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CQGI1'KNTAL MARGIN AWQSPHERZC CLINATOLCGY
AND COASTAL SEA LEVEL

Fram the many continental she1f dyrramics studies which have been
made in the past decade, it has becorra increasingly apparent that a
detailed analyst.s of continental margirr wat.ers can orang be accmqlished
with an appreciation of the coastal meteorology. Fortunately, coastal
meteorological and, in addition, coastal sea level data have been
archived and thus provide coastal oceanographers with inexpensive,
priceless and complirrLntary data sets. Past coastal sea level studies
have demonstrated that these data contain not only tidal data but also
sub-inertia1 frequency information which neasurab+ details shelf re-
sponse to atrmspheric forcing. Additionally, a particular region,
such as the South Atlantic Bight, can be characterized by the statistics
of the tea@oral spectra of both data sets as well by the alongshore
coherences which may exist. between stations. In this study, atmospheric
wind and pressure have been examined and correlated with coastal sea
level changes at various coastal stations a1ong the South Atlantic Bight
 Tables 1 and 2!.

The atmospheric climate overlgirrg the South Atlantic Bight is
determined by both polar and tropical marine air masses, resultizg in a
"temperate rainy" climate with mild winters, long hot sunxrers, and
adequate moist~ in a11 seasons, according to Koppen  see Pettersen,
1969!. The north-south surface temperature gradient over the eastern
U. S. rea.ches a seasonal rrLudrmzn in late winter of approximate+ 1.5 C
per degree latitude, which is about four times the sunaer ~ent. The
polar front, the actual zone of' rt~IrrrLrrrr teaperature contrast which
separates the colder continental air fry the ~r, more moist tropical
air, both intensifies and shifts sout~ M the winter to near Cape
Hatteras, resulting in a region of intense cyclogenesis stretching along
the eastern U. S. seaboard from Florida t~s northern Zurope. Nos
of the intense extratropica3. laws develop over the southeast U. S. but
show their greatest ~h as the stazms move offshore over the ~r
ocean, especially in the neighborhood of the Gulf Stream. The nean speed
of these synoptic-scale cyclones is 5-7 rq/sec �0-15 kts!, with less than
205 of the storms moving at speeds greater than 12.5 m/sec �5 kts!  NOAA,
1970!.

These wintertime extratropical cyclones  and to a lesser extend the
accampanyirig anticyclones! can affect the coastal oceanic circulation M
a number of direct and. indirect ways. The surface pressure and wirrl stress
patterns for a rrature low can be coherent over 600 krns., can persist fvi
3 to 4 days, and can directly drive a large-scale coastal current. Intense
laws are frequently accompanied by trail~ outbreaks of very cold polar
air, causing ~ cold ~s which move southeast~ over the south-
eastern states; and they can bring freezing weather and st~ winds as
far south as Florida, Smaller scale waves can develop along the polar
front near the southeastern coast which exhibit M+Qy variable stress



Table 1

Meteorological Stations

ZanpltudeLat5.tude

LatitudeStation

Beaufort, N.C.

Beaufort Inlet, N.C.

Wilmington, N.C.

Frying Pan Shoals, N.C.

Charleston, S.C,

Cape Hatteras, N.C.

Wilm1xZton, N.C.

Charleston, S.C.

Sammnah, Ga.

35'16'N

34414<N

32'46'N

32'05'N

Table 2

Sea Level Stations

3444+~N

34'41.6'N

34'13.6'N

33'29.1'N

32'46'N

75'33'W

77 57'W

79'56'W

81 06'N

76 40.2'W

76'42.7iW

77'57.2'W

77'35.4'W

79 56'W



and precipitat'ion pattern on t;he subsynoptic �0-100 km! scale  Bosart,
and Helsdcxlp 1972 j Bosart y 1973! Bosart and Cussen �973! have

found surface pressure fluctuations of 4-5 mb amplitude along the coast
and have attributed these perturbations to atmospheric gravity wave
generation by accorrjp~ring frontogenesis. Perhaps the most intense atmo-
spheric pressure and surface will stress patterns are associated with
the large-scale tropical storrrrs and h~icanes which develop primarily in
August-October and occasional+ migrate a1ang the Southeast coast, visit-
irrg the Carolina coast with a frequency of about one severe storm every
two years  U. S. Navy, 1970!. The rrateorological forcing on the Carolirra
Shelf is thus d<mLmted in winter by transient extratropical storms with
considerable variability in strength, structure, and persi,stence of the
important met;earological fields. The predortrir~t speeds reported to NOAA
�970! excec~ 8 rqj'sec �6 kts!.

The sugar rmteorological regime along the Camlina coast is con-
trolled by a st;rong weakening of the polar front and an intensification
of the Azores-Bermuda high. The region of most; intense cyclogenesis has
shifted north of Cape Hatteras and while sorre active frontogenesis and
cyclogenesis continues over the Southeast U. S. shelf, the atmospheric
variability there is decreased M surrlrrer. The predamirrant winds are lighter
and souther+ to southwester+. Some 60$ of the NQAA-collected surface
observations  NOAA, 1970! irrdicate wind speeds of less than 5 rq/sec �0 kts!,
while 15$ indicate wind speeds greater than 8 m/sec �6 kts!. The standard
deviation of the surface pressure shows both a, strong seas~ fluctua-
tion and a steady decrease with decreasirrg latit;ude south of Cape Hatteras
 U. S. Navy, 1970!. The starxlard deviation of the surface pressure at'
Charleston, S. C., is about one-half its mean winter value of 7 mb. Ward
�925! and his more recent co-workers suggest that a transition from a
northern cyclojnic-controlled cUroate to a more Gu1f-like climate with
higher temperatures and 1ess dr enatic weather occurs along the Southeast
shelf' near the latitude of Charleston.

On localized scales; an appreciable diur~ se~d breeze. as well
as an apparent semi-di~?mmanic thereof, are in evidence along ~~.
North Carolina coast  Pietrafesa, it;. al., 1977!.

The recent work of Saunders �977! suggests that there is a great
deal of offshore as well as alongshore structure to the mean wind fields
which gives rise to the need for meteorological buoys which would. allow
for an assessment; of the curl and divergence of the will field as well as
a mass and heat air/sea Mteraction evaluation. Saunders also points out
an offshore wind stress msorimum which occurs during early fa11; he finds
no apparent reason for this but it seems like+ that the air-sea tempera-
t'ure gradients may be largest during this time of the year, thereb~ '.~~~as-
irrg the drag coefficient and subsequently the relative stress field.

Another line of investigation has pursued the influence of nateoro-
logical forcirrg, albeit in a less systematic ~r. Xn the summer season,
near coastal winds with nort~  a1ongshore! components are c~ and
often persistent. Green �944! and Taylor and St~ �959! reported



evidence for surmez coast;al upwelUrg of northeast North Carolina.
Re@us �973! then inferred that wind-driven upwelling probably occurr-
ed throughout the South Atlantic Bight M the surfer seasan. Wunsch,
Hans', and Zetler �969! examined many years of sea level and meteoro-
logical data frcrrr Che Florida Straits region; t;hey found no evidence
for a significant, systematic meteorological influence on the Florida
Currmrt.

'le response of coastal surface elevation to continental atroo-
spheric fctreizg has been mraminM, by a number of investigators. Niller
�957 and 1958! studied the New I~and and New Jersey coasts; Hamon
�962, 1963, 1966! studied the Australian coasts; Pans?~ �967!, Nooers
and. arrith �968!, H.etrafesa �970!, Cutchin and Smith �973!, Smith
�974!, Kundu, Allen and Srrrith �975! and Huyer, Hickey, Smith, Bnith
and PiU.sbury �975! have separately and M part investigated the effects
of atmospheric forcing on sea level along the Pacific Northwest coast;
Nysak and H-ammn �969! partially studied the North Carolina coast;
Cragg and Sturges �974! did an in depth study of the West Florida shelf
while Brooks and Nooers �977! considered sea 1eve1 response a1ang the
Bash Florida shelf.

