
Hayden
1

THE ANNUAL CYCLE OF WAVE CLIMATES ALONG

THE EAST COAST OP THE UNITED STATES

Bruce P. Hayden
Department of Envrionmental Sciences

University of Virginia
Charlottesville, VA 22903

Abstract. The annual component of the seasonal variation in
wave climates along the United States Atlantic coast is do
cumented. Throughout the mid-Atlantic region, the summer
wave-climate regime begins in mid-April and ends during the
first week in September. In the Gulf of Maine summer begins
in early May and ends in mid-October. Along the Florida
coast the summer regime is initiated in late May and ends
during the first week of September. The coincidence of the
timing of these wave-climate seasons with changes in the
general circulation of the atmosphere is discussed.

Introduction. In the course of an investigation of the
coastal wave climates of the east coast of the United States,
I found clear indication of the annual cycle with precise
dating of the winter-summer transitions. Although the sea
sonal difference in wave conditions is intuitive, the speci
ficity of the transition dates was particularly intriguing.
Literature on seasonality of coastal wave climates was searched
to confirm the observations. Except for tabulations of
monthly mean wave-climate statistics and mention of the sea
sonal differences as the causal agent in the winter-summer
beach cycle, the literature is consipicuously deficient in
quantitative documentation of the annual course of coastal
wave climates. Accordingly, I have documented characteristics
and timing of the winter-summer wave-climate transition for
7 stations along the Atlantic coast.

Visual observations of surf heights and directions in the
Cooperative Surf Observation Program (COSOP) series were ob
tained from the Coastal Engineering Research Center (CERC)
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for Moose Peak Maii.e (1954-1965); Hampton Beach, New Hamp
shire (1955-1965); Point Judith, Rhode Island (1957-1965);
Atlantic City, New Jersey (1955-1964; Ocean City, Maryland
(1955-1970); Virginia Beach, Virginia (1954-1969); and
Hillsboro Inlet, Florida (1955-1965). Observations in the
COSOP series are usually taken 6 times daily. These data
were reduced to 3-day running means prior to processing.
The reduced data were subsequently ordered in data vectors
of 13 variables, including surf direction ( NE, E, SE, S,
SW) and surf height in .3-m intervals up to 2 m with the last
category being > 2 m. To determine the orthognal modes of
covariance of heights and directions, the eigenvectors of
the data matrix were calculated from the sums of the squares
and cross products matrix (SSCP).

Methods. Principle component analysis has recently shown
considerable potential in resolving the variance structure in
multivarient, geophysical data sets (1, 2, 3). In terms of
least square error, principle component analysis provides
an optimal means of objectively specifying patterns in large
fields of data (4, 5, 1). The object of the method is to
isolate the characteristic, recurrent, and independent modes
of covariance among variables; i.e., to transform a set of
interdependent variables into a new set of independent vari
ables. Basically, the analysis transforms a set of inter-
correlated variates into a new coordinate system with
inherent statistical properties. The axes in the new coordi
nate system are linear combinations of the original variates
and are mutually orthogonal

For each of the 7 COSOP stations, the SSCP matrix for the
13 variables of the surf observations was calculated from the
365 3-day running periods,

iAi = mGnGV n = 3-65; m= 13' (D
where ^A^ is the SSCP matrix; mGn, the observation matrix;
and m is the transport matrix. The eigenvalues and eigen
vectors of the covariance matrix were calculated in the
usual manner,

A e = EL (2)
m m m m m m l"

where Em is the complete eigenvector matrix corresponding to
the eigenvalues 1^ (i = 1, m). The first eigenvectors for
each of the 7 COSOP records and the percent variance explained
by each is given in Table 1. The weightings on the first
eigenvectors for each of the 365 3-day running-mean periods
are plotted in Fig. 1. Weights are plotted for the second
day of the 3-day sequences.

