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CONTINENTAL MARGTN ATMOSPHERTIC CLIMATOLOGY
AND COASTAL SEA LEVEL

Fram the many continental shelf dynamics studies which have been
made in the past decade, it has become increasingly apparent that a
detailed analysls of continental margin waters can only be accoamplished
with an appreciation of the coastal meteorology. Fortunately, coastal
meteorologleal and, in additlon, coastal sea level data have been
archived and thus provide coastal oceanographers with Inexpensive,
priceless and camplimentary data sets. Past coastal sea level studies
have demonstrated that these data contain not only tidal data but also
sub-inertial frequency information which measurably details shelf re~
sponse to atmospheric forcing., Additionally, a particular region,
such as the South Atlantic Bight, can be characterized by the statistics
of the temporal spectra of both data sets as well by the alongshore
coherences which may exist between stations. In thls study, atmospheric
wind and pressure have been examined and correlated with coastal sea
level changes at various coastal stations along the South Atlantic Bight
(Tables 1 and 2).

The atmospheric climate overlying the South Atlantic Bight is
determined by both polar and tropical marine air masses, resulting in a
"tenperate rainy"™ climate with mild winters, long hot summers, and
adequate molsture in all seasons, according to Koppen (see Pettersen,
1969). The north-south surface temperature gradient over the eastern
U. 8. reaches a seasonal maximum In late winter of approximately 1.5°C
per degree latlitude, which is about four times the summer gradient. The
polar front, the actual zme of maximm temperature contrast which
separates the colder continental alr fram the warmer, more moist tropical
alr, both intensifies and shifts southward in the winter to near Cape
Hatteras, resulting in a reglon of intense cyclogenesis stretching along
the eastern U. S. seaboard from Flarida towards northern Europe. Most
of the intense extratropical lows develop over the southeast U. 3. but
show thelr greatest growth as the storms move offshore over the warmer
ocean, especlally in the nelghborhood of the Gulf Stream. The mean speed
of these synoptic-scale cyclones is 5-7 m/sec (10-15 kts), with less than
50% c)>f' the storms moving at speeds greater than 12.5 m/sec (25 kts) (NOAA,

970).

These wintertime extratropical cyclones (and to a lesser extend the
accampanying anticyclones) can affect the coastal oceanilec circulation in
a mumber of direct and indirect ways. The surface pressure and wird stress
patterns for a mature low can be coherent over 600 kms., can persis. for
3 to 4 days, and can directly drive a large-scale coastal current. Intense
lows are frequently accampanied by trailing outbreaks of very cold polar
air, causing sharp cold fronts whlch move southeastward over the south—
eastern states; and they can bring freezing weather and strong winds as
far south as Florlda. Smaller scale waves can develop along the polar
front near the southeastern coast which exhibit highly variable stress



Meteorologlical Statlons

Station

Cape Hatteras, N.C.
Wilmington, N.C.
Charleston, S.C.

Savannah, Ga.

Station

Beaufort, N.C.
Beaufort Inlet, N.C.

| Wi]mﬁngﬁcm, N.C.
Frying Pan Shoals, N.C.
Charleston, S.C.

Iatitude

35°16'N
34°14'N
32°46'N
32°05'N

Table 2

Sea level Stations

Latitude

4o 432N
34o41,6'N
34°13.6'N
33°29,1'N
32°L46'N

Longitude

75°33'W
T7°57'™W
79°56'W
81°06'W

Longitude

76°U40.2'W
76°42.7'W
T7°57.2'W
77°35.4'W
79°56'W



and precipitation patterns on the subsynoptic (10-100 lm) scale (Bosart,
Vando, and Helsdon, 1972; Bosart, 1973). Bosart and Cussen (1973) have
found surface pressure fluctuations of 4-5 mb amplitude along the coast
and have attributed these perturbations to atmospherlc gravity wave
generatlon by accampanying frontogenesis. Perhaps the most intense atmo-
spheric pressure and surface wind stress patterns are assoclated with

the large-scale tropical storms and hurricanes which develop primarily in
August-October and occasionally migrate along the Southeast coast, visit-
ing the Carolina coast with a frequency of about one severe storm every
two years (U. S. Navy, 1970). The metecrologlical forcing on the Carolina
Shelf is thus dominated in winter by transient extratropical storms wlth
considerable variabllity in strength, structure, and perslstence of the
important metearologlcal fields. The predominant speeds reported to NOAA
(1976) exceeding 8 m/sec (16 kts).

The sumer meteorcloglcal regime along the Carollna coast 1s con-
trolled by a strong weakening of the polar front and an intensification
of the Azores-Bermuda high. The reglon of most Intense cyclogenesls has
shifted north of Cape Hatteras and whlle same actlve fronbogenesls and
cyclogenesis continues over the Southeast U. S. shelf, the atmospheric
variability there is decreased in summer. The predaminant winds are lighter
and southerly to southwesterly. Some 60% of the NOAA-collected surface
observations (NOAA, 1970) indicate wind speeds of less than 5 m/sec (10 kts),
wnile 15% indicate wind speeds greater than 8 m/sec (16 kts). The standard
deviation of the surface pressure shows both a strong seasanal fluctua-
tion and a steady decrease with decreasing latitude south of Cape Hatteras
(U. S. Navy, 1970). The standard deviation of the surface pressure at
Charleston, S. C., 1s about one-half its mean winter value of 7 mb. Ward
(1925) and hls more recent co-workers suggest that a transition from a
northern cyclonle-controlled climate to a more Gulf-like climate with
higher temperatures and less dramatic weather occurs along the Southeast
shelf near the latltude of Charleston.

On localized scales; an appreciable diwrnal sea/land breeze., as well
as an apparent semi-diurmal harmonic thereof, are in evidence along i
North Carolina coast (Pletrafesa, it. al., 1977).

The recent work of Saunders (1977) suggests that there 1s a great
deal of offshore as well as alongshore structure to the mean wind flelds
which glves rise to the need for meteorologlcal buoys which would allow
for an assessment of the curl and divergence of the wind fleld as well as
a mass and heat alr/sea interaction evaluation. Saunders also points out
an off'shore wind stress maximm which occurs during early fall; he flnds
no apparent reason for this but it seems likely that the air-sea tempera-
ture gradlents may be largest quring this time of the year, therebv Increas-
ing the drag coefficlent and subsequently the relative stress field.

Angther line of investigation has pursued the Influence of metecro-
loglecal foreing, albeit in a less systematlc marmer. In the summer season,
near coastal winds with northward (alongshore) components are cammon and
often persistent. Green (1944) and Taylor and Steward (1959) reported



evidence for sumer coastal upwelling of northeast North Carolina.
Bumpus (1973) then inferred that wind-driven upwelling probably occurr-—
ed throughout the Socuth Atlantic Bight in the summer season. Wmnsch,
Hansen, and Zetler (1969) examined many years of sea level and meteoro-
loglcal data from the Flarida Strailts region; they found no evidence
for a significant, systematic metearological influence on the Florida
Carrent.

The response of coastal swurface elevation to continental atmo-
spherde forceing has been examlned, by a mmber of investlgators. Mlller
(1957 and 1958) studied the New England and New Jersey coasts; Hamon
(1962, 1963, 1966) studled the Australian coasts; Panshin (1967), Mooers
and Smith (1968), Pietrafesa (1970), Cutchin and Smith (1973), Smith
(1974), Fundu, Allen and Smith (1975) and Huyer, Hickey, Smith, Smith
and Pillsbury (1975) have separately and in part investigated the effects '
of atmospheric forclng on sea level along the Pacific Northwest coast;
Mysak and Hammon (1969) partially studied the North Carolina coast;
Cragg and Sturges (1974) did an in depth study of the West Florida shelf
while Brocks and Mooers (1977) considered sea level response along the
East Florlda shelf.

Sea surface elevations along coastlines are related to both along-
shore and transshore winds. Simple Ekman theory (Ekman, 1905) and sub-
sequent studies of both set-up and set—down (Hidaka, 1953; Welarder, -
1957) and shelf wave generation (Hamon, 1962, 1963, 1966; Mysak and
Hamon, 1967; Cutchin and Smith, 1973; Huyer, et. al., 1975); have sup-
ported the evidence for sub-inertial frequency correlations between
atmospherie forcing and sea level slgnature.

Thls review presents cross analyses of surface wind and atmospheric
pressure whlch are then shown to provide the sea level response functlon
to meteorological forcing. The inplications which these results bear
for shelf clrculation investigations can then be inferred and supported
with current meter data collected in the area of interest (Pletrafesa,
et. al., 1978a and 1978b).

The literature clted suggests that vardations 1in atmospherlic pressure,
wind speed and directlan, currents and sub-lnertial phenomena, such as
shelf waves, can slgnificantly affect the coastal sea level signature.
Sea level response to vardatlons in coastal meteorologlical pressure fields
can be expressed in terms of a factor whlch 1s frequency dependent. It
can be best appreclated as the relationship between the input to a filter
and the subsequent convolved output. Generally, a one centimeter depression
(rise) in sea level per one millibar increase (decrease) In barametric
pressure 1z chserved.