Sea surface elevations a1ong coast1ines are relat;ed t:o both along-
shore and transshcre wirxls. S~le Ekruan theory  Ekrnan, 1905! arxl sub-
sequent studies of both set-up and setdown  Hidaka., 1953; Welander,
1957! and shelf wave generation  Hamon, 1962, 1963, 1966; Nysak and
Hamon, 1967; Guten and Smith, 1973; Huyer, et. al., 1975!; have sup-
ported the evidence farsul~rtial frequency correlations between
atmospheric forcing and sea level signature.

~s review presents cross ~sea of surface wind and atmospheric
pressure which are then shown to provide the sea level response function
Co neteorologi.cal forcing. The ~U.cations which these result;s bear
for shelf circulation irvrestigations can t;hen be inf~ and supported
with current meter data collected in the area of interest  Piet;rafesa,
et. al., 1978a and 1978b!.

The literature cited suggests that variations in atmospheric pressure,
wind speed and ~et%on, currents all sub-inertial phencrnem, such as
shelf waves, can significantly affect the coast;al sea level signature.
Sea 1evel response to variations in coastal meteorological pressure fields
can be expressed in tezms of a factor which is frequency dependent. IC
can be best appreciated as Che relationship between the input to a filter
and the subsequent ccevolved output. Generally, a one centimeter depression
 rise! in sea level per one milU.bar increase  decrease! In bararetric
pressure is observed.

While the evidence for the existence of continental shelf waves
has been at C~s averred frorrr t;he cross-statistical analyses of t;idal
and meteorological dat;a, there have been few actual current meter obser
vations made at sufficiently extensive longshore stations to corroborate
Che passage of these phenrxnena. Huyer, et. al. �976! conf~A the
existence of such phemxrena along the Qvegon-Mascon coast and the
ongoing Departrr~nt of Energy current meter study between Cape Lookout



and Savannah by Dr. T. N. Lee  of the University of ~! and Dr. L. J.
Pietrafesa  of Mort;h Carolina State University! could confirm the Nysak
and Ehmon �969! contention of 0heir existence. Pietrafesa, et. al.
�978! have produced ~ent meter spectra from Qnslow Bay, N. C. which
show energy peaks at the 2.5-4, 5-7 and 8-11 day period ~, which
could be associated with southfnort~ propagating wave phenomena
Nonetheless, without; furt;her carroborat;ion, such as t;he Pietrafesa
study may yield, t;he separation of' free or forced Rossby wave sea level
response fram wirxi induced stationary sea level fluctuations is no more
than speculation.

Wunsch, et. al. resolved that ast;ronomical tides were responsible
for m>st of the sea level variations. HereM, it is of note that low
agency fluctuations, within t;he 0.5-.08 cpd frequency range, are an
observed feature of the Gulf Stream. Pi11sbury �890!, Parr �937!,
~, Nooem and Lee �977!, ~ �975!, Schmitz and Richardson �968!
and Lee and Nayer �977! all irxiependentIy observe such lateral, on-
shore-offshore periodicities of the current regime in the Gulf Stream
off of the Florida Coast. Webster �961! found a 0.14 cpd cross-shelf
meander of the Gulf Stream front off of Qnslow Bay, which seemed to be
correlated wit;h t;he cross-shelf wind component. Qrlanski �969!, Niiler
snd Nysak �971! and Cjrl~ arg Cox �973! independently suggest that
inherent baroclinic instabilities of the Gulf Stream can be responsible
for the energy which appears in the aforementioned freque~ domain
range- These instabilities would then farce a shelf water response
which could appear in the sea level signature. A c'contemporaneous descrip-
tion of coastal current, sea level, Gulf Stream d~pernic ehamcter and.
atmospheric forcing needs t;o be accceplished; such a study is included
M the aforenentioned Lee and Pietrafesa field studies extending from
Florida to Cape Hatteras, but M this report we shal3. simply report on
si coastal meteorological and sea level relati~ps.

Neteorological stations and tide gauge stations- chosen fpr-.this study
are respect;ively: Cape Hatteras, Wilm'.upon, Chariest;on and Savannah;
Beaufort, Beaufort inlet, Frying Pan Shoals, Wi3zrb~on, and Chariest:~.
'Ipse are geographically depicted M F~ l. Throughout this area the
contMenta1 shelf' tends to be shaH ow and ~ally broad with the ~or
exception of a narrow~ at Cape Hatt;eras and occasional Mcursions of
~s seaward of Capes Hatteras, Lookout and Fmr  cf. Figure 1!. 'Ihe
she1f break is typically at t;he 75 meter isobath. Though the topography
in the vicinity of each gauge varies considerably, the s~larity between
the low frequency, low passed sea level records at the various stations
supports the assumption that there is rrdr~& location inf1uence apparent;
in the spect~ ~s considered, save f' or the Frying Pan ~ and
Wilmington data, which may be geographically azxL/or topographicall» in-
fluenced.

In this pre~zmz",y data report, two years of hourly heights, recorded
to the nearest 2-3 centimeters were analyzed at each sea level st'ation.
Term hourly observations of atmospheric pressure and wind speed cUrec-
tion were obtained from the Savannah and Wi3zdz~on airports and Charleston



Figure l Location of meteorological and sea level stations
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high degree of horizontal coherence over length scales of the pressure
Meld much greater than the SAV-HAT radial separation distance which is
620 I m. The large horizontal coherence distance presumably reflects
Che synoptic meteorological scales associated with mid-latitude atmo-
spheric disturbances, especially during the fall, winter, spring periods.
'Ihe alongshore wind stress components  F~s 3 Chru 62! also show
essential correlation over' the SAV-HAT separation distance, but varia-
tions in intensity and structure between stations are more apparent t;han
in the pressure time series. Vector representations or stacks of stick
diagrams  Figures 51 � 62 og the wind stress during passage of coldfront events indicate the  rock.se rotation usually associated with
the passage of such an event over t;he station s!. Here it is noted that
HAT typically shows Che largest stress ~Cudes. Alongshore winds
terxl Co darrdnate both in magnitude and duration relative to the cross-
shelf components. Wind stress r'eversals, noted at all of the met stations,
occ~ on time scales of several days to several weeks, which is the
typical periods of forcing witkin Che atmospheric stress continuum.

HGRXZQNTAL WI3D CGHERZNCE

1Unetic Energy Density  KK!! spectra of alongshelf and transshelf
wind components at stations NIL and HAT during Che Surrrrrer, 1976;  Pietrafesa,
et. al., 1978b; Figures 321-324 and 337-340!, indicate t;hat within the
ter@oral period 2-14 days, there is a rise in the energy density as
approximately Che frequency Co the minus three ha ves power, which is
consistent with the fMc5rrgs of Oort and Taylor' �969! and Cragg and
Sturge" �974! for other coastal regions and is attributed to the passages
of cyclones azxL anticyclones. The KED curve flattens out at periods in
excess of 14 days. Within the temporal ranges of interest, of the con-
tinental shelf studies of Pietr&esa, the ~ from the order several
days Co a anth, alongshore grinds show a ~kably high degree of visual
correlation, save for occasional several day departures, in the station
CMe series shown in Figures 3 through 62. Me can observe similarly
good visual correlation between transshelf wind components between
station pairs over the whole of the radial separation distance with
occasional departures, in Che same figure series as above.

Over Che entire frequency range of 0,5-0.0$ cpd, alongshore winds
are rare energetic Chan cross-shelf winds. Figures 321-324 and 337-340
 in Pietrafesa, et. al., 1978b! show this in the KED's for WIL and HAT.
Mote Che strong cU.~ signal in Che o~off direction.

