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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

�977-19B4! 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 curr ent fluctuations occur fn 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 ster ic 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 r unoff, 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 in the observations.

All hydrographic parameters are highly r esponsi ve to wind changes

due to frontal passages at 3- to 14-day periods, increasing from winter

to summer. Alongshore wind is the predominant for cing mechanism.

Although the direction of wind varies gr eatly during the year, the

current is primar ily 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 appr oximately in phase at all frequencies, and well

correlated with the current.
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Tidal currents and sea level are predominantly semi diurnal. With

depth, tidal ellipses weaken, become more r ectilinear, and rotate

clockwise. Wind often presents a distinct, summer diurnal per iod.

Oceanographic parameters are dominated by tidal oscillations, but

synoptic scale motions are an important contributor to the mean

circulation pattern of the inner shelf region of the SAB.
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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, transpor tation and fishing.

Ener gy-related activities along the coast may conflict with these uses

if such activities are not carefully managed. Zt is necessary to assess

the natural biological, chemical and geological properties of this area

to evaluate the impact of man's varied activities on the system.

To understand the dynamic processes affecting this system, an

understanding of the circulation of nearshore waters is needed. One of

the impar'tant goals of research being conducted by Skidaway

Institute of Oceanography  SKIQ! under the sponsorship of the U. S.

Department of Energy  DOE! is 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 nearshor e envir onment 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, r iver dischar ge, density

gradients, sea level slope, and bottom friction. This is especially

tr ue off the coast of Georgia, where the irregular bathymetry and

coastal boundary further complicate the hydrogr aphy. The shoreline is

not smooth, but perforated by tidal inlets ever y 10 to 20 km. Some

inlets are connected tc 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 turbid,

relatively low salinity water, along the coast, A frontal zone is

imbedded between this band of water and the coastal ocean and greatly

influences bot,h tidal and subtidal circulation in this region  Blanton,

1980a, 1981; Blanton and Atkinson, 1983! . The SNLT is located within

this regime and may be situated in either region of water, depending
upon local 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 filter'ed

form in Blanton et al.  'l978, 1980!, but discussion of these data was

minimal. So, a description of their analysis is included in this report.

Blanton �980b! and Blanton and Maddox �980! dealt, more with nearshore

transport and coastal sea level fluctuations, respectively. Data from

those reports are discussed here. Par t I of this report  Schwing et

al., 1984! described the design, operation, and use in oceanographic

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 ma]or 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 primar y focus here is the descript,ion 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 major ity 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 failure as well as occasional damage by severe
weather or vandalism. Typical deployment at SNLT is made in association

with other scientific work being conducted in the SAB, and data are

taken during the course of those operations. Instruments are usually
left in place after each field study and continue to provide infor mat ion
until the data quality deteriorates or data acquisition stops entirely.
At that point, an attempt is made to retrieve instruments that are not
wor king and to repair or replace them as soon as possible. Due to

economic and personnel 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 consists of a

series of discrete time spans over which an optimal amount of data has

been obtained for as many par ameters as possible. As we gain more
experience, SNLT will operate on a more continuous basis, providing
real-time information on meteorological and oceanographic conditions.

Zn addition to the limitations inherent in attempting to collect

continuous data series, there is also a need to describe and analyze
data in discrete time series. Data may be divided on several time

scales. In our analysis, the largest of these scales is a seasonal 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 seasonal series
are pr esented in Table 1. A maj ority of the analyses have been devoted

to the first six periods, from 1977 through 1981.

A second way of inter preting data is 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
inter annual variability.

Another division of data is on a synoptic time scale. This is

particularly useful when analyzing data fn the fr equency 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
measur ed 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 also analyzed for a fortnightly signal .
Winds are checked for evidence of tHe daily sea breeze. The analysis
performed at these time scales depends on the parameter involved.

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 fr om

SNLT were not available. Additional sea level series from coastal tide

gauges and near shore subsurface pr essure 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 curr ent 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

existing SNLT ser ies, and simultaneous series are resampled to a common

data interval and similarly analyzed. Results from these externally

obtained data are found throughout this report.

III. 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 detailed

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

period  Table 1!, thus allowing us to compare seasonal variations in

these events. Unless otherwise noted, x-components of vectors designate

the east direction; y-components designate the north direction.

Furthermore, in describing wind directions, we adhere to the

oceanographic convention in which the stated direction specifies the

direction toward which the wind blows.



III.1. Time Se~ies

Time series af each parameter were plotted by seasonal time period

 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 identify individual events common to all

ser ies as well as the relative importance of these events by parameter.

Results of spectral analysis on these series are described beginning

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

III.1.1. Wind stress

Wind component stick vectors  Fig. 4! and time series  Fig. 5! are

presented as wind stress. Wind stress  dynes/cm2! was calculated using

the quadratic speed law with a drag coefficient of 2 x 10 3. Variations

in low-frequency wind stress occur at, per iods of. 3 to 14 days and are

associated with meteorological frontal passages through the SAB region

 Chao and Pietrafesa, 1980; Klinck, Pietrafesa and Janowitz, 1981!.

Wind at SNLT rotated generally in a clockwise manner as fronts

progressed eastward. Such wind events occurr ed 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 stress during spring was generally to the east and

north  Figs. 4a,b,d, 5a,b,d!. The exception was spring 1981  Period 5!

when three strong southwesterly events occurred during the second half

of the record  Figs. 4e, 5e!. During the fall, the strongest stress was

usually to the southwest  Figs. 4c; 5c,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; 5b,c,d, f!. These results are consistent with the wind

climatology of the SAB described by Weber and Blanton �980!. At all

times wind str ess 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!.

III.1.2. Ocean current

Ocean current stick vectors  Fig. 4! and time series  Fig. 6! are

presented for the bottom current � m off the bottom! during Per iods 1-3

and for the mid-depth current  8 m off the bottom! during Periods 4-5.

Time ser ies in Figure 6 are for velocity components rotated to

coordinates of major and minor axes for each period. Major axis was

defined as the direction in which variance of flow was maximized .

Bottom major axis was gener ally east-west  Per iod 1 - 61', Period 3 =

90'!, while mid-depth major axis was near ly north-south  Per iod 4 34',

Period 5 27'!.

Current also varies in response to weather changes on a 3 to 14 day

time scale  Lee and Atkinson, 1983; Schwing, Kjerfve and Sneed, 1983b;

Schwing, Blanton and Oey, 1985!. Like wind stress events, current

fluctuations were more frequent and intense during ear ly spring and fall.

Current was highly responsive but lagged to changes in wind stress.

Predominantly northeasterly wind stress during Per iods 2-4 produced

current alongshelf to northeast  Fig. 4b-d!. Period 5 wind stress

alternating between northeast and southwest generated a similar pattern

in current dir ection  Fig. 4e!. As the wind vector rotated clockwise,

curr ent direction also rotated in a clockwise direction. Current,



however, was mor e likely to r otate in a counter clockwise manner

following passage of a front  cf. Fig. 4e, Period 5!. Local bottom

bathymetry off the southeastern U,S. tends to rectify current in an

alongshelf orientation and produce highly polar ized flow  Schwing et

al., 1985!. In general, the current vector was oriented clockwise from

the wind vector by several degrees.

III.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.

Northeastward or eastwar d wind and curr ent generated a lower ing of sea

level  Schwing et al., 1985! . Each frontal passage pr oduced

low-frequency sea level fluctuations of 20 to 50 cm. Again, the

amplitude and frequency vary seasonally.

III.1.4. Teroperature

Temperature time series  Figs. 8-10! showed seasonal effects.

Superimposed on seasonal warming and cooling trends of the lower

atmosphere were fluctuations on the order of 4-8C. These variations

were a reflection of frontal movements bringing synoptic-scale warm and

cool air 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, c, f! . In general, temperatur e at all thr ee

underwater levels changed at the same rate. Sur face temperature

fluctuated more than lower level temperature  Fig. 9!, reflecting a

dampened r esponse to warmer and cooler air masses moving through the SAB

region  Fig. 8!. Seasonal warming and cooling of the atmosphere was

transferred thr ough 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 dur ing late spr ing 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, Periods 2-6!.

In addition to seasonal fluctuations in the thermocline at SNLT,

the water column underwent periodic episodes of thorough mixing in

response to very ener getic 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. Dur ing frontal passages, high wind stress

on the sur face effectively mixed the entire water column, thereby

warming the bottom layer. The surface layer became slightly 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-ter m effect of this is an

increase in the overall water temperature.



10

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! is

marginal, certain aspects of the data seemed quite valid. Major

fluctuations in low-frequency salinity oceurr ed 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 to 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 fr esh r iverine input to

occupy a wider band of inner shelf extending beyond SNLT.

llI.1.6. Barometr ic pressure

Barometric pressure time series  Fig. 8! were dominated by

synoptic-scale weather events. Low-pass filtering of these series

r emoved very little of the overall energy, especially in comparison to

current and sea level. At this latitude �1'57'N! there is some daily

variability in pressure due to atmospheric heating  Pietrafesa and

Janowitz, 1980! but this was removed by the filtering process. Dominant

fluctuations in barometric pressure resulted from the movement of high

and low pr essure systems through the coastal zone  Oor t 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 Janowitz, 1980!, such adJustments of SNLT data wer e

unnecessary since sea level was deter mined from the measurement of

subsurface pressure. Note that coastal sea level records from Ft.