While the evidence for the existence of continental shelf waves
has been at times inferred fram the cross-statistical analyses of tidal
and meteorclogical data, there have been few actual current meter cbser-
vatlons made at sufflcliently extenslive longshore statlons to corroborate
the passage of these phenamena. Huyer, et. al. (1976} confirmed the
exlstence of such phenamena along the Oregon-Washington coast and the
ongolng Department of Energy cwrrent meter study between Cape Lookout



and Savarmah by Dr. T. N. Lee (of the University of Miami) and Dr. L. J.
Pietrafesa (of North Carclina State University) could conflrm the Mysak
and Hamon (1969) contentlon of thelr exlstence. Pletrafesa, et. al.
(1978) have produced current meter spectra fram Onslow Bay, N. C. which
show energy peaks at the 2.5-U, 57 and 8-11 day period bands, which
could be associated with south/northward propagating wave phenomerna.
Nonetheless, without further carroboration, such as the Pletrafesa
study may yleld, the separation of free or forced Rossby wave sea level
response fram wind induced stationary sea 1eve1 fluctuations is no more
than speculation. :

Wunsch, et. al. resolved that astronamical tides were responsible
for most of the sea level varlatlons., Hereln, it is of note that low
frequency fluctuations, within the 0.5-08 apd frequency range, are an
observed feature of the Gulf Stream, Pillsbury (1890), Parr (1937),
Dulng, Mooers and Lee (1977), Duing (1975), Schmitz and Richardson (1968)
and Lee ard Mayer (1977) all indeperdently observe such lateral, on-
shore-of fshore periodicities of the current reglme in the Gulf Stream
off of the Florida Coast. Webster (1961) fowrd a 0.14 cpd cross-shelf
mearder of the Gulf Stream front off of Onslow Bay, which seemed to be
correlated with the cross-shelf wind component. Qrlanski (1969), Niiler
and Mysak (1971) and Orlanskl and Cox (1973) irdeperdently suggest that
inherent baroclinic instabilities of the Gulf Stream can be responsible
for the energy which appears in the aforementioned frequency domain
rarge. These Instabllitles would then force a shelf water response
which could appear in the sea level signature. A contemporaneous descrip-
tlon of coastal current, sea level, Gulf Stream dynamlc character and
atmospherle foreing needs to be acccarplished ; such a study 1s Included
in the aforementioned lLee and Pletrafesa fleld studies extending from
Florida to Cape Hatteras, but 1n this report we shall simply report on
same coastal metecorological and sea level relationships.

Meteorological stations and tide gauge stations chosen fpr-this study
are regpectively: Cape Hatteras, Wilmington, Charleston and Savarmah;
Beaufort, Beaufort Inlet, Frylng Pan Shoals, Wilmingbton, and Charlestcn.
These are geographically deplcted in Figure 1. Throughout this area the
continental shelf ternds to be shallow and generally broad with the major
exception of a narrowlng at Cape Hatteras and occaslonal incurslons of
shoals seaward of Capes Hatteras, Lookout and Fear (ef. Figure 1). The
shelf break 1s typlically at the 75 meter i1scbath. Though the topography
in the viclnlty of each gauge varles conslderably, the simllarity between
the low frequency, low passed sea level records at the various statlions
supports the assumptlon that there is minimal locaticon Influence apparent
In the spectral ranges consldered, save for the Frylng Pan Shoal and
Wilmington data, which may be geographlcally and/or topographicallv in-
Tluenced.

In this preliminary data report, two years of hourly helghts, recorded
to the nearest 2-3 centlmeters were analyzed at each sea level station.
Three hourly observetions of atmospheric pressure and wind speed direc—
tion were obtalned fram the Savarmah and Wilmington alrports and Charleston
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and Cape Hatteras coastal stations. The airport data are undoubtedly
contaminated by topographle bourdary layer effects and may thus show
considerably diminished magnitudes, as well possible rotatlons in
direction relative to the coastal stations. It 1s further appreclated
that the coastal meteorologlcal data may show both phase differences:

as well as megnitude and direction variations with the actual, at sea,
marine atmospheric climatology. This contentlion 1s strongly suggested
in the comparlson of the Saunders {1977) offshore, at-sea meteorological
statistics to the Ruzeckl (1974) coastal, lard based results.

The data analyzed are from coastal sea level, 1.e. tlde gauge, and
meteorologlcal stations located in Figure 1. HBourly values of sea level
helght for 1974-1975 were obtained from the National Ocean Survey; NOAA,
Rockville, Marylard, for statlons at Beaufort (BFT), Frying Pan Shoals
(FPS) and Wilmington (WIL), North Carcolina, and at Charlesten (CHS), -
South Carolina. Three-hourly values of surface wind speed, wind direc-
tion, and atmospheric pressure for 1974-%975 were obtained from the National
Climatic Center, NOAA, Asheville, North Carolina for stations at Cape
Hatteras, N. C., (HAT), Wilmington, N. C. (WIL), Charleston, S. C. {(CHS)
and Savannah, Ga. (3AV).

The sea level data were low pass flltered using a Lanczos filter
taper to attemate the daily and semidally tides and inertlal fluctua-
tions (the inertlal periods at/are: SAV/22.64 hr; CHS/22.04 hr; WL~
FPS/21.46 hr; BFT/21.1 hr; and HAT/20.9 hr.). The envelope of the
forty (40) hour low pass filber energy response functlons are shown in
Flgure g Attenuation at dlurmal and higher frequencles ls greater
than 100 and 10° respectively. After filtering, the sea level data
were resampled at 8 and 6 hourly intervals, for the two separate filter-
ing intervals, respectively.

The radial distances between these stations are approximately: SAV-
CHS/130 km; SAV-WIL/380 km; SAV-DFT/480 kn; SAV-HAT/620 km; CHS-WIL/240
km; CHS-BFT/340 len; CHS-HAT/480 km; WIT-BFT/100 km; WII~HAT/240 lm; and
BFT-HAT/140 km.

Three-hourly wind stress vector camponents in a right-handed rotated
coordinate system, such that the alongshore camponent is 55.6° East of
North, were camputed fram the raw wind speed and direction data, with
the posltive vector sense in the direction toward which the wind blows.
The stress camponents were computed using a quadratic drag law with-the
coefficlent Cp = 1.5 x 10-3 (Pond, 1976). The wind stress components
and atmospheric preassure time serles were low pass flltered, using a
filter with the response characteristics shown in Figure 2. The atmo-
spheric data were then subsampled at 9-hour intervals and linearly nter—
polated to 8 and 6 hourly intervals to be camensurate with the respee—
tilve sea level data. . -

The filtered atmospheric pressure time gerles Indicates that the SAV,
CHS, WIL,, and HAT stations (Figure 1) are well correlated over most of
the large and even small amplitude varlations which is indicative of the
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high degree of hordzontal coherence over length scales of the pressure
fleld mach greater than the SAV--HAT radial separation distance which is
620 km. The large horizontal ccherence distance presumsbly reflects

the synoptic meteorological scales assoclated with mid-latitude atmo-
spherdc disturbances, especlally during the fall, winter, spring periods.
The alongshore wind stress components (Figures 3 thru 62) also show
essential correlatlon over the SAV-HAT separation distance, but varia-
tions In Intensity and structure between stations are more apparent than
in the pressure time series. Vector representations or stacks of stick
diagrams (Figures 51 - 622 Of the wind stress during passage of cold
front events indlcate the“81tkiAse rotation usually assoclated with

the passage of such an event over the station(s). Here it is noted that
HAT typically shows the largest stress magnltudes. Alongshore wirds
tend to dominate both in magnitude and duration relative to the cross—
shelf camponents. Wind stress reversals, noted at all of the met stations,
occwrred on time scales of several days to several weeks, which 1s the
Cyplcal perlods of forcing within the atmospheric stress continuum.

HORIZONTAL WIND CCHERENCE

Kinetic Energy Density (KED) spectra of alongshelf and transshelf
wind camponents at stations WIL and HAT during the Sumer, 1976; (Pletrafesa,
et. al., 1978b; Flgures 321-324 and 337-340), irdicate that within the
temporal period 2-14 days, there is a rise in the energy density as
approximately the frequency to the minus three haives power, which is
consistent wlth the findings of Oort and Taylor (1969) and Cregg and
Sturges (1974) for other coastal reglons and 1s attributed to the passages
of cyclones and anticyclones., The KED curve flattens out at periods in
excess of 14 days. Within the temporal ranges of interest of the con-
tinental shelf studles of Pletrefesa, the range from the order several
days to a month, alongshore winds show a remarkably high degree of visual
correlation, save for occasional several day departures, in the station
time serdes shown In Figures 3 through 62. One can observe simllarly
good visual correlation between transshelf wind components between
station palrs over the whole of the radial separation distance with
occaslonal departures, in the seme flgure serles as above.

Over the entire frequency range of 0.5-0.05 cpd, alongshore winds
are more energetlc than cross-shelf winds., Flgures 321-324 and 337-340
(In Pletrafesa, et. al., 1978b) show thls in the XED's for WIL and HAT.
Note the strong dlurmal signal in the on/off direction.

During the fApril-July, 1974 subset, alongshore wind components
between statlon palrs are In gereral more coherent than off/on shore
winds at frequencies below 0.23 cpd and vice versa at frequencies above
0.23 ¢pd. The exceptions are WIL-HAT where (2 is always higher for along-
shore vs. transshore winds and WIL-HAT where alongshore winds are more
coherent below 0.3 c¢pd and transshore winds are more coherent above 0.3
cpd. The Sept.-Dec., 1974 subset offers greater camplexity In that, with



minor variations, alongshore winds are generally more coherent than cross—
shore winds at frequencies below 0.12 cpd, higher between 0.14 and 0.28
epd at the northerly stations. C2's between station palr camponents vary
above 0.28 cpd. Figures 204 through 247 depict the various cross-
correlations. Alongshore wind pairs dlsplay less phase shifts, which

are typlecally less than a few hours, than cross-shelf wind palrs. This

1s evident from both the time serles and the cross-correlations. Addi-~
tionally, it is noted that alongshore winds over radial separation dis-
tances as large as 630 km have C2's always in excess of 0.5 and occasionally
higher than 0.65 at frequencies below 0.3 cpd but tend to become less
coherent at a C° rate of 0.1 per 150 km Increase In station pair separa-
tlion distance.

