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INTRODUCTION

For THE Hawa1l Deep WATER CABLE PROGRAM, HOURLY WIND SPEED AND
DIRECTION DATA FROM PERTINENT LAND STATIONS, SPOT WIND AND WAVE
OBSERVATIONS FROM DILLINGHAM TuGS AND AMERICAN HAWAI1 CRUISE
SHIPS, AND HOURLY WIND AND wAVE DATA FrRoM NOAA Buoy 51005 (MarcH
1986 ONLY) WERE COLLECTED FOR THE PERIOD MARcH 1984-MarcrH 1986,

THE COLLECTED DATA WERE SUMMARIZED, ANALYZED AND CORRELATED TO
DETERMINE THE WIND SPEED AND DIRECTION CHARACTERISTICS IN THE
ALENUTHAHA CHANNEL AND TO ALSO PROVIDE A GENERALIZED RELATIONSHIP
BETWEEN WIND SPEEDS AND WAVE HEIGHTS UNDER TRADE WIND CONDITIONS
IN THE ALENUIHAHA CHANNEL.

I1



ATTACHMENT A
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UpoLu NWS, PERCENT FREQUENCY OF WIND
Speep aND DirecTIion AND HourLy WIND SPEEDS

UpoLu 38, PERCENT FREQUENCY oF WIND
SpEED AND DIRECTION AND HourLY WIND SPEEDS

WINDS FOR Hawall Deep WATER CABLE PROJECT,
MARCH 1986

NOAA Buoy 51005, PercenNT FREQUENCY oF WIND
SPEED AND DIRECTION AND HourLy WIND SPEEDS
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HAWAII DWCP FINAL REPORT: SUMMARY OF COLLECTED WIND AND WAVE DATA FOR THE

ALENUTHAHA CHANNEL DURING MARCH 1984 THROUGH MARCH 1986

I. Collected Data: For the period March 1984-March 1986, the following were

collected (exceptions noted):

1. wind data: Upolu NWS; Upolu 38 (October B84, December 84-April, June
85-December 85); Constitution and Independence, American Hawaii cruise ships;
Lihue and Kahului Airports, surface and gradient level; Dillingham tugs; and

NOAA buoy 51005 (only for March 86).

2. seas and swell data: Constitution and Independence; Dillingham tugs; and

NOAA buoy 51005 (only for March 86).

3. northwest surf data: Sunset Beach, Oahu (March and Oc¢tober 84 not

available).

4, daily surface wind circulation pattern and strength for the Hawaiian
Islands and North Central Pacific and any exceptional weather events

affecting winds and waves in the Alenuihaha Channel.

II. Analysis of Winds over Hawaiian Islands {(and Alenuihaha Channel), March

1984-March 1986.

The strength of the "dry" trade winds from March to October 1984 was not
affected by the severe dry spell which was the most important weather
condition in the Hawaiian Islands in 1984. The "drought", which started with
the 1982-1983 El Nino, ended in November 1984 following return of the "wet"

trade winds through November 1984 and following winter (1984-1985) rains.



After only three years since the severe El Nino/Southern Oscillation
episode (ENSO) of 1982-1983 which distorted weather patterns world-wide,
another ENSO, much milder, developed during the 1985-1986 winter. The result
of this last ENSO episode in the Hawaiian Islands was light wind speeds
during the winter months of November 1985-February 1986 highlighted by a

pronounced drop in the frequency of trade winds during this pericd.

Lihue Airport is used as the representative wind station for the Hawaiian
Islands because it is the only long-term wind station that has a good
exposure to trade winds. (Great emphasis is placed on occurrence and
persistence of trade winds in the Hawaiian Islands because the broad scaléa
trade winds are the dominant winds in the Islands making up at least 73% of
the winds at Lihue Airport and about 847 of the winds in the Alenuihaha

Channel.

Table 1 lists the monthly frequency of trade winds and average wind speed
at Lihue Airport during January 1984-March 1986. The following are concluded

from the data in the table:

1., Trade winds are the dominant winds in the Hawaiian Islands:
Higher-than—-normal frequency of trade winds is related to higher-than-normal
wind speeds. Conversely, lower-than-normal frequency of trade winds is
related to lower-than—normal wind speeds. The following months recorded
significantly higher trade winds and higher wind speeds than normal: February
84, April-May 84, November 84 and March 85. The following months recorded
significantly lower frequency of trade winds and lower wind épeeds than

normal: October 84, January 85, November 85, and February 86.



Table L Men-thly Frequeac of Trade Wiady Averag Wind Jpeeds
and Vhew Degarturer Lrar Mb"hﬁ,\) Taa V184 o \qeg,

or Lihue Lw?gr‘\" “he O\QQrQ_.\‘lA“"‘A'\'NQ Satron.
Normal | Agpsrimate Diprerence||Adjited Aetoal DieF. Acweald
Month]| % Trades |A500 % lacrlamllUadioes |G |gercern).
Tan 42, g2 -+ \o [2.© 1%.0 4 1o
Feb 5% RO + 25 (.7 4.5 + Le
May K3 Gs + 4 \%.4 12.8 — 0.6
Agr 74 7O 4+ \6 4.2 7.8 | +36
May RG oo + |4 13.6 \5. 5 + 1.9
Jon 91 leo + 9 (4 6.9 + 2.8
Jol 95 97 + 2 146 142 | - 04
Avy | 74 oo T 6 14-.2 14 | - O.]
Sce 83 77 |- & 12.© 1.9 | - ©9
Ot rd! S2 — \9 2. ed | - 1.8
Neoy &4 90 + 26 12.2 6o |+ 2.7
Dec. 57 S2 - S 12.9 (4.2, + |.%
Jan 42 23 — \9 2.0 1o.7 - 2
Feb GS e} - g (2.7 12.2 + 0.6
Mar 6| Kt -+ 29 124 2.7 + 8.2
Agr 74 23 - 9 142 |S.| t+ ©.9
May 86 FO + 4 12.6 1S |+ 29
Jon g1 7o “+ S 1 | 124 - 0.7
To\ 95 loo + & 4.6 ise |+ 1.2
Aoy 94 73 —~ |\ 4.2 IS.| + 09
Sep B3 8]0 -~ 32 12.8 12.8 ®)
O 7\ 80O Y 9 2.6 12.4 + 08
Nov 6%+ 33 -~ 3\ (2.2 ny - 1.8
Dec S7 <1 -1 l2g | 128 [~ o
2% Jan | 42 48 |+ 6 12.0 2.2 |+o.2
Feb .y 7 — 4% 12.7 .G - .|
Mar é | 8 ~ 7 (3.4 .7 |+23
J




2. March 1985, with 100% trade winds, would vie strongly for the title of

the windiest month of record,

3. Trade winds are very persistent during summer months but are reduced to

near-50% frequency during the winter months.

4. Directly related to the high frequency of trade winds, the average
monthly wind speeds are strongest for the summer months. The average monthly
wind speeds are weakest in winter and fall months where the frequency of
trade winds are lowest during winter and weaker trade winds prevail during

the transitional months of September and October. =

5. Not seen in the monthly average wind speeds, the strongest daily trade
winds occur not during the persistent trade wind summer months but during
winter and spring months when very strong high pressure cells pass from the
west to east north of the Islands. The passage of these strang highs is not a
common occurrence so the average monthly wind speeds for the winter months

are lower than those for the summer months.