Pulaski, Charleston, and Daytona Beach were adJ usted for local

barometric pressure.

The low-frequency time series described above demonstrate the

intimate coupling between circulation, hydrography, and meteor'ological

frontal passages at SNLT. Frontal movements, defined by var iations in

barometr ic pressure and air temperature, produce fluctuating wind, which

in tur n, 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 mor e complete descr iption of the response of the coastal ocean to

atmospher ic changes is contained in Part I  Fig. 12 in Schwing et al.,

1984; Schwing et al,, 1983! .

III,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

summar ies.



III.2.1. Wind stress

Wind regime at SNLT showed a definite seasonal pattern. Wind blew

generally northeast and north in spring and summer with the exception of

Nay, a tr ansition month between highly variable wind in February-April

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 in July, also the month of lowest wind variance.

August was another transition month between summer and autumn regimes

 Weber and Blanton, 1980!. The August 1980 wind followed the summer

patter n of flow to the northeast, while 1977 and 1981 winds were

northwesterly, similar to the September wind. The October wind

shifted south~est and was strong and highly variable. The winter wind

exhibited a definite change from the spring and fall pattern. Wind in

November r eversed to an easterly direction and rotated south-southeast

in December and south in January. Wind variance was also greatest in

winter.

The ma!or axis of the wind was northwest-southeast in January and

February. It rotated counter clockwise 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 is particularly true for the occurrence of wind greater

than 12.5 m/s �5 knots!, speed typically associated with small craft

advisories given by the National Weather Service  NWS!. Two other peaks
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Apr il 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 254 during October and December.

III.2.2. Ocean current

Mean curr ent  Fig. 12, Tables 0, 9! rotated clockwise during spring

and summer, flowing north in Febr uary and nearly east by July and August.

The curr ent r eturned to a northerly 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 or iented generally nor theast-southwest,

although interannual differences existed. The axis shifted in September

in a counterclockwise direction with major and minor axes becoming

almost equal in length. In summer the axes were nearly rectilinear.

Subtidal current at SNLT is balanced between frictional and

pressure 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 stress 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 alongshor e to the

northeast  Fig. 12!. Mean current at 8 m was typically 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 statistics  Fig. 13, Table 5!. An exception to this was the

August 1980 sea level at nearby Ft. I'ulaski  Savannah!. sea level at

this time was lower than during July, possibly in response to the

continuing northeaster ly 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 ~ater on the coast caused by

onshor e-directed wind. Other increases in sea level occurred in

response to fr eshwater runof f in Mar ch  Atkinson, Blanton and Hayes,

1978! and steric increases due to ocean war ning in Nay and June

 Pattullo et, al., 1955!. The depression in July nay have been due to a

change in Gulf Stream position and/or strength  Blaha, 1984!. The

relationship of coastal sea level to Gulf Stream fluctuations is

speculative, but earlier storks by Green �944! and Taylor and Stewart

�959! 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

Air 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,

especially evident in spring  Fig. 15!. Temperature in April and Nay

1977  Fig. 15a! averaged about 4 and 6C higher than during the same

months of 1980  Fig. 15b!. This trend of warmer temperature is evident



than water temperature during spring and summer, this was not always the

case at SNLT. Depressed temperatur e in April and Hay 1980 was due to

cooler-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. Var iance

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 identical to that 1 m from

the bottom during late winter and spring; this indicated a relati vely

shallow thermocline  Fig. 14! ~ Mid-depth temperature increased

throughout summer, becoming equal to surface temperature �3 m from

bottom! by late summer. Thus, the water column gradually warmed from

surface to bottom as the thermocline became deeper through summer.

III.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 wer e lower than typical oceanic values due to

a signif icant freshwater input from sever al southeastern rivers and

estuaries  Atkinson et al., 1978!.

III.3. Time Series and Autospectral Variance

Utilizing the period breakdown described in Table 1, time series

and auto- and cross-spectral relationships between various parameters,

as well as their variation during different periods are descr i bed .



Unless otherwise noted, x and y refer to east and north wind components

 m/s!, and u and v refer to east and north current components  cm/s!,

respectively. Tau  wind stress! units are dynes/cm .

III.3.1. Wind forcing

!.ow-passed wind time series  Figs. 4-5! show seasonal and weather

related effects. Var iability 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 ]0!. 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 var iability. Haximum 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 to 8-10 days,

repr esentative of longer, less ener getic weather cycles during summer

 Brooks and Hooers, 1977; Schwing et al., 1983b,c!. Var iance in summer

per iods was also considerably diminished. In fall  Periods 3, 6, Figs.

'18c,f!, the low-frequency spectra was almost completely red, owing to

high seasonal variability of fall as a transition period. Hove 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

circular than those at periods greater than six days.

III.3.1a. Comparison of SNLT and land-based wind

Blanton et al. �985! and Schwing and Blanton �984! compared SNLT

wind with data from a land-based site at Tr avis Air field in Savannah

 Fig. 1!. Ocean wind magnitude was twice that of land-wind, a function

of reduced surface roughness and stronger vertical thermal gradients

over water  Fig. 19!. The two wind regimes occasionally vary in

direction as well. Statistics from wind time series 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!.

III.3.2, Ocean curr ent

Bottom current spectra  Periods 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 rnid-depth  Per iods 4, 5, Fig.

22c, Table 13b!, however, contained three times the variance of u. Like

low-frequency wind, total spectral variance was greatest in spring but

only slightly more than for summer  Period 2!. The most energetic band



 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

days. Mid-depth current was most energetic at 6 days in both u and v

components, although v had three times as much variance  Table 13!.

Summer' variance was greatest in an 8- to 10-day band, with a lesser

variance maximum at 3.5 days. In the case of Per iod 3, the fall data

set, maximum variance for the u component was in a T- to 10-day band and

no significant variance occurr ed at higher subtidal frequencies. In all

cases, u and v were in phase.

Rotary spectr al analysis of current showed that subtidal ellipses

were fairly consistent, for each depth, Major axes wer e appr oximately

aligned with nor theast-southwest shoreline orientation. Bottom major

axes were or iented 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 so than for wind.

This is apparent in low-frequency stick vector plots  Fig. 4!. Wind

events gr adually 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 1 6 ! were
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significant at most autospectral peaks  Tables 11, 15!. In almost every

case, only one or two significant peaks existed at periods greater than

two days. Significant peaks discussed in this section were coherent at

the 95$ confidence level  a-.05! and had a notably large cross-spectral

value between the two correlated series. Coherence calculations tell

whether or not a relationship is statistically significant, while the

magnitude of the cross-spectrum tells if 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

gr eater effect, as cross-spectral values between the x vector and

current were larger.

Per iods of high correlation between wind stress and cur rent

included 2-3 and 6 days in spring  Fig. 23a,b,g,h!; 8-12 days in summer

 Fig. 23c,d!; and 5-7 days in the predominantly red spectral signature

of fall  Fig. 23e,f!. Based on cross-spectral values, current at

mid-depth  Fig. 23g,h! was more closely 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-spectra wer e greater

between east wind and the primary axis of current. Both wind

components, however, were about equally cor related with current, and

rotary spectral analysis showed current was consistently correlated with

wind stress 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 dispar ity might be interpreted as an Ekman effect,

where the middle sensor is predominately in some por tion of the surface



20

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 variance  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-var iance. 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 transpor t due to the Coriolis force and transport induced

by the cross-shelf pressure gradient. Curr ent and y wind were

correlated at 6 and 10 days with no significant phase lag  Fig. 23h!.



An independent rotary spectral analysis showed no significant

coherence between wind stress and mid-depth current for spring  Period

5! at periods less than 4 days  Fig. 24!. For per i.ods greater than 4

days, however, current  V = 27'! was significantly coherent, with wind

blowing in an orientation approximately parallel to the shoreline.

Phase between stress and mid-depth current was insignificant from zero

at all significantly coherent periods.

The bottom current in spring  Period 1! was or iented more to the

east,  V = 6'l' !. The north wind component was coher ent with the bottom

current at 5.5 and 20 days, similar to significant frequencies for

mid-depth  Table l 6!. However, bottom current lagged north wind by 20

hr at 5.5 days indicating that wind stress takes considerably more time

to affect the bottom. The highest cross-spectral value between east

wind stress and current was at 11.5 days with no significant 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 coherent and

in phase with x and y winds in the 8- to 10-day band  Figs. 23c,d, Table

16!. Additionally x wind and current were coherent, at 3.5 days. The

east wind was much more ener getic  Fig. 23c!, and resultant

cross-spectral comparisons with current were greater.