DLrring Che April-July, 1974 subset, alongshore wind components
between station pairs are in general more coherent; than off/on shore
wbxls at frequencies below 0.23 cpd and vice versa at frequencies above
0.23 cpd. The exceptions are WTl HAT where C2 is always higher for along-
shore vs. Cransshore ~s azxl 4~HAT where alongshor'e winds are more
coherent below 0.3 cpd arxl transshore winds are more coher'errt above 0.3
cpd. The Sept.-Dec., 1974 subset offers greater ccarrplexity in Chat, with



minim variations, alongshore vdmh are generally rmre coherent than cross-
shore wires at frequencies below 0.12 cpd, Mgher between 0.14 and 0.28
cpd at the northerly stations. C2's between station pair components var y
above 0.28 cpd. Figures 204 through 247 depict the various cross-
correlations. Alongshore wind pairs display less phase shifts, which
are typically less than a few hours, than cross-shelf wind pairs. 'Ibis
is evident frcan both the time series and the cross-correlations. Addi-
tionally, it is noted that alongshore winds over radial separation dis-
tances as large as 630 W have C 's always in excess of 0.5 and occasionally
hdgher than 0. 6! at ~uencies below 0. 3 cpd but tend to become less
coh~ at a C rate of O.l per 150 ktn increase in station pair separa-
tion dist;ance.

It can therefore be concluded that ~ recorded at; any one of
the coastal stations could, at least qualitative, be representative
of the wind fields at any of the other stations, with appropriate re-
servation. 'lhe adequacy of representation is an event, season, loca-
tion sensitive variable, but for events within the frequency band 0.3 to
0.05 cpd the contention is not without evidential basis. What is suggested
herein is 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 lazge but~tP data indicates little ~f a def'initive
nature about the cur1 of 7 y or t;he divergence of 7 and moreover
nothing about the offsham wind field structure, which is the actual
mechanical fare~ function

ATNOSPHEfKC FISSURE Q3HEZEHCZ

Fort;y hour low-passed atmospheric pressure from the met stations
indicate a high degree of coherence with daily pressures rarely differ-
ing by mare than several millibars between stations. The Phase ~s
are nearly zero at all frequencies save for shifts of the order of 0-20
degrees over radial distances the order of 100-650 kms  egs. HAT/WIL,
FigLrre 174; HAT/SAV, Figure 178; CHS/SAV, Figure 176!. The southerly
met stat;ians typically 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 cpd, below that the pair are in 0
degree phase; WIL leads CHS fram 0.1-0.2 cpd, lags above and is in 0
degree phase below; CHS leads SAV fran below 0. 2 cpd and 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 period Sept.�
Dec., 1974, the southerly stations consistently lead the more northerly
station pair, over all frequencies, with no exceptions. It certainly
appear s, herein, from the cmss-correlations between station pairs that
the pressure spectrum at any individual stat,ion is reasonably represen-
tative of that: at any other with minor ~ustments in phase aq a &m-
et'ion of the pairir~ and the frequency. Coherence squared  C ! is
typically in excess of 0.9 over station radial separation distances the
order of 200 km and drops off fram 0.95 to 0.5 at distances in excess
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transshelf ~ cases, with C 's in excess of 0.5 at periods of 3-421

dsys e

These spectra imply that there is a substantial and coherent
coupUng between the sea level response variable and the wind input
variable, part;icularly at selective frequencies, i.e., in simplistic
terms the membrane responds to the forcing within the band af the forc-
ing frequencies. Zn fact the KED's of sea level demonstrate the sane
rise of erÃzgy to the mfzus three-halfs power of frequency over periods
of several days t;o several weeks wM.ch is shown in the wizd spectra
 figures 248, 249 and 250!.

It is of noCe herein that the KED's irdicate a rise in energy
levels Prem narth t;o south, i.e., fram HFT to FPS to CHS  Figures 248-
250! over the entire frequency ~. 'Lhls is consistent', at the semi-
diurnal period of 12-41 hours, with the motion of the sunni-diurnal t;ide
~cpaIgsting as a Poincare wave which increases in smplitude as the shelf
widens, as it does fran Cape Hatteras to Savannah. A doublet sp~ at
the diurnal period appears in all of the sea 1evel KED's; there is na
imediate explanation far this phenanexxm.

It was deemed necessary, at this point, t;o proceed in the data
amQgsis of the met/sea level t~ series by canputing multiple co-
herences between pressure, wizxi canponents and sea level and, to can-
pute in phase transfer functions between the atmospheric variables and
sea level. Since pressure and wizxi are coherent over varying frequency
bazxls, between each other, as well as separate+ with sea level, it is
enlightening to input age atmospheric variable, then another and finally
another and watch the C 's with sea level be either augnented, enharmed
or reduced. It is useful to compute t;he ratio of the co-spect;rum of
sea level and alongshore ar cross-shore winds or pressure to the aut;o-
spectrum of the respective atmospheric variable; a unifozm  no~faze!
ratio over st spectral range would then be indicative of no preferential
 of a prefererzCial! frequency barxl within which air-sea mxnentm transfers
are mare efficient which is further izdicative of no resonance  of
rescmnce! between the atmosphere azxl sea level.

These latter MzxLs of data products are buried M the data presented
but need to be fczm.Qly accomplished.

Considering the alongshore and cross-she1f wind stress ccmponents

 heretod'ore r and r j and adjusted sea level, 1t 1s noted that sea

level consistently, without exception, lags ~ but leads

Mditionally, it should be noted that ~ leads T over the mast
cohererrC bands, between the two, and M fact the two camponents tend to
be in quadrature. This is erzCire1y consistent with the scenario of sea
level falj~g at; the coast due to increasing offshore or sout;hwesterly,
alongshore wirxB anal rising with increased onshore or northeasterly wirds.
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It appears that sea level  SL! frccn CHS to BFI responds, to some
measure, in a conventional Ekman sense, i.e., SL fluctuates up or down
in direct response to wind stress both M t;he alongshore and trans-
~ directions. Southwesterly  northeasterly! wires produce a set-
down  setup! of SL 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 series of sea level at CHS and the wind st;ress field
at CHS from 5-20 January, 1974  days 5-20 in Figures 63 and 27!. The
coastal Ekzan scenario follows so well that even a relaxation in the
mgrBtude of the st'ress field, which was directed to the northeast on
days 9 and 10 was mir~~M in a slight increase in sea level. HPT-
SL is entirely consistent with the CHS Ekman schmo during this
period given the agreenent of the HAT, WXL and CHS winds. Ihe south-
westerly to northeaster+ weird reversal which occurred durir~ day 11
�1 Jan., 1974!, consistent; with the clockwise wind stress vector ro-

tation of a cold front, Figure 51, from r - 0.6 dynes/cm t;o
-0.5 dynes/cm resulted a drop in sea level of approximately 55 cm.

It; is of note here Chat; the sea level data, particularly inter
canparisons of the BFI'/FPS time series because they imply that not
only transshelf but also alongshelf slopes of sea surface, consistent
with a piling up of' the surface wat;ers in t;he direction of t;he will,
exist. Qn 1 December 1974 a large southwesterly wind event occurred
and not only dropped sea level at FPS and BFI', which were both at 130
cm height at the event onset, but created a 50 cm rise in sea level
from FPS to HFT, a radial distance of 150 km. 'Ihis is evident M
Figures 20 and 68 which shows evidence for the exist;ence of l~ore
pressure gradients, which were hypothesized to exist by Garvine �971!
and used i.n a mathemati.cal model of coastal Qmmi,cs by Pietrafesa
�973! to drive a cross-shelf interior flow t~by el~ting the
necessity of a bottoxn, frictional layer to balance the offshore Ekman
transport. In a barotropic geostrophic sense the cross-shelf flow
indeed by this longshore pressure gradient, using the relation u =
 gf !g is of the order of 23 cm/sec. The lorashore variations M a~a
level deserved between Capes lookout and Fear, wKtch define Qnslow Bay
in the a1ongshore direction, are certainly no proof of the existence of
G~e's contention nor a Justification of Pietrafesa's use of the
longshore pressure gradient in his model, since both of these investiga-
tors were dealing with straight coastlines having no longitudizal cojn-
straints and the cape shoals do canstrain the hydroctynamics within.
CHS vs. SAV sea level intercomparisons would offer a more generic look
at the question of existence of a q in. concert with an imposed

at the surface.

A simplified balance in t;he alongshore direction could be writ;ten

as q - v y g D where D is the depth of t' he direct wind induced
layer  t: he layer within which the wind is piled up!. The example

presented above of a h< of 50 cm ~ HFZ to FPS, a distance of 150 km,



with a ! T "   of 0.9 dynes/cm indicates a D of 2.8 meters.2

A great deal of visual c~ation is obvious M the time series
of filtered sea level  Figures 63 through 86!. 'Ihe EHnetic Energy
Density representations  Figures 248-250! also indicate that BPT, FPS
and CHS contain the similar energetics, save for the fact that the
energy level rises fran north to south, especi~ in the shape of the
curve, as we described ear1ier in the text.