6. Although the computation of the percent frequency of actual monthly

n,n n_n

trade winds is approximated, the comparison of the number of "+" and
values of the difference between actual and normal percentage of monthly
trade winds shows that there were 17 months of "+" trade winds and only 10
months of "-" trade winds during this period. The difference between actual
and normal monthly wind speeds shows that there were 16 months of "4" speeds

and only 10 months of speeds. These comparisons conclude that trade
winds and higher than normal winds speeds were the dominant features of the

winds during these 27 months.



ITI. Prevailing Wind Type and Speed in Alenuihaha Channel, March 1984-March

1986.

The summary of the prevailing daily wind type and speed in the Alenuihaha
Channel is presented in table 2, This summary was developed using all the

collected data plus knowledge of winds in the Islands by the analyst.

Only two types of winds are acknowledged in this summary: trade winds (T)
and southerly winds (S). This simplifies the presentation and also shows the
true picture of the important wind types in the channel. Trade winds made up
about 847 of the winds and southerly winds made up about 957 of the remaining
16Z of the winds in the channel. The reasonlfor a higher percentage of trade
winds in Hawaiian waters as compared to trade winds over land in the state is
that weak trade winds remain trade winds over the waters but turn to other
types of winds over land. This reduces the percentage of trade winds cver

land.

For this summarization, the wind speeds are broken down into 4 categories:
light speeds (L) — 1-10 knots, moderate speeds (M) — 11-20 knots, higﬁ

speeds (H) —- 21-30 knots, and very high speeds (VH) — 31-40 knots.

Looking through table 2, it is readily seen that trade winds and moderate
wind speeds are the predominant wind type and wind speed strength. The
persistence of trade winds day after day is very evident., Trade winds
occurred 847 of the time while southerly winds occurred 16%Z of the time.
Moderate wind speeds occurred most often: 50%Z of the time under trade winds

and 7% under southerly winds for a total of 57% of the time.

High wind speeds occur 28% of the time and very high wind speeds occur 3%
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of the time under trade wind conditions., Light wind speeds occur 3% of the

time under trade winds and 9% of the time under southerly wind conditions.

IV, Wind and Waves Through the Alenuihaha Channel Under Trade Wind

Conditions.

Before discussing the data and results of this section, it has to be
cautioned that there are definite limitations to the data collected and
method of analysis. On the other hand, this is the only generalized wind
speed profile through the channel from Maui to Hawaii and it does provide

useful comparative information on the wind and waves through the channel. _

[

The Alenuihaha Channel was divided into 3 zones between Maui and Hawaii:
the first third of the way from Maui to Hawaii was called zone 1, the middlé
third of the channel was called zone 2, and the last third of the way to

Hawaii was called zone 3.

Because of the excellent cooperation of the Mate on the Constitution, wind
and wave observations in the 3 zones were obtained during the ship's crossing

of the channel from Maul to Hawaii on 27 nights in 1984, (see table 3)

Because of the coarseness of the data and method of analysis, the absolute
values of the data should not be used. But the comparison of the wind speeds
and wave heights in the 3 zones can be informative. The data shows that the
winds and wave heights are about the same in all three zones. There is a
very slight increase in the wind speeds and waves heights in the middle of
the channel. One would expect that the middle of the channel wouid have the

higher wind speeds and greater wave heights than the borders of the channel.
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V. Summary of Winds at Upolu Point, March 1984-March 1986.

Located only a few hundred yards from the Alenuihaha Channel at Upolu
Point, this National Weather Service wind station 1s automatically queried
every hour and the data are available for operational use at the Honolulu
office of the NWS. The uncorrected wind speeds from this station gives the
impression that the winds are not as strong as expected at Upolu Point which
is not the case. The wind speed from this station has significant error
becausé of the wind sensor's location behind a building and ridge (in respect
to the prevailing trade winds). The wind speeds from this station cannot be

used directly to determine the wind speeds in the Alenuihaha Channel.

Another wind station, Upolu 38, was established a mile away in a
well-exposed location to correlate with Upolu NWS. These correlations are
presented in later sections and it will be shown how the adjusted Upolu NWS

winds can be used on a real-time basis during any project operation.

It will later be shown that the winds at Upolu 38 can be used to represent
the winds in the Alenuihaha Channel so it would be very informative to view
some important characteristics of the winds at Upolu 38. The first graph,
figure la, shows the average houfly wind speeds during the period of
strongest trade- winds, March 6-8, 1985. This was an exceptionally windy
period with the speeds persistently above 30 knots for most of the time. The

peak hourly average wind speed was 35 knots.

The second graph, figure 1b, shows the average hourly wind speeds during
the period of strongest Kona winds, January 13-January 15, 1985. The strong

Kona winds do not persist as long as strong trade winds at any one location.

_10_
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The period of wind speeds above 30 knots lasted half a day on the 14th. The

peak average wind speed of 36 knots persisted for three hours.

Figure 2 shows the average hourly wind speeds for a windy month (March
1985), moderately wind month (April 1985) and a light wind month (January
1985). The average wind speed for the windy month was about 25 knots, about
16 knots for the moderately windy month, and about 10 knots for the light
wind month. The windy month shows little diurnal variation of the wind speed
while the 1light- wind months shows a more pronounced diurnal wind speed
variation, The stronger wind speed‘during the daylight hours and weaker
wind speeds during the dark hours can be mainly caused by the greater

turbulence of the winds from heating of the land surface by the sun.

The unadjusted monthly summaries of the frequency of wind speed and
direction and average hourly wind speeds at Upolu NWS and Upolu 38 are
presented in attachments A and B. respectively. The average hourly wind
speeds for Upolu NWS are not correct for the hours when only few data were

recorded: hour 1-2, 7-8, 13-14, and 19-20.

For comparison purposes, the monthly average wind speeds at Upolu NWS ané
Upolu 38 are 1listed in table 4. From the table, it is obvious that the
measured wind speeds at Upolu NWS are lower than at Upolu 38. This erroneous
relationship is mainly caused by the low wind speed recordings at Upolu NWS,
The true condition is that at the same height at the two locations, the winds

are stronger at Upolu NWS than at Upolu 38.
VL Correlations of All the Collected Data.

The purpose of correlating the data is to determine the wind speeds and

=12 -
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wave heights in the Alenuihaha Channel based on the data collected. Use of
the linear regression line and correlation coefficient is a simple and
effective method to graphically and quantitatively show the relationship
between two variables that are related to each other by more than chance,
Correlation coefficient values close to 1.0 show high relationship between
the two variables while values below 0.3 mean weak or no relationship between
the two variables. It has to be expected that correlating data taken from
field measurements as opposed to laboratory measurements will produce lower
correlation coefficients although the two variables can be better related

than the correlation coefficients will show. -

By a stroke of good fortune, the NWS installed a test NOAA buoy in the
Alenuihaha Channel in late December 1985. There appeared to be problems in
the data during the first few months., The wind and wave data from the buoy,
NOAA buoy 51005, for March 1986 are submitted together with the other data
for March 1986 (attachment C). Its percent frequency of wind speed and
direction for the month is presented in attachment D, It will later be showg
that the data from this buoy can be used as the standard in representing th§

winds and waves in the Alenuihaha Channel.