Fall data  Period 3! produced primarily red spectr a. 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 r otation

of internal 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 'l8 hr . The y component was significant and
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in phase with the curr ent at 9.5 days  Fig. 23f!. Rotary spectra

indicate that wind and current were not as closely coupled in fall aa

during other seasons.

III.4. Sea level

Although sea levels from both SNIT and Ft. Pulaski are described in

this report, the difference in total variance between the two si tes was

not significant  Figs. 25-26!. Variance in spring was greatest, up to

three times as great as during summer. Moat low- frequency sea level

variance was concentr ated 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 Periods 4 and 5.

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

Wind and current wer e cross-spectrally analyzed with aea level.

Cur rent from two data periods were cross-correlated with local aea level

records: Period 2 with Ft. Pulaski  Savannah! aea level  Fig. 25a,b! and

Per iod 5 with SNLT sea level  Fig. 25c,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 aea level set-up and set-down ia 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

thoae deacri.bed in the previous section  Lee and Brooks, 1979; Schwing

et al., 1983b,1985 !  Fig. 23!. Unfortunately, correlations between aea



level data from SNLT and wind and current  Periods 5 and 6! were poor.

Therefore, the following discussion concentrates on cross-correlations

with Ft. Pulaski sea level  Periods 2 and 4!.

Per iod 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 ver y similar to that with current, with coherent

cross-spectral amplitudes occur ring at 8 days. A secondary peak  Figs.

26a,b! was very similar to that with current, with coherent

cross-spectral amplitudes occurr ing at 8 days and a secondary peak

occurring at 3.5 days. Sea level was also approximately 180' out of

phase with wind in the x direction. However maximum nor thward  +y! wind

led the sea level minimum by 12 hr at 8- 1 0 days and 17 hr at 3 days.

Thus, while wind and current in the period were in phase  Fig. 23!, it
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took sever al hour s for sea level to r espond to low-fr equency

meteorological forcing.

Rotary correlations between wind stress and sea level during Period

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 significantly

coherent with northeast and southwest stress.

Cross-spectral amplitudes of Ft. Pulaski sea level in Period 4 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 1 2-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 'l2

hr, identical to that for Per iod 2. A secondary cross-spectral 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 thr oughout the 3- to 12-day band, sea level phase

lags were consistently higher  about 1 day! to the y component. sea

level responded most r apidly 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 Period 5 showed poor 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 par t of the

spectra. Wind and sea level in Period 6  Fig. 26g,h!, also

predominantly red spectrally, were coherent in the y direction at 4

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. Pulaski sea level data from Period 4  Fig. 7b! were analyzed

along with bar ometrically ad!usted coastal sea level from Charleston,

S.C. and Daytona Beach, Fla., and subsurface pr essur e at two locations

along the 15-m isobath off Georgia and Flor ida  Fig. 27! to descr'ibe

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 associated coastal stations. The distribution of

variance 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 per fods 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, in 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. 26c! . The y  north! wind component was also

coherent 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-
series showed spectr a that were partitioned differently 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 spectr um   Fig. 30c!. However, the coastal

slope 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

local irregularities in topography near the coast that induce more local

variance in coastal sea level and in slope.
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In addition to the cross-correlation described above for Period 4,

significant correlations of SAB sea level with wind stress and other

sea level series during other periods are given in Table 19. Coastal

sea 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 period varied with season. Coastal alongshore slope was

also coherent with east wind stress usually in periods of a week, but

not correlated with north stress during other periods.

IV. TIDAL PROCESSES

Although the major ity of this report concerns subtidal-frequency

events at SNLT, there are important tidally related phenomena in some

of the data. Unfiltered sea level, current, salinity, temperature, and,

to a lesser extent, time ser ies for wind all contain signif icant

variability at semidiurnal and diurnal scales. Harmonic analysis was

performed on the 29-day series of unfiltered data to obtain spectra for

tidal frequencies.

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 semfdiurnal tidal r ange.

A fortnightly �4-day! signal was also present in time series producing

as much or more variance as the diurnal tides. For tnightly var iance 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 in the spectra for Period 6  Fig. 32b! as well, but not for
Period 5  Fig. 32a!.

IV.1.1. Tidal sea level in the SAB

As with low-frequency sea level events  Section III.4.2.! tidal

sea level near SNLT  Ft. Pulaski! was closely coupled to 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 bight, Ft. Pulaski showed the greatest tidal

range  Fig. 33a,b!. Tidal amplitudes deer eased south  Fig. 33b,c! and

offshore  Fig. 33c! from Savannah. This is also seen in the autospectra
of the unfiltered series  Fig. 34!. The signals at all stations were

approximately in phase at the semidiur nal 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 summarized in Table 21. For bottom curr ent

 Figs. 35a-c, 36a-c, Periods 1-3! most energy was in the v dir'ection.

The semidiur nal for v was highly regular and higher in variance than

that for u, with some fortnightly var iability also apparent in the

spectra. The diurnal component, 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 704 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 sernidiurnal 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 sernidiurnal

variance was an order of magnitude lower than that for u. This

disparity in semidiurnal energy was not as great at 1 rn 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 ma!or 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 curr ent

along isobaths or ar ound obstacles that do not line up with the

shoreline. Incr eased bottom friction at 1 m may also force bottom

current in a counterclockwise direction. Kundu, Blanton and Janopaul

�981! discu~s differences in current with depth on the Geor gia inner

shelf.

For both depths u and v, semidiurnal components were highly

coherent  r2 !.9! with each other, while diur nal constituents were not

significant, At semidiurnal periods, v leads u by 25-60' �-2 hr!

indicating the tidal ellipse rotates in a clockwise direction.

Sernidiurnal current and sea level were highly coherent  r >.97!

at both depths  Fig. 37!. The u current component lagged sea level by
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about 90' � hr! at the semidiurnal period, while v led by 1-2 hr. Only

Per iod 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 diur nal 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 �7'! component

of unfiltered wind from Per iod 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 smaller 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 curr ent.

To highlight details of the daily sea breeze and its possible

ef feet on nearshor e current, wind and current time ser ies wer e

band-pass filtered centered about 24 hr. A close correlation between

these band-passed series  Fig. 40! over a fortnightly cycle would

indicate that r esidual current af ter f i iter ing out tidal and weather



31

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 curr ent over this period is not due to the sea breeze.

Instead, the fortnightly current appeared to be astronomically dr iven.

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 var'iance fn 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 periodically 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 seasonal patterns in all parameter s measured at SNLT.

Seasonal shifts in the pattern of atmospheric pressure systems produce

changes in monthly mean wind and current direction and intensity as well

as relative sea level. Changes fn freshwater runoff, Gulf Stream

position, and seasonal heating and cooling of air and water columns

possibly contribute to the annual pattern . Interannual variations

related to year-to-year fluctuations also exist.
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Inner shelf circulation is highly responsive to wind changes due to

meteorological fr ontal passages on scales of 3 to 14 days. These

variations are also evident in other hydrographic parameters, including

sea level, temperatur e, 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 orientation relative to wind direction and the local isobath

orientation. Differ ent 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 variability into the hydrography at SNLT, they tend to

be masked by oscillations generated by the dominant tidal regime. Tidal

current generally flows per pendicular to the coast, although var iation

with depth again exists, Tidal events account for a majority of the

variance in unfiltered current, sea level, and salinity.

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 understood, it is hoped that

results contained in this report will contribute to our knowledge of

nearshore circulation. While new information has been obtained, 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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Table 3.
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Table 6.

Table 7.

Table 8.

Table 9.

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 deviation~ of 40 hr low-passed

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 deviat,ions 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 temper'ature. 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 column

refers to all data collected for all deployments for the

month.

Monthly summary of vector statistics for 40 hr low-passed

SNLT wind stress.

Monthly summary of vector statistics for 40 hr low-passed

SNLT currents.
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Var iance  dynes2/cm4! and per centage of total var iance in

low-fr equency bands for 40 hr low-passed a! east  x! and

b! north  y! wind stress components, by period.

Low-frequency  subtidal! rotary vector statistics for 40

hr low-passed wind. Total kinetic ener gy  m2/s ! is

shown for low-frequency bands, by period, which account for

a significant amount of the total energy. ROTC refers to

the ratio of minor axis to major axis, a measure of

rectilinearity. STA8 represents ellipse stability, and

IANG represents the orientation of the major axis relative

to north.

Statistical summary of land  Travis! and SNLT wind data

dervied fr om 40 hr low-passed time series �0 Nay-4 July

1977!; n - 859 hourly values. SK and NE refer to

components offshore and alongshore, respectively. Spectral

statistics represent averages for bands greater than 40 hr.

Variance  cm /s2! and percentage of total variance in low-

frequency banda for 40 hr low-passed a! east  u! and b!

north  v! current components, by period.

Variance  cm2/s ! and percentage of total var iance in low-

frequency bands for V, principal axis of 40 hr low-passed

current vector, by period.

Aa Table 11 for 40 hr low-passed current. Total kinetic

energy in cm2/s2.