Results. Although several eigenvectors were calculated for
each of the 7 COSOP stations used, only the first eigenvectors
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depicted the annual cycle and these 7 functions are examined
here. Approximately 30% of the variance is explained by the
first eigenvectors (Table 1). Other modes of variance ex
pressed in the higher order eigenvectors account for the
remainder of the variance and, no doubt, contributed to ear
lier difficulties in quantifying the annual cycle. The form
of each eigenvector is remarkable similar for the COSOP sta
tions (Table 1). Both positive and negative weightings on
the first eigenvectors occur and have physical significance:
There is a negative weighting when northeast and, to a lesser
extent, east surf over .6 m are more frequent than the mean.
There is a positive weighting when southeast and south surf
less than .6 m are more frequent than the mean. Characteris
tically, northeast surf is generated by extratropical storms;
and southeast surf, by the subtropical anticyclone offshore.
To chart the annual course of this major component of variance,
eigenvector weights of each of the 7 first eigenvectors were
plotted on the second day of each of the 365 3-day running-
mean periods (Fig. 1).

From Florida to Maine positive weightings on the first
eigenvectors dominated in summer months and negative weightings
in winter months. Thus the annual wave-climate cycle consists
of 1) anticyclone-generated surf of low heights from the
southeast and east in summer and 2) cyclone-generated surf of
high heights from the northeast and east in winter. The times
of transition between winter and summer regimes is remarkably
uniform along the east coast with the abruptness and magni
tude of the change most pronounced in the summer-to-winter
transition. At the most northerly stations, Moose Peak,
Me., and Hampton Beach, N. H., the transition to winter
occurs about 16 October. To the south the transition appa
rently occurs during the first week in September except at
Virginia Beach where the summer-to-winter transition is
marked at 17 August.

The transition from winter to summer wave conditions occurs
around 10 May at Moose Peak, Me., and Hampton Beach, N. H.,
and Hillsboro Inlet, Fla.; at the mid-Atlantic stations, the
transition date is 10 April. For both winter-summer and
summer-winter transitions, the timing for the stations north
of Cape Cod differs from the timing for the stations to the
south. The location of the northern two stations, along the
Gulf of Maine coast isolated from waves generated by the
Atlantic cyclone, undoubtedly accounts for the difference in
timing.

Although the winter-summer transitions are the most pronounced
features of the annual cycle, differences within the two sea
sons merit comment. Strong negative weightings during mid
winter (1 January - 15 March) are most evident at the
northern stations and least evident at the southern stations.
Similarly, fall (5 September - 1 November) has a more
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Three-day-running mean weightings on the first eigenvectors
of surf direction and height statistics for the 7 COSOP
stations along the U. S. Atlantic coast. Verticle lines
indicate the dates of change from predominantly positive to
negative weightings.
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Vector

Variables

Northeast

East

Southeast

South

Southwest

(O'-l1)

(l'-2')

w (2'-3')
to

«. (.r-v)

(4'-5')

(5'-6')

(6'-7')

(>7')

Percentage
Variance

Explained

-0.2849

-0.0439

-0.2710

-0.1538

+0.2785

+0.4128

-0.2681

-0.3481

-0.3442

-0.2949

-0.2756

-0.1815

-0.2537

34

-0.1507

+0.1297

-0.0025

+0.4926

-0.1463

-0.4063

-0.4792

-0.3710

-0.3076

-0.2344

-0.1206

26

-0.2484

-0.2421

+0.1979

+0.0709

+0.0267

+0.4648

-0.1990

-0.3681

-0.4223

-0.3173

-0.2386

-0.2418

-0.2218

29

Table 1

-0.3559

-0.2687

+0.3698

+0.0429

+0.0538

+0.4392

-0.1755

-0.3441

-0.3602

-0.3149

-0.2113

-0.1375

-0.1584

25

-0.4019

-0.2370

+0.3870

+0.2411

+0.0043

+0.3619

+0.0295

-0.2747

-0.3489

-0.3234

-0.2820

-0.1960

-0.1510

25

-0.2543

-0.2120

+0.3284

+0.3029

+0.2321

-0.3861

-0.4598

-0.4328

-0.2585

-0.1375

+0.0584

30

^fM multipliers for the first eigenvectors of each of the 7 COSOP stations along the
Atlantic coast and the percentage of variance explained by each.