Table 5 1lists all the possible correlations between pairs of data
collected. FErrors in most of the data collected reduce the correlation
coefficients, The following discussion of the correlations between important
variables is presented in a block-building manner leading to the best

~estimate of the winds and waves in the Alenuihaha Channel determined from the

data ceollected:

1. Upolu 38 vs Upolu NWS: Each month's hourly data were correlated with
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TABLE 5. CORRELATION COEFFICIENTS OF RELATED PAIRS oF VARIABLES

FrRoM CoLLECTED DATA,

FIRST VARIABLE
DILLINGHAM TUGS:

WIND SPEED VS
WIND SPEED

WIND SPEED

WIND SPEED

WIND SPEED

SEAS

UPOLU NWS:

1-MIN SPEED
1-MIN SPEED
PEAK GUST
PEAK GUST
1-MIN SPEED
1-MIN SPEED
PEAK GUST
PEAK GUST
1-MIN SPEED
1-MIN SPEED
PEAK . GUST
PEAK GUST
1-MIN SPEED
1-mIN SPEED
PEAK GUST
PEAK GUST

CONSTITUTION:
WIND SPEED
WIND SPEED
SEAS

 INDEPENDENCE
WIND SPEED

WIND SPEED
SEAS

SECOND VARIA

SEAS
SWELL

E

UpoLu NWS 1-MIN SPEED
UpoLu 38 1-HR SPEED
UpoLu NWS PEAK GuST

SWELL

TUG SEAS
TUG SWELL -
TUG SEAS
TUG SWELL
CONSTITUTION
INDEPENDENCE
CONSTITUTION
INDEPENDENCE
CONSTITUTION
INDEPENDENCE
CONSTITUTION
INDEPENDENCE
CONSTITUTION
INDEPENDENCE
CONSTITUTION
INDEPENDENCE

SEAS
SWELL
SWELL

SEAS
SWELL
SWELL

WIND SPEED
WIND SPEED
WIND SPEED
WIND SPEED
SEAS

SEAS

SEAS

SEAS
SWELL
SWELL
SWELL
SWELL

CORR, COEF.

0.62

45
50
66
,60
45

48
.26
51
39
57
59
69
.70
4l
.25
4
44
|q2
41
43
47

# DATA

195
196
176

47
176
195

175
176
175
176
b6
68
68
63
66
68
55
638
b4
48
61
43

72
66
64



TABLE 5 CONTINUED,

CORRELATION COEFFICIENTS IN RELATING UPOLU 38 1-HR AVERAGE WIND

SPEED WITH THE FOLLOWING VARIABLES:

Yr/mMoNTH  UpoLu NWS 1-Min sPEED  UpoLu NWS PEAK 6UST
1934 Qct 0.85 0.90
Nov - -
DEC .87 .94
1985 Jan 76 .79
FEB .84 .89
Mar 57 bl
APR .63 .70
May - -
Jun .87 .90
JuL .82 .89
Aue .65 .79
SeP .83 91
OcT .88 .92
Nov .85 .86
DEc 83 .95
AVERAGE 79 .85
VARIABLE CORRELATION COEFFICIENT
TUG SEAS 0.57
TUG SWELL | .03
CONSTITUTION WIND SPEED .69
INDEPENDENCE WIND SPEED .63
CONSTITUTION SEAS .09
INDEPENDENCE SEAS .52
CONSTITUTION SWELL 73
INDEPENDENCE SWELL .52

# DATA

153
0
76
359
278
566
456
0
411
349
439

511

433
216
27

# DATA

47
47
25
17
25
17
23
17

CORRELATION COEFFICIENTS IN RELATING NOAA Buoy 51005, MARCH

BUOY AVE. SPEED VS UpoLu NKS 1-MIN sPD 0 75
BUOY AVE. SPEED VS UpoLu NWS PEAK. GUST .86
BUOY PEAK GUST vs UpoLu NWS PEAk eusT .85
BUOY AVE. SPEED VS BUOY WAVE HEIGHT .79

17

547
551
551
551

1986 DATA:



each other: Upolu 38's l-hour average wind speed compared with Upolu NWS's
l-minute sustained wind speed and with Upolu NWS's peak gust. The average
correlation coefficients between Upolu 38's l-hour average speed and Upolu
NWS's peak gust and l-minute sustained speed were .85 and .79, respectively.
These correlation coefficients are high for wind speed data which indicates
that the collected wind speed measurements are related to the general wind
speed for the Upolu area (and for the Alenuihaha Channel). This also means

that either one of the wind station'’s data can be substituted for the other.

Because of the greater error in Upolu NWS's l-minute sustained wind speed
than in its peak gust speed, the correlation coefficient was higher in the
‘relationship between Upolu 38's 1-hour average wind speed and Upolu NWS's

peak gust than with its l-minute sustained speed.

A graphic example of the correlation between Upolu 38's 1l-hour average wind
speed and Upolu NWS peak gust is seen in figure 3, There are more than 10
times the data points in the correlation than seen in the graph. The reason
that only 40 points are seen on this graph is that most of the 489 points are
overplotted and not seen as more than one point at each grid point. Most o%
the overplotted points are close to the regresssion line which is the sloping
straight line relating the speeds of the two variables to each other. 1In the
figure, a peak gust of 9 knots at Upolu NWS is related to about 10 knots
l-hour sustained speed at Upolu 38. At the higher wind speeds, a peak gust of
27 knots at Upolu NWS is related to about 25 knots l-hour sustained speed at
Upolu 38, Even with the known errors in the wind data, this relationship is
still valuable and can be used to justify a useful almost 1:1 relationship

between Upolu NWS's peak gust and Upolu 38 l-hour average wind speed.
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2. Tug Wind Speeds vs Tug Sea Heights: The estimated sustained wind speed
and sea heights observed by the Dillingham tugs' Mates during the tugs
crossing of the Alenuihaha Channel under trade wind conditions were
correlated, Using 195 data points, the correlation coefficient was 0,62
which implies moderate relationship between the local strength of the trade
winds and the locally generated seas in the relatively short and narrow
Alenuihaha Channel. Considering the errors in estimating the wind speeds and
wave heights and the knowledge that the sea heights are also dependent on
trade winds upwind of the channel, the moderate relationship between the
strength of the trade winds in the channel and the local waves in the channel
shown by the data is very encouraging. There is a good chance that the
relationship between the strength of the trade winds and the local seas has a-

higher relationship than shown by this correlation coefficient.

Figure 4 shows the graphical relationship between strength of the trade
winds and wave heights estimated by the tugs. The graph shows significant
scattering of the data points away from the linear regression line. It is
not as bad as seen in the chart because there is overplotting of the data
points as evidenced by only about 50 points printed on the graph whereas__:
there were 195 data points used to derive the correlation coefficient. Mosé
of the overplotted points are closer to the regression line. The regression
line shows that a wind speed of 10 knots is related to a wave height of about
2 feet and a wind speed of 28 knots is related to a wave height of 5 feet,
Because of the errors mentioned earlier, this wind speed to wave height
relationship has errors but it does show that wave heights are not as high as

the NWS standard forecasts for wave heights in the channel: 12 feet with 25

knot speed and 15 feet with 30 knot speed.
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It would be worthwhile to see how Upolu 38's wind speeds relate to tug wind
gpeeds because it was earlier seen that Upolu 38 can be confidently used to
repregent the wind speed at Upolu Point and in the Alenuihaha Channel. Figure
5 shows the graphical relationship between Upolu 38's l-hour wind speeds and
tug's wind speeds. The correlation coefficient was only 0.66 with 47 data
points which indicates that tug wind speed error contributed to this lower

correlation.