It can therefore be concluded that winds recorded at any one cof
the coastal stations could, at least qualitative, be representative
of the wind flelds at any of the other stations, with appropriate re-
servation. The adequacy of representation ls an event, season, loca-
tlon sensitive variable, but for events within the frequency band 0.3 to
0.05 cpd the contention l1s not without evldentlal basls. What 1s suggested
herein 1s that the divergence of the alongshore wind stress may not be
large, and furthermore that possibly the curl of the cross-shore wind
stress may not be large but (tS\e data Indicates little ?§)a definitive
nature about the curl of ¥’/ or the divergence of T and moreover
nothing about the offshore wind field structure, which l1s the actual
mechanical forcing functlon

ATMOSPHERIC PRESSURE COHERENCE

Forty hour low-passed atmospheric pressure frun the met stations
indicate a high degree of coherence with dally pressures rarely differ-
ing by more than several mlllibars between stations. The Phase shifts
are nearly zero at all frequencles save for shifts of the order of 0-20
degrees over radial distances the order of 100-650 kms (egs. HAT/WIL,
Figure 174; HAT/SAV, Figure 178; CHS/SAV, Figure 176). The southerly
met stations typlcally lead the more northerly stations (eg. CHS leads
HAT) for the entire separate series lengths of years 1974 and 1975.
Considering the 4 month block, April-July 1974, though: HAT lags WIL
only at frequencies greater than 0.2 ¢pd, below that the palr are in 0
degree phase; WIL leads CHS fram 0.1-0.2 cpd, lags above ard is in O
degree phase below; CHS leads SAV fraom below 0.2 cpd ard lags above 0.2
cpd; HAT leads CHS between 0.2-0.1 cpd, lags above and is in phase below;
HAT leads SAV between 0.2-0.1 cpd and lags below. During the perlod Sept.-
Dec., 1974, the southerly stations consistently lead the more northerly
atation pair, over all frequencies, wlth no exceptions. It certainly
appears, herein, from the cross—-correlations between station palrs that
the pressure spectrum at any individual station is reasorably represen-
tative of that at any other with minor adjustments in phase a fun-
ction of the palring and the frequency. Ccherence squared (gﬁ) is
typleally in excess of 0.9 over station radlal separation dilstances the
order of 200 km and drops off from 0.95 to (0.5 at distances in excess
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of 400 lm ip the 0,1-0.5 cpd pand. Exceptions to the rule are noted for:

WIL~CHS, C° of 0.5 at 0.4 cpd Quring April-July, 1974; HAT-CHS, C2 of

0.3 at 0.1 cpd during April-July, 1974; HAT-SAV, C° of 0.25 at 0.4 cpd

during Seﬁt .=Dec., 19745 and WIT~CHS, C° of 0.75 at 0.4 epd during Sept.—
Dec., 197

SEA LEVEL

As described eariler, the sea level data were low pass filtered
uslng a Lanczos filter taper to attenuate the diuwrnal and seml-diurnsl
tldes and inertial fluctuations (ef. Fgure 2).

Among factors which significantly affect sea level, particular note
is made to the varlations in atmospherlc pressure, atmospheric winds,
Oceanlc currents and loang, shelf wave phenomena. The response of the
level of the sea surface %o varylng atmospheric pressure is more cor-
rectly expressed In terms of a frequency dependent barometric factor,
l.e., a transfer function for the pressure and sea level system. Here-
in, the sea level data was "adjusted" (as well as left "unadjusted")
for the so-éalled "barametric effect". For frequencles below 1 cpd,
the sea surface responds to changes in atmospherdic pressure in a
reasonably regular, nearly Instantaneous fashimn. The adjustment sug—
gested over nearly the entire frequency range of interest in thls study
(eg. Roden, 1960; Mysak and Hamon, 19639) for sea level fluctuations due
to varylng barametric pressure 1s about 1.0 cm/m bar, l.e., a ocne milli-
bar increase (decrease) in pressure depresses (elevates) the sea sur-
face approximately 1 centimeter.

Spectral analyses of alongshore and cross—shore winds, separately,
and sea level are shown In the serles of Figures 87 through 122. Remark-
ably high C2 results between sea level and alongshore winds, especially
at frequencies below 0.35 cpd, over the 1974 and 1975 yearly serles, as
well as the 4 month series blocks, April-July and Sept.-Dec., 1974. The
cross-coast wind vs. sea level camparisons, at colneident or nearby
sites, indicate more selective coherence bands. Same of the potential
hazards which should be noted In this preliminary ccmparlson are that
the Wilmington tide gauge 1s located 27 miles from the mouth of the Cape
Fear River Estuary, a tldally influenced coastal plalin estuary which
undoubtedly has a sea level response signature very different from that
of an open, coastal station. Consequently, any Intercamparisons of sea
level at WIL ard any coastal statlon, (save for one at the mouth of
the Cape Fear River Estuary), as was done by Brooks (1977) to confirm
the existence ard southerly propagation of continental shelf wavesg, must
be done so wlth appropriate reservation. Lilkewlse, the Intercompar?~ns
of HAT etmospheric data and BFT sea level must be done so with recognition
of the 140 ¥m radial separation of the two stations.

C?'s the order of 0.7 to 0.95 between wind and sea level appear
over perlod bards 3-U days and 510 days in the alongshore wind inter-
camparisons (eg. CHS v stress vs. CHS ADJ, SEAIVL APR-JUL T4, Figure 110
ard SEP-DEC T4, Figure 122). The overall C° level is much lower in the



transshelf wind cases, with ¢%'s in excess of 0.5 at pericds of 3-4 _
days.

These spectra imply that there is a substantial and coherent
coupling between the sea level response varlable and the wind irput
variable, particularly at selectlve frequencles, i.e., in simplistic
terms the membrane respords to the forcing within the band of the fore-
ing frequencles. In fact the KED's of sea level demonstrate the same
rise of energy to the mirnus three-halfs power of frequency over perlods
of several days to several weeks which is shown In the wind spectra
(Figures 248, 249 and 250).

It is of note herein that the KED's indicate a rise in energy
levels from north to south, l.e., from BFT to FPS to CHS (Figures 248-
250) over the entire frequency range. This is conslstent, at the seml-
diurnal period of 12-41 hours, with the motion of the seml-dlurnal tide
propagating as a Polncare wave which increases in amplitude as the shelf
widens, as 1t does from Cape Hatteras to Savammah. A doublet splke at
the dlurnal period appears in all of the sea level KED's; there is no
Immediate explanation for thls phenamenon.

Tt was deemed necessary, at this point, to proceed in the data
analysis of the met/sea level time serles by computing multiple co-
herences between pressure, wind camponents and sea level and to can-
pute in phase transfer functlons between the atmospheric variables and
sea level. Since pressure and wird are ccherent over varylng frequency
bards, between each other, as well as separately with sea level, 1t is
enlightening to input g?e atmospheric varisble, then another and finally
another and wateh the C<'s with sea level be either augmented, enhanced
or reduced. It is useful to compute the ratio of the co-spectrum of
sea level and alongshore or cross-shore winds or pressure to the auto-
spectrum of the respective atmospheric varisble; a uniform (norunlform)
ratioc over same spectral range would then be indicatlve of no preferential
(of a preferential) frequency barnd within which alr-sea momentum transfers
are more efficlent which is further indicative of no resonance (of
resonance) between the atmosphere and sea level.

These latter kinds of data products are buried in the data presented
but need to be formally accamplished.

Considering the alangshore and cross-shelf wind stress components
(heretofore T(y) amd T X)S and adjusted sea level, it is noted that sea
level consistently, without exception, lags ‘I.'(x) but leads T(y)

Additionally, 1t should be noted that ) leads ™) over the most
coherent bands, between the two, and in fact the two components tend to
be in quadrature. This is entirely consistent with the scenario of sea
level falling at the coast due to increasing offshore or southwesterly,
alongshore winds ard rising with increased onshore or northeasterly winds.
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It appears that sea level (SL) from CHS to BFT respords, to some
measure, In a conwventional Ekman sense, i.e., SL fluctuates up or down
In direct response to wind stress both in the alongshore and trans-
shore directions. Southwesterly (northeasterly) winds produce a set-
down (setup) of 8L at the coast and offshore (on shore) winds produce
a setdown (setup) of SL at the coast. A clear example of this is
shown in the time serles of sea level at CHS and the wind stress fleld
at CHS fram 5-20 Jarmuary, 1974 (days 5-20 in Figures 63 and 27). The
coastal Fkman scenardio follows s well that even a relaxation In the
magnitude of the stress field, which was directed to the northeast on
days 9 and 10 was mlrrored in a slight increase in sea level. RFT-
SL 1s entirely consistent wlth the CHS Ekman scenario during this
perlod glven the agreement of the HAT, WIL and CHS winds. 'The south-
westerly to northeasterly wind reversal which occurred during day 11
(11 Jan., 1974), consistent with the clockwlse wind stress vector ro—

tation of a cpld fronmt, Figure 51, fram 'r(y) ~ 0.6 dynes/c:m‘2 to r(y)..
-0.5 dynes/ resulted a drop In sea level of approximately 55 cm.