The cross analyses of sea level, including most of the pairing
ccmbinatiotns, between CHS, BP7, WIL and FPS are sheen in Figures 179
thru. 203. Consider several subsets, not including tjwtIL Ln the discussion
because of the aformentioned fact that WIL is 27 miles �5 Im! frcm
the maxth of the tidal, wind and river runoff influenced Cape Fear
River Estuary.

During the Sept.-Dec., 1974 subset,  Figure 197! HPZ and CHS are
cohervrzt  above the 955 confidence level, which loses scxne crecU.ble
me~ at C2's too low! over the ezztire frequency range. 'Ihere are
several hlgtgy siSC~cant peniod bands which should be noted: at
2.25 days, C - 0.8 and CHS leads HFT by Q hours; at 3.6 days, C
0.85, CHS leads HFT by 4 1/3 hours; at periods above 10 days the two

stations are essentially in phase. I%ring this same period: CHS

azxl x  Figure 228! are most cohererrt at periods encompassing 3 and

6-7 days arxl are close to quadrature �0-90 ! with v leading
SAV T and v !  Figure 229! are more broadly cohererrt, over the
period range 2.8 - l0 days and also indicate x leadirg x by

approximately 60 -80; HAT w leads ~  F~ 226! at 2+, 3

arKl 10 day periods by 90 -110 . WIL v and
 Figure 227! closely fo11ow those of SAV with the two components being
very close to qu-u3rature. The phase relationships between these wind
cantmnents and to sea level indicate a lowering of sea level with

increasing positive x arri T wind stress with the offshore ~
pagation of an anticyclone cold ~ whereby, frcrn the coast seaward
a southeasterly wind would begin to rotate clockwise, while sea level
dropped to sorm. mazrimum law as the wind became southwesterly, then began
to rise as the wind stated to be northwesterly to northerly and so-on.

During this same Sept.-Dec., 1974 period: FPS was coherent with
BF7  Figure 200! at 2 and 5-8 day periods, with miz~al coherence  904
confidence level! at 3 day periods, with FPS leading BFZ at the 3 and
5-8 day periods by about 15 hours and 25-40 hours; FPS and CHS  Figure
202! are coherent at 2 and 3-9 day periods  esp. at &8 days! with FPS
leadiz~ CHS by 0.45 days, at 0.275 cpd and 0.4 days between 0.16 and
0.12 cpd frequencies suggest~ an everrt propagation speed of 5 m/sec.
frets Frying Pan Shoals to Charleston.

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



that the phase Rag between ~ two is el~mted and then reconsider
the correlatim between the two t~ series. Om could also con4ider
the average ratio of sea level amplitude to wird speed magnitude, a
value to be ccmpared to the magnitude of the average of the ratio of
the co-spectrutn of sea level azxi added ccxnpoumt to the auto-spectrum
of the wird component. 'Ipse calculations will be done in a repcW
to follow.

Monthly to seasanal to armful variations M sea level, due to the
thermal variability of the water colure and the charges M the a~
spheric, marMe climatology will be investigated M the report to
follow. Seasonal to ~al hanrxxd.cs could be eliminated from the
t~ series, thereby suppressing the long period ccntarninatian of the
short .p~od correlations.

By extractirg data ~ch represents a change ~ ~ one of the
atmospheric variables, wMle the other variables rem;~ belaw same
greatest lawer bourxi, one could plot the sea level response to changes
in thst variable alone. ~, a functicmal relati~p between sea
level anal atmospheric pressure and wlrd cou1d be obt~ed in an empirical
fashion.

'Ibis type of procedure cou1d be done for w~s blmdrg in any
~ctian and should result M a curve ~ch locates the changes in
sea level as a function of wirxi cUrection, station by station.

Because of the problem wMch were encount,ered in obtainirg tide
gauge data fram NQgjKQS, we do not have all of the data which is
probabQ available for both the years and area of interest. We did
mt receive the Frying Pan Shoal sea level data until recent+ arri
so were not able to fu11y incorporate this valuable data set into
our analysis to date. Fortunately though, this is a prelin~~r assess-
~nt of the atmospheric cytology and sea level M the Carolina Capes
r~m of the South Atlarrbic Bight and the report to follow tMs initial
effort; will be more inclusive and extensive and Mll irmorporate the
moored current, temperature, pressure, corxtuctivity data as has been done
by other Mvestigators  eg: Smith, 3.974; Cragg ar6 Sturges> 1974!.
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p$~ 3 Temperature, pressure, wind velocity components
and wMd stress cctIIponents at Cape Hatteras, N. C.,
Jan. through Feb., 1974
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Pipure 4 Tetrpevature, pressure, wind velocity ccmponents

and wlrxi stress corrponents at Cape Hatteras, N. C.,
Mar. thrcegh Apr., 1974
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Figure 5 Temperature, pressure, wind velocity carqmnents
and wind stress components at Cape Hatteras, N. C.,
Nay through June, l970
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Figure 6 Vangemture, pressure, wind velocity components
and wind stress corrponents at Cape Hatteras, N. C.,
July thro~ Aug., l974
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Figure 7 Temperature, pressure, wind velocity components
and wind stress components at Cape Hatteras, N. C.,
Sept. through Oct., 1974
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Nov. through Dec., 1974
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F~e 9 TerTIperature, pressure, wind velocity components
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Figure 10 ~mture, pressure, wixxi velocity components
and wirxI stress components at Cape Hatteras, N. C.,
Nar. through Apr. 1975
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Figure ll Temperature, pressure, wind velocity components
and wind stress components at Cape Hatteras, N. C.,
Nay through June, 197>
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Figure l3 Temperature, pressure, wind velocity components
and wirxi stress components at Cape Hatteras, N. C.,
Sept. through Oct., l975
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Figure 14 Temperature, pressure, wMd veloc1ty components
and ~ stress components at Cape Hatteras, N. C ,
Nov. through Dec., 197$
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Figure 15 ~rature, pressure, wind velocity components
and. wind stress corrponents at Wi1minI@on, N. C.,
Jan. through Feb., 1974
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Figure 16 Temperature, pressure, wind velocity components
and ThTird. StreSS Components at tRti1ITIit~on, N. C.,
Nar. through Apr., 1974
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&pure 17 Temperature, pressure, Tend velocity components
and wind stress components at WilmingtoII, N. C.,
Nay thro~ June, 1974
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Picture l8 Temperature, pressure, wind velocity components
and Tound stress components at Wilmir~on, N. C.,
Zulg through Aug., l974
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Figure 19 Temperature, pressure, wizd velocity components
and ~ stress components at Wilmington, N. C.,
Sept. thro~ Oct., 1974
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Figure 20 Temperature, pressure, wind veloce.ty components
and wind stress components at Wilmiz~on, N. C.,
Nov. through Dec., l974
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F~ 21 Temperature, pressure, vdnd velocity components
and wind stress components at Wilmb~on, N. C.,
Jan. through Feb., l975
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P1gure 22 Temperature, pressure, wind velocity coIIIponents
and wind stress components at W11IIIington, N. c.,
Mar. through Apr., 1975
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figure 23 Temperature, pressure, ~d velocity components
and ~ stress corrtponents at: Wilmington, N. C.,
%qr through June, 1975
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Figure 24 Temperature, pressure, wirxi velocity components
and wind stress components at Ni&Mgi;on, N. C.,
July through Aug., l975
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Figure 25 Temperature, pressure, ~ velocity components
and ~d stress components at Wilst~gton, N. C.,
Sept. ~ugh Oct., l975
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Figure 26 Terryerature, pressure, vrLnd velocity components
and wind stress components at Wilz&Igton, N. C.,
Nov. through Dec., l97$
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Figure 27 Temperature, pressure, wind velocity components
and wind stress ccIIIponents at Charleston, S. C.,
Jan. through Feb., 1974
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FIgure 28 TeIIIperature, pressure, vend velocity components
and w~ stress components at Charleston, S. C.,
Mar. through Apr., 1974
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Pigure 29 Temperature, pressure, wind velocity components
and w1nd stress components at Charleston, S. C.,
Nay thro~ June, 1974
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Figure 30 ~erature, pressure, wind velocity components
and wind stress cortIponentS at Charleston, S. C.,
July thro~ Aug., 1974
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Figure 31 Temperature, pressure, wirxi ver.acuity components
and wind stress components at Charleston, S. C.,
Sept. through Oct., l974
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Figure 32 ~rature, pressure, ThTind velocity components
and wind stress components at Charleston, S. C.,
Nov. through Dec., 1974
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Pigure 33 '3mperature, pressure, wind velocity congonents
and w1ml stress components at Charleston, S. C.,
Zan. through Peb., 1975
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Figure 34 Temperature, pressure, wind velocity components
and wind stress components at Charleston, S. C.,
Mar. through Apr., 1975
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Figure 35 Temperature, pressure, IHind velocity components
and ~ stress components at Charleston, S. C.,
Nay through June, 1975
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Figure 36 Temperature, pressure, wind velocity components
and wind stress components at Charleston, S. C.,
J~ through Aug,, 1975
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Figure 37 'temperature, pressure, I/Iield velocity components
and w1rd stress components at Charleston, S. C.,
Sept. through Oct., 1975