The main purpose of this discussion on the tug's winds and waves
relationship is to lay the foundation for a better relationship between wind

speeds and wave heights in the Alenuihaha Channel.

3. NOAA Buoy 51005's Average Wind Speed vs Significant Wave Height, March
1986: For an easy visualization of the wind speeds and wave heights in the
Alenuihaha Channel, the buoy's wind speeds and wave heights are plotted
together on the same graph. Figure 6a shows the wind speeds and wave heights
for the entire month. Figure 6b shows the wind speeds and wave heights for
March 4-5, a period of low wind speeds and wave heights. Figure 6c shows the:
wind speeds and wave heights for March 14-15, a period of strong wind sPeedsi
and high wave heights. In the figures, the top line graph is the wind speed

and the bottom line graph is the wave height.

The following are the important facts seen in the figures: 1. low wind
speeds relate to low wave heights while high wind speeds relate to high wave
heights, 2, wind speed peaks precede wave height peaks. 3. even under low
wind speeds, there is an underlying significant wave height varying between 3

to 5 feet which means that the wave heights do not drop to zero or close to
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FiGURE 6B. WIND SPEED AND WAVE HEIGHT AT NOAA Buoy 51005 DURING
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FIGURE 6c. WinD SPEED AND WAVE HEreHT AT NOAA Buov 51005 Durine
STRONG TRADE WiNDs oN March 14 anp 15, 1986.
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zero height when the wind speeds are light. 4. under strong wind speeds

between 20 to 28 knots, wave heights varied between 6.6 to 9.8 feet,

For March 1986 data, the buoy's hourly 2-minute average wind speeds and
significant wave heights were correlated for a verification of the tugs' wind
speed to wave height relationship as derived in the earlier section because
the errors in the buoy's measured data is significantly less than the

estimated values from the tugs.

With 551 data points, the correlation coefficient for the relationship

between 2-minute average wind speed and significant wave height was 0.79,

- m

significant improvement from the 0.62 correlation coefficient in the tugs
wind speed vs wave height correlation. This high correlation coefficient
between the buoy's wind speed and wave height implies that about 627 of the
variation in the height of the waves is directly caused by variation in the
wind speeds in the Alenuihaha Channel. This is a very important finding
because it is proof that the cause of variation in the wave heights in the
channel is due mainly to variations in the wind speeds in the channel. This
also means that if the wind speeds in the channel is known then the wavé
heights can also be known. It then can be stated with confidence that if th%f
trade winds are light over the North Central Pacific and in the Alenuihaha
Channel, the wave heights in the channel would also be low. On the other
hand, if the trade winds are strong over the North Central Pacific and in the

Alenuihaha Channel, the wave heights in the channel would also be high.

Figure 7 shows the graphical relationship of the NOAA buoy 51005's wind
speeds and wave height for March 1986. Although the data is for only one

month, the graph can represent the relationship between wind speeds and wave
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heights under trade wind conditions throughout the year. Again, the scatter
of the data points around the regression line is better than seen in the
graph because of the overplotting of 551 data points on 42 points, The
regression line shows that a wind speed of 10 knots is related to a wave
height of about 4 feet while a wind speed of 28 knots is related to a wave

height of about 8 feet.

4. Comparison of the Tug's Wind Speed/Wave Height Relationship and the NOAA
Buoy 51005's Wind Speed/Wave Height Relationship: For a 10-knot trade wind
speed, the tug's related wave height was only 2 feet while the buoy's related
wave height was 4 feet. For a 28-knot trade wind speed, the tug's relateg
wave height was only 5 feet while the buoy's related wave height was 8 feet.’
There are 2 main reasons for this discrepancy in the related wave heights
from the tugs and the buoy. The first reason is that the estimated wind
speeds by the tugs may be on the high side. The second reason is that the
human's estimate of the height of the seas and the buoy's measurement of the
significant wave height are not the same. The tug observes the sea and swell

separately while the buoy's significant wave height is from the measurement
of the total wave present. It was seen earlier that there is a 3 to 5 feeé'
underlying wave height under light wind speed conditions. If 3 feet of thi;:
underlying wave height is added to the tug's seas height, the relationship

between tug wind speed and wave height will be close to the relatiomship

between buoy wind speed and wave height.

This problem of the difference in the related wave heights from the two
sources is not as great as it appears. The tugs contributed greatly to the

understanding of the wind speeds and wave heights in the channel. In the



first and only other definitive study of the wind speed and wave height
relationship in the major channels, the analyst in 1973 with the cooperation
of the Dillingham tugs, was able to find and publish for the first time the
relationship between trade wind speeds and wave heights in all the major
channels in the Hawaiian Islands. This earlier study, which used the tugs'
wind speeds related to the gradient wind speeds over the state, concluded
that for the Alenuihaha Channel, a 15-knot wind speed related to a wave
height of 3 to 4 feet while a 30-knot wind speed related to a wave height of

8 to 11 feet.

It is seen that the wind speed to wave height relationship in the earlier
study and in the NOAA buoy 51005 data are basically similar., This shows that
the derived relationship of wind speed and significant wave height from the
buoy data is fundamentally correct. Therefore, the relationship aé shown in
figure 7 between 2-minute wind speeds and significant wave heights at the
buoyis accepted and believed to be the trade wind speed and wave height

relationship in the Alenuihaha Channel for the project.

5. Correlating the Wind Speeds at Upolu NWS and NOAA buoy 51005: A
permanent source of wind speeds in the Alenuihaha Channel other than from
NOAA buoy 51005 has to be found because the buoy'’s life is uncertain as it

was deployed for testing and not as a permanent station.

The Upolu NWS wind station is a permanent station. Its wind speed can be
used as a good estimate of the winds in the Alenuihaha Channel if its errors
are taken into account., The correlation of March 19u6 Upolu NWS's peak gust
and l-minute sustained wind speed data with NOAA buoy 51005 2-pinute wind

speed data showed that both types of Upolu NWS's wind speed data correlated



well with the buoy's wind speed data. Because of errors in the Upolu NWS
l-minute wind speed data as explained earlier, the peak gust data correlated
higher (0.86 correlation coefficient) than the l-minute sustained wind speed
(0.75 correlation coefficient) with the buoy's wind speed. See figures 8 and
9 for the graphical relationships between the two types of wind speeds "at
Upolu NWS and the wind speeds at the buoy. Again, the scatter of the data
points around the regression line is not as bad as seén in the graphs because
most of the data points around the regression line are overplotted on the

graphs,

In the two graphs, the ,regression lines show that a 10-knot l-minute
sustained wind speed and a 10-knot peak gust at Upolu NWS relate to a 14.5
knot and a ll-knot sustained wind speed at the buoy, respectively. A 26-knot
sustained wind speed and a 26-knot peak gust at Upolu NWS relate to a 27-knot

and a 23-knot sustained wind speed at the buoy, respectively.

The errors in the wind speeds from Upolu NWS are greater at the lower end
of the speeds. The lower wind speeds at Upclu NWS are affected more than the
higher wind speeds by the reduction of the wind speeds by the building and
ridge upwind (in respect to the trade wind direction). This is why the peak
gusts of this station relate better to other variables than the sustained

wind speeds.

