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ABSTRACT

Real-time meteorological and oceanographic data are now being
routinely collected at Savannah Navigational Light Tower (SNLT), a fixed
platform located 17 km offshore from Savannah, Ga. Several years
(1977-1984) of these data, Supplemented with-other regional
observations, are analyzed and interpreted to characterize the ocean
climatology of the South Atlantic Bight (SAB) inner shelf. Interannual,
seasonal, synoptic and tidal periods are emphasized.

More frequent and intense current fluctuations occur in the spring
and fall, which are transition periods between typical summer (minimum
variance) and winter regimes. Other seasonal characteristics include a
warming of the water column with an appropriate steric sea level
response, and a deepening of the thermocline during late spring and
summer. These changes are primarily due to seasonal shifts in the
pattern of atmospheric pressure systems and their associated winds,
although changes in freshwater runoff, Gulf Stream position and seasonal
heating cycles are probably important as well. Year-to-year variations
in the timing of these events are quite apparent Iin the observations.

All hydrographic parameters are highly responsive to wind changes
due to frontal passages at 3- to 14-day periods, inereasing from winter
to summer. Alongshore wind is the predominant forcing mechanism.
Although the direction of wind varies greatly during the year, the
current 1s primarily alongshelf at all times, with evidence of surface
and bottom Ekman layers noted. The current is also much more stable
and rectilinear than the wind. The sea level field in the SAB is highly
coherent and approximately in phase at all frequencies, and well

correlated with the current.



Tidal currents and sea level are predominantly semi diurnal. With
depth, tidal ellipses weaken, become more rectllinear, and rotate
clockwise. Wind often presents a distinet summer diurnal period.
Oceanographlec parameters are dominated by tidal oscillations, but
synoptic scale motions are an important contributor to the mean

c¢lrculation pattern of the inner shelf reglon ¢of the S4B,

KEYWORDS
Atlantic Hydrography
Climate Ocean
Coast Shoreline
Current Tide
Data Weather

Georgla Wind
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I, INTRODUCTION

The coastal ocean of the South Atlantic Bight (SAB) is an area
heavily used by man for recreation, Industry, transportation and fishing.
Energy~related activities along the coast may conflict with these uses
if such activities are not carefully managed. It is necessary to assess
the natural biologiecal, chemical and geological properties of this area
to evaluate the impact of man's varied activities on the system.

To understand the dynamiec processes affecting this system, an
understanding of the circulation of nearshore waters is needed. One of
the impertant goals of research being conducted by Skidaway
Institute of Oceancgraphy (SKIO) under the sponsorship of the U, 8§,
Department of Energy (DOE) i{s to characterize the climatology of the
nearshore region of the SAB. It is within this context that the
Savannah Navigational Light Tower (SNLT, Figs. 1, 2) is used as a
permanent research site (Schwing et al., 1983a, 1984).

The nearshore environment is complex and highly variable,
Circulation in this region is a result of interactions between a number
of meteorological and hydrodynamic variables such as direction and
intensity of wind stress, tidal action, river diacharge, density
gradients, sea level slope, and bottom friction. This is especially
Erue off the cocast of Georgla, where the irregular bathymetry and
coastal boundary further complicate the hydrography. The shoreline is
not smooth, but perforated by tidal inlets every 10 to 20 km. Some
inlets are connected t¢ major rivers (Pee Dee, Savannah, and Altamaha)
which discharge a significant volume of freshwater into the coastal
ocean. Others are relatively brackish pocket estuaries emptying large

areas of salt marsh. Output from these inlets, modulated by large



amplitude tidal currents, forms a 10- to 20~km-wide band of turbld,
relatively low salinity water, along the coast. A frontal zone is
imbedded between this band of water and the coastal ocean and greatly
influences both tidal and subtidal circulation in this region (Blanton,
1980a, 1981; Blanton and Atkinson, 1983)., The SNLT i3 located within
this regime and may be situated in either region of water, depending
upon loeal conditions and season.

Several other technical reports have been published in which data
from SNLT and the nearshore region were presented and discussed. Data
collected at SNLT during 1977 were presented In unfiltered and filtered
form in Blanton et al, (1978, 1580}, but discussion of these data was
minimal. So, a description of their analysis 1is inecluded in this report.
Blanton (1980b) and Blanton and Maddox (1980) dealt more with nearshore
transport and coastal sea level fluctuations, respectively. Data from
those reports are discussed here. Part I of this report (Schwing et
al., 1984) described the design, operation, and use In cceanographic
research of SNLT. A detailed description of the analyses performed on
SNLT and associated data, along with a presentation of SNLT data
obtained in 1980 through 1984, was also Included in Part I. A detailed
summary of these data and the results of their analysis are found in
this report. Data collected during 1984 Subsequently to Part I are also
presented here (see appendix). The major portion of this report deals
with the analysis and interpretation of low-frequency fluctuations in
the data, although a section on tidal and other periodic analyses is
included. The primary focus here is the description of seasonal
characteristics of SAB hydrography and meteorology relative to the

nearshore environment and SNLT, with particular emphasis on the



circulation and associated controlling factors. Discussion of daily
weather and tidal scales is included, as these events greatly contribute

to the total circulation regime of the region.

II. DATA AVAILABLE

The majority of data analyzed and described in this report were
obtained from SNLT, although data were obtained from external sources as
well, Instrumentation at SNLT (Fig. 3) does not operate continuously
due to eventual sensor fallure as well a3 occasional damage by severe
weather or vandalism. Typical deployment at SNLT i{s made 1in association
with other scientific work being conducted in the SAB, and data are
taken during the course of those operations. Instruments are nsually
left in place after each fleld study and continue to provide information
until the data quality deteriorates or data acquisition stops entirely.
At that point, an attempt Is made to retrieve instruments that are not
working and to repair or replace them as soon as possible., Due to
ecoriomic and persaonnel constraints, as well as problems due to foul
weather, it is not always possible to do this Immediately. Therefore,
data collection at SNLT is not a continuous process, but conslists of a
Series of discrete time dpans over which an optimal amount of data has
been obtained for as many parameters as possible. As we gain more
experience, SNLT will operate on a moere continuous basis, providing
real-time information on meteorological and Ccceanographic conditions.

In addition to the limitations inherent in attempting to collect
continuous data series, there is 4180 a need to describe and analyze
data in discrete time aseries. Data may be divided on several time

scales. In our analysis, the largest of these scales is a aeasonal one,



consisting of time series of several weeks to months in length., These
series generally extend as long as a reasonable number of sensors remain
operating on SNLT. Data described in this report are divided into ten
time periods of seasonal Scale, Start and end times of 8easconal series
are presented iIn Table 1, A majority of the analyses have been devoted
to the first six periods, from 1977 through 1981,

A second way of Interpreting data 1is by determining monthly
statistics for each parameter. Monthly summaries are an effective way
to describe the climatology of each parameter, as well as to compare
interannual variability,

Another division of data is on a synoptic time scale. This is
particularly useful when analyzing data in the frequency domain. Many
event scales are elucidated by filtering the data set as described in
Part I; that is, by removing energy at certain frequencies that may mask
events at other frequency scales. The response characteristics of the
filters used in these analyses are presented in Table 2. All parameters
measured at SNLT respond to frontal passages on event scales of 3 to 14
days.

Other scales analyzed have a more regular period but do not appear
In all records. Semidiurnal and diurnal tides show up in sea level,
current, and pressure time series. Overtides can also be seen In
unfiltered data. Data are @ls0 analyzed for a fortnightly signal,
Winds are checked for evidence of the daily sea breegze. The analysis
performed at these time scales depends on the parameter invelved,

To elaborate on data obtained at SNLT, or to substitute for missing
data, time series are also created and analyzed from other data sources

in addition to SNLT. sea level records from the National Ocean Survey



(NOS) tide gauge at Ft. Pulaski have been used at times when data from
SNLT were not avallable. Additional sea level series from coastal tide
gauges and nearshore subsurface pressure stations have been used to
calculate sea level gradients. Wind data from the National Weather
Service (NWS) office at Travis Field, west of Savannah (Fig. 1), have
been compared to those from SNLT and used as a substitute during times
of missing data, Additional current meter records from various
locations in the SAB have been compared to SNLT data as well, All
external data records are trimmed to a length identical to that of
exlsting SNLT series, and simultaneous series are resampled to a common
data interval and similarly analyzed. Results from these externally

obtained data are found throughout this report.

IIT., SNLT DATA SUMMARY

Data collected at SNLT from 1977 through January 1983 have been
presented in weekly and monthly plot summaries in previous reports
(Blanton et al., 1978, 1980; Schwing et al.,, 1984). A detalled
description and analysis of these data are presented here. Analysis
emphasizes subtidal, weather-associated events, as well as tidally
related phenomena. Much of the analysis was done on an entire time
pericd (Table 1), thus allowing us to compare seasonal varlations in
these events. Unless otherwise noted, x-components of vectors designate
the east direction; y-components deaignate the north direction.
Furthermore, in describing wind directions, we adhere to the
oceanographic convention in which the stated direction gspecifies the

direction toward which the wind blows,



III1.1. Time Series

Time series of each parameter were plotted by seasonal time periocd
(Figs. 4-11). These series were 40 hr low-pass filtered to remove tidal
signals and elucidate low-frequency meteorological events. The series
can be compared visually to ldentify individual events common to all
series as well as the relative importance of these events by parameter.
Results of spectral analysis on these aseries are described beginning

with Section III.3. Tidal fluctuations are discussed in Section IV.

III.1.,1. Wind streas

Wind component stick vectors (Fig. 4) and time series (Fig. 5) are
presented as wind stress. Wind stress (dynes/cmz) was calculated using
the quadratic speed law with a drag coefficlent of 2 x 10°3. Variations
in low-frequency wind stress occur at periods of 3 to 14 days and are
assocliated with meteorological frontal passages through the SAB region
(Chao and Pietrafesa, 1980; Klineck, Piletrafesa and Janowltz, 19B1).
Wind at SNLT rotated generally in a clockwise manner as fronts
progressed eastward. Such wind events occurred more frequently and with
greater intensity in winter and early spring (Fig. 5a,b,d,e) in response
to seasonal differences in the regularity and strength of weather
frontal events (Schwing, Kjerve and Sneed, 1983c}.