CHP RLESTON,S.C.
NOV.- DEC., 975

PRESS

U HIHD

V HAIN

U STRESS

V STRESS

Flare 38 Temperature, pressure, wind velocity components
and wirxi stress components at Charleston, S. C.,
Nov. thro~ Dec., l975
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Fi~ 39 ~rature, pressure, wind velocity components
and wind stress ccsTTponents at Sav~~, Ga.,
Jan. through Feb., 1974
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Pigure 40 Temperature, pressure, wind ver.ocity components
and weird stress components at Sacr!nab, Ga.,
Mar. throu' Apr., l974
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Figure 41 Temperature, pressure, wind velocity components
and wirxi stress components at Samrnnah, Ga.,
May through June, 1974
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Figure 02 Ten@erat;ure, pressure, Mnd velocity canponents
and wirxl stress components at Savannah, Ga.,
July thro~ Aug., 1970
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Figure 43 Temperature, pressure, wind velocity components
and wind stress components at Sav~zzr&, Ga.,
Sept. through Oct,, l974
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Figure 44 ~rature, pressure, wind velocity components
and wind stress corrponents at Savanr~, Ga.,
Nov. through Dec., 1974
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Figure 45 Temperature, pressure, wind velocity cotIIponents
and wind stress components at Savannah, Ga.,
Jan. through Feb., 1975
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F1gure 46 Temperature, pressure, wind velocity components
and ada stress cmponents at Savannah, Ga.,
Mar. through Apr., 1975
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Figure 47 ~rature, pressure, Wnd veloc1ty components
and wirxi stress components at Savannah, Ga.,
Nay through June, l975
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Figure 48 Temperature, pressure, wind velocity components
and wird stress components at Sai~rnh, Ga.,
July thro~ Aug., l975
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Figure 49 Temperature, pressure, wind velocity components
and wind stress components at Sav:tnnah, Ga.,
Sept. through Oct., l975
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Nov. through Dec., l975
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Figure 5l Wird stress vectors at Cape Hatteras, N. C.,
Wilmi.ngton, N. C., Charleston, S. C. and Savarnah,
Ga., Jan through Feb., l974
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Pigure 52 W~ stress vectors at Cape Hatteras, N. C.,
Wll~ton, N. C., Charleston, S. C,, and Savannah,
Ga., Mar. through Apr., 1974
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Figure 53 Wind stress vectors at Cape Hatteras, N. C.,
Wilmir~on, N. C., Charleston, S. C. and Sa~~,
Ga., Nay through June, l979
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NH;LIre 54 Wind stress vectors at Cape Hatteras, N. C.,
Wihtdngton, N. C., Charleston, S. C., and Savannah,
Ga., July through Aug., 1974
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Picture 55 Wind stress vectors at Cape Hatteras, N. C.,
WilrW~on, N. C., Charleston, S. C. and Savannah,
Ga., Sept. through Oct., 1974
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H.gtxm 57 Wind stress vectors at Cape Hatteras, N. C.,
Wilmlngton, N. C., Charleston, S. C. and Savarmah,
Ga., Jan. through Feb., 1975
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Figure 58 Wind stress vectors at Cape Ehtteras, N. C.,
Wijmington, N. C., Charleston, S. C. and Sax~~,
Ga., Nar. through Apr., 1975
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figure 59 Wfzd stress vectors at Cape Hatteras, N. C.,
Wi~<on, N. C., Charleston, S. I . and Savannah,
Ga., Nay through June, 1975
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Figgre 60 W1rxi stress vectors at Cape Hatteras, N. C.,
Wilm~Con, N. C., Charleston, S. C. and Savannah,
Ga., July through Aug., l975
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~~ 61 Wird stress vectors at Cape Hatteras, N. C.,
WMrdz~on, N. C., Charleston, S. C. and Savannah,
Ga., Sept . through Oct., 1975
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Figure 62 Wind stress vectors at Cape Hatteras, N. C.,
Wilrrdz~on, N. C., Charleston, S. C. and Sav~&~,
Ga., Nov. through Dec., l975
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PigLIre 63 Sea leVel meaSuremmtS at BeaufOrt, N. C.,
Beaufort Inlet, N. C., W~1ngton, N. C. and
Charleston, S. C., Jan. through Feb., 1974
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Figure 65 Sea level rreasurerrents at Beaufort, N. C.,
Beaufort Inlet, N. C., WX~Mn, N. C. and
Charleston, S. C., Nay t;hro~ June, 1974
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Figure 66 Sea level meas~nts at Beaufort, N. C.,
Beaufort Inlet, N. C., Wilmir~on, N. C. md
Charleston, S. C., July thro~ Aug., 1974
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Figure 67 Sea level measurenents at Prying Pan Shoals, N. C.,
~ort, N. C., Beaufort Inlet, N. C., Wilmingt;on,
N. C. and Charleston, S. C., Sept. through Oct., 1974
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Figure 68 Sea level naas~nts at Frying Pan Shoals, N. C.,
Beaufort, N. C., Wilmb@ton, N. C. and Charleston,
S. C., Nov. through Dec. 1974
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Figure 69 Sea level measurements at Wilmington, N. C. and
Charleston, S. C., Jan. through Feb., l975
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Figure 70 Sea level nmasurements at Wi~<on, N. C. and
~le@ton, S. C., 1hr. through Apr., 1975
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Figure 71 Sea level naasurenents at; trltilmington, N. C. and
Charleston, S. C., Nay thro~ June, 1975
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Figure 72 Sea level measurements at WilrM~on, N. C. and
Charleston, S. C., July thro~ Aup., 1975
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Figure 73 Sea level measurerents at Wilm~on, N. C�and
Charleston, S. C., Sept. thx0~ Oct., 1975
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Fig@."e 7A Sea level measurement;s at Wile~on, N. C. and
Charlesten, S. C., Nov. through Dec., 1975
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e 75 A@usted sea level measurerrents at Beaufort, N. C.,
Beaufort IrQ.et, N. C., Wi:tmirgton, N. C. and
Charleston, S. C., Jan. through Feb., l974
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Figure 76 Adjusted sea level rneasuremnts at Beaufort, N. C.,
Beaufort XrQ.et, N. C., WilIIIington, N. C. and
Charleston, S. C., War. through Apr., 1974
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F~e 77 Ac@usted sea level IIIeasurerrents at Beaufort, N. C.,
Beaufort IriLet, N. C., W13mizgton, N. C. and
Charleston, S. C., Rgr through June, 1974
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Figure 78 Ac@usted sea level measurements at Beaufort, N. C.,
Beaufort Inlet, N. C., Wilrnington, N. C. and
Charleston, S. C., July through Aug., l97L4
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Figure 79 AdJusted sea level measurements at Fry~ Pan Shoals,
N. C., Beaufort;, N. C. Beaufort Inlet;, N. C.,
Wi~natan, N. C. and Charleston, S. C., Sept.
through Oct., 1974
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Figure 80 %@usted sea level measurements at Frying Pan Shoals,
N. C., Beaufort, N. C., Wilrrdr~on, N. C. axe
Charleston, S. C., Nov. through Dec., 197Ll
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Figure 81 MJusted sea level measurements at Wi&~on, N. C.
md Charleston, S. C., Jan. through Feb., 1975
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Figure 82 A@usted sea level neasurerrents at Wilxnington, N. C.
and Charleston, S. C., Nar. thro~ Apr., l975
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Figure 83 Ac/usted sea level measurements at Wilmtx~on, C. C.
and Charleston, S. C., Nay thro~ June, 1975
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F1gure 84 A+usted sea level amasurenents at WilzrLr~on, N. C.
and Charleston, S. C., July through Aug., 1975
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Figure 85 A+usted sea level rreas~wents at Wi2zdngton, N. C.
and. Charleston, S. C., Sept. through Oct., 1975
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Figure 86 Ad/usted sea level maasuremnts at W13xrington, N, C.
and Charleston, S. C., Nov. thro~ 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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Spectra of wind stress u component at Cape Hatteras,
N. C. vs. the ~usted sea level at Beaufort, N. C.,
1974



