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1. Information for Users

A. Introduction

This report was prepared to describe the wind and wave conditions that can be expected
in U.S. Coast Guard geographical operating areas. The intent is to provide operational program
managers a tool to use when considering the potential applications of conventional and advanced
marine vehicles to Coast Guard missions. It is also intended to supplement research determining
the feasibility of alternate energy sources that involve wind or waves. While these data are the
most accurate available, the chance occurrence of conditions in excess of conditions reported is
possible. This work was performed by the National Climatic Data Center under the direction of
the U.S. Coast Guard Research and Development Center for the Office of Research and Development.

B. Data Discussion

Data for this volume were obtained from two sources, NOAA Data Buoys and the Army Corps
of Engineers. They are called NOAA Buoy and Army Data, respectively, throughout this document.
Figures 1 and 2 show the locations applicable to the data. NOAA Buoy data are in situ measure-
ments and are documented quite thoroughly in the book, Climatic Summaries for NOAA Data Buoys
(U.S. Department of Commerce, 1983), and in the report by NOAA/NDBO (1982). Army Data are ob-
tained from hindcast models and are documented in Resio (1981) and U.S. Army (1982). Details
relating to each data source are followed by a more general description of the wind and wave data
in the following sections.

(1) NOAA Buoy Data

Elements summarized from the NOAA Buoys are:

Significant Wave Height: Data are gathered synoptically on a hourly or three
hourly basis over a 20-minute interval; the system accuracy is + O.5m.

Mean Wave Period: The average period of all waves present during the 20-minute
sampling period; accurate to + one second.

Wind Speed: The average speed durit the 8.5-minute sampling period every hour;
accurate to + 1.9 knots or 102, 1 ichever is greater.

Wind Direction: Sampled over 8.5 minutes every hour; accurate to + 10 degrees.

Peak Wind Gust: The maximum 4- or 8-second gust during the wind sampling period.
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Figure 1. NOAA Data Buoy Center (NDBC) and Army Wave Information Study (WIS) data locations for the

eastern U.S. Data are catalogued by buoy atation numbers (e.g., 41001) or by WIS point

numbers.
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Buoy winds are sampled at a height of 5 or 10 meters. Though the differences between
5 and 10 meters may be small (about 5%; see Dobsot,, 1981), the adjustment to higher heights may be
significant. Pore, Kennedy and .May (1981) have found that ship winds in the Great Lakes averaged
about 1.5 times the buoy winds, with a root-mean-square difference of 4.8 knots. In that study,
the ship winds were measured at about 20m for a sampling period of about one minute, whereas the
buoy winds were measured at 5m over 8.5 minutes.

Instrument heights above water for the buoys were:

5m: 41004, 41005, 44001, 44002, 44003, 45001, 45002

Sm and 10m mixed: 42001, 42003, 46005

10m: All others in this report.

(2) Army Data (Wave Information Study - WIS)

In response to a requirement for more data in the coastal zone, the U.S. Army produced
hindcasts of wave data for each 3-hourly time from 1956 through 1975. A hindcast is an estimation
of wave conditions based on foregoing winds. Other influences considered in the model were refrac-
tion, diffraction, shoaling, bottom friction, and wave-wave interaction. The winds were estimated
on the basis of observed winds and pressure gradient data. Hurricanes were not modeled by the Army
Lar- contained in this report; but non-hurricane conditions, representing the vast majority of the
t-.e, were well modeled. Characteristics of the data are as follows:

Significant Wave Height: The root mean square of sea and swell; i.e.,

H (H 2 +H
2  ) 1/2

s sea swell

Wave Period: The longer period (of sea or swell) was used to approximate the peak
period. Note that this is different from the NOAA Buoy data which shows average,
hence usually somewhat shorter, periods.

Wind data were not available from the Army when this report was compiled.