The high correlation coefficients show that the wind speeds at Upolu NWS
and at the buoy are well related and about three-forths of the variation in
the wind speeds at the buoy can be explained with the variations in the wind
speeds at Upolu NWS, This is a high correlation for wind speeds in the field

which leads to a high degree of confidence to use the adjusted Upolu NWS's
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FiGure 9.
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wind speeds for the buoy wind speeds and wind speeds in the Alenuihaha

Channel.,

It was earlier seen that Upolu 38's l-hour average wind speed related very
highly with Upolu NWS's hourly peak gust. (see figure 3) This is a
fortuitous relationship because waves are generated by winds pushing on fhe
ocean surface over long periods of time and the l-hour average wind speed at
Upolu 38 is a much better value than the hourly l-minute average wind speed
or the hourly peak gust to relate to wave height generation in the Alenuihaha

Channel.

It is not mere chance that the regression lines show that the peak gust at
Upolu NWS relates about the same to the hourly average wind speed at Upolu Bé
and to the hourly 2-minute sustained wind speed at NOAA buoy 51005. For ;
10-knot peak gust at Upolu NWS, the related hourly average speed at Upolu 38
and the 2-minute speed at the buoy both were 1l knots, while for a 24-knot
peak gust at Upolu NWS, the related hourly average speed at Upolu 38 and the

2-minute speed at the buoy both were 22 knots.

For the project's future‘operational purposes, the best available means tg
estimate the wind speeds in the Alenuihaha Channel is the NOAA buoy 51005's
wind data which is available at the Honolulu office of the NWS. The future
status of the buoy in the channel is not known so the backup data source is
the Upolu NWS wind data which is also available at the Honolulu office of the
NWS. In using the Upolu NWS wind data, it is suggested that the following
regression eguations relating Upolu NWS winds t§ buoy winds be used to relate
the l-minute and peak gusts to the expected hourly average wind speed in the

Alenuihaha Channel:
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(1). Upolu NWS l-minute speed (x) vs NOAA buoy 51005 2-minute speed (y): y
= 7637414 x + 6.886374
(2). Upolu NWS peak gust (x) vs NOAA buoy 51005 Z-minute speed (y): y

.9231754 x + 4.239043
Alenuihaha Channel is substituted for the NOAA buoy 51005 (y) in the

Equation (2) is the favored equation but both equations can be

equations,
used to determine the wind speed in the Alenuihaha Channel if wind speed data

are not available from NOAA buoy 51005.

- 35 =

(T



aﬁ'uc homent

Maroch 1984

LIFF LS NWE
AlJENGY  OF WIND SPEEDR AN DIRE

PERCENT FRE

AW

WD ED fRNOTES

AVERAGE EEEEDE

netEs pero oo of S LW due bo eouredding



April 1984

UFDLU NWS
FERCENT FREQUENCY OF WIND SFEED AND DIRECTION

WING SFZED (RNOTS

—

w1 11-13 1&=-20 21-25 2630 ET0 (%)
Y| Q ) & i [ 0 3
NE i (1 i = 1 ) =
E =1 oY & 10 1 O T
=1 o i 2 (' € ( =
= 1 s C ) 0 ] 1
o 1 { 0 Iy 0 0 1
i 1 9] £ o 0 o A
[ o (i & o) O 0 =
VR (2 : Iy O o 0 O
A 26 A 27 1z 2 )
Dave of Datar a0
Totel Houwurs Available Datay o2
fverags Wind GSpeed: 14.1%

AVERAGE HDURLY WIND SPEEDS

Spead
Hour (hnmots)
=] iZ.1z

12,67
17,08
11.68
12,12
12. 21

12,44

N b e O

o~ o
i
o SRR B S LT O 5

7 11.88
g- 15.32
=10 15,00
1o-11 i3.08
I i 1&.57
12-13% 13.81
1Z2-14 13.19
14-15 15.31

15-1& 15.720
16-17 15. 1%
i7-18 15.00
18~-1%9 15.42 '
1220 14.85

20-21 14,27
21-22 Z.86
22-23 15.12

23-24 14.44

note: percent freguency error of +/- 1% dus to rounding



May 1984

UFOLY NWS

FERCENT FRERQUENCY OF WIND SPEED AND DIRECTION

WIMD

M i i (W]
ME o i L
E 45 Y] 1e
EE H I !
5 & ( C
S e t 0
W o {

'
™

-

Is

Daves ot Datar i
Total HMours Availsble Data:
fBverage wWind Spead: 1i.23

SFEED

DIR
Sy e ey Ty gy
aaaaa L L ... =4 N

ik

MOTES

C ) i 0

i O 0 1
= 1 i 5
(] i %] 1
& 0 3 1
[ 1 ) O

<1 O 1 O

] @] C:
0 O (8]

m
s
el

AVERARGE HOURLY WIND SFEEDS
Epeed
(brots!

-‘Hoor

oL R
[
Sm g U b LR e

G- 10
10-11
11-12
12-13
1314
14~15
15-16
1617
17-18
1B-19
19-20
20-21
2122

s

L Pty
Py FLape)

2324

riote:

000 o G m I (o

11,

I,
14,
135,
14,
L=,
1=.
iz,
1z,

11.

10

11.
11.
s,

percent freguency error of

..l.’f_.

—_

.58

S50
Tt

T

T

(=14

W &7

S
&4
4.4
17
o
&8
=
11
g1
&0

=T

gt
45
Il
o
A
A

17 due to rounding



Juree 1984

WFOLL NWES
FERCENMT FREGQUENCY OF WIND SFE

ED AN DITRECTION

WINMD

w110 11175

0 o

0 i 0 ] iy i
A s 95 1o i 0 O

Total MHours= dvallable
Fowerace MNino Speed

Dave of Datas AN,

Frin A

AVERAGBE MOWRLY WIND SPEEDS
iz g

e

a7

noter peroent Preguency errar of b 1N due ho orounding



July 19284

UFOLU NWg
PERCENT FREQUENCY DF WIND SFEED AND DIRECTION
WIND

SFIEL

(ENOTEY

DIF z “v"

=10 1115 1 4520 R Da-I0 FED S -
b i i r: Q N L%
ME " > £ i 0 !
= an =S 10 i i il SE
[ i [ () ( i ] 1
= I & 0 : 7 X [
Sis O i o ] O i L
I O ] O Iy Cy {x O

N < i ] i C o i
VAR Q i i O i O C

A 47 441 1z 1 i 0
Days of Data: =1
Total Hours Availasle Data: Sl
Averags Wind Sceed: 146, Ba

AVERAGE HOURLY WIND SFEEDS
Spesd
Heue (krnols)

L 10,13
1- 2 .18
== I 1G. 10
I g.11
4-— B.14

V=R
7.97
7.3
10,92

note:s

r
1
So0m o (A

L T P
20-21
-~ ~
21-22
235

2Z-24

mey
Pt

percent frequency error

11.11
12.8%
1z.98
14,10
14,12
1Z.8%
1Z. 61
13,00
12,75
12.14
11.17
11.27
10.358

10,07

10,07

of +/- 1% due to rounding



August 1984

LIFQLL MW
FERCENT FREGUENCY OF WIND SF

D AND DIRECT TN
WM SPEED  CRWITED

-0 111
0 i) Y ] L £ i

1é&-220 el PUCEEIEA] A r
] 1 0 1 o I 1
] G4 1 o I i) e
s 0 i} [y i2 iy =
i ) 0} i i il 7

i (] % i 3 9] i

% i (9] I8} i i i

it i 0 iy ) ) g £, D

0 ) 0 1 0 ¥ 1 0, O
WA A 44 i = 0 0

Dave of Data: B

Total MHours Available Datas 4354
Averags Wind Speeds 11,44

W3

aafa e

D SFEEDS

e 100
P10
ii—-32
1215
T )
115
LR
1é-—17

17-18&

note: percent fregquency error of +/- 1% due to rounding



September 1984

UFOLLU NWES
FERGENT FREGDUENCY OF WIND SPEED AND DIRECTION

IR SPEED GROTES

(R L
'y

Dave of Data: o0 _
Total Hows Avallahle Datas TR

Gveracgs Wind Speed: e S5

AVERAEE MOWRLY WIND SPEEDS
Speed
Mo (hmolasd

Qe 1 =, 10

-».