Strongest wind atress during spring was generally to the east and
north (Figs. Ya,b,d, 5a,b,d). The exception was apring 1981 (Period 5)
when three strong southwesterly events occurred during the second half
of the record (Figs. Y4e, 5e). During the fall, the strongest stress was
usually to the southwest (Figs. lec; Sc,f). Summer wind was generally to

the northeast in association with the strong Bermuda High, and events



were weaker and occurred less frequently than during other seasons
(Figs. 4b,c; Sb,c,d, f), These results are consistent with the wind
climatology of the SAB described by Weber and Blanton (1980). At all
times wind stress over water at SNLT was approximately four times that
over land, a response to increased thermal gradients and reduced surface

roughness (Schwing and Blanton, 1984),

I1I.1.2. Ocean current

Ucean current stick vectors (Fig. 4) and time series (Fig. 6) are
presented for the bottom current {1 m off the bottom) during Periods 1-3
and for the mid-depth current (8 m off the bottom) during Periods 4-5,
Time series In Figure & are for velocity components rotated to
coordinates of major and minor axes for each period. Major axls was
defined as the direction in which variance of flow was maximized.
Bottom major axis was generally east-west (Period 1 = 61°, Period 3 =
90°), while mid-depth major axis was nearly north-south (Periocd 4 = 34°,
Period 5 = 27°).

Current also varies in response to weather changes on a 3 to 14 day
Lime scale (Lee and Atkinson, 1983; Schwing, Kjerfve and Sneed, 1983b;
Schwing, Blanton and Cey, 1985). Like wind stress events, current
fluctuations were more frequent and intense during early spring and fall.
Current was highly responsive but lagged to changes in wind stress.
Predominantly northeasterly wind stress during Perieds 2-4 produced
current alongshelf to northeast (Fig. 4b-d), Period % wind stress
alternating between northeast and southwest generated a similar pattern
in current direction (Fig. 4e). As the wind vector rotated clockwise,

current direction also rotated in a clockwise direction. Current,



however, was more likely tc rotate in a counterclockwise manner
following passage of a front (cf. Fig. Ye, Period 5). Local bottom
bathymetry off the southeastern U,S. tends to rectify current in an
alongshelf orilentation and produce highly polarized flow {Schwing et
al., 1985)., 1In general, the current vector was ¢riented clockwise from

the wind vector by several degrees.

IIT.1.3, Sea level

The limited amount of data at SNLT as well as additional data from
Ft. Pulaski (Fig. 7) show the influence of wind stress and current on
subtidal sea level. Changes in subtidal sea level are controlled by
rotating wind patterns during frontal passages on scales of 3 to 14 days
and seasonally by fluctuations In steric height (Schwing et al., 1983c)
and the Gulf Stream (Blaha, 1984), Wind stress to thesouthwest or west
produced onshore current, causing a rise in coastal sea level,
Nertheastward or eastward wind and current generated a lowering of sea
level (Schwing et al., 1985). Each frontal paasage produced
low-frequency sea level fluctuations of 20 to 50 em. Again, the

amplitude and frequency vary 3easonally.

III.1.4. Temperature

Temperature time series (Figs. 8-10) showed 8eascnal effects.
Superimposed on Seascnal warming and cooling trends of the lower
atmosphere were fluctuations on the order of 4-8C. These varlations
were a reflection of frontal movements bringing synoptic-scale warm and

cool alr masses into the SAB region.



Water temperature presented in this report varies between a
minimum of about 10C in January (Fig. 9a) and a maximum of over 30C in
late July (Fig. 9b,e,f). 1In general, temperature at all three
underwater levels changed at the same rate. Surface temperature
fluctuated more than lower level temperature (Fig. 9), reflecting a
dampened response to warmer and cooler air masses moving through the SAB
region (Fig, 8). Seasonal warming and cooling of the atmoaphere was
transferred through the entire water column, as evidenced by long-term
trends in the time series in Figures 9 and 10. Also defined in these
time series is the deepening of the thermocline during late spring and
summer. Mid-level temperature was similar to that near the bottom in
late winter and throughout much of the spring (Fig. 10a,b, Periods 1, 2)
but nearly identical to surface temperature in summer and fall (Fig.
10b-f, Periocds 2-6).

In additlon to seasonal fluctuations in the thermocline at SNLT,
the water column underwent periodic episodes of thorough mixing in
response to very energetic springtime weather events (cf., Fig. 10a).
During periods of relatively low wind stress, thermal stratification was
established as the surface layer warmed more rapidly in response to
Seasonal atmospheric warming. During frontal passages, high wind stress
on the surface effectively mixed the entire water column, thereby
warming the bottom layer. The surface layer became 8lightly cooler
during this time as well; this resulted from heat loss to an atmosphere
that cooled following the frontal passage and the mixing of the surface
layer with cooler bottom water. The long-term effect of this is an

increase in the overall water temperature.
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III.1.5. Salinity

Over long time periods, salinity measurements became increasingly
inaccurate due to instrument drift and sensor deterioration. Although
the quality of the low-passed salinity time series (Fig. 11) 1s
marginal, certain aspects of the data seemed quite valid, Major
fluetuations in low-frequency salinity occurred on a cycle of about
seven days, within the synoptic weather period. Salinity measurements
were visually correlated with wind and current data. Water temperature
also visually correlated with salinity, particularly during spring.
Direct onshore flow or alongshore flow t0 the southwest forced cooler,
more saline oceanic water into the nearshore zone and increased the
salinity at SNLT by as much as 5 ppt. Flow offshore or to the northeast
removed highly saline water, allowing warmer fresh riverine input to

occupy a wider band of Inner shelf extending beyond SNLT.

I1I.1.6. Barometric pressure

Barometric pressure time series (Fig. 8) were dominated by
synoptic-scale weather events. Low-pass filtering of these series
removed very little of the overall energy, especially in comparison to
current and sea level. At this latitude (31°57'N) there is some dalily
variability in pressure due to atmospheric heating (Pletrafesa and
Janowitz, 1980) but this was removed by the filtering process. Dominant
fluctuations in barometric pressure resulted from the movement of high
and low pressure systems through the coastal zone (Oort and Taylor,
1969). Variation through the year in the amplitude and frequency of
weather-related pressure was on a scale similar to that for wind and

current.
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Although sea level records are often adjusted to account for the
"inverse barometer effect" of atmospheric pressure on sea level (Hamon,
1962; Pietrafesa and Jancwitz, 1980), such adjustments of SNLT data were
unnecessary since sea level was determined from the measurement of
subsurface pressure., Note that coastal sea level records from Ft.
Pulaski, Charleston, and Daytona Beach were adjusted for local
barcmetric pressure.

The low-frequency time series described above demonstrate the
intimate coupling between circulation, hydrography, and meteorological
frontal passages at SNLT. Frontal movements, defined by variations in
barometric pressure and air temperature, produce fluctuating wind, which
in turn, causes changes in nearshore current, sea level, water
temperature, and salinity. This is particularly evident from
examination of weekly and monthly summaries of SNLT data in the appendix.
A more complete description of the reaponse of the coastal occean to
atmospheric changes is contained in Part I (Fig. 12 in Schwing et al.,

1984; Schwing et al., 1983).

ITI.2., Monthly Statistical Summary

Monthly means and standard deviations of 40 hr low-passed data are
summarized in Tables 3-7 and Figures 12-15, and monthly vector
statistics are included in Tables 8-9 and Figure 16. Changes during the
year as well as interannual variability can be identified from these

summaries,
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III.2.1. Wind streas

Wind regime at SNLT showed a definite seasonal pattern, Wind blew
generally northeast and north in spring and summer with the exception of
May, a transition month between highly variable wind in February-aApril
and the summer regime dominated by the Bermuda High (Fig. 12, Table 3,8)
(Weber and Blanton, 1980; Blanton et al., 1985). Interannual
variability was lowest 1In July, also the month of lowest wind varlance.
August was another transition month between summer and autumn regimes
(Weber and Blanton, 1980). The August 1980 wind followed the summer
pattern of flow to the northeast, while 1977 and 1981 winds were
northwesterly, similar to the September wind. The October wind
shifted southwest and was strong and highly variable. The winter wind
exhibited a definite change from the spring and fall pattern. Wind in
November reversed to an easterly direction and rotated south-southeast
in December and south in January. Wind variance was also greatest in
winter.

The major axis of the wind was northwest-southeast in January and
Fevruary. It rotated counterclockwise through spring and summer to a
northeast-southwest orientation in October and returned northwest-
Southeast in November and December (Fig. 16). With the exception of
August 1980, all monthly mean vectors were smaller than monthly standard
deviations of components.

Wind intensity also varied significantly from month to month (Fig.
17). The strongest wind generally occurred during late fall and early
winter. This 13 particularly true for the occurrence of wind greater
than 12.5 m/s (25 knots), speed typically assocliated with small craft

advisorles given by the National Weather Service (NWS). Two other peaks
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April and August. Speed was greatly reduced during June and September,
when wind greater than 10 m/s blew less than 10% of the time, as opposed

to about 25% during October and December.

III.2.2. Ocean current

Mean current (Fig. 12, Tables 4, 9) rotated clockwise during spring
and summer, flowing north in February and nearly east by July and August,
The current returned to a nertherly flow in September, probably in
response to the autumn wind regime. Unlike the wind orientation, the
current major axis changed little from February to August (Fig. 16),
During these months the axis was orlented generally northeast-southwest,
although interannual differences existed. The axis shifted in September
in a counterclockwise direction with major and minor axes becoming
almost egqual in length. 1In summer the axes were nearly rectilinear,

Subtidal current at SNLT is balanced between frietional and
preasure forces. Wind stress and bottom friction combine to produce a
rather complicated nearshore current regime in water less than 20 m
deep (Schwing et al., 1983b, 1985), Coupling between wind streas and
current produces a clockwise flow relative to the wind, while bottom
stress forces current in a counterclockwise direction. Wind and current
direction are similar at SNLT; both flow predominantly alongshore to the
northeast (Fig. 12). Mean current at 8 m was typieally clockwise of
wind during the summer; this was possibly a response in the Ekman sense

to consistent wind to the northeast.
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III.2.3. Sea level

Wind~forced sea level variability usually cannot be seen in mean
monthly statisties (Filg. 13, Table 5). An exception to this was the
August 1980 sea level at nearby Ft, Pulaski (Savannah). sea level at
this time was lower than during July, possibly in response to the
continuing northeasterly wind pattern. sea level in August 1981 at
SNLT, however, increased from the previous month. The higher 1981 level
may have been due to a piling up of water on the coast caused by
onshore-directed wind. Other increases in sea level occurred in
response to freshwater runoff in March (Atkinson, Blanton and Hayes,
1978) and steric increases due to ocean warming in May and June
(Pattullo et al., 1955). The depression in July may have been due to a
change in Gulf Stream position and/or strength (Blaha, 1984), The
relationship of coastal sea level to Gulf Stream fluctuatlons is
speculative, but earlier works by Green (1944) and Taylor and Stewart
(1959) contain indirect evidence of this coupling. Lowest magnitude in
monthly mean sea level occurred during winter when fresh water runoff
was small, water temperature and steric effects were at a minimum, and

wind to the north was likely to induce a depressed coastal sea level.