(3) Wave Data. Wave heights in this report are expressed in terms of significant height,
H., and are considered to be averages of approximately 20 minutes. Significant height is the
average height of the highest one-third of all waves present. It can be related to extreme waves
(He) in the seaway by the relationship

He H ((In V)12)1
/2

e s
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where N is the number of waves in the record (World Meteorological Organization, 1976). A practical
upper limit is approximately

H = 1.8 H (Simpson and Riehl, 1981).e a

Maximum wave heights along the West Coast come mostly from winter storms, while for
the East Coast, hurricanes and extratropical storms both contribute. Hurricane data are poorly
represented in the summaries (not at all in Army Data) because hurricanes are such rare events.
Significant wave heights of 10m (33 ft) are not unusual in hurricanes, and an extreme hurricane
may generate waves of 15-18m (50 to 60 ft) (Simpson and Riehl, 1981).

Wave periods 're average zero upcrossiug periods (T,) for NOAA Buoy data and appro-
priate peak periods (Tp) for Army data. Tz can be considered an average value, while Tp represents
the period of the waves with the greatest energy. Statistically they are related by the approxi-
mation

T = 0.75 T
z p

though there may be significant excursions from this.

For further details, the reader may wish to consult James (1966, 1969), Thom (1971),
and Whitemarsh (1934).

(4) Wind Data and Gusts. Wind directions are in degrees from true North and indicate
the direction from which the wind is blowing. Wind speeds are in knots, except for the Cape
Canaveral example, which uses meters-per second.

The gust factor G is the factor by which a sustained mean wind v over sampling time t
must be multiplied to approximate the "instantaneous" peak gust vp during the time. The general
expression is G = v p/v.

In order to show how gust factor can vary with height, Kaufman (1977) has related gust
factors for peak gusts at 18.3m elevation at Cape Canaveral, Florida, to the gust factors at other
elevations.

The general expressions he used, for arbitrary elevation Z in meters, were:

G 1 + 1/g ° (18.3/Z)
P
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where, at an assumed elevation of 18.3m, for peak wind speed v (in mps, measured during an

interval of t minutes):

P = 0.283 -0.435 exp (-0.2v

p

and

2

go 0.085 (in t/l0) -0.329 (In t/10)
+ 1.98 -1.887 exp (-0.2 vp)

These approximations are valid for winds over 4 m/s and t < 10 minutes. The solutions to

the above for 10-minute peak winds measured at 18.3m can be approximated by the "Gust Factor"

graph in Figure 3.

Scatter diagrams of gust factors for various data buoys are shown in Figure 4.
Unlike Figure 3, the wind speed values are 8.5-minute averages in knots. These diagrams
were derived from buoy data from January and July 1981 and 1982 for representative locations.
The gust factor G was computed from:

G = (peak 4- or 8-second gust) , average speed for 8.5 minutes.

The 4- or 8-second interval is noted on each graph and was measured during the 8.5-minute sampling
time. The 4- or 8-second gusts are used because it is impossible to measure an actual "instanta-
neous" gust. The number of data points for each graph is also indicated by the value of N. Note
that the gust factors for high wind speeds tend to stabilize at values between 1.2 and 1.4.

The highest winds along the East and Gulf Coast areas occur during hurricanes. Be-
cause of their rarity, hurricane data are represented only spottily in the wind summaries. How-
ever, virtually all East and Gulf Coast locations are vulnerable to hurricanes. Gust factors can
reach 1.5 around certain types of structures in hurricanes, with averages of 1.3 at the surface
and 1.1 to 1.2 aloft (Simpson and Riehl, 1981). Gusts can reach 150 knots, and speeds can rise
and fall dramatically with the passage of the eye of the storm. A gust record from Gregory, Texas,
during the passage of Hurricane Celia in August 1970 showed gusts to 120 knots followed by a lull
of 7 knots in the eye in less than 30 minutes. Within another half hour, gusts were up to 116
knots (Simpson and Riehl, 1981).

Further details on wind data may be obtained from the World Meteorological Organi-
:ation (1981) and Frost (1982).
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Figure 4. Gust factor graphs for selected NOAA data buoys. Based on January
and July data from 1981 and 1982. Wind speeds are 8.5-minute
averages in knots.
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C. Data Format Key and Explanations

The following legends explain how to read the individual data graphs.

WAVE HEIGHT/PERIOD (SECTIONS III-A and IV-A)

Location/Month Identifier

Bars show % frequency of wave heights (about Highest wave.
44% of waves were 0.8-1.2m). (The highest wave sample was 5.5m).