It 1s of note here that the sea level data, particularly inter-
camparisons of the BFT/FPS time serles because they imply that not
only transshelf but alsc alongshelf slopes of sea surface, consistent
with a piling up of the surface waters in the direction of the wird,
exist. On 1 December 1974 a large southwesterly wind event occurred
ard not only dropped sea level at FPS and BFT, which were both at 130
cm helght at the event onset, but created a 50 cm rise In sea level
fram FPS to BFT, a radlal distance of 150 km. This 1s evident in
Flgures 20 and 68 which shows evidence for the existence of longshore
pressure gradlents, which were hypotheslzed to exist by Garvine (1971)
and used in a mathematical model of coastal dynamics by Pietrafesa
(1973) to drive a cross-shelf interior flow thereby eliminating the
necessity of a bottam, frictional layer to balance the offshore Ekman
transport. In a barotrople geostrophic sense the cross-shelf flow
induged by this longshore pressure gradient, using the relation u =
(8f" )z, 1s of the order of 23 em/sec. The longshore vardlations in sea
level dbserved between Capes Lockout and Fear, which define Onslow Bay
In the alongshore direction, are certalnly no proof of the existence of
Garvine's contention nor a Justification of Pletrafesa's use of the
longshore pressure gradient in hls model, since both of these investiga-
tors were dealing wlth straight coastlines having no lengltudinal con-
straints and the cape shoals do constrain the hydrodynamics within.
CHS vs. SAV sea level Intercamparisons would offer a more generic look
at the question of exlstence of a cy in cancert with an imposed

‘r(y) at the swrface.

A simplified balance in the alongshore direction could be written
as gy - 1 g D where D is the depth of the direct wind induced
layer (the layer within which the wind 1s plled up). The example

presented above of a Ag of 50 cm fram BFT to FPS, a dlstance of 150 km,
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witha | t (y) | of 0.9 dynes/cmg indicates a D of 2.8 meters.

A great deal of visual correlation is obvious in the time series
of filtered sea level (Figures 63 through 86). The Kinetic Energy
Density representations (Figures 248-250) also indicate that BFT, FPS
ard CHS contain the simllar energetics, save for the fact that the
energy level rises from north to south, especlally in the shape of the
curve, as we described earlier in the text.

The cross analyses of sea level, including most of the pairing
cambinations, between CHS, BFT, WIL and FPS are shown in Figures 179
thri 203. Consider several subsets, not including WIL in the discussion
because of the aforementioned fact that WIL is 27 mlles (45 lm) from
the mouth of the tldal, wind and river runoff Influenced Cape Fear
River Estuary.

During the Sept.~Dec., 1974 subset, (Figure 197) BFT and CHS are
coherent (above the 95% confidence level, which loses some credible
meaning at C2's too low) over the entire frequency range. There are
several slgnificant period bands which should be noted: aE
2,25 days, C° ~ 0.8 and CHS leads BFT by 4% hours; at 3.6 days, C< ~
0.85, CHS leads BFT by 4 1/3 howrs; at periods above 10 days the two

statlons are essentially in phase. During this same perlod: CHS T(y)
and t(X) (Figure 228) are most coherent at perlods encampassing 3 and
6-7 days and are close to quadrature (60-90°) with ) leading (¥,
SAV r(y) and T(x) (Figure 229) are more broadly coherent, over the
period range 2.8 - 10 days and also indicate 'r(y) leading T(x) by
approximately 500—800; HAT ‘t(y) leads T(X) (FMlgure 226) at 2+, 3

and 10 day perlods by 90°-110°. WIL *) ana (%) relationships
(Figure 227) closely follow those of SAV with the two components being
very close to quadrature. The phase relationshlips between these wind
 camonents and to sea level indicate a lowerdng of sea level wlth

increasing positive 9 amd ™ \dnd stress with the offshore pro-
pagation of an anticyclone cold front whereby, fram the coast seaward

a southeasterly wind would begln to rotate clockwlse, whlle sea level
dropped to some maximm low as the wind became southwesterly, then began
to rise as the wind rotated to be northwesterly to northerly and so—on.

During this same Sept.-Dec., 1974 period: FPS was coherent with
BFT (Figure 200) at 2 and 5-8 day periods, with minimal coherence (90%
confidence level) at 3 day periods, with FPS leading BFT at the 3 and
5-8 day perlods by about 15 hours and 25-40 hours; FPS and CHS (Figure
202) are coherent at 2 and 3-9 day perlods (esp. at 6-8 days) with FPS
leading CHS by 0.45 days, at 0.275 ¢pd and 0.4 days between 0.16 and
0.12 cpd frequencles suggesting an evert propagation speed of 5 m/sec.
from Frylng Pan Shoals to Charleston.

One could invegtigate the phase differences between wind stress
canponents and adjusted sea level by adjusting the two time series so

14



that the phase lag between the two is eliminated and then reconslder
the correlation between the two time series. One could also condider
the aversge ratio of sea level amplitude to wind speed magnitude, a
value to be campared to the magnitude of the average of the ratlo of
the co-spectrum of sea level ard wind component to the auto-spectrum
of the wind camonent. These calculations will be done In a report
to follow.

Monthly to seasonal to amrmal variations in sea level, due to the
thermal vardiability of the water colum and the changes in the atmo-
spheric, marine climatology will be investlgated in the report to
follow. Seasonal to armual harmondes could be ellminated from the
time serdes, thereby suppressing the long perlod contamination of the
short .perlod correlations.

By extracting data which represents a change in only cne of the
atmospheric vardiables, while the other variables remain below some
greatest lower bound, one could plot the sea level response to changes
in that variable alcne. There, a functional relatlonship between sea
lewel and atmospheric pressure and wind could be obtained In an amplrical
fashion.

This type of procedure could be done for winds blowing in any
directicn and should result in a curve which indicates the changes in
sea level as a function of wind direction, station by staticn.

Becauge of the problems which were encountered in obtaining tide
gauge data from NOAA/NOS, we do not have all of the data which 1s
probably avallable for both the years and area of interest. We did
not receive the Frylng Pan Shoal sea level data until recently and
S0 were not able to fully incorporate this invaluable data set into
our analysis to date. Fortunately though, thls 1s a preliminary assess-
ment of the atmospheric climatology and sea level in the Carolina Capes
reglon of the South Atlantic Bight and the report to follow this inltlal
effort will be more inclusive and extensive and will incorporate the
moored curvent, temperature, pressure, conductivity data as has been dane
by other investigators (eg: Smlth, 1974; Cragg and Sturges, 1974).
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Figure 3 Temperature, pressure, wind veloclty components
and wind stress components at Cape Hatteras, N. C.,
Jan. through Feb., 1974
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Fleure 4 Temperature, pressure, wind velocity components
and wird stress components at Cape Hatteras, N. C.,

Mar. through Apr., 1974
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Figure 5 Temperature, pressure, wind velocity components
and wind stress components at Cape Hatteras N. C.,

May through June, 1971i
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Pigure 6 Temperature, pressure, wind veloclty components
and wind stress components at Cape Hatteras, N. C.,

July through Aug., 1974
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Figure 7 Temperature, pressure, wind veloclty components
and wind stress components at Cape Hatteras, N. C.,
Sept. through Oct., 1974
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Figume 8 Tenq:erature, pressure, wind velocity components
and wind stress components at Cape Hatteras, N. C.
Nov. through Dec., 1974
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Figure 9 Tenperature, pressure, wind velocity components

and wind stress components at Cape Hatteras, N. C.,
Jan. through Feb., 1975
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CAPE HATTERAS,N.C.
MAR-APR., 1975
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Figure 11 Temperature, pressure, wind veloclty components
and wind stress components at Cape Hatteras, N. C.,
May through June, 1975

27



CAPE HATTERAS,N.C.
JULY-AUG., 1975

TEM®

U STRESS

/ AVAS

. | e

P4 1™ ™ ™ ™ - | ™Y ™% T - ™
1 Ay T W
dend sabl

Figpure 12 Temperature, pressure, wind veloclty components
and wind stress components at Cape Hatteras, N. C.,

July throush Aug., 1975

28



CAPE HATTERAS,NC.
SEPT.-OCT., 1975

TEMP

MB 31
H

LN}
]

-
1

M/SEC

e

e e AP an

NAAYAVA A VAV AR VAVAY
fu«. ™. -, - - - m. “'E:h" - =3 - ™. .
U STRESS

[T} . =, - . m m - - m 1™} -

; THE B (WTE

¥ STRESS

H

ni-
DYNES/CM

N A f\ P AN A PP VAV NP

\f\/\/ AT AP g v Ay VAR AY,
lml

LTI TR T T T T T T T

_ I“Ff"-‘ Tod v o1

Mgure 13 Temperature, pressure, wind velocity components
and wind stress conponents at Cape Hatteras, N. C.,
Sept. through Oct., 1975

29



CAPE HATTERAS,N.C.
NOV-DEC., 1975

WW\,M 1!