III.2.4, Temperature

Alr and water temperatures at SNLT showed an expected trend of
minimum values in January and maximum values in July and August (Fig.
14, Table 6). Within this trend was some year-to-year variability,
especlally evident in spring (Fig. 15). Temperature in April and May
1977 (Fig. 15a) averaged about 4 and 6C higher than during the same

months of 1980 (Fig. t5b). This trend of warmer temperature is evident
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than water temperature during spring and summer, this was not always the
case at SNLT. Depressed temperature in April and May 1980 was due to
cocler-than-usual air temperature as indicated by warm water relative to
that of the air. Water temperature during late summer was also warmer
than air, as the air underwent more rapid seasonal cooling. Variance
in temperature was greatest during winter and spring, at a minimum in
summer, and increasing again in September and October. Variance was
also much greater for air temperature relative to that of the water,
Periods of thermal stratification existed at SNLT. Temperature at
mid-depth (8 m from the bottom) was almost ldentical to that 1 m from
the bottom during late winter and spring; this indicated a relatively
shallow thermocline (Fig. 14), Mid-depth temperature inecreased
throughout summer, becoming equal to surface temperature (13 m from
bottom) by late summer. Thus, the water column gradually warmed from

surface to bottom as the thermocline became deeper through summer.

I11.2.5 Salinity

Since the amount of salinity data collected at SNLT was small and
its quality was questionable, discussion of such data is limited
(Table 7). Monthly means were lower than typical oceanic values due to
a significant freshwater input from several southeastern rivers and

estuaries (Atkinson et al., 1978).

I1I1.3. Time Series and Autospectral Variance
Utllizing the period breakdown described in Table 1, time series
and auto- and cross-spectral relationships between various parameters,

a3 well as their variation during different periods are described.
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Unless otherwise noted, x and y refer to east and north wind components
{m/s8), and u and v refer to east and north current components {cm/3),

respectively. Tau (wind stress) units are dynes/cm2.

III.3.1. Wind foreing

Low-passed wind time series (Figs. 4-5) show seasonal and weather
related effects, Varlability due to seasonal changes previously
described in monthly statistics was greatest in spring, when wind stress
was high and direction highly variable. By mid-May, stress was reduced
and stabilized in a predominantly east to northeast direction.

Highest variance_in wind spectra occurred along the x (east) axis,
which contained two to six times more variance than the y (north)
component (Fig. 18, Table 10)., Seasonally, the highest total variance
occurred in spring. The most energetic periods of oscillation ranged
from around six days to the total length of the time series. However
bands of maximum variance showed seasonal varlability. Maximum variance
during spring (Periods 1, 5, Figs. 18a,e) was in the five- to eight-day
band, consistent with the typical weather frequency at this time. The
summer peak (Periods 2, 4, Figs. 18b,d) was closer toc B8-10 days,
representative of longer, less energetic weather cycles during summer
(Brooks and Mooers, 1977; Schwing et al., 1983b,c). Variance in summer
periocds was also oonsidérably diminished. In fall (Periods 3, 6, Figs.
18c,f), the low-frequency spectra was almost completely red, owing to
high seascnal vaf-iability of fall as a transition period. More than 30%
of total wind variance in Period 6 was in the band greater than 10 days

(Table 10).
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Rotary spectral analysis for low-frequency events in the weather
band produced ellipses in which the major axes were oriented typically
east-west (Table 11). Variation from this orientation seldom varied by
more than 25" in a counterclockwise direction. Ellipse stability was
highly variable and lowest in spring. Weather-associated wind ellipses
were elongated, almost to the point of being rectilinear in fall.
Ellipses for lower subtidal periods {three to six days) were more

eircular than those at periods greater than six days.

[II.3.1a. Comparison of SNLT and land-based wind

Blanton et al. (1985) and Schwing and Blanton (1984) compared SNLT
wind with data from a land-based site at Travis Airfield in Savannah
(Fig. 1). Ocean wind magnitude was twice that of land-wind, a funection
of reduced surface roughness and stronger vertical thermal gradlents
over water (Fig. 19)., The two wind regimes occasionally vary in
direction as well, Statistics from wind time Serles taken during summer
(Period 2) show this to be true (Fig. 20, Table 12). Spectrally,
low-passed SNLT wind was more energetic than land-wind at all

frequencies (Fig. 21),

II1.3.2, Ocean current

Bottom current spectra (Pericds 1-3, Fig. 22a,b, Table 13a) were
dominated by the u{east) component, with two to three times more
variance than v{(north)., The v component at mid-depth (Periods U4, 5, Fig,
22c, Table 13b), however, contained three times the variance of uw. Like
low-frequency wind, total apectral variance was greatest in apring but

only slightly more than for summer (Period 2). The most energetic band
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(in rotary spectra) was that greater than 6 days, with a secondary peak
at 3-5 days (Fig. 23c, Table 14). Maximum variance during spring
(Period 1) occurred in a 6- to 8-day band, with a secondary peak at 2.5
déjs; Mid;depth current was most eﬁergetic at 6 days in both u and v

components, although v had three times as much variance (Table 13).
Summer variance was greatest i{n an 8- to 10-day band, with a lesser
variance maximum at 3.5 days. In the case of Period 3, the fall data
set, maximum variance for the u component was in a T7- to 10-day band and
no significant variance occurred at higher subtidal frequencies. In all
cases, u and v were {n phase.

Rotary spectral analysis of current showed that subtidal ellipses
were falrly consistent for each depth. Major axes were approximately
aligned with northeast-southwest shoreline orientation. Bottom major
axes were oriented on a 60-240° axis with the mid-depth major axis lying
on a 30-210° plane (Table 15). Stability was higher than that for
low-frequency wind but lower than that for tidal current. Current
stability was also greater at 2- to 5-day periods than at longer periods.
Current ellipses were nearly rectilinear, much more 8o than for wind.
This is apparent in low-frequency stick vector plots (Fig. 4). Wind
events gradually rotated, while rectilinear current shifted more

rapidly.

III.3.3. Cross-spectral comparisons

East (x) and north (y) wind components were cross-correlated with
the major axis vector of SNLT current for each data period. Just as
current was visually correlated with wind variation, as discussed in

Sections I and II, cross-spectral correlations (Fig. 23, Table 16) were
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significant at most autospectral peaks (Tables 11, 15). 1In almost every
case, only one or two significant peaks existed at periods greater than
two days. S8ignificant peaks discussed in this section were coherent at
the 95% confidence level (u=.05) and had a notably large cross-spectral
value between the two correlated series. Coherence calculaticons tell
whether or not a relationship is statistically significant, while the
magnitude of the cross-spectrum tells Iif the relationship is of physical
importance and interest. Although both wind components were about
equally correlated with current, the east component seemed to have a
greater effect, as cross-spectral values between the x vector and
current were larger.

Periods of high correlation between wind stress and current
Included 2-3 and 6 days in spring (Fig. 23a,b,g,h); 8-12 days In summer
(Fig. 23¢,d); and 5-7 days in the predominantly red spectral signature
of fall (Fig. 23e,f). Based on ¢ross—spectral values, current at
mid-depth (Fig. 23g,h) was more clesely coupled to wind than was bottom
current (Fig. 23a-f). Current and wind during spring were more closely
coupled than during summer or fall. Most wind variance was in the east
component for all data periods (Table 10). Cross~gpectra were greater
between east wind and the primary axis of current. Both wind
components, however, were about equally correlated with current, and
rotary spectral analysis showed current was consistently correlated with
wind s3tress parallel to shoreline.

Most coherent wind was oriented clockwise of V at mid-depth
whereas coherent wind was mostly counterclockwise of bottom current
principal axis. This disparity might be interpreted as an Ekman effect,

where the middle sensor is predominately in some portion of the surface
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Ekman layer and the bottom sensor is in a frictionally retarded bottom
layer, Vertical shear induced by vertical density gradients cannot be
ruled out (Blanton and Atkinson, 1983). However, the extremely complex
interaction between meteorological forcing and bottom topography in such
a shallow environment makes it difficult to define precisely the effect
wind stress has on rotation of current with depth.

The water column at SNLT is shallow enough to expect the effect of
wind stress on the surface to be felt at the bottom (Csanady, 1973;
Blanton, 1981,; Schwing et al., 1983b, 1985). Despite this, the
increased effect of bottom friction would be expected to dampen wind
effects near the bottom. Therefore, spring (Period 5) mid-depth current
data should reflect a stronger wind influence than bottom current data,
Since the principal axis of mid-depth current (V ) at this time was 27°,
one would expect the north (y) wind component to dominate. However,wind
in the x direction had a higher total varliance (Fig. 23g). Larger
cross-spectral values were found between the x component. of the wind and
V , the principal axis of the current vector at periods of maximum
auto-variance. The x wind component was highly coherent with the
principal current component at six days but actually lagged the current
by 3 hr (Fig. 23g). A similar phase relationship was noted in the
nearshore region off South Carolina (Schwing et al., 1983b). A simple
linear barotropic model (Schwing et al., 1985) explains this seemingly
unlikely relationship to be a consequence of the combined effect of
wind-induced transport due to the Corioclis force and transport induced
by the cross-shelf pressure gradient, Current and y wind were

correlated at 6 and 14 days with no significant phase lag (Fig. 23h).
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An independent rotary spectral analysis showed no significant
coherence between wind stress and mid-depth current for apring (Period
5) at periods less than 4 days (Fig. 24)., For periods greater than &
days, however, current (V = 27°) was significantly coherent with wind
blowing in an orientation approximately parallel to the shorelins.
Phase between stress and mid-depth current was inéignificant from zero
at all significantly coherent periods,

The bottom current in spring (Period 1) was oriented more to the
east (V = $1°). The north wind component was coherent with the bottom
current at 5.5 and 20 days, similar to significant frequencies for
mid-depth (Table 16). However, bottom current lagged north wind by 20
hr at 5.5 days indicating that wind stress takes congiderably more time
to affect the bottom. The highest cross—spectral value between east
wind stress and current was at 11.5 days with no glgnificant phase lag,
A secondary peak occurred at 2 days, when current lagged by about 3 hrs.