00
Y
£36
&1

ot
o S

ey

1196
11 a5
10, 14
G ET
. me
2.0
om0
Yol

S, TR

visrler parcent Feeguenoy sreor of - 1Y due Lo orounding



Ootober 1984

WFEDLL NWE
FERCENT FREQUENGY OF WIND SFEED AND DIRECTION

WIKD 5

......

B ] ] 9] 0 % i

M 1 0 i i G =
i G4 RN i 0 £ =15
Sl ' 7 1) 3 i W &

i I 8 8] i i )

Uy
b . ‘ y i
RED Y £ i ] 1 £ ]

AR 9] o i 3 Iy ) 1 3

| b s

Dave of Datas =1
Total Howes vallalkle Datass 441
Avelage Wind Speed: o

PAVIERAGE  MOLRLY WEIND BE RS
e
s Ll

nuter perocent freguency error of /- 1% due to rounding



Navember 1964

UPOLL NWE
FERCENT FREDUENCY OF WIND SPEED AND DIRECTION

WIRD SFEED  (MOTH

Al ) TR0
] i i1 8]

1 0 i i 0 1
nE o = 0 £ w1
" 0 0 ¥ (1 £ =
& o 0 0 e £ o -
B i ) 0 i 1 i, i
(3] = 0 W £ ) 9] ;!
Pl i ] (] i 0 ] iy
R AT £ O 0 € £ £ 0

2 24 p i 0

B
Gval lable Data: I
S 2. 63

AVERARE HOWRLY WIND SPEEDS
Sprere

Hour Chor

A
1, 01

- 17
15,85

12,84

13, &9
1. &D
15 1%
15,08

1=

dowlom o

-
1. 00

notar percent frequency error of /- 17 due b rounodng



December 1984

UFDLU NWS
PERCENT FREGQUENCY OF WIND SFEED AND DIRECTION

WIND EFEZD (RMOTE
Uik )
G-l 1115 1d&-2 i FE-T0 T (%) EEz
ki 1 1 1 1 iz o a 13. 57
i " = )] 0 0 & 10, £5
E 25 i 1% 7 2 0 &G 15,29
SE i _ ) O 0 1 14 4. 51
5 = 0 0 & - i = 2. ATF
j=T i ! 0 o o o ) . E0
“ ﬂ e o i £ o RIS
i i 0 'y o £ &) 1 =
VAT Iy G (s 0 i o - ; )
e &7 28 2 £ = 0

Cavse of Datas
Total Howrs Aveal:ab

Average Wind Spe=d:

AVERAGBE HOURLY WIND SFEEDS
Enead
Mo (iniots)

10, 52
717
100358
10,739
11.07
1G.93
10,32
1G. 80
11.50
F-10 12,65
10-11 11.7%
11-1% 13,11
12-13 1Z.40
15-14 11.00
14—15 14,28
15~16& 14,41
1&6—-17 Z.11
17-18 12, 82
18--1%9 11.40
1920 10020

20-21 11.12

i
MmN LB LR e

R W

S5—

2122 10,328
22-2Z it.11

23-2 11.15

1)
v

rote: percent frequency error of +/- 1% due to rounding



Jartary 195N

UPLLL NWS
FERCENT FREOQUENCY OF WIND 8

LY AND DIRESTTON

W TR

1 &

e s 175 I i a i

o Datoas
Heir s Awval ]l albil e

e Hpesds

Fwer

AVERAGE HOWRLY WIND SFPEEDLS

noter perosnt frequency sroor of e 10 due o rounoding



Fie e

o Dot

AT

Feabruary 1965

LIFOL L NWES

FERCENT FREGUENGY COF WEND SBFEED AND DIRECTION

WD &F

CEET

I &2

Moy s
Wi ol

AYERAGE

HOLIRL.Y

W T ML

BFEEDH

Mo

163 %

[T e TooFres CJLABRITY ey o G - S

1o dues to rounding



Mar b 1 SES

WFOLL NWE
FERGENT FREGUENGY OF WIND SFEED AND DIRECTLION

WIND GF

INEE W L1175 100 KA
i o i 0
0 i 1 i
& e E 1

RDave of Datas i
Total Hows Available Dat
Bverags Wind Speed: i

) g ) Ul
[ 7 wd

AVERAGE KHIURLY WIND SFEEDS
e

o (ot s

3 ".':
P )
o 4

bl
(R
a

H;APLH?_H.
o P =
.

15y}

BT

—
]

=
ot
IR

F e ot

L

1E
1. ¢
18.

15,5

i

noter peroent fregquency error of 4S5 1Y due to rounding




April 1985

UFDLU NWS

PERCENT FREQUENCY OF WIND SPEED AND DIRECTION

WIND SPEED (KNOTS)

DER AV
F1--1 100 1115 1620 2125 2630
M 0 0 0 () 0
NE 3 o 3 0l 0
E 50 B 1w & i
Sk 5 0 0 {l 0
S o ] 0 0 0
i 0 [ 0 0 0
L 0 0 ] 0 0
Ml ] 1 0 ¥} n
VAR ) 0 ] 0 £

4 39 A7 21 3 [}
Davs of Data- 30

Total Hours Availlable Data: AR
Average Wind Speed: 11.7%

AVERAGE HOURLY WIND SPEEDS
Spesed
Haur  {(knots)

S| 11.24

! 1%, 50
o R 10, 52
34 e
g4 5 10 .64
By 10,12
- 7 10, 00

J 200
e 9 11 .39
S-10 11 .00
10-11 13,27
111 135, &:
12~13% 14.21
1314 w50
1d—15 14_10
1516 15,76
1e—17 13.5%
17-1% 12,12
LE-1 265
1920 17 .50
2021 10 .67
2122 11.27
PER3 11.04

23-24  11.35

note: percent frequency error of +/- 1% due

o

230
]
0
(]
0
rl
y
|
)
2

Fourncding

AT
12,22
12.1%

L A

1.00

.00

1.0

.00

3. 0



May 1983

UFOLL NWS :
PERCENT FRERUENCY OF WIND SPEED AND DIRECTION

WIND SPEEDR (RNOTE)

RS o 1115 =220 21320 D30
= 1 i o i h
1 i { il o =

3 ]

-
0
e
Y

T
[

i
IS
-
]
-
s
e

i

"

- S
] 4

. D0

'..
Yo D T e

STy
w )

Rats!