. WW WY

Lk ¢ ...‘

L] et

i w s I - - ™ m ™ ™ L™ ™
e
U WIND
M /SEC - -
- — “/\ﬁ /\ TN /\ P \/\—/\ \\ |
= - - 13 " - i
- THE [ 0V
¥ WIND

wul
ry

wrses A/\n/\m ftnf\nn/\nﬂf\ﬂn [\

VT W\/VUVVVV— U'\/\f
é ™ ™ LTS o, 1™} 5:“ .mh. b, . T, LY
I} STRESS

2
oveEs oM™ - AV/L\V/J\AVAV/\—\ VAN M r

: - 1™} b W, =} -, 1™ b . ™ - I
™ o
i ¥ STRESS
]
lr
DYNEA/CM
AW Jr\/\n /\ FAN L N /\ /\
' V Al V UVV oo v A
| ORcOmban
:lln . hs. Y, ¥ e ir*‘"h - ", . m

Figure 14 Temperature, pressure, wind velogity components
and wind stress components at Cape Hatteras, N. C.,
Nov. through Dec., 1975

30



WILMINGTON,NC.

JAN -FEB, 1974
TEMP

[}
i

- b e e b 1) Y] ") 1Y} Wi
il ™ DN
PRESS
]
1
MB E“
.
i v T ™ ™ Y] T 1) =0 1) |1 W R ko
THE i T
U WIND
¥

M/SEC PV /\/_r\uf\v WAWJAU/\\//\ /\v~ /‘/\A\)ﬁ bzl —

W Wa % ke

L33 7] 1) e 'Y b 'Y} 1Y)
x 0K b
¥ WIND

vl oA an P A AV
ATV A VAME T AR A VRS

e 17 i) a 7] 1T} | ' 1Y) -1 wa 1Y) ')

2 T I e

U STRESS

)

1

L N AVEN AWVARRAT.Y A

a ol v A 7 Vi \/ ¥

:a T Wi 1Y) | I T b 1Y) 1" s 1) 1]
Tou ™ e

- ¥ STRESS

z

R

mesod | n N N AN AN /\/\,/ B
/U VoV 1Y (VAR Vi VAR

| PRy
: ' T T s W B L ' TR I'TET 5X] |
| UAAMEY e
i LO00 Wl

Figure 15 Temperature, pressure, wind veloelty components
and wind stress components at Wilmington, N. C.,
Jan. through Feb., 1974

31



WILMINGTON ,NC.

MAR-APR.,1974
TEMP
.
P
¥ S
.c-
- e ‘Q.. h.. SQ 1] [ﬂ.. h.. h.l h.l I'J ‘1“ I]” III‘ .IH
roE M o
_ PRESS
]
.
e
MB;‘\/\ /ﬂ/\
2 T T TS TR Vi PV ~ri St “r i Fem U PR
TIME b4 bavy
U KIND
mrsec”

. 1Y) e e 1] 1°X) | "R e T ™ 1™ I e

-

¥ WIND

: . Iﬂ-' .“‘.. I’Q.. h.. I“-. L-' .-.U I-.l Ilﬂ. Ilw III' ‘11‘.
TIME DN OATS
I} STRESS
d
."1i
o (\
DYNES/CM
—\,/x/h/\\j\k n{’\WfJ\“R/\U erfhp\ﬁj/\ g
g = w1 Wy 17X b b 17X) " wi 1. 1. T s
e IV o
- ¥ STRESS
H

E-\/V\WMAVAVAWP/\/\A /\\W—_

| AMML

™) 1Y) Y] LY "y I °X}

T DI AR

™S L. I e

W

000 g

Figure 16

Temperature, pressure, wind veloclity components
and wind stress components at Willmington, N. C.,
Mar. through Apr., 1974

32



WILMINGTON ,NC.
MAY -JUNE., (974

TEMP
¥
rv\/\/\/\/\\/\M
o
™ ™ Toe In 1™ w. 1™ = ™ ta " . i
e B o
. PRESS
H
il
ve E‘/\ ”
g_ iy
Fm n I - T 1) T . i I w W e
e o
U WIND
4
o
MJ/SEC
] N AN A AN AN
- \__V(' AV A A S VA WO
b 1 T v T T T T T T T ¥ —
i L. 8 L4 " (L] L. (] m . 1.1 L . (L)
E T b v
Y WIND
*1
o
M/SEC
: ™ ' ™ - ™ - i - ™ ™ n 1% -
™ B e
.U STRESS
k
_ x
oYNES/CME A g i [\
: i = ™ 1™ ™ ™ = k™ - n 2] ™
¢ b
_ ¥ STRESS
E
'
e’ %WA%CM,_AQ:/ZWW
| -
.J.'I';“ = T W W In. . ml—. 1™ . = n .
— oon v B

Figure 17 Temperature, pressure, wind velocity components
and wind stress components at Wilmington, N. C.,
May through June, 1974

33



WILMINGTON ,NC.
JULY-AUG.,1974

TEMP
;',‘\'\/\/\—/\/\,\/\/\/\/\/—\\/\f\/‘fk/\/ -
.
<
1a. - T .. 1T ™% u T = ™ m ™. HS
e o BT
PRESS
]
i
MB 1 /\/\/\A/\/\W-..\/_
B . e ™ [ ™ T ™ I8 1™ w " .
PR v DAY
U WIND
.
5
M/SEC
T - —“{f*wﬂkv/uﬁJ”“h\/~“~‘\\,~fx,;
L ™y ™y .. ™. - b, 1= = W b
1 T N DA
W WIND
-
H
e A WA WY R !l( ]DM/\/\/\/J&\
LA™ T ». . b - I as. T ™ [T I
3 ™ O o
J STRESS
|
o
DYNES/GME
: 4 - 1y 1™ . [™~% n B, 1™ T 1™ 1™ I
08 v Y
; ¥ STRESS
]l
2
DYNES/CME )
..-'}Zﬁﬂé)#cﬁ%&l&g\/ A — Y
el
; 1. .. - .. T8 - w ™ I ™ I ™ b
ALY ToE ¢ oA
S0 M

Figure 18

Temperature, pressure, wind veloclty components
and wind stress components at Wilmington, N. C.,
July through Aug., 1974

34



WILMINGTON, NC.
TEMP SEPT-0OCT.,1974

e (31
a 1

L1
i

T . m T o 1™ m T, - ™. ™ - e
e e

]
]

>

ot

z | I

-
i

MrsEe /-\ {\’\ 1{\ [\A & /\/\\/\’\\’\,\/"/\/\ A\/AL___/_

K
1
X
¥
¥
£
5
11
¥
g
¥
¥
H

[} 3
3

e
!

e N N Y A A TN
VAVAGR==AWATA'S

U STRESS

ws a;
]
¥
I
E
¥
1

-l
n

)
PrHesre .q.:,:fkcf::h...,£x7=-...,1:::5.‘;,/}zét\fxz/f\\ AVA e
‘ RV

i
¥
|

. ¥ STRESS
1
o
pYNES/CME /\
= AN A
' sC:l‘Jf}Q;r"_c‘7"5’='£3§:;7“‘J \f\\/f\\\/r"" AVAY/
lﬂml
A N N TR R CNE ST R =T
I NEFTEMNR e mm
T D00 Ay

Flgure 19 Temperature, pressure, wind veloclty components
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Flgure 22  Temperature, pressure, wind velocity components
and wind stress components at Wilmington, N. C.,
Mar. through Apr., 1975
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Figure 24

Temperature, pressure, wind velocity components
and wind stress components at Wilmington, N. C.,
July through Aug., 1975
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Fipure 27 Temperature, pressure, wind velocity components
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Figure 28 Temperature, pressure, wind velccity components
and wind stress components at Charleston, S. C.,
Mar. through Apr., 1974
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Figure 33 Temperature, pressure, wind velocity components
and wind stress components at Charleston, S. C.,
Jan. through Feb., 1975
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Flgure 35 Temperature, pressure, wind veloclty components
and wind stress components at Charleston, S. C.,
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Figure 36 Temperature, pressure, wind veloclty components
and wind stress components at Charleston, S. C.,

July through Aug., 1975
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Figure 37 Temperature, pressure, wind velocity components
and wind stress components at Charleston, S. C.,
Sept. through Oct., 1975
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Nov. through Dec., 1975
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Jan. through Feb., 1974

232



SAVANNAH ,GA.

MAR-APR. 1974
TEMP
4
¥
<
*he e T T e 1T s mi:u.“ e e ™ e s,
PRESS

i-ij e ™) Y LT 17X 'Y} I s 1™ ™ P

oW [N

H/SEC

.. 1™ 1T W 1T 1Y) "y " 1Y)

¥

MFSEC

TR TR YRR TR TR TR THE TR N TR T
T™E I
U STRESS

DYNES/CME

-

-+ 1"} 1™ T Yo I YR " 113 »,

T
v STRESS
f]
;.
OvNES/CME : ilt7‘:5:5;
)L A
: K] 1" - 'u_o 1) 1°X} E.I ;.i [T (™) ™3 Tt Im
1 ™ &y
oG HA