The current during the summer (Period 2, V = 79°) was eoherent and
in phase with x and y winds in the 8- to 10-day band (Figs. 23e,d, Table
16). Additionally x wind and current were coherent at 3.5 days. The
east wind was much more energetic (Fig. 23c¢), and resultant
¢ross-spectral compariscns with current were greater.

Fall data (Pericd 3) produced primarily red spectra. The principal
current was rotated even more clockwise (V = 90°) and was expected to
be more coherent with the east wind component, provided that no rotation
¢f iInternal stress occurs with depth. Again, variance was higher for
the x wind component (Fig. 23e), and cross-spectral values between x and
V were larger than for y wind. The east wind component was coherent at

5-7 days, leading current by 18 hr. The Y component was significant and
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in phase with the current at 9.5 days (Fig. 23f). Rotary spectra
indicate that wind and current were not as closely coupled in fall as

during cther seasons,

III.4, Sea level

Although sea levels from both SNLT and Ft. Pulaskl are described in
this report, the difference in total variance between the two sites was
not significant (Figs. 25-26). Variance in spring was greatest, up to
three times as great as during aummer. Most low-frequency sea level
variance was concentrated in the 6- to 10-day band (Table 17). The
spectral peak in summer (Period 2, Fig, 26c) was 8 days with secondary
peaks at 2 and 3.5 days, Variance in spring (Fig. 26e) and fall (Fig.
26g) was highest in the 10- to 12-day band with spectra primarily red

for Perjcds 4 and 5.

III.4.1. Sea level cross-correlations with wind and current

Wind and current were cross-spectrally analyzed with sea level.
Current from two data periods were cross-correlated with local sea level
records: Period 2 with Ft. Pulaski (Savannah) sea level (Fig. 25a,b) and
Period 5 with SNLT sea level (Fig, 25¢,d). Wind was correlated with Ft.
Pulaski, Periods 2 and 4 (Fig. 26a-d), and SNLT, Periods 5 and 6 (Fig.
26e-h).

As coastal sea levgl set-up and set-down is affected to a great
degree by low-frequency wind and current, it may be expected that
cross-correlations with sea level were expected to match up well with
thoﬁe described in tﬁe previous section (Lee and Brooks, 1979: Schwing

et al., 1983b,1985) (Fig. 23). Unfortunately, correlations between sea
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level data from SNLT and wind and current (Periods 5 and 6) were poor,
Therefore, the following discussion concentrates on cross-correlations
with Ft. Pulaskl sea level (Periods 2 and b4).

Perlod 2 sea level at Ft. Pulaski had cross-spectral amplitudes
with the u (east) current component (Fig. 25a) that were 2-2.5 times
those with v (north) current (Fig. 25b). Correlations were significant
between the u component and sea level at all frequencies greater than 2
days. Maximum cross-spectral values occurred at 8 days when both
components and the two parameters were significantly coherent (r2 = .9).
Current and sea level always were approximately 180° out of phase.
Maximum drop in sea level corresponded to maximum easterly (u) or
northerly (v) current, while maximum high sea level correlated with
westerly (-u) and southerly (-v) current. However, maximum v current
led minimum sea level by 5 hr and maximum u led by 8 hr, approximately
the resampled data interval of 6 hr. A secondary cross-spectral peak
was coherent at 3.5 days with sea level lagging v by 1 hr and u by 2.5
hr.

The relationship of sea level with wind stress in Period 2 (Figs.
26a,b) was very similar to that with current, with coherent
cross-spectral amplitudes occurring at 8 days. A secondary peak (Figs,
26a,b) was very similar to that with current, with coherent
cross-spectral amplitudes occurring at 8 days and a secondary peak
occcurring at 3.5 days. Sea level was also approximately 180% out of
phase with wind in the x direction. However maximum northward {(+y) wind
led the sea level minimum by 12 hr at 8-10 days and 17 hr at 3 days,

Thus, while wind and current in the period were in phasze (Fig. 23), it
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took several hours for sea level to respond to low-frequency
meteorological forcing.

Rotary correlations between wind stress and sea level during Perlod
2 were significantly coherent in the 2.5-4,5 day band at all wind
directions. At the 6-10 day period, sea level was aignificantly
coherent with northeast and southwest stress,

Cross-spectral amplitudes of Ft, Pulaski sea level in Period U were
also about twice as large with the x {east) wind stress component {(Fig.
26c) than y (north) component (Fig. 26d). The two Series were coherent
in the 3~ to 12-day band, with a maximum cross—spectral value with the
x-component at 7 days, the period of maximum autospectral amplitude for
sea level and east stress., Wind led sea level at this frequency by 12
hr, identical to that for Period 2. A secondary cross-gpectral peak
occurred at 12 days where wind led by 8 hr. Maximum cross-spectral
amplitude between sea level and y wind component was at 9 days, also
the period of maximum autospectral amplitude for that wind component.
Sea level lagged wind by 27 hr. Although sea level was coherent
with both components throughout the 3- to 12-day band, sea level phase
lags were consistently higher (about 1 day) to the y component. Sea
level responded most rapidly to the x component.,

Rotary spectra showed Period 4 wind stress and sea level coherent
throughout 3~ to 12-day periods for northeast and southwest stress,
matching well with the relationship of wind stress to V .

Both rotary and component cross~spectral analyses between current
and sea level at SNLT during Perlod 5 showed peor coherence at
significant autospectral frequencies (Figs. 25c,d, 26e,f). The only

coherent period was 2 days, when spectral variance was very low.
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Likewise, wind and sea level in Period 5 (Fig, 26e,f) were coherent
only at periods greater than 17 days, well within the red part of the
spectra. Wind and sea level in Period 6 (Fig. 26g,h), also
predominantly red spectrally, were coherent in the y direction at U
days, a secondary autospectral peak. Wind led by about one day,

although the cross-spectral amplitude at this period was much lower

than for lower frequencies,

III.4,2, Sea level relationships in the SAB

Ft. Pulask]l sea level data from Period 4 (Fig. 7b) were analyzed
along with barometrically adjuated coastal sea level from Charleston,
5.C. and Daytona Beach, Fla., and subsurface pressure at two locations
along the 15-m isobath off Georgla and Florida (Fig. 27) to describe
interactions of sea level in the SAB., Coastal sea level variance was
greatest at Ft. Pulaski and smallest at Daytona Beach (Table 18).
Subsurface pressure variance at 15 m also decreased from north to south
and was smaller than assoclated coastal stations. The distribution of
varliance by frequency was similar at each site, although variance at
periods greater than 10 days increased to the south and increased the
total percentage of variance for perfods longer than 2 days in that
direction as well,

All five sea level stations were highly correlated and nearly all
were in phase at periods greater than 3 days (Fig. 28, Table 19), Even
along the most extreme length scale between Charleston and Daytona
Beach, the lag was only about 12 hr at 6.6 days, from north to south
(Fig. 28a). All other phase relationships at 6.6 days are within the

statistical confidence interval or approximate the resampled data
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interval of 6 hr., The five sites were also In phase (+/- 1 hr) at
semidiurnal and diurnal frequencies, 1in agreement with NOAA tidal
prediction tables.

The x (east) component of Savannah wind was highly coherent with
Ft. Pulaski sea level over the 3~ to 12-day band with sea level lagging

by 4-13 hr (Fig. 26¢). The y (north) wind component was also
cocherent with sea level, although correlations were lower than for the x
component, and led sea level at Ft. Pulaski by 20~30 hr in the
4.5- to 10-day band (Fig. 26d).

The x component during Period 4 also was correlated with alongshore
sea level slope (Fig. 29, 30a,c, Table 19), measured between Charleston
and Daytona Beach (Fig. 29a), as well as offshore at the 15-m isobath
(Fig. 29b). However, east wind stress was more highly correlated and
more nearly in phase with slope at 15 m (Fig, 30d, Table 19). The y
wind was correlated and in phase with coastal sea level slope at 6.6
days (Fig. 30b), but the relationship between north stress and slope at
15 m was not significant (Fig. 30d). A& comparison of the two slope-
serles showed spectra that were partitioned differentliy by band (Table
18). The spectrum of slope at 15 m has a single peak at 6.6 days and
closely matches the x wind spectrum (Flg. 30¢). However, the coastal
8lope spectrum shows variance distributed more evenly across a broad
frequency band (Fig. 30a). The difference in the two spectra is
particularly evident in the 2- to 3-day band. This high frequency
subtidal variance is unrelated to wind Stress but is possibly due to
iocal irregularities in topography near the coast that induce more local

variance in coastal sea level and in 8lope.



27

In addition to the cross-correlation described above for Period N;
significant correlations of SAB sea level with wind stress and other
sea level series during other periods are given in Table 19, Coastal
8ea level records were highly coherent at periods of about one week
during all seasons. The correlation of sea level with wind stress was
high, but the perlod varied with season. Coastal alongshore slope was
al30 coherent with east wind atreas usually in periods of a week, but

not correlated with north streas during other periods,

Iv. TIDAL PROCESSES

Although the majority of this report concerns subtidal-frequency
events at SNLT, there are important tidally related phencomena in sonme
of the data. Unfiltered sea level, current, salinity, temperature, and,
to a lesser extent, time series for wind all contain significant
variabllity at semidiurnal and diurnal scales. Harmonic analysis was
performed on the 29-day series of unfiltered data to obtain apectra for

tidal frequencles.

IV.1, Tidal Sea level at SNLT

Water level (Figs. 31, 32, Table 20) at SNLT was dominated by the
semidiurnal tidal component containing two orders of magnitude more
variance than the diurnal component. The diurnal inequality was evident
in time series superimposed upon the 1,5-2,5 m semidiurnal tidal range.
A fortnightly (14-day) signal was also present in time series producing
a3 much or more variance as the diurnal tides. Fortnightly variance was
similar to weather events discussed previously. This Is especially

evident in Figure 32b (Period 6). The quarter-diurnal overtide was
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present Iin the spectra for Period 6 (Fig. 32b) as well, but not for

Perfod 5 (Fig. 32a).