Figure 89 Spectra of w~ stress v component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C., 1974
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Figure 90 Spectra of whats stress v component at Cape Hatteras,
N. C. vs. the a<+usted sea level at 2eaufort, N. C.,
1974
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FLggre 94 Spectra of wiA5 stress v compormnt at Wilmingtm,
N. C. vs. the adJusted sea level at Wilm~tan,
N. C., 1974
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P1~jre 93 Spectra of wind stress v component at Wilndr~on,
Na C. vs. the sea level at Winning@>n, Na C., 1974



Figure 95 Spectra of ~d stress u component at Charleston,
S. C. vs. the sea level at Charleston, S. C., 1974
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Figure 96 Spectra of ~ stress u component at Charleston,
S. C. vs. the adJustecl sea level at Charleston,
S. C., 1970
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Figure 97 Spectra of wind stress v corrponent at Charleston,
S. C. vs. the sea level at Charleston, S. C., 1974
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Figure 98 Spectra of wind stress v component at Charleston,
S. C. vs. the adJusted sea level at Charleston,
S. C., 1974
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Figure 100 Spectra of' wind stress u component at Cape Hatteras,
N. C. vs. the ~usted sea level at Beaufort, N.C.
April-July l974
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Figure 99 Spectra of wind stress u component at Cape IIatteras,
N. C. vs. the sea level at Beaufort, iV. C.
April-July 1974



Figure 101 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C.
AprilMu1p 1974
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Pigure 102 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the ~usted sea level at Cape Hatteras,
N. C., April&uly 1974
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Figure 104 Spectra of wind stress u component at Wil~on,
N. C. vs. the adJusted sea level at Wilmington,
N. C., April&~ 1974
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Figure 103 Spectra of wind stress u component at Wilmington, N. C.,
vs. the sea level at WiQrrir~on, N. C., April-J~ 1974



Figure 105 Spectra of wind stress v component at Wilni1npton,
N. C. vs. the sea level at Wilmington, N. C.
April-July l974
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Figure 106 Spectra of wind stress v conpceent at Wi~kon,
N. C. vs. the ~usted sea level at Wilmington,
N. C., April&u|y 1974
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Figure 107 Spectra of' wind stress u component at Charleston,
S. C. vs. the sea level at Charleston, S. C.April-Zuly 1974 a U 0 C aa 05
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Figure 108 Spectra of wind stress u component at Charleston,
S. C. vs. the a@usted sea level at Charleston,
S. C., Ape].&uly 1974
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Figure 109 Spectra of wirxi stress v component at Charleston,
S. C. vs. the sea level at Charleston, S. C.
AprilMuly 19'f4
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Fi~ 110 Spectra of wind stress v component at, Charleston,
S. C. vs. the ~usted sea level at Charleston,
S. C., April-July 1970
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F~e ill Spectra of vrlnd stress u component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C.
Sept.-Dec 1974
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Figure 112 Spectra of wound stress u component at Cape Hatteras,
N. C. vs. the adJusted sea level at Beaufort, N. C.
Sept.-Dec. 1974



Figure 113 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the sea level at Beaufort, N. C.
Sept.-Dec. 1974

Figure 114 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the ac/usted sea level at Beaufort, N. C.
Sept.-Dec. 1974
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Figure 116 Spectra of wind stress u component at Wi>nir~on, N. C.
vs. the ~usted sea level at Wilrrdz~on, N. C.
Sept.-Dec. 1974

ll7

T

ga
gi

J
4I as as as as

Spectra of wind. stress u component at Wiln&~on, N. C.
vs. the sea level at Wilmington, N. C. Sept.-Dec. 1974



Figure 117 Spectra of wind stress v component at Wilmineton,
N. C. vs. the sea level at Wilmb~on, N. C.,
Sept.-Dec. 1974

Figure 118 Spectra of wind stress v component at Wilmdngtan,
N. C. vs. the +@usted sea level at Wilmington,
N. C., Sept.-Dec. 1974
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Spectra of wind stress u component at Charleston,
S. C. vs. the adJusted sea level at Charleston,
S. C., Sept.-Dec. 1974

Pigure 120

119

Fibre 119 Spectra of wine| stress u component at Charleston,
S. C. vs. the sea level at Charleston, S. C.,
Sept.-Dec. 1974



Figure 121 Spectra of wind stress v component at Charleston,
S. C. vs. the sea level at Charleston, S. C.,
Sept.-Dec, l974

Figure l22 Spectra of wind stress v component at Charleston,
S. C. vs. the adJusted sea leveL at. Charleston,
S. C., Sept.-Dec. 1974
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Pigure 12! Spectra of pressure at Cape H'atteras, N. C. vs.
sea level at Beaufort, N. C., 1974
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R.gave 124 Spectra of pressure at Cape Hatteras, N. C. vs,
ac/usted sea leve1 at Beaufort, N. C., 1974

121



%pure l25 Sperm of pressure at; WHm~on, N. C. vs. sea
level at Wilm.'teton, N. C., l974
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7+pxve 126 Spectra of pressure at; WilminpCon, N. C. vs.
ac/usted sea level at Wigan, N. C., l974
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~yes 128 Spectra of pressure at Charleston, S. C. vs.
adjust& sea level at Charleston, S. C., 1974
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Enure 127 Spectra of pressure at Charleston, S. C. vs. sea
level at Qmrleston, S. C., 1974
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E~~ l29 Spectra of pressure at WUzdngton, N. C. vs. sea
level at WMnimp<on, N. C., 3.975

I

as
~ CI. PMI

l30 Spectra of pressure at Wi3mLngt,on, N. C. vs.
++usted sea level at Wilton, N. C., 1975
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Figure 131 Spectra of pressure at Charleston, S. C. vs. sea
level at Charleston, S. C., 1975
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P~ure 132 Spectra of pressure at Charleston, S. C. vs.
%+usted sea level St Charleston, S. C., 1975
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Fij~ 133 Spectra of pressure at Cape Hatteras, N. C. vs.
sea level at Beaufort, N. C., AprilM~ 1974

Picture 134 Spectra of pressure at Cape Hatteras, N. C. vs.
adJusted sea level at Beaufort, N. C., April-
July 1974
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Piguv 135 Spectra of pressure at Wilmdzgton, N. C. vs. sea
level at WGmington, N, C., April&ulg 1974

I'igure 136
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Spectra of pressure at Wilz~ton, N. C. vs. adJusted
sea level at, Wi&~on, N. C., April-Ju1y 1974



Wyz+ l37 Spectra of pressure at Charleston, S. C. vs. sea
level at Charleston, S. C., AprilMuly 1974