Cross-correlation statistics, by period, for significant

frequencies, comparing x and y wind components and V ,

principal axis of current. Positive phase indicates wind
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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.

Pulaski and SNLT, by period.

Variance  cm2! and percentage of total variance in low-

frequency bands for sea-level and subsurface 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 period, for significant

frequencies, comparing wind stress, sea-level stations, and

alongshelf sea-level gradients. Positive phase indicates

first series leads. NS indicates a phase not statistically

different from zero.

Tidal harmonics, 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 IV is

represents percentage of total variance contained in tidal

constituents.
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Table 22 '

Table 23.

Summary of primary tidal components, by period, from rotary

spectral analysis for 3 hr low-passed wind and current at

SNLT. Total kinetic energy in m2/s for wind and cm2/s2

for current. ROTC is the ratio of minor axis to maJor

axis; STAB fs ellipse stability; and DIR is the orientation

of maJor axis relative to the north. The symbol $E

represents the percentage of the total variance contained

in that frequency.

Tidal harmonics, 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 ser ies. The symbol $V represents the

percentage of total variance contained in tidal

constituents.
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Figur e 1. Nap showing location of Savannah Navigational Light Tower

 SNLT!, Skidaway Institute of Oceanography, Hunter Army Air

Field, and Travis Field  National Heather Service!.

Meteorological data fr om Hunter and Tr avis wer e used to

calibrate SNLT instrumentation.

Figure 2. Savannah Navigational Light Tower  SNLT!.

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.

Figure 4. St ick vector plots of 40 hr low-passed wind stress

 dyne/cm2! and current  cm/s! at SNLT for Periods 1-5  a-e!.

See individual figures for time periods.

Figure 5. Time ser ies of east  TAUX! and nor th  TAUY! 40 hr

low-passed wind speed components  oceanographic convention!

at SNLT for Periods 1-6  a-f!. See individual figures for

time per iods.

Figure 6. Time series of major  upper! and minor  lower! 40 hr low-

passed current components  cm/s! at SNLT, by period. See

individual figures for time period. a! Period 1, b!

Period 2, c! Period 3, and d! Period 5.

Figure 7. T i me ser ies of 40 hr low-passed wind stress  north

component! and sea level. See individual figures for time



period. a! Period 2, b! Period 4, c! Period 5, and d!

Period 6.

Figure 8. Time ser ies of 40 hr low-passed bar ometric pressure

 upper! and air temperature  lower! at SNLT, for Periods

1-5  a-e!. See individual figures for time period,

Figure 9, 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

period.

Figure 10. Time series 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 temperatur es follow upper curve and

bottom temperatures follow lowest curve.

Figure 11. Times series of 40 hr low-passed salinity at SNLT. a!

Per iod 4, b! Period 5, and c! Period 6. See individual

figures for time period.

Figure 12. Monthly mean vectors of SNLT ~inds and currents. Vector A

denotes the mean for that month for all values from all

years of data. Vectors b, c, d, and e define monthly means

from 1977, 1980, 1981, and 1983-84, respectively. North is

toward top of figur e.

Figure 13. Monthly means and standar d 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 1983-84 are represented by open

symbols ~ Means are relative to an arbitrary datum plane
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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

oscillating line.

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.

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.

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.

Figure 16. Monthly mean vectors and principal axes of SNLT wind stress

and currents. Arrows represent monthly mean vectors.

Crosses denote ma!or and minor axes of standard deviation

about the mean. Nor th is toward top of f igure.

Curr ents from 1977 were obtained 1 m from bottom; 1980 and

1981 currents were obtained 8 m from bottom.

Figure 17. Monthly variations in intensity of wind speed at SNLT.

Shaded areas represent percentage of monthly wind speeds

greater than 5, 7.5, 10, and 12.5 m/s, respectively. For

example, winds during January blew gr eater than 5 m/s 75$
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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 'I8$

of the time. Unshaded area r epresents percentage of wind

speeds less than 5 m/s. All wind data at SNLT during 1977

- January '!984  Periods 1-8! were used in the analysis.

Figure 'I8. Auto- and cross-spectral plots of east  TAUX! and north

 TAUY! 40 hr low-passed wind stress components at SNLT for

a! Period 1, b! Period 2, c! Period 3, d! Period 4, e!

Period 5, and f! Per iod 6. Or der of plots is as follows.

First column of plots includes autospectrum of series 1

 TAUX!, and series 2  TAUY!, and cross-spectrum of the two

series. Confidence inter vals of 95$ are shown. Second

column includes auto- and cross-spectra from column one,

divided by frequency. This represents variance preserved.

Third column includes plots of coherence squared, phase,

and gain 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.

Figure 19. 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 �1

February-16 March 1977!.

Figure 20. Stick vector diagrams of 40 hr low-passed time series,

Period 2, 30 Nay-4 July 1977. SAV represents land wind

from Travis Field, and SNLT represents ocean wind from SNLT.

Currents obtained 1 m above bottom at SNLT. All data are
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in oceanographic convention; i.e., wind vectors point

downwind. Vectors are plotted for every six hours.

Figure 21. Autospectra of 10 hr low-passed land  SAV! and ocean

 SNLT! wind time series, Period 2, 27 Hay-7 July 1977. The

total energy in vectors is expressed in variance units.

Figure 22. Auto- and cross-spectral plots of east  u! and north  v! 40

hr low-passed cur rent components at SNLT; for a! Period 1,

b! Per iod 2, and c! Period 5. Refer to Figure 17 for

details.

Figure 23. 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; c,d!

Period 2; e,f! Period 3; and g,h! Per fod 5. Refer to

Figure 17 for details.

Figure 24. Rotary spectral correlation between 40 hr low-passed wind

stress and principal current component  V - 62.8' from

east! at SNLT, for Period 5. Solid 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 r epresent frequency in cycles per day.

Compass directions and current-and-shoreline orientation

are included.

Figure 25. Auto- and cr'oss-spectral plots of 40 hr low-passed east  u!

and north  v! curr ent at SNLT versus sea level at Ft.
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Pulaski  a,b!  Period 2; at SNLT  c,d! Period 5. Refer to

Figure 17 for details.

Figure 26. 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 c,d! Period 4; and

at SNLT  e,f! Period 5 and  g,h! Period 6. Refer to Figure

17 for details.

Figure 27. T i me ser ies o f 40 hr low-passed a! sea level from

Charleston  upper! and Daytona Beach  lower!, and b!

subsurface pressure at 15 m isobath off Georgia  upper! and

Florida  lower!, during Period 4.

Figure 28. Auto- and cross-spectral plots of 40 hr low-passed a!

Charleston versus Daytona Beach sea level; b! Geor gia

versus Florida subsurface pressure; c! Ft. Pulaski sea

level versus Georgia subsurface pressure; and d! Daytona

Beach sea level versus Florida subsurface pressure, during

Period 4. Refer to Figure 17 for details.

Figure 29. Time series of 40 hr low-passed alongshore sea level slope

 lower! calculated between a! Daytona Beach and Charleston,

and b! Flor ida and Geor gia sea level differences during

Period 4. Positive values indicate nor thward slope. East

wind str ess at SNLT is presented in upper plot for

compar ison.

Figure 30. Auto- and cross-spectral plots of 40 hr low-passed a! east

 TAUX! and b! north  TAUY! stress at SNLT versus alongshore

sea level slope at coast, c! east  TAUX! and d! north



 TAUT! stress versus slope at 15 m isobath, during Period 4.

Refer to Figure 17 for details.

Figure 31. Time ser ies of 3 hr low-passed sea level at SNLT showing

tidal var iations during fir st 29 days of a! Per iod 5 and b!

Period 6.

Figure 32. Autospectral plots of 3 hr low-passed sea level at SNLT

showing variance and variance preserved during a! Period 5

and b! Per iod 6.

Figure 33. Time series of 3 hr low-passed sea level during the first

29 days of Period 4, showing tidal variations at a!

Charleston  upper!, Ft. Pulaski  lower !, b! Daytona Beach

 lower !, c! at the 15-m isobath of f Geor gia  upper !, and at

the 15-m isobath off Florida  lower !.

Figure 34. Auto- and cross-spectral plots of 3 hr low-passed a!

Charleston versus Ft, Pulaski sea level; b! Charleston

ver sus Daytona Beach sea level; and c! Georgia versus

Florida subsurface pressure during Period 4. Refer to

Figure 17 for details.

Figur e 35. Time ser ies of 3 hr low-passed east  x! and north  y!

current at SNLT showing tidal var iations dur ing the first

29 days of a! Per iod 1; b! Period 2, c! Period 3; d! the

first 23 days of Period 4; e! Period 5, and the first 29

days; and f! Period 5, the last 29 days.

Figure 36. Auto- and cross-spectral plots of 3 hr low-passed east  x!

and north  y! cur rent at SNLT, during a! Period 2; b!

Period 3; c! Period 4; d! Period 5 � fir st 29 days; and e!

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



Figure 37. 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 4; and at SNLT, e,f!

Period 5 � first 29 days and g,h! Period 5 � last 29 days.