-. Observation total.
* -. I..... -(Summary based on 989 observations).

" -Total column shows percentages of waveIt 11 ..... , observations in each period category,.

Height scale for bars and table (below).. *.- , j . - " - b v s cat

Cumulative height percentages (97.5% of
heights were 3.2m or less) .. -.- (This entry shows 47.9% of all waves

. . .. . . . had periods of 6-7 seconds).

Wave periods are summarized as % frequencies for each height
range. (38.1% of the 0.8 to 1.2m waves had period of 6-7 seconds).
Columns total 100%.

* When shown means data less than 0.05% (i.e., rounds to less than
0.1%). Totals may not add to exactly 100% because of rounding.

xv
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WAVE HEIGHT PERSISTENCE (SECTIONS Ill-B and IV-B)

AND WIND SPEED PERSISTENCE (SECTION Ill-D)

Both data sets use the same format.

The plots show percentages of events with a duration above a given threshold. Note the ordinate is inverted with 100% at the bottom.
An event begins with the wave height (or wind speed) rising above the threshold and ends when the value dips to the threshold. A
duration is counted as a single event, regardless of its length. Three sets of thresholds are plotted on this example. To get frequency of
occurrence, refer to the other data summaries.

* -Symbols for every 1/2 day of duration.
n~ ,Computations are based on three-

hourly data.

"- (About 25% of events with wave height over
1.2m lasted longer than 4 days [longer

- than 4.5 days as welli ).

Note: Frequency lines can cross -
because the graph shows percent
of events.

, (This one graph of three sets of data plotted
.... . .. . as an example was based on 32 events

with waves >1.2m. The longest duration
with waves continually >1.2m was 354
hours).

xvi
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WIND SPEED/DIRECTION (SECTION Ill-C)

Location/Month Identifier

Maximum wind.

Bars show % frequency of wind speeds (This entry indicates the highest wind
(example shows about 30% of winds
were 6-10 knots). was 31 knots).

Observation total.
" *-.---. (Summary based on 630 observations).

ii I * - Total column shows percentages of wind
11 .-direction by 30 sectors.

Wind speed scale for bars and table (below).

Cumulative wind speed percentages (98.7% " . -
of winds were 25 knots or less in this sample) ....

" .' . . . . . . . . .

". - ---- (This entry shows 12.7% of all winds
S'were from the 165 - 1940 sector, i.e.,

approximately southerly).

Wind directions in 300 sectors measured from
true north are summarized as % frequencies
for each speed range. (example shows 3.3%
of the 6-10 knot winds were from the
3150 - 3440 sector; 2.7% of the winds
were calm).

* When shown means data less than 0.05% (i.e., rounds to less than
0.1%). Totals may not add to exactly 100% because of rounding.

xvii
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WIND SPEED DATA ARRAY (SECTION IlI-E)

Buoy station number.

Wind speed in knots. --.....

Frequency (30 occurrences
at 22 kts.).

Cumulative relative .
frequency (52.2% of winds .

are : 2ks)

Monthly mean wind.
Standard deviation of wind

speed.

Number of observations. -- .

Maximum wind measured.

Minimum wind measured. Monthly columns. Annual summary.

xviii
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II. Wind Speed Frequency Analysis for Wind Power Applications

Buoy data can be considered as being representative of open oceanic or extremely exposed
coastal locations. Wind data from the Cape Hatteras Weather Service Office for the period 1957-
1981 are presented in the following table to represent a somewhat more sheltered coastal location.
The wind instrument is nearly one mile inland, separated from the ocean by low dunes and scrub
pine. The instrument elevation is about 10m above ground. The format of Table I shows frequencies
and cumulative relative frequencies for one-knot intervals. The total number of data points,
means, and standard deviations are also shown. The same format is used for the buoy wind speed
data arrays (see section I-C).

Further details regarding coastal zone wind energy can be oLt.ned from the reports by
Garstang, et al., listed in the references.
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TABLE I

Wind speed Cape Hatteras, North Carolina, 1957-1981.
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