-0.3002

-0.0996

+0.2808

+0.0583

+0.4459

-0.2263

-0.4171

-0.4196

-0.3704

-0.2264

-0.0867

-0.1475
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homogenious character at the southern stations than at the
northern stations. In addition a summer period of uniformity
begins around 20 June at each of the stations.

Discussion. Given the well-known general relationship be
tween wind fields over open oceans and wind-wave generation,
transition dates of the annual cycle should have physical sig
nificance when there are changes in the general atmospheric
circulation on or about the same date. There is considerable
supporting literature for this hypothesis.

The winter-to-summer wave-climate transition at Point Judith,
Atlantic City, Ocean City, and Virginia Beach occurs around
10 April and at Moose Peak, Hampton Beach, and Hillsboro
Inlet, around 10 May. Numerous changes in the general circu
lation are also reported for these dates. Winston (6) noted
in 1954 that the core of maximum zonal westerlies shifts
southward 5° latitude in mid-April. In 1958 Bryson and Lahey
(7) reported that between late April and early May, easterlies
dominate between 45° and 55° N. Bryson and Lahey also stated
that a ridge and, sometimes, a closed high-pressure cell are
over North Africa; by the last third of May, the Mediteranean
low-pressure cell disappears and the ridge over North Africa
moves northward to Sicily. By 25 June the Azores high extends
eastward and dominates the Mediteranean.

By 15 or 20 June negative weights on the eigenvectors are
uniform at all stations. The maximum northward extension of
the subtropical easterlies begins in mid-June and ends in
late August (6). The mid-June date is given by Bryson and
Lahey (7) as the date of the disappearance of the Asiatic
high-pressure cell, the end of the spring pressure decrease
over the subtropical ocean of the Northern Hemisphere, and,
several days later, the northward shift of the Atlantic and
Pacific subtropical anticyclones. With these changes, the
subtropical easterlies rise abruptly from 2 m/sec to 3% or
4 m/sec of the North Pacific and North Atlantic. The mid-
latitude zonal index begins the rise to winter high values at
the end of August and the beginning of September marking the
end of the summer low stand. However, Bryson and Lahey noted
that the end of summer may precede the rise in the zonal in
dex and they gave the 21 August date based on synoptic changes
in the north central region of the United States. Although
the COSOP wave-climate data (first eigenvector) more strongly
support the beginning of September timing, the surf records
for Virginia Beach, and to a lesser degree, Ocean City support
the earlier date.

At the more northern COSOP stations, summer wave climates
apparently end in mid-October. Wahl (8, 9) reported on
changes in the general circulation indexes at this date;
Winston (c) and Bryson and Lahey (7) gave this date as the
time when the polar frontal zone shifts southward and winter
storms begin. Uniformity of eigenvector weights at the
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southern COSOP stations end around 1 November. Although
Wahl (9) reported that winter-level values of the mid-
latitude zonal index are first observed around 15 October,
persistently high values begin in early November. Bryson
and Lahey (7) agreed that winter values of the zonal index
are reached in early November.

Although the similarity in the timing of events within the
annual cycle of east coast wave climates and of events
marking transitions in the general circulation does not prove
a direct, functional relationship, they do suggest that the
annual course of coastal wave climates is more than a statis
tical artifact. At a minimum, these climatic interactions
deserve continuing examination and research.