%gore l38 Spectra of pressure a.t Charlesotn, S. C. vs.
a@usted sea level at Charleston, S. C., Aprll-
Julg l974
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F1~ 139 Spectra of pressure at Cape Hatteras, N. C. vs.
sea level at Beaufort, N.C., Sept.-Dec. 1974
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Fguve 140 Spectra of pressure at Cape Hatteras, N. C. vs.
ad/us~ sea level at Beaufext, N.C., Sept.�
Dec. 197 I
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Figure 14l Spectra of pressure at Wijmtngton, N, C. vs. sea
level at Wild~on, N. C., Sept.-Dec. 1974
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E'inure 142 Spectra of pressure at Wilmlzpton, N. C. vs.
ac/usted sea leve1 at WM~~+on, N. C., Sept.-
Dec. 1974
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P4~re 143 Spectra of pressure at Charleston, S. C. vs. sea
level at Charleston, S. C., Sept.-Dec. 1974
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P+ure 144 Spectra of pressure at Charleston, S. C. vs.
++usted sea level at Charleston, S. C., Sept.�
Dec. 1974
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Figure 145 Spectra of pressure at Cape Hatteras, N. C. vs.
~ stress u component at Cape Hatteras, N. C.,
1974

~pare 146 Spectra of pressure at Cape Hatteras, N. C. vs.
weird stress v component at Cape Hatteras, N. C.,
1974
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~pxre 147 Spectra oZ pressure at Wi~gban, N. C. vs. wined
stress u caaponent at W~z~bsn, N. C., 1974

Fl~ue 148 Spectra of pressure at Wi1mington, N. C. vs wirxl
stress v component at WI1mfmgton, N. C., 1974
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Figure 149 Spectra of pressure at Charleston, S. C. vs. wirxi
stress u component at Charleston, S. C., 1974

Pagus~ 150 Spectra of pressure at Charleston, S. C. vs. win5
stress v ccwllponent at Charleston, S. C., 1974
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$~ 151 Spectra of pressure at Savannah, Ga. vs. wind
stress u component at Savannah, Ga., 1974
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152 Spectra of pressure at Sammnah, Ga. vs. wind
stress v cuqmnent at Savannah, Ga., 1974

135



sa

~e 153 Spectra of pressure at Cape Hatteras, N. C. vs. wind
stress u conponent at Cape Hatteras, N. C., 1975

Figure 154 Spectra of pressure at Cape Hatteras, N. C. vs. wind
stress v carponent at Cape Hatteras, N. C., 1975
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I~ave 155 Spectra of' pressure at WM~gbon, N. C. vs. wind
stress u camponent at Wihoington, N. C., 1975

F4yxre 156 Spectra of pressure at WMnirgton, N. C. vs. wind
stress v cement at Wiladzgton, N. C., 1975
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Figure 157 Spectra of pressure at Charleston, S. C. vs. ~
stress u caoponent at Charleston, S. C., 1975

Flite 158 Spectra of pressure at Charleston, S. C. vs. w~
stress v camponent at Charleston, S. C., 1975



~yare 159 Spectra of pressUre at Samvmh, Ga. vs. ~ stress
u ccmponjent at Savannah, Ga�1975

Pigure 160 Spectra of pressure at Savazmah, Ga. vs. wind stress
v cceponent at Sawmnah, Ga., 1975
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Fipple 161 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at WklmLngton, N. C., 1974

~~ 162 Spectra of pressure at Mi3ml~ton, N. C. vs.
pressure at Char1eston, S. C., 1974
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Figure 163 Spectra of pressure at Charleston, S. C. vs.
pressure at Savannah, Ga., 1974
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Figure 164 Spectm of pressure at Cape Hatteras, N. C. vs.
pressure at Charleston, S. C., 1974
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Figure 165 Spectra of pressure at Cape Hatteras, N. C. vs
assure at Savannah, Ga., 1974
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Figure 166 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Wilmhmgton, N. C�1975
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F4yxve 167 Spect~ of pressure at Whelm."Langton, N. C. vs.
pressure at Charleston, S. C., 1975
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Spectra of pressure at Charleston, S. C. vs.
pressure at Savann'A, Ga., 175



Figure 169 Spectra of' pressure at Cape Hatteras, N. C. vs.
pressure at Wilmixlgton, N. C., AprilMuly 1974

FQ~ 170 Spectra of pressure at WS~gton, N. C. vs.
pressure at Charleston, S. C., April&uly l974



Figure 171 Spectra of pressure at Charleston, S. C. vs.
press~ at Savin&, Ga., April'~ 1974
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Figure 172 Spectra of pressure &0 Cape Hatteras, N. C. vs.
pressure at Charleston, S. C., ~Muly 1974
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173 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Samrmah, Ga., AprilMuly 1974
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~gee 174 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Wi~kon, N. C., Sept.-Dec. 1974
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Figure 175 Spectra of pressure at Wi~~on, N. C. vs.
pressure at Charleston, S. C., Sept.-Dec. 1974

Fige 176 Spectra of pressure at Charleston, S. C. vs.
pressure at Savannah, Ga., Sept.-Dec. 1970
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E~~ 177 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Charleston, S. C., Sept.-Dec. 1974
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Figure 178 Spectra of pressure at Cape Hatteras, N. C. vs.
pressure at Savannah, Ga., Sept.-Dec. 1974
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P~ 179 Spectra of sea level at Beaufort, N. C. Vs. sea
level at Wi~ngton, N. C., 1974

Figure 180 Spectra of a@usted sea level at Beaufort, N. C.
vs. ad/us~ sea level at 1tl3m&gtan, N. C., l974
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~gree 181 Spectra of sea level at WilmfzgMn, N.C. vs. sea
level at; Charleston, S. C., 1974

Pigure 182 Spectra of ++usted. sea level at Wilm~gon, N. C.
vs. ++usted sea level at Charleston, S. C., 1974
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Figure 183 Spectra of sea level at Beaufort, N. C. vs. sea
level at Charleston, S. C., 1974

I

7<~pue 184 Spectra of adgustai sea level at Beaufort, N. C.
vs. eQusted sea level at Charleston, S. C., 1974
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Figure 185 Spectra of sea level at WMo~on, N. C. vs. sea level
at Charleston, S. C., 1975

35gure 186 Spectra of adJusted sea level at Wilm~ton, N. C.
vs. SdJuste5 sea level at Charleston, S. C., 1975
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~pre 187 Spectra of sea level at Beaufort;, N. C. vs. sea
level at Wijmingtan, N. C., April-July 1970

~ j

Pg~re 188 Spectra of ac/usted sea level at Beaufort, N. C. vs.
a@usted sea level at Wile~<on, N. C., AprilMuly
197$
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~gee 189 Spectra of sea level at WiZadngton, N. C. vs. sea
level at Charleston, S. C., April-July 1970

Flexure 190 Spectra of ~usted sea level at Wil~kon, N. C. vs.
~usted sea level at Charleston, S. C., April'~
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F1gure 191 Spectra of sea level at Beaufort, N. C. vs. sea
level at Charleston, S. C., AprilMuly 1974

l I

PLY.e 192 Spectra of a@usted sea level at Beaufort, N. C. vs.
~usted sea level at Charleston, S. C., April-
July 1974
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Spectra of sea level at Beaufort, N. C. vs. sea
level at WQsnfr~on, N. C., Sept.-Dec. 1974

~pue 193
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Figure 194 Spectra of ac/us~ sea level at Beaufort, N. C. vs.
@ +usted sea level at Wilm~on, N. C., Sept.-Dec.
1974



Figuro 196 Spectra of adJusted sea level at Wihxdlzgton, N. C.
vs. adJUsted sea level at Charleston, S. C.,
Sept.-Dec. 1974
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Pi@un 195 Spectra of sea level at M3z~ton, N. C. vs.
sea level at Charleston, S. C. Sept.-Dec. 1974



Figure 197 Spectra of sea level at Beaufort, N. C. vs. sea
level at Charleston, S. C., Sept.-Dec. 1970

Figure 198 Spectra of apus~ sea level at Beaufort, N. C.
vs. ~us~ sea level at Charleston, S. C.,
Sept.-Dec. 1970

158



~ %ClWf I
li

4 ~t'

Figure 200 Spectra of' adJusted sea level at Frying Pan Shoals,
N. C. vs. adJusted sea level at Beaufort, N. C.,
5 Sept.-27 Dec. 1974  detrended!
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~~ 199 Spectra of sdJusted sea level at ~ing Pan ~s,
N. C. vs. adJusted sea level at Beaufort, N. C.,
5 Sept.-27 Dec. 1974  no detrend!