IV.1.1. Tidal sea lavel in the SAB

As with low-frequency sea level events (Section III.4.2,) tidal
sea level near SNLT (Ft. Pulaski) was c¢losely coupled te tidal
fluctuations throughout the SAB (Figs. 33, 34). Relative tidal variance
at each station was similar to subtidal events as well. Due to
funneling effects in the blght, Ft. Pulaskl showed the greatest tidal
range (Fig. 33a,b). Tidal amplitudes decreased south (Fig., 33b,c) and
offshore (Fig. 33¢) from Savannah. This ls also seen In the autospectra
of the unfiltered series (Fig. 34). The signals at all stations were

approximately in phase at the semidiurnal and diurnal periods,

IV.2. Tidal Current

Tidal current (Figs. 35-36, Tables 21, 22) was even more dominated
by the semidiurnal component than sea level., Rotary spectral statistics
for this parameter are summarigzed in Table 21. For bottom current
(Figs. 35a-¢, 36a-c¢, Periods 1-3) moat energy was in the v direction.
The semidiurnal for v was highly regular and higher in variance than
that for u, with some fortnightly variability also apparent in the
apectra. The diurnal ecmponent, however, was practically nonexistent.
The u vector, on the other hand, had more variability due to subtidal
events and less tidal energy relative to v. The tidal ellipse was more
stable than for low-frequency events and fairly elongated, with the

major axis oriented approximately perpendicular to the shoreline at a
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150-330° angle (Table 22). Tidal variance constituted more than 70% of
the total variance in the total current spectra,

A comparison between Periods 1-3 and 4-5 indicates that tidal
current may differ at various depths. At 8 m from the bottom (Figs.
35d and e, 36d and e, Table 21), the u component was more energetic and
had a larger variance at semidiurnal periods. The diurnal component was
not as important but the quarter-diurnal overtide was significant. The
v component was more affected by subtidal events, and semidiurnal
variance was an order of magnitude lower than that for u. This
disparity in semidiurnal energy was not as great at ' m above the bottom
(Table 21). Although tidal ellipse stabilities at 1 and 8 m were all
extremely high,the ellipse at 8 m was less rectilinear than near bottom,
and the major axis was situated only 10-20° clockwise of east compared
to a bottom direction of south-southeast (Table 22). Percent of total
energy due to semidiurnal components was similar at both depths.

Irregularities In bottom topography may force bottom tidal current
along isobaths or around obstacles that do not line up with the
shoreline. Increased bottom friction at t m may also force bottom
current In a counterclockwise direction. Kundu, Blanton and Janopaul
(1981) discuss differences in current with depth on the Georgia inner
shelf.

For both depths u and v, semidiurnal components were highly
coherent (rZ >,9) with each other, while diurnal constituents were not
slgnificant. At semidiurnal periods, v leads u by 25-60° (1-2 hr)
indicating the tidal ellipse rotates in a clockwise direction.

Semidiurnal current and sea level were highly coherent (r2 >.,97)

at both depths {(Fig. 37). The u current component lagged sea level by
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about 90° (3 hr) at the semidiurnal period, while v led by 1-2 hr, Only
Period 5 diurnal current and sea level (Fig, 37e,f) were
significantly coherent. The v current was approximately in phase with

water level and u lagged by 5 hr.

IV.3. Diurnal Wind

Stability of the diurnal wind ellipse was not nearly as great as
that of current, owing to the large influence of weather events on wind
(Table 22). Ellipse shapes also varied greatly from period to period,
although they were more circular than current tidal ellipses, The sea
breeze effect is much more distinct during summer when thermal gradients
across the land-ocean boundary are greatest (Table 22).

Harmonic analysis was performed on the major axis (57°) component
of unfiltered wind from Period 3 (Figs. 38, 39). Period 3 wind was
chosen to maximize the daily sea breeze, which we found to be strongest
during summer. Highest wind variance occurred at 24 hr (Fig. 39) at
almost four times more variance than for weather events, A amaller peak
in wind spectrum is seen at 12 hr. Major axis wind was not
significantly coherent with u current (Fig. 39a) but significant with v
(Fig. 39b) at the .05 level where current led by slightly more than 6
hr (90°). Rotary spectral analysis verified maximum coherence between
diurnal wind and current and occurred with north-south current.

To highlight details of the daily sea breeze and its possible
effect on nearshore current, wind and current time series were
band~pass filtered centered about 24 hr. A close cerrelation between
these band-passed series (Fig. 40) over a fortnightly cycle would

indicate that residual current after filtering out tidal and weather
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effects would be primarily wind driven. However, a visual correlation
between these series shows them to be completely out of phase, Although
both wind and current band-passed series have obvious 14-day signals,
residual tidal current over this period is not due to the sea breeze.

Instead, the fortnightly current appeared to be astronomically driven.

IV.4, Tidal Salinity

Salinity variations were predominantly semidiurnal (Fig, 41, 42,
Table 23) with a significant diurnal peak in the spectrum, although
tidal events accounted for very little of the total variance in the
series, particularly when compared to other components, Period 5 data
{(Fig. 41b, 42b) showed a particularly strong diurnal signal, but it is

unlikely that this is typical for this location,

V. SUMMARY

Savannah Navigational Light Tower (SNLT) has been used as an
instrument platform to periodicaliy collect coastal meteorological and
hydrographic data since 1977. Sufficient data have been obtained to
characterize the atmospheric and marine climatology of the South
Atlantic Bight inner shelf on monthly and annual scales, Monthly mean
statistics show seaszonal patterns in all parameters measured at SNLT,.
Seasonal shifts in the pattern of atmospheric pressure systems produce
changes in monthly mean wind and current direetion and intensity as well
a8 relative sea level. Changes in freshwater runoff, Gulf Stream
position, and seascnal heating and cooling of air and water columns
possibly contribute to the annual pattern. Interannual variations

related to year-to-year fluctuations alsoc exist.
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Inner shelf circulation is highly responsive to wind changes due to
meteorclogical frontal passages on scales of 3 to 14 days, These
variations are also evident in other hydrographic parameters, including
sea level, temperature, and salinity. The length and intensity of these
weather~associated events varies seasonally., Due to the shallow depth
and proximity to riverine input, current at SNLT is steered in an
alongshore orlientation relative to wind direction and the local isobath
orientation, Different combinations of forces, particularly the
interaction between wind and bottom stress, produce different current
regimes at different depths.

Although the low-frequency fluctuations described above contribute
a great deal of varlability into the hydrography at SNLT, they tend to
be masked by oscillations generated by the dominant tidal regime. Tidal
current generally flows perpendicular to the coast, although variaticn
with depth again exlsts., Tidal events account for a majority of the
variance in unfiltered current, sea level, and galinity,

The dynamics of the SAB inner continental shelf are a complicated
balance of many forces. Wind and bottom stress, tidal flow, freshwater
runoff, pressure and density gradients, and irregular bathymetry all
contribute to this balance. Although the complex interactions between
these forces is still not completely understeood, it is hoped that
results contained in this report will contribute to our knowledge of
nearshore circulation. While new information has been obtalned, new
questions have also developed. These problems will be addressed in
future efforts aimed at describing and understanding the hydrography of

the nearshore region of the South Atlantic Bight.
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LIST OF TABLES
Dates of data acquisition system in operation at SNLT.
Number of hourly values represents length in hours of
continuous data series analyzed for each deployment,
Characteristics of 3 and 40 hr low-passed filters used in
processing SNLT data.
Monthly means and standard deviations of U0 nr low-paased
SNLT wind. The section labeled "Average" refers to means
from all data collected for the month for all deployments.
Monthly means and standard deviations of 40 hr low-passed
SNLT current. The last column refers to means from all
data collected for the month for all deployments.
Monthly means and standard deviations of 40 hr low~passed
SNLT and Ft. Pulaski (Savannah) sea-level,
Monthly means and standard deviations of 40 hr low-passed
SNLT air and water temperature. The section labeled
"Average” refers to all data collected for the month for
all deployments.
Monthly means and standard deviations of 40 hr low-passed
SNLT salinity. Note that L1 and L3 refer to data from 1
and 13 m from the bottom, respectively, The last columm
refers to all data collected for all deployments for the
moenth.
Monthly summary of vector statistics for 40 hr low-passed
SNLT wind stress.
Monthly summary of vector statisties for 40 hr low-passed

SNLT currents.
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Variance (dynes2/cm!) ang percentage of total variance in
low-frequency bands for 40 hr low-passed a) east {x) and

b) north (y) wind stress components, by period,
Low-frequency (subtidal) rotary vector statisties for 4o
hr low-passed wind. Total kinetic energy (m2/s2) is

shown for low-frequency bands, by period, which account for
a significant amount of the total energy. ROTC refera to
the ratio of minor axis to major axls, a measure of
rectilinearity, STAB represents ellipse stability, and
IANG represents the orientation of the major axls relative
to north.

Statistical summary of land (Travis) and SNLT wind data
dervied from 40 hr low-passed time series (30 May-4 July
1977); n = 859 hourly values. SE and NE refer to
components offshore and alongshore, respectively. Spectral
statistics represent averages for bands greater than 40 hr,
Variance (cmz/sa) and percentage of total variance in low-
frequency bands for 40 hr low-passed a) east {(u) and b}
north (v} current components, by period.

Variance (cm2/32) and percentage of total variance in low-
frequency bands for V , principal axis of 40 hr low-pasaed
current vector, by period.

As Table 11 for 40 hr low-passed current. Total kinetic
energy in cm2/sl.

Cross-correlation statistics, by period, for significant
frequencies, comparing x and ¥ wind components and V ,

principal axis of current. Positive phase indicates wind



Table 17.

Table 18.

Table 19.

Table 20,

Table 2%.
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leads. NS indicates phase not statistically different from
zero,

Variance (cm2) and percentage of total variance in low-
frequency bands for 40 hr low-passed sea-level from Ft.
Pulaskl and SNLT, by period.