Refer to Figure 17 for details.

Figure 38. Time series of 3 hr low-passed wind stress at SNLT during

Period 3  lower!, showing daily variance along major axis

of wind �74N!. North  y! tidal current at SNLT presented

in upper plot for comparison.

Figure 39. Auto" and cr oss-spectral plots of 3 hr low-passed a! east

 u! and b! nor th  v! current versus major axis wind str ess

�7'N! at SNLT during Per iod 3. Refer to Figure 17 for

details.

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 �4-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.

Figure 41. Time ~eries of 3 hr low-passed salinity at SNLT showing

tidal variations during first 29 days of a! Period 4, b!

Peri.od 5, and c! Period 6.

Figure 42. Autospectral plots of 3 hr low-passed salinity at SNLT

showing variance and var iance preserved during a! Period 4,

b! Period 5, and c! Period 6.



Table 1 ~

Per iod

2122

'f 345

1321

3332

1844

2291

984

1848

3192

41 2810

1 7 Feb 1977

26 May 'f977

27 July 1977

3 Apr 1980

7 Mar 1981

20 July f 981

12 Nov 1982

5 Nov 1983

2 Mar 1984

13 July 1 984

17 May 1977

21 July 1977

20 Sept 1977

20 Aug 1980

22 Nay 1981

23 Oct 1981

23 Dec 1982

21 Jan 1984

12 July 1984

31 Dec 1984

No ~ Houri Values



Table 2.

Filter Characteristics for Filter s Used in Processing SNLT Data

40 hour low- ass3 hour low-pass

3 hr  8.0 cpd!

193

4 days2 hr

0.25 amplitude per iod  frequency!

0.1 amplitude period  frequency! 2.6 hr  9.2 cpd!

Number of weights

Data loss, each end

40 hr �.6 cpd!

34 hr �.7 cpd!
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Sensor: Sea Level

1977

Table 5.

Units; cm
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Sensor: Salinity

1977 1980

Table 7.



Table 8.

 dynes/cmz!Vector Statistics � Wind Stress

Standard Angle of
Deviation of Axes Major Axis

Major Minor  de . from N!

Component
E N

Vector

S eed Dir.

1977

1980 0.38
0.00

0.14

0.13
o. 36

0.49
0.21 0

0.31 27

0.35 22
0.64 34

Apr
May
June

July
Aug

0. 31
0.21

0.28

0.32

0 ~ 53

72

63
56
54
46

0.71

0.34
0.32

0.33
o.16

1.11

0.83
0.98
0.69

0.51

1981 0.80

1.10

1.10

0.32 0.32 94

0.18 351
0.21 203

124

63
35

-0.02

0.18

-0.19

0.57

0. 32

0. 25

-0.03
-o.o8

0.34
-0.10

0.45
0.01

-0. O'I

-0.41

0.54
0.10 276

0.14 266

0.56 223

4o

50

67
47

o. 71

0.97
o.58
1.52

O. 05

o.z4

0.25

0 ' 24

-0.04

-o.38

1983
1984
1984

0.36 84
0.54 156

0.72 193

Nov 0.36
Dec 0.22
Jan -0.12

0.04

-0.49

-0 50

0.89

0.96
0.49

130
140

141

1.17

1.47
1.07

Weighted Monthly Means

-0. 12

0.4o

0.21

o.16

-0.05

0.24

0.16

-o.o6
-0.11

-0.38

0.36
0.22

-0. 41

0.04

-0 49

Feb

Mar

Apr
May
June

July
Aug
Sept

Mar

Apr
May
June

July
Aug
Sept
Oct

Jan

Feb

Mar

Apr
May
June

July
Aug
Sept
Oct

NOY

Dec

0.40

0.14

0.17
-0.12

0.34
0.12

-0.17

-0 05

0. 35
0.16

0.16

0.01

o.o8

0.17

o.o8

0.01

-0.50
0.35

0.09
0.21

0.05

0.18

0.29

o.z4

0.00

0-53 49
0.21 41

0.23 47
0.12 275

0.35 77
0.21 35
0.19 295

0.05 281

1. 01

1. 21

o.84
0.45

o.64
0.45

0.50

o.64

1.07

1.01

1.04

1.01

o.81

o.81

0.62

0.69
0.60

1. 52

1.17

1,47

o.58
0.84

0.55

0.19

0 ' 25

0.12

0.19

o.z6

0.49
o.58
0.73
0.51

o.z8

0.29

0.22

0.21

0.25

0.24

0.89
o.96

14o

104

89
54
83
68

67
66

141

140

112

75

53

69
55
56
67
47

130



Table 9.

Vector Statistics � Currents  cm/s!

Standard- Angle of
Deviation of Axes Major Axis

Maj or Minor  deg. from N!

Component
E N

Vector

Speed Dir.

1980 Apr 4.28 2.93 5.19 56 2.859.11

1.46 0.60 1.58 68 7.49 2.65
1.44 0.54 1.54 69 10.40 2.12
1.65 -0.15 1.66 95 8.09 1.64

1981 Mar
Apr
May

10

32
29

Weighted Monthly Means

0.66 2.17 2.27 17 6.62 2.61
2.44 2.86 3.76 27 8.74 2.25
1.69 1.09 2.01 57 7.38 1.36

39
44

50

Mar

Apr
May

1977 Feb 0.99 5.13
Mar 0.12 3.24
Apr 2.21 5.12
May 2.04 2.99
June 4.06 2.67
July 7.18 2.08
Aug 5.36 1.62
Sept 0.47 3.38

5.22 11

3.24 1
5.58 23
3.62 34
4.86 57
7.48 74
5.60
3.41 8

3.37
6.03
6.84

6.86
7.54
4.46
5.74
6.54

2.22

2.58
1.98
1.14

2.18
1.17

1.76

5.60

138
59
61
72
64

72

74
120
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Table 11,

Wind Low-frequency rotary statistics

Band  days! Total KE ROTCPeriod IANG  N!STAB

90d6.4-32 15810 .39 .17

>6 .04 .487720

3.7-26 30036 .34 63.44

>5.8 28822 .14 47.75

>6.3
2.7-4.75

	3.5
4.5-9

5857
3310

10030
11150

� .07

~ 37

.21

.31

.60

.46

.21

.50

81

84



Table 12,

Land Wind Ocean Wind

0.57 + 1.46 0.01 t 2.47

3.17 z 3.831.22 x 1.76

1.35 3.17

700 450

2.63

SE Comp x + sd  m/s!

NE Comp x + sd  m/s!

Mean Speed  m/s!

Mean Dir .

Band  > 40 hr! Variance  m !s2!
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Table 15.

Current Low-frequency rotary statistics

Band  days! Total KE ROTC IANG N!STAB

9260>3 �.10 ~ 72

>4.5 28043 .78-.12 27

5 ' 3-32
2-3

>6,3
2.7-4.75

>9

3.6-6

10170

4617

9080

4393

'I 0120

3335

.02

.07

.05
-.12

.15

.04

.59
,74

57

.85

~ 58
.48

61'

62

73
68

100

58



Table 16.

Wind x vs V>

r2 Phase hr!

61' -5.4 NS

3 7

.62

.79

6.53
4.06

10 2.2

-8.1 NS
-1.3 NS

.74

.78

8

3.4
4.42

4.36

2.61 .58 18.590

-22.8
-2.7 NS

16.5
20. 6

.84

.96

27 17
6

96
20. 4

.654.54

4.5820 5.75
.8179 2.18

11.890 2 ~ 30 .51

12. 8 .6927

Low-frequency wind-current cr oss-carr elations

Data Period V < Period days! cross-spectrum

4.6 NS

-3.1 NS

6 NS
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Table 22.

DZR  N!Total KE ROTC STAB

Winds 24 HR

12704245 .07

3061 .42 132.30

,413311 19.20 123

1621759 .76 .52

18O6 85.24-55

1286 .64 153.57

Currents 12.42 HR

76660 150.94 79~ 23

,9658230 -25 151

6547750 .92.31 151

108 78.42 .9259200

139770 .98 99 77

Currents 6.21 HR

11003403 .70

380 .81 117 0.5

687 .28 0.4~ 73 120

SNLT Primary tidal components - rotary spectra summary
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Figur e Hap showing location of Savannah Navigational Light Tower
 SNLT!, Skidaway Institute of Oceanography, Hunter Army Air
Field, and Travis Field  National Weather Service!.
Meteorological data from Hunter and Travis were used to
calibrate SNLT instrumentation.



Figure 2. Savannah Navigational Light Tower  SNLT!.
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40'Leve

60'

80'

Facing North

Figure 3.

Leve

Leve

Schematic of SNLT showing location of oceanographic and
meteorological instrumentation. Curr ent, 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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.~i4

1 dy/cm>

10 cm/s

S.OO IO OO IS 00 20 00 2S 00 30 00 35.00 470.00 vS.OQ
DRY IN PER IBD 2

0.00

Figure 4b. Period 2, 3ll May - 17 July 1�7. 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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1 ciy/cm

10cm/s

0.00 5,00

Figure 4c. period 3, 31 July - 16 September 1977. tick
vector plot of 40 hr low-passed wind stress  dyne/em ! and
current  cm/s! at SNLT. North is toward the top of figure.