REFERENCES

1. Kutzbach, J.E., 1967, J. Appl. Meteor. 6:791.

2. Fritts, H. C., T. J. Biasing, B. P. Hayden, & J. E.
Kutzbach, 1971, J. Appl. Meteor. 10:945.

3. Resio, D. T., and B. P. Hayden, 1975, J. Appl. Meteor.439.

4. Lorenz, E. N., 1956, MIT Dept. of Meteorology, Sci. Rept.
#1, Air Force Contract 19-(604)-1566.

5. Gilman, D., 1957, MIT Dept. of Meteorology, Sci. Rept. #1,
Air Force Contract 19-(604)-1283.

8. Wahl, E. W., 1954, Bull. Am. Meteor. Soc. 38:351.

9. Wahl, E. W., 1972, Monthly Weather Review 100:553.

6. Winston, J. S., 1954, Bull. Am. Meteor. Soc. 35:468.

7. Bryson, R. A., & J. F. Lahey, 1958, Dept. of Meteorology
U. of Wise, Final Rept. Air Force Contract 19-(604)-992.

10- Research reported in this paper was funded by a grant from
the Office of Naval Research Geography Programs under
Contract No. N00014-75-C-0480.

231



Hill 1

THE UTILIZATION OF THE APT AND ATS SATELLITE

COMMUNICATION SYSTEMS IN COASTAL RESEARCH PROGRAMS

J. M. Hill and P. Babai

Remote Sensing Center
Texas A§M University

College Station, Texas 77843

Charles Vermillion

Goddard Space Flight Center
Greenbelt, Maryland 20771

ABSTRACT

Research programs involving the shipboard study of coastal
processes have been limited in the past by several obstacles.
Ship time is very expensive and a means to quickly locate
the specific areas of interest has been needed. Most studies
of this sort have been conducted by the use of historical
data as a tool to locate these areas. Another obstacle has
been in the relaying of pertinent scientific data both to
and from research vessels while in operation at sea. The
Automatic Technology Satellite (ATS) and the Automatic Pic
ture Transmission (APT) communication systems have proven to
be valuable tools in alleviating these and several other re
lated problems encountered during operational coastal research
programs.

Introduction. Operational research vessels have had several
draw backs for coastal processes research. The scientists
have had to rely on historical data of a particular area to
pick their sampling sites. Standard oceanographic sampling
procedures have been to occupy and investigate one specific
spot for days or even weeks. While this sampling procedure
details processes at a particular spot with time it does not
provide a synoptic view of the coastal processes in the sur
rounding waters. Ships have also had, in the past, to rely
on radio communications or a docking in port to communicate
problems which may have arisen, transfer scientific data,
and to plan new research efforts when the cruise continues.
Crew members have also needed real time weather predictions
to take precautionary measures as well as to plan sailing
schedules. Satellite communications systems are the solution
to many of these problems.
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NASA/Goddard Space Flight Center (GSFC) installed both
the Automatic Picture Transmission (APT) system and the
Application Technology Satellite CATS) system onboard
the R/V Calypso early in October of 1974. These systems
were to aid in both scientific investigations and ship
operations during a 1974-75 Gulf of Mexico and Carribean
Sea Cruise. The research was primarily to conduct se
lected biological, physical and chemical correlative
studies of the coastal processes of the United States'
Gulf of Mexico utilizing remotely sensed imagery from
aircraft and satellites. The APT system provided infra
red and visible weather imagery on a real-time basis.
Routine daily imagery of the area occupied by the Calypso
could be obtained onboard for each of the four satellite
passes. Meteorologists around the world depend on such
satellite images to supplement conventional observations
and must, in remote areas, completely rely on satellite
data where conventional data are not available.

The ATS communications system consisted of a two channel
FM Transceiver which utilized the ATS satellites as a
relay. The Calypso was alloted approximately one hour
of transmission time per day. Documents containing both
typed and drawn information, graphic data, could be
transmitted to and from the ship. A Xerox Telecopier
Model 400 in conjunction with the ATS system performed
this function.

The history of the utilization of satellite systems to
aid in the monitoring of the marine environment is rel
atively short and quite interesting. La Violette, StuaTt
and Vermillion (1) stated that the first operational use
of satellite infrared data to influence an ocean survey
was conducted on June 1, 1970. The Naval Oceanographic
Office research aircraft (R.A) El Coyote, while surveying
the Gulf Stream's north wall, extended its flight track to
explore a tongue of cold water that had been observed in
satellite thermal images. An important result of this
experiment was that in situ measurements depicting vari
ations in sea surface temperature were actually corre
lated with small changes in the gray shadings in the in
frared images.