P~~ 201 Spectra of adJusted sea level at Prying Pan ~s,
N. C. vs. adJusted sea level at Charleston, S. C.,
5 Sept.-27 Dec. 1974  no detrend!

Figure 202 Spectra of adJusted sea level at Frying Pan Shoals,
N. C. vs. adJusted sea level at Charleston, S. C.,
5 Sept.-27 Dec. 1970  detrended!
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Pigure 203 Spectra of sea level at Beaufort, N. C. vs. sea
level at M~ort Ir&et, N. C., 1 Aug.-10 Oct., 1970
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Figure 204 Spectra of weird stress ccegenents  u vs. v! at
Cape Hatteras, N. C., AprilMu3p 1970
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Figure 205 Spectra of wirxi stress corrponents  u vs. v! at
Wilton, N. C., April-duly 1974
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~@~ 206 Spectra of wind stress cceponents  u vs. v! at
Charleston, S. C., AprilM~ 1974

4

P+ure 207 Spectra of ~ stress conponents  u vs. v! at
Savannah, Ga., AprilMuly l974



$c

9~ure 208 Spectra of wird stress u component at Cape Hatteras,
N. C. vs. the vdrd stress u component at Wilm~@on,
N. C., April&ulg 1974

F~~ 209 Spectra of wind stress v component at Cape Hatteras,
N. C. vs. the w1rxi stress v caaponent at Wilrnir~on,
N. C., April&uly 1974
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Figure 210 Spectra of wird stress u component at Cape Hatteras,
N. C. vs. the wird stress v component at Wilmizgton,
N, C., AprilMulg 1974
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Figure 211 Spectra of' wind stress v component at Cape Hatteras,
N. C. vs. the wirxl stress u corrponent at Wilrrdngton,
N. C., April&uly 1974



E~re 212 Spectra of wird stress u ccmponent at Wilz~<on,
N. C. vs. the will stress u cmponent at Charleston,
S. C., April&uly 1974
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Fig~ 213 Spectra of viral stress v ccmponent at Wilr&ngton,
N. C. vs. the wird stress v cmpommt at Charleston,
S. C., April-July 1974
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%pure 214 Spectra of wirxl stress u component at WilaMgton,
N. C. vs. the vdzd stress v component at
Charleston, S. C., April-July 1974

llcINa h

~ . I ~ LII ~,N

~e 215 Spectra of wird stress v component. at Wi~@on,
N. C. vs. the w5zxi stress u component at Charleston,
S. C., AprilMuly 1974
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Mg~ 216 Spectra of wlrxl stress u carrponent at Charleston, S. C.
vs. the wind stress u component at Savarin~, Ga., April-
July 1974

fi
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Figure 217 Spectra of wind stress v component at Charleston, S.C.
vs. the wind stress v corqmnent at SaMumah, Ga., April-
July 1974



$+pue 218 Spectra of wird stress u component at Charleston, S. C.
vs. the weird stress v con@anent at Savarumh, Ga., April-
July 1970

~T
5

219 Spectra of weird stress v component at Charleston, S. C.
vs. the added stress u component at Savannah, Ga., April-
July 1974

3.69



Figure 220 Spectra of wLnd stress u ccmponent at Cape Hatteras,
N. C. vs. the ~ stress u component at Charleston,
S. C., April-July 19�

%pure 221 Spectra of wird stress v component at Cape Hatteras,
N. C. vs. the wixxt stress v component at Charleston,
S. C., Apr&Mu3g 1974
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222 Spectra of wLnd stress u cmqmnent at Cape Hatteras,
N. C. vs. the wird stress u cceponent at Sammnah, Ga.,
Apr13.-July 1974

Figure 223 Spectra of adrs stress v cceponent at Cape Hatteras,
N. C. vs. the wire stress v ccmponent at Savannah,
Ga, AprilMuly 1974
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Figure 224 Spectra of weird. stress u conponent at Wilmington,
N. C. vs. the wixxi stress u conponent at Savannah,
Ga., April&uiy 1974

Figure 225 Spectra of wird stress v component at Wi~gton,
N. C. vs. the ~ stress v component at Savanr~,
Ga., April-July 1974
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Figure 226 Spectra of wixxi stress components  u vs. v! at
Cape Hatteras, N. C., Sept.-Dec. 1970

Figure 227 Spectra of will stress cceyonents  u vs. v! at
N.3mirgton, N. C., Sept. � Dec. 1974
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Figure 228 Spectra of wind stress camponents  u vs. v! at
Charleston, S. C., Sept.-Dec. 1974
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rigure 229 Spectra of wirxi stress corrponents  u vs. v! at
Savar~, Ga., Sept.-Dec. 1974



Spectra of wirx1 stress u caryonent at Cape Hatteras,
N. C. vs. the wind stress u cceponent at N~gton,
N. C., Sept.-Dec. 1974

Figure 230

SC~ i
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Pig~ 231 Spectra of wird stress v canponent at Cape Hatteras,
N. C. vs. the wind stress v co~anent at Wilminj&on,
N. C., Sept.� Dec. 1974
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P~ 233 Spectra of wind stress v corrqonent at Cape Hatteras,
N. C. vs. the wirxi stress u corqmnent at Wi~@on,
N. C., Sept.-Dec. l974
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Spectra of wirri stress u cmqmnent at Cape Hatteras,
N. C. vs. the wind stress v component at Wi&dmgton,
N. C., Sept.-Dec., 1974
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Spectra of wfml stress u component at WMrdr~on
N. C. vs. the will stress u corrponent at Charleston,
S. C., Sept.-Dec. 1974

I+pxve 234
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Pigure 235 Spectra of wird stress v component at Wi>nington,
N. C. vs. the wincl stress v component at Charleston,
S. C., Sept.-Dec. 1974
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Picture 236 Spectra of wire stress u component at Wilmington,
N. C. vs. the wire stress v component at Charleston,
S. C., Sept.-Dec. 1974
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Spectra of wind stress v component at Wilmir~on,
N. C. vs. the wind stress u component at Charleston,
S. C., Sept.-Dec. 1974

Fi~ 237

178



Fly.ze 238 Spectra of weird stress u component at Charleston
S. C. vs. the ~ stress u component at Savanrmh,
Ga., Sept.-Dec. 1970
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Figure 239 Spectra of wird stress v corrponent at Charleston,
S. C. vs. the wirxi stress v camponent at Savann;N,
Ga., Sept.-Dec. 1970
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FQ~ 240 Spectra of wimi st~s u component at Charleston,
S. C. vs. the etre stress v component at; Hannah,
Ga., Hept.-Dec. 1974
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Figure 241

180

Spectra of wirxi stress v component at ~leston,
S. C. vs. the vrLnd stress u corrponent at Savann;&,
Ga., Sept.-Dec. 1974
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Pigure 242 Spectra of wind stress u caaponent at Cape Hatteras,
N. C. vs. the wind stress u component at Charleston,
S. C., Sept.-Dec. 1974

Four~ 243 Spectra of wird stress v ecmponent at Cape Hatteras,
N. C. vs. the wind stress v component at Charleston,
S. C., Sept.-Dec. 1974



Figure 244 Spectra of ~ stress u component at Cape Hatteras,
N. C. vs. the vr3zxl stress u ccrnponent at Savazmah,
Ga., Sept.-Dec. 1974

FigUre 245 Spectra of wirxi stress v corrponent at Cape Hatteras,
N. C. vs. the wind stress v con@anent at Savarxeh,
Ga., Sept.-Dec. 1974
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Figure 246 Spectra of wirxi stress u component at Wi~gon,
N. C. vs. the ~ stress u ccxrponent at Savannah, Ga.,
Sept.-Dec. 1974

Figure 247 Spectra of wLnd stress v ccerponent at Wilmlngton, N. C.
vs. the wirxi stress v exponent at Savanrmh, Ga., Sept.�
Dec. 1974
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