
SUBROUTINE sNFCIc Joy hJ H
DIPENS�4 CIZ�0!, 0130
CK~D ~
IF  h/2 ~ 2 ~ EO ~ Nl CK ~ 5
h !ah/2
k 1 ~ 1 ~ IN- 1-h  I /h
PR 14! ZL ~ h ~ I sh!
FGRHA I I 'OSUHROU 1 INE Sh

Table 1  Continued!

Computer Program

ll!J l ~ IY�+J! Y12 ~ Illl
J-llf LI' ~ IY� ~ Ji ~ Y� '   II!+4'>' ~ ll-i!

FC CALLED KITH N~ I ~ 
 ~ J ~ H~ ' ~ � ~
RNEO I 5 ' I I A!
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Table l  Continued!

Comput er Program

PAGE OLO

IF  8E TA ~ GT ~ I ~ ! A~88
30 X ' EXP A!

Y>EXP -A!
tr X-Y!/ X AY!
CC F 66-AD L
If ABS CC! ~ LT ~ TEST! GV TO 50
SECH at ~� / X+V!
ALP~A-CC/l-!-A ~ SECH ~ SEC '!
A~ACP
GO T0 30

50 ALPHA ~ A
RETVRh
ERD
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Table 3

Average Total Energy for Various Weather Conditions

Average Total
Energy i n Peak

Peak Freq.
 mi 1 1 iHz !

Type of
Event

Gale to the

Northwest 50- 180791 62

Low to the

Northwest 40- 60

40- 64

42- 65

23

Storm to th e

No rth 60- 110 1397 1682029

St rong

Tradewinds 3013 512

Weak

Tradewinds 1262 325

Strong
Southerly
Winds 703 73

Ave r age
Tot a l

Energy

 cm2!

Ave rage
Total

Energy
 cm2!

Average
Total

Energy
fo r 180- 250

Mi I liHz

 cm2!
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APPENDIX C

Figures 1 to 66



21I30'N

Ioe W

Figure l. Waves approaching Kaneohe Bay  after soberly
and Chamberlain, 1964, Fig. 1! .
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