>0.00 >5.00 20.00 25.00 20.00 25.00 VP.PO v5,00
DRY IN PERI80 3



10 crn/s

0.00 5.00 IO.OO Is.oD

ORV IN PERIOD V

r 4d. Period 4, 7 - 22 April I980. Stick vector plot of 40 hr
 d y 2! and current  cmj's! at SNLT. Northlow-passed wind stress <dyne cm an c

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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Figure 10c. Period 3, 31 July � 16 September 1977. Time series of 40 hr
low-passed water temperature at SALT comparing temperatures at three levels.
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AIr md Weter Teeeereturee - Awereyee end nrontNg met

30

20 Means for each month for all air and water temperature data
col lected for SNLT. Yertical lines define ranges of monthly
mean temperatures for each month. Temperature was recorded
during only one year for January, February, June, October,
November, and Oecember.
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Figure 15a. Monthly means and standard deviations of SNLT air and water
temperatur e during 1977. The legend is the same as that
for Figure 14.
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Temperature - Monthly meens and Itenderct devleNons. 30

0

0

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 standar d deviat ion lines! .
The legend is same as that for Figure 14.
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Figure 21. Autospectra of 10 hr lo~-passed land  SAY! and ocean
 SNLT! wind time series, Period 2, 27 Nay-7 July 1977. The
total energy in vectors is expressed in variance units.
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Figure 24. Ro tar y s pe c t r a 1 cor re la t i on be tween 40 hr low-passed wind
stress and principal current component  V 62.84 from
east! at SNLT, for Period 5. Solid lines enclose wind
directions and frequencies at which current was coherent
with wind at 90$  .48! and 95$  .64! confidence levels.
Broken lines repr esent phase, in degrees, between wind and
curr ent. Positive phase indicates wind lags current.
Concentric circles represent frequency in cycles per day.
Compass directions and current-and-shoreline orientation
are included.



laR N 9 0 034 Iaaalat IMMI AIOI I ~ IJI44 M

44 aM a

a
40 44' MA 4M 014 Mt 4 M OM

' 00$ ' HP! 35tdld
~ 41 ,. ~ I I.al

3$1444$38 4 30%4343
,Ol01 '

0

1 la4'1 al

I/IIal
LJ

IA
ICa

Ifl
a a

8
O

0~ a0 414,
0

4I
ISW laaV.

a
Sl' ~ I 04'01 Ol'3

ZO ~ I �$AI! I
M' 00

333Ida 14440 34010 ~ Ol924IAOI3340 ~ 0344ada 34a ~ 092 4

Ia3aa

Q JI
0 CI
IA

Ll

4
IL

4 LJa
lalIL

1 I ~
~ 41 gl I ~ I 441, Al IA I Jdl 4 01 ~ .OI

$0SD ~ . ~ OI d!I

3I Ia
dlt 441,41 441 I ~ I 4&1 041 ~ . ~ I

50013 ~ ZOAI O	
~ 01 I41 401 IOI IJII adl .Ol

50OI! 0 Z ~ 01 ! 3$ Ja! I
C
ILLI

laal 400 MMJn14444

IL
a IA

Ll

'b
04 04 44'40 ta'00 00'0l M'4

ZOO I IJ! I

Q IA
IK
a IJI
4J

Q aa

IJ
IJ

1
8'00 a'Ot 04'01 40 3 00 ~

Z ~ 01 4! I

IAlal-J
LJ

lal
a 14
IL

VI

Ll

IZ3

0
I



II P R R 5 a OLOIJJII I?INI JJOO Ialllll

LI
IJ

IO
Ko

il ~

aOJI?

4 5
04 4 I' ll II '4 440 Olt 001 I ~ ~ IS - 401 4l I

'035 'HP! 35CIJC
~ Il , ~ I

OSSPOS!P l	31!PSPC
I 41,4l04' I

10 0a

5 OI5 In
IC
01ul OI

IL'a

J

8

I?

a I ~
sl' ~ I Is'Ol Isl ~ sl I 44' ~

Zasl R31
sl'al la OC IS os 40 Ol

Z?11 131
IS' ~ 40'4 40'I

Zssl 335/131
sl ' 0 sl' ~

IJJ? JIOJS SINO ~ OaolIOIII ION ~ OSO NNJIOJO ~ OOSI

la

O I
IC!a 9VI4

000 Isl Sll g4I OSI OSI IJII
SOIR! ~ Z ~ SI 335/S! I

'L 10
~ Ol 001 Jsl 00 1 g ~ I 100 asl 001 IS I 001 J . I I IJ1 041 a 01

SAIS ~ Zs? I II31 SthHI 1 ZOSI 131
N?14~ ~

X>
LA
CU

54I 5

5 u 5
SLJ I? 5

5
I

4

5 ul
'IL'Ol
Vlvl
IJ
LJ

5 d
LJ

ISg

p



a4 8 S I S ~ a aI 33&}OIIaeJ,&13434 V

IOIJ
LI

Ol
a

IIIIL

CIIe

O.
te&IIL

'2 IJZa
LUIL

5bI
03 3 ~ 34' QO 4 Iee 044 051 Ie 0 54

'44S L034 3SOHS
&el 1.41

3SS335SSO I 53334353
141tel

I&
leCJ

ItlltO43
I&I.
43

I ~
&

LUIL
o le

&
92ItIL

Z
tet&14Ll-

Ll

a
00' Ol 00' OI 00' ~ 00 I 00' 0

Zeoi 33S/Np1
~ I'~ I 21 ' OO' IO'

Zoei S5333III
te' el'

SS333341
41 SI'

I.PI ~ Z&53
Iea LOIN 00000 ~ NNV 41 3 140 ~ ~ 354~ I ~ I JJLS ~ 0343

b a a

IaIa
LI
IJ

I& J

LJ
1003

IJla
a

LI5
Ot

ta
te aLJO.

441 I 01 I.el I 41 &41 0 01 ~ . ~ I 141
S3ed e Zee  S33333343

a b
I Jll 4. ~ I ~ 01 ~ I 541 OJII, el ~ . ~ 92

Sloyd ~ Z ~ 53 S0333333

a
401 101 451 I.OI 1-51 ~ . ~ I ~ .41 451

SJed ~ Zer  33$ j3341
14413040 I4000&let JIV

o la

Lt

S III
te
D rt
al

j lll- r
Ct
lit
ILtr'Lt

rla
15II IIXI .

S t&

dl
d

C di

S l
X



S S I 8 8 4 a aSadlal MOSII ONO,OIOIOJ 14

N aIe a

44' 44' 4l' IS'4 0N all OSI 44 4 44- OSI- IN-
'SSS 'HOS iSsl d

I.el 1-4'I
35IIDSS 38 4343IICl34 3

~ .41

4

$ 14

IJIal

LJ

Ia

CIOl

14UJ

4
UJ

41' ll' ll'
Z 441 SS3 334 I

ll444 SN44 ~ elel

tl ' N'
I-OIS Zeal

ld' Nl'4
Sil 3 3 3II I

N 44 N' ll N' ~ SVS
8441 33S/431

~ I

SSNSNS ~ ONOWSIOSN ~ ONI

SI 41

Illl4
IJ
IJ

ul
C 44

Ia

IJ

IS 4
4

N 4alIL ~ ~
IA

SI
141 ISI I ~ I I Jll I.el ~ .Ol ael OJN

Sllg 4 ZSS  SS$33NI
I dl adl OW 441 441 441 I Jll

SAS43 e Zest Ss�3lil

5
441 INI 141 ON I ~ I 441 4dl 1+41

S 41333 ~ Zssl 33S/kl I
WJSNSaNI SIN

Al

8

la~~ N a

'Q 4I
I
al

IJ

a uI
S 14

5
V

ICCl

IJJIJ

Q 41

Ii j



      3 D aL> la>a&>&I > ala >aaj,a!ja a >4

V> >tLJ IO
LI

Vl
Ij

L>
LjS
Ia QVlL

IO
a

LLIO.

CI
~azV> DL

CI

aaVIrQI
ta

LII
IjLLIILa.