O

Vet et e

I I
Dot

h
bt
3

il bt s R

~h
R
PRI
—
L.
[ B
PO
L
e -
—
-

0

Y
L
—
s
i
s
v

)
i 0

Days of Data: L3}
Total Houwrs &vallzble Data: 48
Avarage Wind Spesd: 14,00

AVERABGE HOURLY WIND SPEEDS
Snesd
Heer Clmots)

By e D

1

s
e

(M) R S
i
YR RN B ) B - R
SmE bt bR bl b bk b Bk

!
N
[,

-
—
b
Y e
PUEI WP
FON 2~ - (AU

Lok e

P N A e
i
L

4
-
4
-

hes ek —n e
L Q) s da L

et ek




June 1785

UPOLU NMWS
PERCENT FREQUENCY OF WIND SPEED AND DIRECTION

WIND SPEED (KNOTS)

DIR AV
0--10 1115 le—z20 mle-2h 2630 7 A0 (%)
N 0 0 8] 0 i r {1
ME 1 1 1 0 (i [} 3
= 51 S 21 5 i 0] 2
SE 7 0 0 o 0 1 4
oS 1 0 ) ) O ] 1
Sl «Q ) 0 0 (i 0 o
W 0 0] 0 0 [ £ £l
[k 0 r 0 0 0 ] 0 Q.00
VAR ) 0 ] 0 0 L 0 0_oa

X S k= 21 3 € 0

» of Datac: 30
Fal Hours available Date
Average Wind Speed: 12,03

AVERAGE HOURLY WIND SPEEDS
Speaed
Hour  (knots)
0 1 1o, 70
- 2 14 00
2 3 g

WAL

[ Sl
v i

nate: percent fregquency error of +/- 1% cdue to rounding



T 980 UPOLL NWS
FERCENT FRECUENCY OF WIND SFEED AND DIRERTION

R

Talnd
T Iyl
i
i g} 1
0 ) ] ]
) i {1
i i:j %
! O R i
i 0 ] [y ] ]
# fa e & 0 £

i

7.l

A Y (L - ol
Average HWind SDpeec

AVERAGE HOWURLY WIND SFEEDS
Sroed

Hour Throhes)

- 11.2%

-
-

.
Sa

P

ISR ¥ T ) N Y O O B
(R
U LA o |

!
F

LI 2 I N e

1 R
1w

[
&
[

i

\4&ﬁnht4mea
[,
o0
mn

|
)
e
s
.
Hl
()

12
SRS

-,
I
E—
o
—
T o
u
o

-

,..‘
1
-
—
—
J
e

oo
I
F

S @
- O

N
|
r

2 "
D
[

3
i
.

i
~l
|
s
Ha)
T I e e Ll o)
cn
~H

[0 I P Y e O T it o ) [ B4

-
e
.
1
e
i

note: percent freguency =rror o dus to rounding



August 1985
LFOLL MWS

FERCENT FREQUENCY OF WIND SFEED AND DIRECTION

18]
~ P P et [
thr—- L iz i ) (5
1 i o 1
i oy oy e
1 P Kagh
1 i 7
0 i i =
1 i g 0 O o 1
) {1 o 1 i i =
i i ) L I " 0
i 2 ] 1 ] £ i
i i o oyl Iyl 0 ;

rn
h

AVERAGE HOURLY WIND

Speed

SFEEDS

Howiir

o= 1 11,22

(ol e

]
i
2w

1I- 2 1i.
Z—- L.
- 11,
44— 1.

35,

fua] 10,

1=,
4.
14,
1=
Lowd =
14,
=0,

14,

18--179 1%
189-210
D221

- 1 e
. JrL

R b

o

percent

freguency error of

[
-7

Py

73

48

=7

o
)
30
74
2&
AL
=0
13
SIN]

T
Pl

ad
1o

Lon k=

Zwd

iy
2in

O
Er Ramd
alal
a7
=
—
-

o4,
7 &

+ J__ﬂ' -

dus tao roonding



note:

SBeptember 1903

LFOLL NWES
FERCENT FREQUENCY OF WIND SPEERD AND DIRECTION

Q-1 =15
1 ] 1
=r . = o
R 1 L i ol =

A
"~

i - i

. 01 i ) 0 (=]

K i i & i i 7

i { 0 () i 3 ]

2 o o i ) i =

i i 3 i i i s

i 0 i i 1 i iy
57 = 10 2 o o

=-r=
L

et 1

SFEEDS

2= =l
) H.7E
4— T.11
ke H.22
Aoam -

n
R R NN It T S O

- Eij =]

[WN
LN
f-)

1o-11 [
11-12 2.5
12-12
1Z-14 0, 00
14-15
15-14&
16-17
17123
18-17%
19--20

2021

(R )
n

[ GO P
-.—l

WMmm-a- 1

- 7
al Tl a Cnl

23-24

)
L

parcent freguency error of +/— 1% due to rounding



Dotober 1989

UFEOLL NWES
FERCENT FREGUENCY OF WIND SFEED AND DIRECTION

Tt Lol nat il Flook T T4 s
WIWEG SFEEED (RROCGTS
™WT e
Fer g IS
R i 14-20 Da— (%
=t i i3 ] i 1 I 0
1 - -
HE 1 o 2 1 o o
o AN Ty 12 f 3 ] =
i K 1= 1 - y B
SE 7 W 0 1 i 7
= - i O 1 i & =
s o L] i i iy s
¥ [ i} I iy Iy ]
o O O [ i . .
o I i i i ] i
i 5d R 1L = ] {1

Days

Toltal

-
|

1

3

16-17 2LT0
i7-18 14,00,
o]

o
0

-
a
!

—

~J
—
e
i~ 7

i)

i
-3
Ny}

a7

2021 11.54 )
2122 11,04
2R3 5,53

2E-24 10,07

note: percent frequency error of +/—- 1% dus to rounding



November 1985

UFQLLE NWES
FERCENT FREQUENSY OF WIND SFEED AND DIRECTION

AN

-

e

R ol

’ 17

i 0 7

0o € K o

] 0 Iy o

0 o Iy )
1 0 0

=T

AVERAGE HOURLY WIND SFEEDRS
Speed
Hoie {kmobs)

0- .48
1~ ety
2- Nt

LR N R R S MR

[ S A B v IRV B o B BT 0 I
{
!‘.

note: percent frequency error of +/- 174 dus to rounding



rotes:

s Datacs

E B

Ducom

P
FERCENT FREQUENEY OF

‘o ‘

i ¥

J"\

A 4

K 1
- W :
o 17 3
12 i3 1
11 D 0
& = r
- Ll I
o A Lo
s i 3
£} i 0

Hours Avallabls Datas

Wind

HOLU

1 I BN kAR o R O S

o
!
—

=

[y
|
[
bt

11-12
12—-1i3Z
iZ-14
14-15%
E-14
H-17
7-13
18-17
19-20
Zn-21

24 "7
[P A LAY

(SN

Pt e

T

23-24

percent fregusncy rr

Brgpr 1SEE

L4 NWE
WIND

SGFEED AND DIRECTIDON

0

Iy =

] =
£ i i e
0 i s 11
1 3 s T
8 0 s =
) s Oy 0
3 i 7 ;
i i i
REAN

RLY WIND SFEEDS
Spesd
(knot=)

Py eu
=
~J

£ 00 €0 (0 D
~Jd -3
(N}

~
e

Forer
k=

[y

r
I
a
i
.
3

[
I

.
-

11,353 .