Variance {em2) and percentage of total variance in low-
frequency bands for sea-level and subaurface pressure
stations during Period 4. Variance data for coastal
(CHS-DB) and 15 m isobath alongshelf sea-level gradients
are included,

Cross-correlation statistics, by perlod, for significant
frequencies, comparing wind stress, sea-level stations, and
alongshelfl sea-level gradients. Positive phase indicates
first series leads. NS indicates a phase not statistically
different from zero,

Tidal harmoniecs, by period, for 29-day records of SNLT and
Ft. . Pulaski 3 hr low-passed sea-level. Important tidal
components and overtides are shown, along with tidal and
total variance in series. The abbreviation %V represents
the percentage of total variance contained in tidal
constituents,

Tidal harmonics, by period, for 29-day records of 3 hr
low-passed a) u and b) v current components at SNLT.
Important tidal components and overtides are shown, along
with tidal and total variance in series. The symbol %V is
represents percentage of total variance contalned in tidal

constituents,



Table 22,
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Summary of primary tidal components, by period, from rotary
gspectral analysis for 3 hr low-passed wind and current at
SNLT, Total kinetic energy in m2/s2 for wind and em2/s2
for current. ROTC 18 the ratio of minor axis to major
axis; STAB is ellipse stability; and DIR is the orientaticn
of major axis relative to the north. The symbol %E
represents the percentage of the total variance contained
in that frequency.

Tidal harmeonics, by period, for 29-day records of 3 hr
low-passed salinity at SNLT. Important tidal components
and overtides are shown, along with tidal and total
variance in series, The symbol %V represents the
percentage of total variance contained in tidal

constituents.
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LIST OF FIGURES

Map showing location of Savannah Navigational Light Tower
(SNLT), Skidaway Institute of Oceanography, Hunter Army Air
Field, and Travis Field (National Weather Service).
Meteorclogical data from Hunter and Travls were used to
calibrate SNLT instrumentation.

Savannah Navigational Light Tower (SNLT),

Schematic of SNLT showing location of oceanographic and
meteorological instrumentation. Current, conductivity, and
temperature are measured at each underwater level, located
1, 8 and 13 m from bottom, exemplified by Levels 1, 2, and
3, respectively.

Stick vector plots of 40 hr low~-passed wind stress
(dyne/cm?) and current (em/s) at SNLT for Periods 1-5 (a-e),
See Individual figures for time periods,

Time series of east (TAUX) ancd north (TAUY) 40 hr
low-passed wind speed components (oceanographic convention}
at SNLT for Periods 1-6 (a-f). See individual figures for
time periods,

Time series of major (upper} and minor {lower) 40 hr low~
passed current components (em/s) at SNLT, by period. See
individual figures for time pericd, a) Period 1, b)
Period 2, c¢) Perlod 3, and d) Period 5.

Time series of 40 hr low-passed wind stress (north

component) and sea level. See individual Figures for time



Figure 8.

Flgure 9,

Figure 10.

Figure 11,

Figure 12.

Figure 13.
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period. a) Period 2, b) Period 4, ¢} Perlod 5, and d)
Period 6.

Time series of 40 hr low-passed barometric pressure
(upper) and air temperature (lower) at SNLT, for Periods
1-5 (a-e). See individual figures for time period,

Time series of 40 hr low-passed surface {(upper) and
bottom (lower) water temperature at SNLT (Figure 3)}, for
Periods 1-6 (a-f). See individual figures for that time
periocd.

Time serlies of 40 hr low-passed water temperature at SNLT,
comparing temperature at three levels (Figure 3) for
Periods 1-6 (a-f). See individual figures for time periods.
Generally, surface temperatures follow upper curve and
bottom temperatures follow lowest curve.

Times serles of 40 hr low-passed salinity at SNLT. a)
Period 4, b) Period 5, and ¢) Period 6. See individual
figurea for time period.

Monthly mean vectors of SNLT winds and currents. Vector A
denotes the mean for that month for all values from all
years of data, Vectors b, ¢, d, and e define monthly means
from 1977, 1980, 1981, and 1983-84, respectively. North is
toward top of figure,

Monthly means and standard deviations of sea-level from
SNLT, with data from Ft. Pulaski (Savannah), Charleston,
and Daytona Beach included as reference. Monthly means
from 1977, 1980, 1981, and 1983-8Y4 are represented by open

symbols. Means are relative to an arbitrary datum plane



Figure 14,

Flgure 15a,

Figure 15b,

Figure 16.

Figure 17.
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unique to each location. Vertical lines represent one
standard deviation from mean. Means for all years
combined are represented by closed symbols connected by an
osclllating line.

Means for each month for all air and water temperature data
collected for SNLT. Vertical lines define ranges of
monthly mean temperatures for each month. Temperature was
recorded during only one year for January, February, June,
October, November, and December.

Monthly means and standard deviations of SNLT air and water
temperature during 1977. The legend is the same as that
for Figure 1Y,

Monthly means and standard deviations of SNLT air and water
temperature for 1980 (defined by broken standard deviation
lines) 1981 (defined by solid standard deviation lines),
and 1983-84 (defined by dotted standard deviation lines).
The legend is same as that for Figure 14.

Monthly mean vectors and principal axes of SNLT wind stress
and currents. Arrows represent monthly mean vectors,
Crosses denote major and minor axes of standard deviation
about the mean, North is toward top of flgure,
Currenta from 1977 were obtained 1 m from bottom; 1980 and
1981 currents were obtained 8 m from bottom,

Monthly variations in intensity of wind speed at SNLT.
Shaded areas represent percentage of menthly wind speeds
greater than 5, 7.5, 10, and 12.5 m/s, respectively. For

example, winds during January blew greater than 5 m/s 75¢%



Figure 18,

Figure 19,

Filgure 20.
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of the time, greater than 7.5 m/s 58% of the time, greater
than 10 m/s 33% of the time, and greater than 12.5 m/s 18%
of the time. Unshaded area represents percentage of wind
speeds less than 5 m/s, All wind data at SNLT during 1977
~ January 1984 (Periods 1-8) were used in the analysis.
Auto- and cross-spectral plots of east (TAUX) and north
(TAUY) 40 hr low-passed wind streas components at SNLT for
a) Period 1, b) Period 2, ¢) Pertod 3, d) Period 4, e)
Period 5, and f) Period 6. Order of plots is as follows.
First column of plots includes autospectrum of series 1
{(TAUX), and series 2 {TAUY), and crosa-spectrum of the two
series, Confidence intervals of 95% are shown. Second
column includes auto- and crosa-spectra from column one,
divided by frequency. This represents variance preserved.
Third column includes plots of coherence squared, phase,
and galn between the two series. Confidence levels 50, 80,
90, 95, and 99% are shown for coherencere shown for
coherence squared. A confidence interval of 95% for phase
is also given.

Regression of land-based (Travis Field, Savannah Airport)
wind speed on SNLT wind speed, showing approximate 2:1
ratio between ocean and land winds. Data from Period 1 (21
February-16 March 1977).

Stick vector diagrams of 40 hr low-passed time series,
Period 2, 30 May-4 July 1977. SAV represents land wind
from Travis Fleld, and SNLT represents o¢ean wind from SNLT.

Currents obtained 1 m above bottom at SNLT. Ail data are



Figure 21.

Flgure 22.

Figure 23.

Figure 24,

Figure 25.
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in oceanographic convention; l.e., wind vectors point
downwind., Vectors are plotted for every six hours.
Autospectra of 10 hr low-passed land (SAV) and acean
(SNLT) wind time series, Period 2, 27 May-7 July 1977. The
total energy in vectors is expressed in variance units.
Auto- and cross-spectral plots of east (u) and north (v) 40
hr low-passed current components at SNLT; for a) Period 1,
b) Period 2, and c) Period 5. Refer to Figure 17 for
detalls,

Auto- and cross-spectral plots of 40 hr low-passed east
(TAUX) and north (TAUY) wind stress versus major axis
current component (VTHETA) at SNLT; a,b) Period 1; e,d)
Period 2; e,f) Period 3; and g,h) Period 5. Refer to
Figure 17 for details.

Rotary spectral correlation between 40 hr low-passed wind
stress and principal current component (V = 62.8° from
€ast) at SNLT, for Period 5. So0lid lines enclose wind
directions and frequencies at which current was coherent
with wind at 90% (.48) and 95% (.64) confidence levels.
Broken lines represent phase, in degrees, between wind and
current. Positive phase indicates wind lags current,.
Concentric circles represent frequency in cycles per day.
Compass directions and current-and-shoreline orientation
are included,

Auto- and cross-spectral plots of 40 hr low-passed east (u)

and north (v) current at SNLT versus sea level at Ft.



Figure 26.

Flgure 27.

Figure 28,

Figure 29.

Flgure 30.
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Pulaski (a,b) (Period 2; at SNLT (c,d) Period 5. Refer to
Figure 17 for details.

Auto- and cross-spectral plots of 40 hr low-passed east
(TAUX) and north (TAUY) wind stress at SNLT versus sea
level at Ft. Pulaski (a,b) Period 2 and ¢,d) Perfod A4; and
at SNLT (e,f} Period 5 and (g,h) Period 6. Refer to Figure
17 for details.

Time series of 40 hr low-passed a) sea level from
Charleaton (upper) and Daytona Beach (lower), and b)
subsurface pressure at 15 m isobath off Georgia (upper) and
Florida (lower), during Period 4,

Auto- and cross-spectral plots of 40 hr low~passad a)
Charleston versus Daytona Beach sea level; b) Georgia
versus Florida subsurface pressure; ¢) Ft. Pulaski sea
level versus Georgla subsurface pressure; and d) Daytona
Beach sea level versus Florida subsurface pressure, during
Period 4. Refer to Figure 17 for details.

Time series of 40 hr low-passed alongshore sea level 8lope
(lower) calculated between a) Daytona Beach and Charleaton,
and b) Florida and Georgia sea level differences during
Period 4. Positive values indicate northward slope., East
wind stress at SNLT is presented in upper plot for
compar ison.

Auto- and cross-spectral plots of 40 hr low-passed a) east
(TAUX) and b) north (TAUY) stress at SNLT versus alongshore

8ea level slope at coast, c) east (TAUX) and d) north



Figure 31.

Figure 32,

Figure 33.

Figure 34,

Figure 35,

Figure 36.
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(TAUY) stress versus slope at 15 m isobath, during Period i.
Refer to Figure 17 for details.

Time series of 3 hr low~-passed sea level at SNLT showing
tidal variations during first 29 days of a) Period 5 and b)
Period 6,

Autospectral plots of 3 hr low-passed sea level at SNLT
showing variance and variance preserved during a) Period 5
and b) Period 6.

Time series of 3 hr low-passed sea level during the first
29 days of Period Y4, showing tidal variations at a)
Charleston (upper), Ft. Pulaski (lower), b) Daytona Beach
{lower}, c) at the 15-m isobath off Georgia (upper}, and at
the 15-m isobath off Florida (lower).