Satellite visible radiation data was first utilized with
the aid of an APT system aboard an operational vessel in
September and November 1969 (2). The scientists could
then use visible satellite imagery to depict cloud patterns,
especially those associated with the West African oceanic
front. La Violette, (3) describes a comparison study of
APT and Command and Data Acquisition (CDS) conducted
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during a joint U.S.-Mexican experiment, Little Window 2.
The APT field station was proven to be capable of high
quality infrared data transmission. The data were shown
useful as an operational guide as well as a quality data
source for further analysis.

Ship Operations. The APT system was used during the first,
nonscientific, portion of the Calypso cruise as a weather
detection system (4). The National Atmospheric and Ocean
ographic Administration (NOAA) satellite images enabled
the crew and scientists to depict storm fronts, cloud
systems, and local disturbances. Routine images allowed
the crew to predict the probable time of arrival of var
ious storm fronts. The crew planned money saving sailing
schedules around these predictions. The ship was also
located over several dangerous coral reefs such as Alacron
Reef off Mexico, Glover Reef off Central America, and
numerous smaller reefs off the Yucatan Peninsula. These
hazardous areas were frequented to conduct specific film
ing projects. Storm patterns had to be studied quite
carefully so as to allow the Calypso, a wooden hulled
vessel, sufficient time to leave the reef laden waters
in search of safe anchorage.

The ATS system was used for communications between ship's
operations units, the Cousteau Society, the scientific
factors (Texas ASM University and GSFC) and families.
The ship being of World War II vintage, occasionally needed
parts and the parts could be ordered and received much
sooner through the ATS system than through the normal
channels. During one portion of the cruise, the ship was
without a formal radio operator and the ATS system became
the prime communication system, being much easier to oper
ate than the ship's radio. During a study of the effects
of the plume waters of the Mississippi River upon the Gulf
of Mexico, an emergency arose involving the Calypso heli
copter. The ATS system is arranged in such a manner that
in an emergency the operator can either break into the
satellite system or extend his alloted time to conuuct the
necessary communications. Again this system proved to be
invaluable.

Scientific Applications. The first scientific study was
to correlate biological, physical and chemical surface
measurements to the U-2 flown Ocean Color Scanner (OCS)
imagery. The OCS is a breadboard multi-channel sensor,
that is devoted to ocean color, and is to be flown on
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Nimbus G in 1978. The OCS carried ten channels, four of
which are proposed for use on Nimbus G and six closely
related channels to enable NASA scientists to evaluate
the best possible combination.

The U-2 aircraft was used because, flying at 65,000 feet,
it closely simulated satellites. The flight paths and
cruise tracks were conducted in specific time frames and
directions so as to avoid local solar noon and the effects
of sun glint on the imagery. On mornings before a U-2
overflight, the U-2 operations group (Wallops Island,
Virginia) would discuss with shipboard personnel, via the
ATS system, the feasibility of a flight over the partic
ular area in which the Calypso was located. Cloud cover
and sea state were the critical considerations during such
discussions. Aboard the Calypso, APT images from the NOAA
satellites had been received and studied to make weather
predictions for the time the U-2 would be overhead. Upon
agreement between the ship's and the U-2 personnel that
satisfactory conditions existed the Calypso was properly
positioned and in operational readiness for the U-2 over
flight. The APT system provided the critical weather
pictures of the area and the ATS system made possible a
rapid relay of the information. (Figure 1).