Fleure 40 Temperature, pressure, wind velocity components
and wind stress components at Savannah, Ga.,
Mar. through Apr., 1974
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Figure 41 Temperature, pressure, wind velocity components
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May through June, 1974
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Flgure 47 Temperature, pressure, wind veloclty components
and wind stress components at Savannah, Ga.,
May through June, 1975
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Figure 54 Wind stress vectors at Cape Hatteras, N. C.,
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Figure 57 Wind stress vectors at Cape Hatteras, N. C.,
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Figure 60 Wind stress vectors at Cape Hatteras, N. C.,
Wilmington, N. ., Charleston, S. C. and Savarmsh,
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Flgure 63 Sea level measurements at Beaufort, N. C.,
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Figure 64 Sea level measurements at Beaufort, N. C.,
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Figure 67 Sea level measurements at Frying Pan Shoals, N. C.,
Beaufort, N. C., Beaufort Inlet, N. C., Wilmington,
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Flgure 73 Sea level measurements at Wilmington, N. C., and
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Figure 74 Sea level measurements at Wilmington, N. C. and
Charleston, 3. C., Nov. through Dec., 1975
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Figure 75 AdJusted sea level measurements at Beaufort, N. C.,
Beaufort Iniet, N. C., Wilmington, N. C. and
Charleston, S. C., Jan. through Peb., 1974
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Figare 78 Adjusted sea level measurements at Beaufort, N. C.,
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Figure 80 Adjusted sea level measurements at Frying Pan Shoals,
N. C., Beaufort, N. C., Wilmington, N. C. and
Charleston, 8. C., Nov. through Dec., 1974
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Figure 81 AdJusted sea level measurements at Wilmington, N. C.
and Charleston, S, C., Jan. through Feb., 1975

97



ADJUSTED SEA LEVEL
WIL ADJSLV 75 MAR-APR., 1975

»1 L} L}
i i i

bl

T e b 1T 1Y) ot s ") 1) 1Y} 1™ ™ I [
CHS ADJSLY 7%

;..
"
P
i
FRLA] ™ s 1) 1Y) T e 15X s 1 n. T i
1 WAACH TR ™ MY
o0y Hel

Mgure 82 Adjusted sea level measurements at Wilmington, N. C.
and Charleston, S. C., Mar. through Apr., 1975

98



ADJUSTED SEA LEVEL

. MIL ADJSLY 7S MAY-JUNE , 1975

L]
r\/\/\MW
H;‘

.

A I T R R R TR

CHS ADJSLY 75

-4

] 4
i
4 A
wm i . AT N Y . 1™ 1= in T ™
000 e e

Figure 83 Adjusted sea level measurements at Wilmington, C. C.
ard Charleston, S. C., May through June, 1975
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Figure 84 Adjusted sea level measurements at Wilmington, N. C.
and Charleston, S. C., July through Aug., 1975

100



ADJUSTED SEA LEVEL
WIL ADJSLY 75 SEPT.-0OCT., 1975

-y

b

e - - = m m ™. . W . b

™ =
CHS ADJSLY 7,
1
¥
i
Y
1 ogTemEn
RN R A TV T |~ S T N ——
1 MEFTENGER ™ W -,
atda HAE

Flgure 85 Adjusted sea level measurements at Wilmington, N. C.
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Figure 86 Adjusted sea level measurements at Wilmington, N. C.
and Charleston, S. C., Nov. through Dec., 1975
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Figure 87 Spectra of wind stress u component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C., 1974
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Figure 97 Spectra of wind stress v component at Charleston,
3. C. vs. the sea level at Charleston, S. C., 1974
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Figure 101 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C.
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Flegure 119 Spectra of wind stress u component at Charleston,
3. C. vs, the sea level at Charleston, 8. C.,
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Figure 120 Spectra of wind stress u conbonént at Charleston,
S C. vs. the adjusted sea level at Charleston,
, Sept.=Dec. 1974 '
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Mgure 121 Spectra of wind stress v conponéﬁt at Charleston,
S. C. vs. the sea level at Charleston, S. C.,

Sept .-Dec. 1974

o ot ot

V
-y
LY 1) 1N 11 b ok
" ML s
‘ W ¥ T / D [
WP LAead. | e 1NN OO
v ]
ap [ - 1Y) - 1]

L3

Figure 122 Spectra of wind stress v component at Charleston,
S, C. vs. the adjusted sea level at Charleston,
SI C., Sept-—DQ‘C. 197)'|
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Flgure 123 Spectra of pressure at Cape Hatteras, N. C. vs.

sea level at Beaufort, N. C., 1974

)

ot oot .t

= ' A
B TAN
! N\
| o IR
agm”& e hﬂ Mi. o

,

i:w a&m’u 'l“-! a.’m. w:?,‘ o
q d
7 #

2]
£
e
3
"~

o “w L L

Spectra of pressure at Cape Hatteras, N. C. vs.
adjusted sea level at Beaufort, N. C., 1974

121



T ¥
oB o4
L A

The Y 17 4] e a 4
. T A
L
% il
¥ A
H 4 T Taz ‘a3 o4 Tos
o . e, cooy
L 14 W PSS £ WL WA, H
0. U, i 6 0N7 Y
T o T
-5 - m o T Ton

Spectra

level at Wilmington, N. C.,

1974

of pressure at Wilmington, N. C. vs. sea

TR X - P

1] ¥
Tsi' H
' i

E - R«\A—’\

T ha 1 o as o4 ‘o H o

.‘ml L G -

t

§ o ‘& ‘a3 "o Tos

.- - CRNENERT Sowien e, cooer
¥ ‘
1. .

! o) ae o1 - as &

0N W i
&]
3 /
.h.-' 7 s
'l'gl
2 B o ‘or k) 04 ‘as
] WL PRI 7 WD W WA N
WL LI, R ST O
o
- & 7] 1) - "

Feure 126

Spectra of pressure at Wilmington, N. C. vs.

adjusted sea level at Wilmington, N. C., 1974
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Mgure 127 Spectra of pressure at Charleston, S. C. vs. sea
level at Charleston, S. C., 1974
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- adjusted sea level at Charleston, S. C., 1974
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Figure 130 Spectra of pressure at Wilmington, N. C. vs.
adjusted sea level at Wilmington, N. C., 1975
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FMeure 133 Spectra of pressure at Cape Hatteras, N. C. vs.
sea level at Beaufort, N. C., April-July 1974
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adJusted sea level at Beaufort, N. C., April~
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Figure 137 Spectra of pressure at Charleston, S. C. vs, sea
1evel at Charleston, S. C., April-July 1974
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Figure 138 Spectra of pressure at Charlesotn, S. C. vs.
. adjusted sea level at Charleston, S. C., April-
July 1974
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Fgure 139 Spectra of pressure at Cape Hatteras, N. C vs.
sea level at Beaufort, N.C., Sept.-Dec. 1974
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Flgure 140 Spectra of pressure at Cape Hatteras, N. C. vs.
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Figure 141 Spectra of pressure at Wilmington, N. C. vs. sea
level at Wilmington, N. C., Sept.-Dec. 1974
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FMgure 142 Spectra of pressure at Wilmington, N. C. vs.
adjusted sea level at Wilmington, N. C., Sept.-
Dec. 1974
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Flgure 143 Spectra of pressure at Charleston, S. C. vs. sea
level at Charleston, S. C., Sept.-Dec. 1974
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Plgure 144 Spectra of pressure at Charlestéﬁ;_ S. C. vs.
adjusted sea level at Charleston, S. C., Sept. -
Dec, 1974
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Fgure 147 Spectra of pressure at Wilmington, N. C. vs. wind
stress u component at Wilmington, N. C., 1974
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Figure 148 Spectra of pressure at Wilmington, N. C. vs wind
stress v component at Wilmington, N. C., 1974
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Flgure 149 Spectra of pressure at Charleston, S. C. vs. wind
stress u component at Charleston, S. C., 1974
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Figure 150 Spectra of pressure at Charleston, S. C. vs., wind
stress v component at Charleston, S. C., 1974
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Flgure 151 Spectra of pressure at Savarmah, Ca. vs_w_’md
stress u component at Savarmsh, Ga., 1974
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Plgure 152 Spectra o?bressure at Savannah, Ga. vs. wind
stress v component at Savarmah, Ga., 1974
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Flgure 153 Spectra of pressure at Cape Hatteres, N. C. vs. wind
stress u component at Cape Hatteras, N. C., 1975

o ot o
;

B

ID

ks
38
§2

H

n - ™ ™ o

Figure 154 Spectra of pressure at Cape Hatteras, N, C. vs. wind
stress v component at Cape Hatteras, N. C., 1975

136



-

8}
lr
4
M
i

-

hack

Bl "u ax Tan ™ as
- .-
WE. PRER / T & ITROW 1%
]

A 1] . u o4 ‘e

Maure 156 Spectra af pressure”a.t Wilmington, N.. -C. vs. wind
stress u component at Wilmington, N. C., 1975

e -] R as [ s

Flgure 156 Spectra of pressure at Wilmington, N. C. vs. wind
stress v camonent at Wilmington, N. C., 1975
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Magure 157 Spectra of pressure at Charleston, S. C. vs. wind
stress u camponent at Charleston, S. C., 1975
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Figure 158 Spectra of pressure at Charleston, S. C. vs. wind
stress v component at Charleston, S. C., 1975
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Flgure 160 Spectra of pressﬁi-é at Savamnsh, Ga. vs. wind stress
v component at Savanngh, Ga., 1975
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Figure 161

Spectra of pressure at Cape Hatteras, N. C. vs.

pressure at Wilmington, N. C., 1974
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pressure at Charleston, S. C., 1974
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Figure 163 Spectra of pressure at Charleston, S. C. vs.
pressure at Savarmah, Ga., 1974
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Flgure 164 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Charleston, S. C., 1974
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Flgure 165 Spectra of pressure at Cape Hatteras, N. C. vs
pressure at Savarmah, Ga., 1974
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Figure 166 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Wilmington, N. C., 1975
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Figure 167

Spectra of pressure at Wilmington, N. C. vs.

pressure at Charleston, S. C., 1975
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Figure 168

Spectra of pressure at Charleston, S. C. vs.