Auto- and c¢ross-spectral plots of 3 hr low-paszsed a)
Charleston versus Ft, Pulaski sea level; b) Charleston
versus Daytona Beach sea level; and ¢) Georgia versus
Florida subsurface pressure during Period 4. Refer to
Figure 17 for details.

Time series of 3 hr low-passed east (x) and north (y)
current at SNLT showing tidal variations during the first
29 days of a) Period 1; b) Period 2; ¢) Period 3; d) the
Tirst 23 days of Period U4; e) Period 5, and the first 29
days; and f} Period 5, the last 29 days.

Auto- and cross-spectral plots of 3 hr low-passed east (x)
and north (y) current at SNLT, during a) Period 2; b)
Period 3; ¢) Period 4; d) Period 5 ~ first 29 days; and e)

Period 5 - last 29 days. Refer to Figure 17 for details.



Figure 37,

Figure 38.

Figure 39,

Figure 40,

Figure 41.

Figure 42,
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Auto- and cross-spectral plots of 3 hr low-passed east {(x)
and north (y) current at SNLT versus sea-level; at Ft.
Pulaski, a,b) Period 2 and c,d) Period Y4; and at SNLT, e,f)
Period 5 - first 29 days and g,h) Period 5§ - last 29 days,
Refer to Figure 17 for details.

Time series of 3 hr low-passed wind stress at SNLT during
Period 3 (lower), showing daily variance along major axis
of wind (57°N), North (y) tidal current at SNLT presented
in upper plot for comparison,

Auto- and cross-spectral plots of 3 hr low-passed a) east
(u) and b) north (v) current versus major axis wind stress
(57°N) at SNLT during Period 3. Refer to Figure 17 for
details,

Time series of wind stress and current at SNLT during
Perlod 3, band-passed with a filter centered about 24 hr to
define dally events. Fortnightly (14-day) tidal cycle is
seen in serles., From top to bottom, time series are wing
stress major axis, wind stress minor axis, east current,
and north current.

Time series of 3 hr low-passed g8alinity at SNLT showing
tidal variations during first 29 days of a) Period 4, b)
Period 5, and ¢) Period 6.

Autospectral plots of 3 hr low-pasaed salinity at SNLT
showing varlance and variance preserved during a) Period y,

b) Period 5, and c¢) Period 6.



Table 1.

Period

10

17
26

27

20

12

Feb 1977
May 1977
July 1977
Apr 1980
Mar 1981
July 1981
Nov 1982
Nov 1983
Mar 1984

July 1984

17
21
20
20
22
23
23
21

12

3N

May 1977
July 1977
Sept 1977
Aug 1980
May 1981
Oct 1981
Dec 1982
Jan 1984
July 1984

Dec 14984

No. Hourly Values

2122
1345
1321
3332
1844
2291

984
1848
3192

4128



Table 2.

Filter Characteristics for Filters Used in Processing SNLT Data

0.25 amplitude period (frequency)
0.1 amplitude period (freguency)
Number of weights

Data loss, each end

3 hour low-pass

40 hour low-pass

3 hr (8.0 cpd)
2.6 hr (9.2 cpd)
5

2 hr

40 hr (0.6 cpd)
34 hr (0.7 cpd)
193

4 days
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Table 5.

Sensor: Sea Level Units: em
1977 1980 1981 1983-84
n X + sd n X + sd n X + sd n X + sd
Ft. Pulaski SNLT

Jan. 63 25.0+9.59
Feb,
Mar. 85  33.0+11.60
Apr, 93 4.8+ 9.87 120 23.0 13.45
May 8 34.9: 2.55 124 23.1 11.97 71 2.0 7.30
June 120 23.4 10.23 120 22,1 15.37
July 65 5.4 5,83 124 12.6 9.86 33 28.0 10.08
Aug. 63 1.4 5.84 124 43.0 7.33
Sept. 120 bh. 0 12,21
Oct, Th 38.0 9.90 .
Nov. 92 29.0 10.83
Dec. 124 17.0 .10




96wl lh'OL  H2t Q2
L6°LL Ox*GL 26 AON
9c€e 0t'hZ 2E'nwe £6'2Z i 100
g€ L2 £0°g2 90°82 E9'lZ 1gl ades
(,0) SUOTIRIA3Q PJEPURLS + SUBAW - sunjedadwal G0°62 95°62  18°62 h6'8Z  gne  3ny
‘g arqel 61°0t L2'0f 96°0f Lg9°'62 201 Arnp
WG"lZ 28°L2 9%*g2 KL'lg 021 aunp
BO"0Z 82702 0L°02 68°6L 661 Aey
2l Ll 9h°L)  LE'QL £97gl £1€  uJdy
£EG°EY LL'EL RE'wi 0E£°GL 602 JeR
EH'OL SR°OL hELL hw2'EL 62 Q34
06°6 EL"L £9 uer
108 PIRW JJang  J1y u
ageJaAy
IE'2¥ nR 9% 2l oET]
96" kL Lh 0!
68°0F Oh'EF 26 AON
6Ll on°SI
9 tF ES°IF 6H'LF 6G°2F Kl 300
9z-"¢2 0oE'w2 2E°he E£6°'22
L"0F grR'0¥ 9G"0F GH°EF 021 02°0% 02°0F 02'0F Gg'0F 19 idas
02°92 gL°i2 oOL*le E£f'l2 9G'6c  0L'62 Sh°62 £8°82
LITL¥® GLtF 1L 1F  £6°LF hel 6E°O0F IR"OF LRp"OF GH'0F  nZlL  Bny
0812 #B°'82 06'BZ K062 62°'0EL Gh*0t LL°Of ng°ge
OL"0F% y1'0F LL'0F E1'1¥F £f 6L°0F LK'0F £9°0F g Q¥ 69  AInp
69°62 g4'0E€ I6°0E€ Ln"Of En'0f Li'0f 96°0f g2Z'62
09°0F% 29°0F Ig'0F [LG'IF¥ 021 oaunp
ne'le 2g°le 95°g2 hwi'lZ
29°0F 09°0F 29'0F E£L'I¥ L G2TLF 957 LF ZnTLF O69°1F  LL [ 69°0F G6'OF L1TLF 69°LF 1§ ACH
39702 92°l2 LIyl gl l2 Ll*LL OR“LL 98°LL 12'9l RO"t2 99°'22 L2°E2 69°22
LSTiF  ELTLF LLCLF OELTIF 021 | LECOF whOF G9TOF LG IF EL | EETIF 9z LT 16°1F Ol'2F 021 44y
9 Ll wl°gl £9°8l 60°QZ £9'hnl 96°hl gr"SL 22 Kl 02°'gL 62°'8BL 98°61L 00°02
OR"0F LE*OF 6hH'0F SE°eF 6g £STLF GG'LF 902F GQ'2F w2l SRR
0Z°ElL SGS°EL S6°EL  LO"hI 9L°f1L 28°E1 89 hlL gL°9lL
bE'OF [h°0F 98 0F 6L°2F 62 Qa4
Er Ol Sh 0L HwE*LL fe2 €l
th*0F GO°EF¥F €9 uef
06°6 E£L°L
JJang  Jty u j04g PIH Jung JIY U 104 PTH JJng JIy U 04 PIW Juang  J1y u
hB-£861 1861 086 L LLEL




Table 7.

Sensor: Salinity Units: ppt
1977 1680 1981 Average
n ¥ t+ sd n X + sd n X + sd n X
Feb,
Mar.
Apr. L3 |73 31.69+1.30 | 97 33.62+0.66 170 32.79
May L3 13% 33.630.61| 71 31.05 0.69 110 31.96
L1 24 33,52 0,92 24 33.52
June
July L1 33 29.31 0.86 33 29.31
Aug. L1 N 28.27 0.92 91 28.27
Sept.

Oct.




Table 8.

Vector Statistics - Wind Stress (dynes/cm?)

Standard Angle of
Component Vector Deviation of Axes Major Axis
E N Speed Dir. Major Minor  {(deg. from N)
1977 Feb 0.0 0.35 0.53 49 1.0 0.58 140
Mar 0.4 0.16  0.21 i1 1.21 0.84 104
Apr 0.17  0.16 0.23 L7 0.84 0.55 89
May ~0.12 0.0 0.12 275 0.45 0.19 54
June 0.34 0.08 0.3 17 0.64 0.25 83
July 0.12  0.17 0.21 35 0.u5 0.12 68
Aug ~0.17 0.08 0.19 295 0.50 0.19 67
Sept -0.05 0.0 0.05 281 0.64 0.26 66
1980 Apr 0.38 0.31 0.49 51 1.11 0.7 72
May 0.00 o0.27 g.21 0 0.83 0.34 63
June 0.14 0.28 0.31 27 0.98 0.32 56
July 0.13 0.32 0.35 22 0.69 0.33 54
Aug G.36 0.53 0.64 3y 0.51 0.16 kg
1981 Mar 0.32 =~0.02 0.32 94 0.80 0.57 124
: Apr ~0.03 6.18 0,18 351 1.10 0.32 63
May -0.08 -0.19 0.2t 203 1.10 0.25 35
June
July 0.34 0.45 0,54 37 0.7 0.05 40
Aug -0.10 0. 0.10 276 .97 a.24 50
Sept  -0.04 -0.01 0.1% 266 0.58 0.25 67
Cet -0.38 ~-0.u4t 0.56 223 1.52 0.24 47
1983 Nov 0.36 0.04 0.36 B4 1.17 0.89 130
1984 Dec 0.22 =0.49 = 0.54 156 1.47 0.96 130
1984 Jan -0.12 -0.50 0.72 193 1.07 0.49 14
Weighted Monthly Means
Jan ~0.12 =~0.50 1.07 0.49 141
Feb 0.40 0.35 1.01 0.58 140
Mar 0.21 0.09 1.04 0.73 12
Apr 0.16 0.21 1.M 0.51 75
May -0.05 0.05 0.61 0.28 53
June 0.24 0.18 0.81 0.29 69
July - 0.16  0.29 0.62 0.22 55
Aug -0.06 0.24 0.69 0.21 56
Sept  ~-0.M1 0.00 0.60 0.25% 67
Oct -0.38 -0.M 1.52 0.24 u7
Nov 0.36 0.04 1.17 0.89 130
Dec 0.22 -0.49 1,47 0.96 14



Table 9,

Vector Statistics - Currents (em/s)