Another study conducted by the R/V Calypso was to investi
gate the effects of the Mississippi River Plume upon the
Gulf of Mexico. This was primarily a biological, physical,
and chemical study of the effects of a colder, sediment
laden, fresh water river plume upon a warmer, clearer,
marine environment. Research programs investigating coastal
processes have for years been conducted with the aid of
satellite imagery. LANDSAT (formerly called the Earth
Resources Technology Satellite [ERTS]) is just such a
satellite. It was primarily designed to study the earth's
land resources, but its applications have expanded the
study of the coastal zone and the oceans. Reimnity and
Barnes (5) conducted a study utilizing LANDSAT imagery of
Artie regions in conjunction with field measurements to
readily distinguish the three surface-water types: river
runoff; ice melt; and oceanic waters. Each water mass
type was said to have its own temperature, turbidity, and
salinity signatures.

Szekielda (6) used 1966 Nimbus 2 infrared data to locate
areas of upwelling and an anticyclonic gyre off the Somali
coast. In 1970 a survey was conducted utilizing Szekielda's
finding to verify the capability of a shipboard APT system
for the gathering of infrared data. Klemas (7),
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Strang (8) and Stevenson (9) have all utilized satellite
imagery to study coastal processes, but have not received
these images on a real-time basis during the operation of
their programs.

During the Mississippi Plume Study, a separate study was
begun aboard the Calypso to see if LANDSAT imagery could
be utilized on a near real-time basis to locate the
direction of flow of the plume and related areas of
interest (10). LANDSAT imagery was relayed from GSFC
to the scientists of the Calypso via slow scan facsimile
over a VHF relay on the ATS satellite to a synchronized
facsimile recorder onboard the ship (Figure 2). The rapid
analysis and transmission of the LANDSAT imagery greatly
enhanced the scientific effort. Although researchers in
the past have utilized LANDSAT data in their laboratories
this was the first time ever that researchers on a func
tioning research vessel were aided by near real-time
LANDSAT imagery. The images were received 2-3 days before
the area was to be sampled. The scientists successfully
located and sampled the boundary zones associated with the
fresh, cooler, sediment laden Mississippi Plume waters that
were entering a warmer, clearer, marine environment.

The scientific equipment, including sophisticated proto
type instrumentation, required close communications be
tween ship and shore. Questions and information concern
ing the instrumentation were quickly transmitted verbally
and in printed format to the GSFC scientists. The answers,
often accompanied with drawings, were received quickly,
and sometimes immediately. Scientific data was also
rapidly relayed back to GSFC for quick analysis and an
evaluation of the ongoing Calypso operations.

Migrations of organisms in the oceans are sometimes spurred
by changes in atmospheric conditions. Dr. Herrnkind (11)
has noted that lobster migrations are encouraged by hurri
canes and Autumn squalls. Herrnkind and Captain Cousteau,
anxious to film a migration in progress, continuously ob
served the APT weather imagery in hopes of predicting an
annual lobster migration off the Yucatan Peninsula near
the island of Contoy. A migration did finally follow just
such a storm front. This storm had been followed and pre
dicted by the crew and scientists of the Calypso allowing
them to be prepared for the filming.

The APT/ATS systems were again utilized in August and
September of 1975 during the NASA/Cousteau Bathemetry
Study. The study was conducted in the Bahamas and along
the coast of Florida. Its goal was to determine the
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effectiveness of utilizing LANDSAT imagery to determine
the depth of the water in these particular coastal areas.
The APT/ATS systems were utilized to send water depth
data collected during selected transects back to GSFC
where it would be compared to recently received LANDSAT
images. Weather data and future cruise tracks were also
relayed by satellite in order to get the Calypso into
areas which were both relatively cloud free as well as
under the satellite overpasses. It is hoped that satel
lite data, as used in this experiment, will someday be
used to correct navigational charts and, therefore, also
be used to plot safe sources for various shipping inter
ests.

Conclusions. Satellite systems have for many years pro
vided valuable information concerning the earth's natural
resources. Many of these same systems, and future satel
lites, have been and will be an essential tool in our
understanding of coastal and ocean precesses. The APT
and ATS are examples of two satellite systems which have
enabled scientists onboard ships to not only successfully
carry out planned experiments, but when the occasion
arose, made it possible to perform additional scientific
investigations that would otherwise have been impossible.
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