pressure at Savamah, Ga., 175
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Figure 169 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Wilmington, N. C., April-July 1974
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Figure 170 Spectra of pressure at Wilmington, N. C. vs.
pressure at Charleston, S. C., April-July 1974
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Flgure 171 Spectra of pressure at Charleston, S. C. vs.
pressure at Savarmah, Ga., April-July 1974
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pressure at Charleston, S. C., April-July 1974
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Meuae 17 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Wilmington, N. C., Sept.-Dec. 1974
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Figure 175 Spectra of pressure at Wilmington, N. C. vs.
pressure at Charleston, S. C., Sept.-Dec. 1974
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Figure 176 Spectra of pressure at Charleston, S. C. vs.
pressure -at Savammah, Ga., Sept.-Dec. 1974
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Mgure 177 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Charleston, S. C., Sept.-Dec. 1974
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Flgure 179 Spectra of sea level at Beaufort, N. C. vs. sea
level at Wilmington, N. C., 1974
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Figure 181 Spectra of sea level at Wilmington, N.C. vs. sea
level at Charleston, S. C., 197
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Figure 182  Spectra of adjusted sea level at Wilmington, N. C.
ve. adjusted sea level at Charleston, S. C., 1974
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Flgure 185  Spectra of sea level at Wilmington, N. C. vs. sea level
at Charleston, S. C., 1975
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Flgure 186  Spectra of adjusted sea level at Wilmington, N. C.
vs. adjusted sea level at Charleston, S. C., 1975
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Figure 187 Spectra of sea level at Beaufort, N, C. vs. sea
level at Wilmington, N. C., April-July 1974
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Flgure 191 Spectra of sea level at Beahfort, N. C. vs. sea
level at Charleston, S. C., April-July 1974
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Megure 192 Spectra of adjusted sea level at Beaufort, N. C. vs.
adJusted sea level at Charleston, S. C., April-
July 1974
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Figure 193 Spectra of sea level at Beaufort, N. C. vs. sea
level at Wilmington, N. C., Sept.-Dec. 1974

n.d Eu: o Ta- 'o:m_ M.:;n os
-] B
'h. 5
L "R PO I " PR -
T R P
»
g-
B :
% L) a 1" 11 os o
— |
.ki T M SN 7 WL B L PN
Pl LSS e 0008 Y
o ?
Ten W [ . 7% o

Fleure 194 Spectra of adjusted sea level at Beaufort, N. C. vs.
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Megure 195 .S_;pectra of sea level at Wilmington, N. C. vs.
sea level at Charleston, S. C. Sept.-Dec. 1974
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Figure 196 Spectra of adjusted sea level at wilmington, N. C.
vs. adjusted sea level at Charleston, S. C.s
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Figure 197 Spectra of sea level at Beaufort, N. C. vs. sea
level at Charleston, S. C., Sept.-Dec. 1974
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Pigure 199  Spectra of adjusted sea level at Frying Pan Shoals,
N. C. v8. adjusted sea level at Beaufort, N. C.,
5 Sept.=27 Dec. 1974 (no detrend)
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Figure 200 Spectra of adjusted sea level at Frylng Pan Shoals,
N. C. vs. adjusted sea level at Beaufort, N. C.,
5 Sept.=27 Dec. 1974 (detrended)
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Flgure 203 Spectra of sea level at Beaufort, N. C. vs. sea
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Figure 204 _"_._"Spectra of wind stress components (u vs. v) at
Cape Hatteras, N. C., April-July 1974
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Figure 205 Spectra of wind stress éonpi:_)nents .(Ii.vs. v) at
Wilmington, N. C., April-July 1974
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Figure 206  Spectra of wind stress components (u vs. v) at
Charleston, S. C., Aprll~-July 1974
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Flgure 207 Spectra of wind stress components (u vs. v) at
Savarmah, Ga., April-July 1974
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Flgure 208 Spectra of wind stress u component at Cape Hatteras,

N. C. vs. the wind stress u component at Willmington,

N. C., April-July 1974
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Figure 211

Spectra of wind stress v component at Cape Hatferas,

N. C. vs. the wind stress u component at Wilmington,
N. C., April-July 1974
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Pigure 212  Spectra of wind stress u component at Wilmington,
N. C. vs. the wind stress u component at Charleston,

S. C., April-July 1974
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Fgure 213 Spectra of wird stress v component at Wilmington,
N. C. ve. the wind stress v component at Charleston,
5. C., April-July 1974
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Fgure 214 Spectra of wird stress u component at Wilmington,
N. C. vs. the wind stress v camonent at
Charleston, S. C., April-July 1974
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Flgure 215 Spectra of wind stress v component at Willmington,
N. €. vs. the wird stress u component at Charieston,
S. C., April-July 1974
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Flgure 216 Spectra of wind stress u camponent at'Charleston, S. C.
vs. the wind stress u component at Savarmah, Ga., April-

July 1974
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Figure 218 Spectra of wind stress u camponent at Charleston, S. C.
vs. the wind stress v component at Savarmah, Ga., April-

July 1974
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Figure 219 Spectra of wird stress v component at Charleston, S. C.
vs. the wind stress u component at Savarnah, Ga., April-
July 1974
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Flgure 220 Spectra of wind stress u cauponent_aa;i; Cape Hatteras,
N. C. vs. the wind stress u component at Charlesgton,
S. C., April-July 1974
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Flgure 221 Spectra of wird stress v component at Cape Hatteras,
N. C. vs. the wird stress v component at Charleston,
S. C., April-July 1974
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Flgare 222 Spectra of wind stress u component at Cape Hatteras,
N. C. vs, the wind stress u component at Savarmah, Ga.,

April~July 1974
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Figure 223 Spectra of wird stress v component at Cape Hatteras,
N. C. vs. the wind stress v camponent at Savannah,

Ga, April-July 1974
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Figure 224 Spectra of wind stress u component at Willmington,
N. C. vs. the wind stress u component at Savannah,
Ga., April-July 1974
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Figure 225 Spectra of wind stress v component at Wﬂmington,
N. C. vs. the wind stress v component at Savannah,
Ga., April~July 1974
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Figure 226 Spectra of w_‘md stréss components (u vs. v} at
Cape Hatteras, N. C., Sept.-Dec. 1974
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Figure 230  Spectra of wind stress u camponent at Cape Hatteras,
N. C. vs. the wind stress u component at Wilmington,
No C', sept.-MCO 197”
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N. C. vs. the wind stress u component at Wilmington,
N. C., Sept.-Dec. 1974
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Figure 238 Spectra of wind stress u co;hponent at Charleston
S. C. vs. the wind stress u component at Savarmah,
Ga., Sept.-Dec. 1974
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Figure 242 Spectra of wind stress u component at Cape Hatteras,
N. C. vs. the wird stress u component at Charleston,
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8. C., Sept.-Dec. 1974

181



-
&

) LT LT " T e ¥

¥/—\ i | M 'n& 1T m.l.l.e:\m o e

. L 4]

o "
- LR e 11 b n e
. U i | N . SE———
W W 7 B WG S0 T AR 0ETED
BP0 4 LAkl & M= LS DD
T e ToREn .

' 1T ™ [T . a 1Y

Figufé _21411 Spectra of wind stress u component at Cape Hatteras,

N. C. vs. the wind stress u component at Savarmah,
Ga., Sept-_mc. 19714

T §
% .
i -
; 1 —
% LTI T 1) e T e d
- o tomr
H
1 3 e ¥ V. b 1Y
N é- 1 [} (1) m-. :n [ %" ) L8]
X -
il a
; S w'h“ . . _'n.:“ - e 3
]
4 -
1
= L ITRT 11 ) Y
- — . N A
: W WC 7 W W GIOE0 7Y YL STRDS
W U e v D
O Y TN
5 T 1™ 1Y T 1Y [T

Fgure 245 Spectra of wind stress v component at Cape Hatteras,

N. C. vs. the wind stress v component at Savarmnah,
Ga., Sept.-Dec. 1974

182



q ¥
| 3
1 '
i i
- S 1T Le -_'u:- " | YR
i) ._
il wh LK ] ‘I:" _'i.u [R°]
I z
1
2
H ;-\/\/\/
TP TR TR T _h:-r o b 3]
i _
3 . -
b1
'E - -‘i.ll .ll. 1..- ‘I.'l Il.ll Illl
b4 Y T T LT Aa—
| [ gy gy ey
"1 L e " . w
Magure 246 Spectra of wind stress u component at Wilmington,
N. C. vs. the wlrd stress u component at Savamnsh, Ga.,
Sept.-Dec. 1974
;-m—l i e Pl
gr' L3
¥ '
] ; —
5 !

oy oa™ et
ws wms  wmr an
| / .
..‘ l" -
:
<
H
Y

btk
.

wm kw we Ll e e

Spectra of wind stress v component at Wilmington, N. C.
vs. the wind stress v component at Savarmah, Ga., Sept.-
Dec. 1974

183



HL6T "9
-*qdag “ToAST ®RS ') 'S ‘uojseTaeyd
a0J 'ra0ads L37susp L3I9Ue OTQS8UTY

092 SMIBT
CH' 01 ANINO3YS

1 T o1 1]
; m_ b " 13
¥ L

- pY

T
o
-

“H* 4" 2/ Tl

|h=

T T ] hun
._: .e_ .2 .E
(CWDN) 00IW34
P261'230-1435 - J3ATT VIS
05 NOLSTHVHD
VH1D3dS ALISN3Q ADYANT DILINDI

f1l61 - oa(1-"1deg
‘TaasT BaS ') *N ‘sTeOUs ued Juthid
J03 eajoads AqTsuep £3I8U8 OTISUTY

Ghe SmItd
CH 4"9) ADNIND34
-1 [} ot a1
» -_. : * = _3
..h:
1 m
07
il
x._.
T ™ T .o_—
.o- .o- bn m:_.