Standard: Angle of

Component Vector Deviation of Axes Major Axis

E N Speed Dir,. Major Minor (deg. from N)
1977 Feb 0.99 5.13 5.22 11 3.37 2.22 138
Mar 0.12 3.24 3.24 1 6.03 2.58 59
Apr 2.21 5.12 5.58 23 6.84 1.98 61
May 2.0b 2.99 3.62 34 6.86 1.14 72
June 4,06 2.67 4h.86 57 7.54 2.18 64
July 7.18 2.08 7.48 74 4,46 1.17 72
Aug 5.36 1.62  5.60 73 5.74 1.76 T4
Sept 0.47 3.38 3.4 8 6.5 5.60 120
1980 Apr §.28 2.93 5.19 56 9.1 2.85 35
1981 Mar 1.46 0.60 1.58 68 7.49 2.65 10
Apr 1.48Y4 0.54 1.54 69 10.40 2.12 32
May 1.65 ~0.15 1.66 95 8.09 1.64 29

Weighted Monthly Means

Mar 0.66 217 2.27 17 6.62 2.61 39
Apr 2.0y .86  3.76 27 B.74 2.25% Ly
May 1.69 1.09 2,01 57 7.38 1.36 50
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Period

[\%

wvnoun

Wind Low-frequency rotary statistics

Band (days) Total KE

6.4-32
>6.3
2.7-4.75

Table 11,

15810

5857
3310

1720
30036

10030
11150

28822

ROTC
.39

.07
.37

.0l
.34

.21
.31

.14

STAB

A7

.60
U6

.48
Ay

.21
.50

.75

IANG (N)
90°

81
84

65
63

84
55

47




SE Comp X *+ sd (m/s)

I+

NE Comp X

+

sd {m/s)
Mean Speed (m/s)
Megan Dir.

Band (> 40 hr) Variance (m2/s2)

Table 12,

Land Wind
0.57 % 1.46

1.22 £ 1.76

0.01 + 2.47
3.17 + 3.83
3.17

u5°

13.28
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Current Low-frequency rotary statistics

Band (days) Total KE

5.3-32
2-3

>6.3
2.7-4.75

>9
3.6-6

>3
>4.5

Table 15.

10170
617

%080
4393

10120
3335

3260

28043

ROTC

.02
.07

.05
=12

215
.04

-.10

~.12

STAB

-59
.74

.57
.85

-58
.48

.72
t?B

IANG(N)

61°
62

73
68

100
58

34
27




Table 16.
Low;frequency wind-current cross-correlations

Wind x vs V,

Data Period V4 Period(days) cross-spectrum r2 Phase(hr)
1 61° 10 6.53 .62 -5.4 NS
2.2 4.06 .79 3.7
2 79 8 y.42 LTh -8.1 NS
3.4 h.36 .78 -1.3 NS
3 g0 6 2.61 .58 18.5
5 27 17 16.5 .8y -22.8
6 20.6 .96 -2.T NS
Wind y vs Vj
1 61 20 4,54 .65 96
5.75 4,58 54 20.4
2 79 8 2.18 .3 4.6 NS
3 90 11.8 2.30 .51 -3.1 NS

5 27 6 12.8 .69 6 NS
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Table 22.

SNLT Primary tidal components - rotary spectra summary

Total KE

4245
3061
3311
1759
1806
1286

76660
58230
K7750
59200

139770

3403
380
687

ROTC STAB
Winds 24 HR
.07 .31
.30 .42
.20 'R
.76 .52
-55 .2H
.57 .64
Currents 12.42
.23 .94
.25 .96
.31 .92
L2 .92
3 .98
Currents 6.21
.70 .43
.16 .81
.28 .73

HR

HR

DIR (N)

127°
132
123
162
85
153

150°

15

151
IIOB

99

110°
117

120

. TE

14

19

79
74
65
78

77

0'5

0.4
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Figure 1. Map showing location of Savannah Navigational Light Tower
(SNLT), Skidaway Institute of Oceanography, Hunter Army Air
Fleld, and Travis Field (National Weather Service).
Meteorological data from Hunter and Travis were used to
calibrate SNLT instrumentation.



Savannah Navigational Light Tower (SNLT).

Figure 2.



Wind Sensor — 100’
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Figure 3. Schematic of SNLT showing location of oceanographic and
meteorological instrumentation. Current, conductivity, and
temperature are measured at each underwater level, located
1, 8 and 13 m from bottom, exemplified by Levels 1, 2, and
3, respectively,
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1

0.00 §.00 10.00 16.00 20.00 25.00 30.00 35.00 40.00 4500
DAY IN PERIBD 2

Figure 4b. Period 2, 30 May - 17 July 1377. Stick vector plot
of 40 hr low-passed wind stress (dyne/cm®) and current (cm/s) at
SNLT. North is toward top of figure,
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Figure 4c. Period 3, 31 July - 16 September 1977, Stick
vector plot of 40 hr low-passed wind stress (dyne/em¢) and
current (cm/s} at SNLT. North is toward the top of figure,
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Figure 4d. Period 4, 7 - 22 Aprﬂ 1980. Stick vector plot of 40 hr
low-passed wind stress (dyne/cm?) and current (cm/s) at SNLT. North
is toward top of figure.
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Figure 10b, Period 2, 30 May - 17 July 1977. Time series of 40 hr
low-passed water temperature at SNLT comparing temperatures at three
levels.
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Alr and Water Temperatures - Averages and monthly mesns
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Figure 14. Means for each month for all air and water temperature data
collected for SNLT. Vertical lines define ranges of monthly
mean temperatures for each month., Temperature was recorded
during only one year for January, February, June, October,
November, and December.



Temperature - Monthly means and standard deviations (1977)
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Figure 15a. Monthly means and standard deviations of SNLT air and water
temperature during 1977, The legend is the same as that
for Figure 14,



Temperature (°C)

Temperature - Monthly means and standerd deviations,

- (1980,1981, 1983-84) r
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Figure 15b. Monthly means and standard deviations of SNLT air and water

temperature for 1980 (defined by broken standard deviation
lines) 1981 (defined by solid standard deviation lines),
and 1983-84 (defined by dotted standard deviation lines).
The legend is same as that for Figure 14,
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SNLT = 0317 + 2179 SAV
r = 0.94
159 n=93

SNLT Wind Speed

Savannah Airport Wind Speed (m/s)

Figure 19, Regreasion of land-based (Travis Field, Savannah Airport)
Wwind speed on SNLT wind speed, showing approximate 2:1
ratio between cocean and land winds. Data from Period 1 (21
February-16 March 1977).
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Total Wind Variance
27 May-7 July 1977
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Figure 21. Autospectra of 10 hr low-passed land (SAV) and ocean

(SNLT) wind time series, Period 2, 27 May-7 July 1977. The
total energy 1in vectors ls expressed in variance units.
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Figure 24,

Rotary spectral correlation between 40 hr low-passed wind
stress and principal current component (V =~ $2.8% from
@ast) at SNLT, for Perlod 5. Sclid lines enclose wind
directions and frequenclies at which current was coherent
with wind at 90% (.48) and 95% (.64) confidence levels.
Broken lines represent phase, in degrees, between wind and
current. Positive phase indicates wind lags current.
Concentric circles represent frequency in cycles per day.
Compass directions and current-and-shoreline orientation
are Included.
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Figure 32a. Period 5: Autospectral plots of 3 hr low-passed sea level
at SHLT showing variance and variance preserved.
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Figure 40, Time series of wind stress and current at SNLT during Period 3,
band-passed with a filter centered about 24 hr to define daily events.
Fortnightly (14-day) tidal cycle is seen in series. From top to bottom,

time series are wind stress major axis, wind stress minor axis, east current,
and north current.



*(e3ep passed-mo| 4y £) LTINS 18 (*3dd) g |aA3] 3® A3Lutpes

't POLU34 BTy dunbiryg
- . - ars [N ] L AL o [ -] L3 {} [N ] - Y L N ] ", oW ”.Mm“ht”—h“m” LN - .. - W - .- LK 4 - .- LN L] - ., - . - -e
3
(AT I
T ]
| |
(e
I '
. 1 [
|
L ]

Vv

e




"(e1ep passed-MOL Jy €} 1TNS 3° (*3dd) £ [9A3| 3° ALLuUL|eS :G POludd  *qTp Bunbig

LRI TU LU F T YRR YT

Sl ML g
A WaN W ®m W Sy TWEY WO M AR M W Mt mW wma mw

N/,

LA

FEEU A




*(ejep passed-mol 4y £) LINS 3° ("3dd) g Lanap 3e AjLurles

A 4 :

i | w ) | o
AL , ”

RN RITA A LA

/ ﬁ %% l



SPECTIUN

Jnn?2 & HEURS

1PPT
1 3]

gt gt gt [T I

101

PERIBDO - HBURS
[ 12 a'

A

10 ) AT
FREQUENCY - CYCLES/HBURS

Figure 42a, Period 4:

FRED & SPECTRUN

(PPT
2.00

Isn2

1

PERI@D - HWBURS

1t

-

[

10°F

107!

FREQUENCY - CYCLES/HBURS

Salinity spectra (3 hr low-passed data).



SPECTRUM

HAURS

INMZ u

10% 10¥% 19" 109 102 1071 108

1PPT

10t 108 108

PERIBD - HAURS

at 13 1 . o8
\/X
\“\AA. A 5
¥ V \,J 5
) 1
f
- g1 19! 100

FREQUENCY - CYCLES/HBURS

Figure 42b, Period 5:

Salinity spectra.

PERIBD - HBURS

108

£ 1? 1 10°
-
o
o~
]
-
o
= Fl
=3
ig
2 k
2
o

109 in* 1!
FREQUENCY - CYCLES/HBURS

Unfiltered data,

10%



TPECTIUM

imn2 m HPURS

1PPT

PERJ@D - HAURS

10°710% 10 % 18- 10-F19-2 1071 100 100 10R 1P

FREQUENCY - CYCLES/HOURS

Figure 42c.

Period 6:

w‘l "i‘ 10! 10
\
N\ Ma
v T
I +
[
0y T T T

FREQ x SPECTOM

tPPT
&.00

t EE2

PERIBD - HAURS
100 10" [L L
e e - ‘Li: ,,J I i -
b9 tort 10! 1

FREQUENCY - CYCLES/HBURS

Salinity spectra (3 hr low-passed data).




APPENDIX

Plots of Weekly Data Summaries of SNLT Data Collected

During 1984
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