Ih
D&0 &> 4 401 4 W- &Ql- DI&- 1st-

33 DHE 
141 >QI I QI 1-492
33&�Q53   >3H3 I43rj

~ Ql44' la'
'44S 'I>43

Da &

14 In
ItCj
LII

K LD

a
W Q. L>0

IaLVa

~ LI
Z LI
Cj
W LL

au
V>

a
V>&.

ll
&4' I 44' I 00' Dl' 0&'4

Zaa  431
~ I' Dl DD 14'

0 ~ QI Z ~ ar3/igl
IQS >j>>a ajsaj IUD>~ &41  >Q 45> ala> j» ~ 4 jaj

a aa

4, vl

LJ
LI

ItDI
Vl
-I

Vl
ItID

< aLVIL
a

r I ~
CU

a a 7 a
I ~ I &&I 141 ~ ~ I &4> aal ~ ~ I

$& � a Zan�    � !
Iaa &>DID&&4 ~DL>&&I j» Iasl j»

'4 vl
CI
LaLI
Lj
IJ

>Ql I 4 I > 41 >41 ~l a&1 DQI
' &00 ~ Zsr  Zasii3/&4 I

&0'4> 44'40  DI'Os Oa'QI 40 4
Zaal l&3 I

~ QI >Dl tal QDI L-41 Dja aal ~ .Ql
9&r4 Q Zaa  r31

LI
r 4

VlLaI ~

lttj
VI
LIaLV

ILC92
VIV>
LI
LI

$ Ia
4:Cj
alal
VJ
&I

CJ E O

C
'U

o

l



S 8 S S S r JJNJrt JJJIOt JJOI .r'INJJ 924

OI
r4 aIJIO

le
I

aIJ S
Ol 44 10 44'I 40 JJO ON OO ~ 10.

'OASIS '403 3SONS
gll ~ Jl 1.41

3SIJSOSSS  BI� �300

e

Vl IO
ILCI

JI
a

aCO

a
IL'

le' OV 04'
Zorl

Iel'04 4'IN ls'IN o 'Ol
Zsa  IJS I

00' ~92I' Ol el 00 0
I.0 I 0 Zoel Zoosg/ O I

NN I JOJO 440 ~ ONJNS1004 ~ 0 0%sMJ 144 ~ 0% I

4 a

14 I Iol ISI oo'I JAI Jr l ~ . ~ I
SLSO 0 Zeo 

'L
SII lel lel JOI 1 ~ I 4JJI Oe I r JI

SOSO e Zee  SSI
I.' ~ I ~ N ~ N rel OOI Orl

S SO ~ Zrr  Zoeeg/ O I
IM IISI JON NNJ

rr a

Jl OIrl
5

El

Igy

lr

Q Vl

LJ

S JI
le

o a W IJ
IJ

34 ln
41
Otrl
IJ

S JI

Olrl
V IJ



'usu!lhl ! I

ul
OI
Vl VlIU

D 4CC
Ll

~ 4UJ
I-LI

Vl
N CJ

Dle
N I4I

O. Z
4 D0

Ja ca' IN O Ole
gC!S '485 ,OI sal J el I-Ol

3SICOOSRI 45
3CICC3O3
4 Ua- Cel - OLC-

3SOIIO

4

LJ
LJ

Ih
Ie 4D

IJIIICD

a
LLJ

JUIe

LJeUI
LJeLUCJLJI

Oe' oo'5 ol 4
C
 I

IN 5
Zo ~ I

oo'oel el'oe
Zeel

aa as aa a
C
 l

vaal I! ~ I ~ a!osuuul!ON ~ &NJ

VlUJ
Lt
LI

ulJ< 40
tJI1ICD 4

IeLu
l UJ

D

UJO. ~ ~

sal ~OI sal 141 ~ .Ol 141 ~ OI sel ~ -OI
S!NQ ~ Zee  ll5!

I el C.el ~ J!l Ua I susl a-el
3!e� ~ Zeal ZOOII3/�1

0
PL!

lee NOI !Isa s~use I ! Iue

3f OC CC Q 9 4

se OI el'
Zeef Zoee5/!Ot

Ul

D Vl
UJ
LI

~ el ~ 5 I I U I aa I I a I ael IV! I ~ .O I
SAC!� e Z ~ OI II 5 I

Ul

UIUlJ
J

LIZIJJ
CaUJIe

lee Lasso slea! ol ~ I

Lh

D LU
IJ
LJ

IhIIC
'JJ
LJ
LI

CU 6 O
�!
C
Io

'U

I
X

ULJIC
D VI

4 <U
IJ



3 3 11 3 0 u u41avII I'Pill I41 .'IIIII ~ ' ~

uluIZIe
ulVI

� IJ
Lt

Vl
CO a

VII
Ie 4 4 ~

LI
e

LI

eV
LL la' 921 00'0 all 101 4 0 1 ~ � all - all.

' 005 1'l3 15bee
Ie1 Iel I,el

33004538 L3N3116300
~ 01

e

VII

ulul
I

Vlulu J
4

Vl
C ta

4OI
ul

IL

I
0ul

u

00'0 OL 0 O'I IS' 4'0
3 l0 i IG1

4
4'001 IS'IS Ol'll 00 0

$001 431
ll ' le' 10'

Zaei 80403t>01
elsIOOS ~ 0%1

00'0

lee Iaaaa aaeaa ~ alaiIesl alai ~ oial

e

'0 g
tLI

$0

LI LI0

IL

~ 92

t a
all Iel all 141 ~ Ol 141 ~ Ol 041 weI

'SOHO 0 300  kill
1 ~ I eal I. ~ I 041 OJII ~ .Ol
%0100 0 Ze ~ 1

~ 0 I I -O'I ~ . 01 041 V41 a41 s 01
3lea 0 Zee  30403taai

I4iaaaa 044u41004

VlI.

VIVI
u

LI

ulI'It4
Vl

4u
IJ

IJ
4 J
4 IL

ul
Ia
4 VI

eu
LL

8 0 131
a



0 0 0 8 S 'lldlull !!OLOI JOOI I/ll!l! ~

0/ u 

I/I I/I IO

Cl
a a

14
a/J CO 9

0.
/0
IO u/04I

/ Jll Idl IJI/ CJII
3SordS34 cpo�1�300

Ol0 001 0 00 001 010 � CW-
3S dl d

401 O.O I000JD I '� 00'
PPS IJ�3

a a

ululvJul4'
Ct/D/0tl

SV

�10

a
Q

�
'll ' Ol' 00' 00 ~

I 0  ~ Zo ~ I S03�r I
01' Dl

I.P  ~ 200 
00' 00 01 '

2 000 3/�1
Ida 1	40 0�01 ~ 0�1WW!�0 ~ 4 }00W llldt ~ 0001

a

I/IPIt4!

Ir 4OJIL
40 a
CL

141 00  I. ~ I ~ rl 1.41 4.41 041 arl
SO�0 ~ ZO ~   2 ~ 0 �/� I

~ 41,.01 ~ ~ I ~ Jll 4 OI ~ 01 IJ!l IDI
5!rp ~ 200  343l ill 

Oa/JDN OONLI~ Oac ! COO

4!44
a

alIL
a LIZDl

10VJ

10I!
Vl
J'IJ

lo
44' 00'0

sr3�1 I

 I
/ Ol I ~ I I OI, OI O� OOI / Ol ~ .41

'i!llp 0 Zrrl s ll�1 I

ul
-JLI
IJ

/0CO
a

4.

V ~ .
4!
I/I
J
J

D
It 0uJ4.

IICI
/J
EJ

ultu� ILJ
LJ

S ul

IO

CJ

PJ
6

D Q 



4 4 4 O tel«llel 11«RI IIS> . ~ 11 ~ I« 10

«I
'IJ
Lt

Vl
50

Vl

le
a aIeL

b~ aa
4

te

a
,4t t.ol

i0544034 5 15%4�0
Oe'005 10

Oo "47
lel I 001tel-

1«

IJ
Lt

IO
a Ct

ul
Ot

Pt
ZOte

a a«IIL
ta
4

au
t

a ~
«I
IS
IeIL

4 4
40' 01' 01' 50' 00' ~

, Ole Zee  QI3134i
~ O-O

Sili i 400 I
0151 01 14'

Z «el Z««ttg/EO I
41' 4'

I .0 I ~ Ze ~  
low Eiio 00000 ~ 0005«04100«O ~ 000t Slel�40 ~ 0001

a

Q ta 1 Vl

le
IJIIJ

tltt« J
IJ
LI

00 9«I4.

~ ~

it
I 41 0 ~ I l. ~ I IAI iol aot t4  ~ . ~ I

4584 ~ 24 ~ I 44!i'll I
«IStsteo t«SI 0 0«4

K IS
Vl

LI

Sl el I I ~ I ~ -41 I- ~ I ~ 01 eel eel
5500O e Zeei Z«4003/AO I

144 OlE «15
Peel 0

Q Lt
C'Et
VlUt
I

001, 41 ~ ~ I «4 I L ~ I eot eo I 5 41 ~ ~ I
liSO 0 Zee  84353il!