(EMNOH) 00TH3d

#261°030-1d3S - 13IATT VIS
N STIVOHS Nvd DNIARA
VH133dS ALISNIG ASY3N3 DILINIM

ﬁ.m._” *98(]
~*qdag ‘TeAST B9S ) N ‘aaoJnesg
JoF eaaoads L37susp ABusUe OT38UTY

ghe aaridta

('H 4'D) AIN3N03Y

o1 a1 M__ hﬁ

1 — I ﬁ.—

-pt

L p1

“HT AT )/ Teml)

T T T -eu
M p n b4

{SuN0H) 0I¥3d

#2617030-1d35 - 13IATT v3IS
“O'N 140NV 34
! YH123dS ALISNIQ AODM3NT DI13NIA

184



References

Bosart, L. 1973. Detailed analysis of precipitation patterns associated
with meso scale features accompanying United States east coast
cyclogenesis. Mon. Wea. Rev. 101 (1}, 1-12.

Bosart, L., C. Vando and J. Helsdon 1972, Coastal frontogenesis.

J. of Appl. Meteor. 11 (8), 1236-1258.

Bosart, L. ard J. Cussen 1973. Gravity wave phenomena accompanylng east
coast cyclogenesis. Mon. Wea., Rev. 101 (5), Bde-h54,

Brooks, D.A, Sea level Fluctuations off the Carolina Coasts and their
relation to atmospheric foreing. Center for Marine and Coastal
Studles, North Carolina State University, Technlcal Report 77-6.

Brooks, D.A. and C.N.K. Mooers 1977. Tidal and longer period motions in
the Florida Current. Summer 1970. Deep Sea Res. 24, 399-425.

Bumpus, D.F. 1973. A description at the circulation on the continental

shelfl of the east coast of the United States. Progress in Oceano-
graphy, Vol. 6., New York, Pergamon, 111-156.

Crage, J. and W. Sturges 1974, Wind induced currents and sea surface
slopes in the eastern Gulf of Mexico. Florlda State Univef'sity
Technical Report. June.

Cutehin, P.L. and R,L. Smith 1973. Continental shelf waves: low fre-
quency variations 1n sea level and currents over the Oregon contl-

nental shelf. J. Phys. Oceanocgr. 3 (1), 73-82.

Duing, W., 1975. Synoptle studies of transients in the Florida Current.
J. Mar. Res. 33, 53-73.

Duing, W., C,N.K. Mooers ard T.N. Lee 1977. Low Frequency variability
in the Florida Current and relatlons to atmospheric forelng from
1972 to 1974. J. Geophys. Res. (in press).

185



Ekmen, V.W. 1905. On the Influence of the earth's rotatlon on ocean

eurrent. Arkiv fur Matematik, Astronoml ock Fysik 2, 1-52.

Garvine, R.W. 1971. A simple model of coastal upwelling dynamics.
J. Phys. Oceanogr. 1, 169-179 |

Green, C.K. 1944, Summer Upwelling-northeast coast of Florida. Science,
100 (2607), Su6-HuT.
Hamon, B.V. 1962. The spectrums of mean sea level at Sydney, Coff's

Harbor ard Lord Howe Island. J. Geophys. Res. 67, 5147-5155.

1963 (correction) J. Geophys. Res., 68 4635,

Hamon, B.V. 1966. Continental shelf waves and the effects of atmospheric

pressure and wind stress on sea level. J. Geophys. Res. 71, 2883-2893.

Hdaka, K. 1953. Wind-driven sea level change over a continental shelf.
Tech. Rept. No. 9, Texas A and M Research Foundation, October.
Huyer, A., B.M, Hickey, J.D. Smith, R.L. Smith, and R.P. Pillsbury 1975.

Alongshore coherence at low frequenclies in currents observed over

the Continental shelf off Oregon and Washington. J. Geophys. Res.

80 (21), 3496-3505.
Kundu, P.K., J.S. Allen, R.L. Smith 1975. Modal decomposition of the

velocity field near the Oregon Coast., J. Phys. Oceanogr. 5,

683-704,

lee, T.N., and D.A. Mayer 1977. Low frequency current variability and
spin-off eddles along the shelf off southeast Florida. J. Mar.
Res., 35 (1), 193-220.

Miller, A.R. 1957. The effect of steady winds on sea level at Atlantic

City. Meteoral. Monogr. 2, 29-31.

Miller, A.R. 1958. 'The effects of winds on outer levels on the New

England Coast. Limnol. and Oceanogr. 3, 1-14.

186



Mooers, C.N.K. and R.L. Smith 1968. Continental Shelf Waves off Oregon.

J. Geophys. Res. 73, 549-557.

Mysak, L.A., and B.V. Hamon 1969. Low frequency sea level behavior and

continental shelf waves. J. Geophys. Res., T4, 1397-1405.

Niiler, P.P. ard L.A. Mysak 1971. Barotroplc waves along the eastern

continental shelf. Geophys. Fluid Dyn. 2, 273-288.

NOAA 1970. FEnvirormental corditions within specific geographical regions:
offshore east and west coasts of the United States and in the Gulf of
Mexlco, Final Report, NODC, Envirormental Data Service, NOAA,
Washington, D.C.

Oort, A.H., ard A, Taylor 1963, On the kinetlc energy spectrum near the

ground. Mon. Wea. Rev, 97, 623-636,

Orlanski, I. 1969. The infiuence of bottom topography on the stabllity of
Jets in a baroclinic flud. J. Atm. Sci. g§_, 1216-1232,

Orlanskl, I. and M.D. Cox 1973. Baroclinic instability in ocean currents.
Geophys. Fluid Dyn. 4, 297-332.

Panshin, D.A. 1967. Sea level, winds and upwelling along the Oregon Coast.
MS thesls, Oregon State University, Corvalliis.

Parr, A.E. 1933. A geographic-ecological analysis of the seasonal change
in temperature correlations in shallow water along the Atlantic coast

of the U.S. Bull. Bingham Oceanogr. Coll. 4 (3), 1-90.

Petterson, S. 1963. Introduction to Meteorology 3rd edition. MeGraw-H1il1l,

New York, 333 pp.
Pietrafesa, L.J. 1970. Trapped and leaky shelf wave modes. unpublished M.S5.
Pletrafesa, L.J. 1973. Steady, baroclinic circulation on a continental

shelf, Ph.D. Dissertation. University of Washington, June,

187



Pietrafesa, L.J., D.A. Brooks, L.P, Atkinsen, R. D'Amato, and J. Bane 1977.
Preliminary data report, physical/dynamical observatlons made in
Onslow Bay; summer, fall and winter 1975. Center for Marine and Coastal

Studies, North Carollna State University, Tech. Report, 77-05
Pietrafesa, L.J., D.A. Brooks, R. D'Amato, L.P. Atkdnson 1978. Onslow

Bay physical/dynamical experiments; summer - fall, 1975. Uni-
versity of North Carolina, Sea Grant College Program Publication,

UNC - SG - 77 - 07.

Pillsbury, J.E. 1891. The Gulf Stream. Rept. Supt., U.S. Coast and
Geod Surv. for year ending June, 1890 p. 459-620.

Pond, 8. 1975. The exchanges of momentum, heat and molsture at the

ocean-atmosphere interface. Numerical Models of Ocean Circulation,

National Academy of Science, Washington, D.C. p 26-38.
Roden, G.I., 1960. On the nonseasonal variations in sea level along the
west coast of North America. J. Geophys. Res. 65, 2809-2826.

Ruzeekl, E.P. 197k, A souo—economic envirormental baseline summary for
the south atlantic reglon between Cape Hatteras, North Carolina
and Cape Canaveral, Florida: Vol, II - Climatology. Virginia
Institute of Marine Science Technical Report, September.

Saunders, P.M. 1977. Wind stress on the ocean over the eastemn contl-

nental shelf of North America. J. Phys. Oceanogr. 7, 555-566.

Schmitz, W.J. and W.S. Richardson 1968. On the transport of the Florida

Current. Deep Sea Res., 15, 679-693

Smith, R.L. 1974. A description of current, wind and sea level variatlons
during coastal upwelling off the Oregon coast, July-August 1972.

J. Geophys. Res. 79 (3), 435-443.
Taylor, C.B. and H.B. Stewart, Jr. 1959. Summer Upwelling along the east

coast of Flordia. J. Geophys. Res. 64 (1), 33-UO.

188



U.S. Navy 1970. Summary of Synoptic meteorological observations (SSMO)
for North American coastal Marine areas. Naval Weather Service
Environmental Detachment, Fed. Bldg., Asheville, N.C.

Ward, R. 1925. The Climates of the United States. Ginn, Boston, 338 pp.

Webster, F. 1961. The effects of mearders on the kinetic energy balance of
the Gulf Stream. Tellus, 13, 392-401.

Welander, P. 1957. Wind action on a shallow sea: Some generalization on
Eran's theory. Tellus, 9, 45-52.

Wunsch, C., D.V. Hansen, and D.D. Fetler, 1969. Fluctuations of the

Florida Current inferred for sea level records. Deep Sea Res. 16

(supplement), 447-470.

189