12,79
10, O
2.10

1)
060
10,27
g7
37
hé

cr of +/— 4 duse to rounding



Jaﬁumﬁy L FE

WFOLL NWE
FERCENT FREGBUENCY CF WIND SFE

JED O AND DIRECTION

WIND 3R

1210 3
i 7} £
& 1 £y i

7 - 1 -
3 ] Iy
] 7 o £
i o 3 (8]
O i = O
Oy . s i
1 o 3 r
15 a 1 O
o1
= Datag 472
7o A

AVERAGBE HOURLY WIND SFEEDS
Sprene |

H L {lkmohs)

O 3.28

I
RO 8 B

&0

" oh

P

Lt
o oA al

k]
u

r
[
—
4
5
2.7
)
.

[}

U R) e
i |

o Wi

|-

0y, O

8- 9 9. 35
3

?u b

J. 1.4
11-12 10,86
12-173 10,25

1%-14 0, 00

1= f ]
20-21 7.2
My e o o
- LN n ok 4
AT [ ¥
UL B:ud
R [ A
222 a.13%

note: parcent frequency error of /- 14 dus to rounding



Fabruary 1986

UPQLLL NWS
FERCENT FREQUENCY OF WIND SFEED AND DIRECTION

i i 12 11-1% Ta-20 RN e k
13 ] ) ) ] H L3 i 1
MEE =z C 0 0 i 4 &
= 1 o o o ¥ 12 &
=)oy ! i 0 0 0 14 4.
= 1 1 0 £ £ 17 =-
2 1 3 = o y o 1 2.
Fa) = i 0 i 1°3 T,
7 I 1 i % 1 i,
. i i o T J i 2.
i 74 20 2 Y L £
Py Data: 28
Total Hows fvailable Datar 445
Sverage Mind Spesd: Fabd

AVERAGE MOURLY WIND
Spes=d
(Lriobss

2= =
- 5.

S o 0D e i

iZ-14 11.50
14-1% -7l
15-1& 10,30
1&-17 A
17-1%2 <10

~J -

7 10,00
20-2 7,12
zi-22 &L DA
22-2% &. S0
TP 5.57
note: percent freguency error of +/- 1% due to rounding



March 198&

UPOLU NWS
PERCENT FREGUENCY OF WIND SFEED AND DIRECTIDN

WIND SiZED (ENCTS)

DI avE
G 10 il~1s 1620 N PSR A (4) SFEED
i i 0 N C i O 1 1o, &0

R z 3 & = i 0 14 16.47

i o -20 15 é 0 O &4 12,87
g & Q O 1 O 0 & 9. 45
o3 £ s) O i} O 8 8 .26
Sl 4 1 Cr 0 (n) O S &. 60
s 1 0 0 0 0 0 1 b5.75

~
-

b
C

i y O 0 Q .00

Mok 18] ¥ O o ’ i ] G O, D0
A 45 24 21 7 0 o

Davs of Data: E1
Total Howrs Availszble Data: =47
faverage Wind Speed: 11.84

AVERAGE HOURLY WIND SFEEDS
Speed
Howr- (knots)

o1 10,90

i—- 2 13,00
2= 3 1o, &2
53— TS 30

16. 46
.15
7.97
14.00
10.71%
F-10 11.44
10-114 1i.564
11-12 12.8%
12-13 14,55
12-14 14.50
14-15 15.837
13-14 12.9%

K
NV IN T

1&H—-17 13.63
17-13 iZ.00
iE-iw [REIAW
1920 10,00

Q- 15,21
11,50
iz.13

12,04

.
-

i)
= -
ey
Pttt

-



G‘\—\-gng\ e "t B

Lot ober 1%

WFCHLL B FT

FERCENT FREGIENGY OF WIND SPEED AND DIRECTION

IR N

TR

“ 40 o) ) 7 1 £

Davves of Batas Sl
Total Houwrs Svallable
e asge bl

EARES

motEs peErosnt Freoe

oy @rror of +S- Ln due to o rounding



December 1wWo4

UPDLU 32 FT
PERCENT FREQUENCY OF WIND SPEED ANMD DIRECTION

WIMD SPEED (KNOTS)

DIR AV
0= 10 1115 1200 21-205 230 PN (%) SPEED -
f 1 2 1 (3 £ 0 11.25
MNE e 2 € L @ i 21.47
E 0 d & = 24 14 26 0
il ) 3 £ (0 0 0 £ N
P i1 il 1 0 i [ r .00
el 0 0 Ll ] R [ {1 0. Qn
W [ 1) 1 ] N ] i .00
L i1 rr 0 ( 0 (] 0 000
VAR L0 [ 0 i 1 0 11 a1

z 14 N 13 ) e 14

w nof Data- . 31
oAvAalLLable Datas 10
Face Wirnd Speed: 21.54

A

AVERAGE HOURLY WIND SPEEDS
Spreed

Hour  (knots)

O 1 S A

1- 2 S LA
3 200l
53— 4 17 .50
) 10,00
B 6 20087
. AR
17 R
17 .00
17.&7
1w 20
oo G0
AR

AN

. c ety error of /- 1% due to rounding
note: peroent fFreguency @ Por 0 f / 1%



Jarruarey 1SN

UPOLL 36 FT
FERCENT FREGLENCY OF WIND SPEE

XML 5

¥ 0} 0
i O i
@ £ 0
0 i i
i i 01
o ) i
d £ 0

[ h "~
wh ail a;

Ll

Wirdd Spewsd

AVERAGBE MOLIRLY WIND SPEE
-}

ster peroant $fregquency ereor of 45 L4 due Lo rounding



ety sy 195

WL BB FT
FERGENT FREGLIENCY OF WINMD SFEED aND DIRECTION

ey CRIRTITE D

Sy
P

14 1 146 i & £

Dayve of Datas
Total Howr s il lable
Mwerage Wingd Spoe

450

s () v

—te
i H
b
[y
-
-

[OOSR ST S 0
. . E s I r]

—r

EIRE S

notar perocent fregquenty error of RS- 1E due to souaridddneg



Mar ek 1P

LHFOLLL Se BT
FEIRGENT  FREWJENCY OF WIKND GPE

P ORAND DEIRECT TON

1T

CRRLIT G
DIk

0 5 i = ] ’ (70
g U i by 0 [ 6
i ] A = £

of Dat
[RIwERYl
s Wing

AVERABGE

eI

noter perocent fregquency ercor of S 1Y due ho eounding




April 1285

UPOLU 38 FT
PERCENT FREQUENCY OF WIND SPEED AND DIRECTION

WIND SPEED (KNOTS)

DIR AV
O-10) 11-1% 1620 2105 230 550 (%) SPERD .
N ] 0 0 . ] 0 0 (} €50
E 7} 3 #, 3 E 0 1e 1518
E B 1 3l 15 1 ) sl 14, 4%
SE 3 0 ] 0 0 0 3 7.6l
5 ] N} 0 £ 0 | ) 1. 01
a 0 0 0 0 0 0 £ 1, 06
W 4] 0 0 ) 0 £l ] Cr. (1)
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% 20 21 w7 21 1 0
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note: percent freauency error of /- 1% due to rounding
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e @2 22 40 12 3 0
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AVERAGE HOURLY WIND SPEEDS
S[preed
Howur  (knots)
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note: percent frequency ervor of +/- 1% dug to rounding
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- e

note: percent freguency srror of +/- 1% due to rounding
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)

(wind direction in degrees or compass points)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT (speed in knots)
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WINDS FOR HAWAII DEEP WATER CABLE PROJECT
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