Q Vt

VlltlJlt
IJ

PJ

8 D Ci
a



lncnltnl IICMCJIQJ QSJJJI

a Cn

I/I

CJ

VlCV
IJ
LI

In
te

tn
CJ

IQ.
&uX

Vu a

'S
Qot Qlt Qol QS S- 44'I ~ Ikt- OQS

35dttd
JS lt
PS V ION

, 41JO ' I 4

Ot Vl

Vl
LlJCJ

~ I
CQ

JCQQJ

&
IC4

uX
J&

lo
t4' Qo'&

54313111
tt' QO' co' OQ'4

i.P14 Zodl SOSZ3111
~ I lt ' Io

Zan 1 Zeollp/&pl
QQ la'
p1 ~ Za ~ I

~ I'

cent&San ~ Oat Ida I Jsce ssoon ~ QsotIhn I JIQS ~ 44M

ea

~ I tn Ot V92a

3 I
VIVl
CJ
IJ

n

a
VIa.

a
IJIL

& LI

I 41 Q.II QJII 1 Ol I Ol Q41 141 Q41
SSIQP e Zao  SOSS 3OOS

ZSP

AJ

Caa ael JS&S tonalViol 1 I &a nla I J Sco

Cl
2
IS
V

I ~ I nsl I 4t ~ Ol I QI .II lat sol
SSQP ~ Z ~ Ql Z ~ 443/SP 1

$ cn
QI
VlItf
LJ
Lt

SueIV
IS
I ~ .

IQ
Vl
Ll
tJ

.QI I- ~ I s Ql ~ .Ql SOI &41 I Ol ~ . ~ I
SAVQ a Zeal SO3&3dl

St tn
CS
tn
IJJCJ

a 141 i.OI 141 I Jll
3$1QS453d J N3liP34 j

8 D P3
C
'a

St Vl
IQIO
VlIV
LJP



3 3 3 8 9 a a »JOI all 00»IOI SOI . ~ 1!ISI 10

CJ I
g

a~» aa Z aa

0$ 00 OI 4 000 Oc0 001 CS I 00. JOI. SCI-
':D ~ '»8$ 3 SOIL

1-01 INI »01 ~ - ~ I
3$I1$0$34 SJ49fl0340

00 I 101

a

' ~ S

OI
4

Vl
a

'$ is
~ I ' 01' 04»0' 04'4

14l4 ioal 543l34i
~ 44

$43S 3001
14'

, Dl ~ Zorl
IOS ISSIO 00400 ~ 4000SSI 0000 ~ 0040

$1 01aa

3

Ca
4 Cl»CJ

+ aalIL

I ~ I OOI OAI »01 ~ Ol OO'I I OI 441
$keQ 4 Zool $43S3NS

I ~ I 001 I - ~ I I Ol 041 I ~ I OOI OOI
$040 ~ Z ~ Ol ZOIOSlJ'SO l

I%I 0 ~ I ~ Ol 141 OOI OJO 141 OOI
$000' 4 ZO ~ l $0I343ill

VS I 0004

CI
4 a»IIL

00' l4 IO'
ZOOI Z0043JSQI

OS I JOc4 ~ 4 40

hj

a

a' ~
a

vJO.

CC

10
CJI

10

ICJ

a IS
IS
4

a 10

IJ

AJ
8 Z3
O
C

Vl»I
IJ
IJ



jl D  P 9 3 a u 'VJIBVII IDIJOI Jfa! .I ~ IIJIJ I ~

ulUf
au

LJ

Vl
IONaU

fff
< a

N
Lff4 UJ

~ f
ID I ,. ~ I 1.41

�DPD53ID l I43 �3DD
OO' SD' DD'4 ON 414 ON fa 4 14 JDI tll  ~ DN

  f55 ' vPS 35DIID
,DfIaf ' I

a

8 Oa

fflIJ
u 92J

Vf
4

VlVtIfaa

CJal
LJul'a '4ID

OD'N
D31

44 N DON
I, ~ 4 

N'44 Sl'Ol OO'Ig
Zaa  1� I

sl DDI al'N
Zaa 

III' Ol
PD I

ION fllJO ONOD ~ ODDIVO ~ I ODJO ~ ODNUOOJ JDN ~ 4N I

a

Vf

N fll
UJ

au
Vl
l'LO 4

ul
pa

CJ

LJ

a
~ Dl 141 f41 UOI .OI ~ OI I Ol l4'I 141

5 D   ~ Zoa  143 I
IOI IDI I I 4 1 441 I-D I NO I ~ .Dl ~ .41

518   4 Zoa  431
~ Ol Jal 141 441 f Dl JJI I Ol L Dl

54P   ~ Zoo  ~ 31
   
CO

faN IDN!JN DDOOJUaaf �44

CJ
VlIV'f
J'ff

Vl
ft�
I/Ilil
LJ
f IJ

4
a 4

UJ
fl

Vl
IL
N Vf
Jau

ft
A Vl

a J
U92J

Vl
a
nflul

a

tJ
 I 4

IDa.

I/II
�
Ul

'4 g
IJ

 �

�
a

fa 0 5
�

ZLV
a - �

WV.



aalnulal ~ I !In92Ca Jnel II I I JN

K Q
Ja an

NIJ

vl
aJ
IJ

ul
Ie

ul aJZ
OJ

a 44'kl
P

IuIL

l4i
3SI45453e 1~31IDSDC

el IMl - I JC Jut.

5
In

S ua

ulaal
aa
IJ

anIIK41

r" a uJ

S
IN'0l 44 M M'IN CD'Cl IN' ~

31

ll
M'4Iel 44 40 ae IN' ~ I 00' ~

2uul 43!
M'IN ei Dl 40 CC

2uel 43I 20 ~ 1 il
aa ll'4JD CCMC ~ DRJMDI 4444 ~ ~ 444~ nII CPN ~ 4 NJ

lu

S an
m

S ua
5

ul

~ el 441 Iul 041 I.el ~ el Pel uul 04I 441
CCNS 4 Zeel 113 1

~ ul uul ael gl a.ul 44I 441 arl
54NO 4 2eel 031

441 lel I ~ 'I Pl I 41 Pul ~ ul I4'I
SINS ~ 2401 N3 'I

IMI JIM ~

5
I

@$

D
~ J' 44 14' 44 4 444 nit INI 4 44.

'005 uN3 4SDII4

u IJrIu

Ieaa

S ua

aJ
IJ

Iu
ul

IJ

S ul

5 i d
I

S P



}} }} 9 i o o 0 o'vnn}tvt ÃvlDI JCN,tttlvll I&

CL'
UtLtt
LJ
CJ

3 Jt
ICCl
LJILV
LJ

CJ
I/t
LJ
LI

CI
IC oIIJ4.

CO01
vt0

N 01
CC 4LIJC.ZLU

CrLV

ov
2

crLVCC

01 F41 1.01
3SHI}0530 4~34IQ300

vv IDO' I

b
8

O 0
g tv

ICCI
.v

}t vl
1 IC
CI
IJI
Jkl

}t tv

a N vt
LvrlJ

Cr
ill
Cl

CJ
CCLJ0

V LJ

atvOC

Ct

LJ4.
DC
4

N'N sl'0& al'a 00'10 N ~
CCDI 443 I

00'Otl &0 44 00 01
tv ~ 0 I I43 I

00'00 10'N
It ~ 0 I

04' DO
IJQ I

00'0

1~ t.'Ii&0 }&NO ~ 0}04IHNJ}vt ~ 0}hlJCJI }}40 ~ 0}04

Q vtQ vl

vl
CI
IJCJLJ

v! vl
a CI

v
0

10
a v

a
~ &I 44'I t&l 401 t 41 CDI 4.01 01 VDI CJII

S&0I} 0 Zv ~ } I03!

a 4J
401 404 141 4&t I 41 ODI JDI I ~ I

SAU}} 0 C 0& I 1431
441 401 I ~ I 401 1.41 ~ - ~ I C.vt .Dl

5&I}Q ~ C. ~ DI 03I
IODI}440 MNJ~ 0&I}In&

0
CQ
CU

a o
04' lt' 04'0 044 Ctt 001 10 0 14- Crt - OLC-

34}S 'ICI}3 3 3t1144

t

6

I}30
03

tU
CL, CL



a

Vl

Vl
IKQ

0C5
ICV.

Uauag a

N
la

.La
~ .lt.Dl ~ .I'I

33USDS Bl 0311 3Pll340
aa I~ lf-001�I ~ 0

35ljHI$
lla

bb 0a

Sl Vl

Ul

I

VlUl
Q

la
4 Q

VI

� IV4N a z aVl

0'a
el 'Oh IN' N 00' IN 00' 01

Zeet Ng 1

a
IN'0Nl'0

jUN 10000 jit ~ DN$UNI 0 ' ~ '000$NIUI$$4 ~ DNj

baa

Vl0.

aal ael Iet 001 vat I41 041 UOI 04$
SJNS ~ Zest IQ!

~ at lol I ~ I Iol l.al pal 041 ~ ~ I
Sitja 0 Zeet Ng 1

Wel jjaa MNS
'U
OO

NN$0~

l j' 00' ~
'OS 'UO3

41' tN 00'Oa 011 00
Zael I131

4 Q IVVI
IQ

a

VlU

El

alejtat I ~ all tact I jl ~ II

00' $0 tN ~ I 00' ~
Za et ttg I

~ al,el 001 g ~ I 040 041 o ~ I
SAIN ~ Zeet 1$3 t

'S Ul

UIUl
IJ
IU

4 Q n

4J
ael
z a
IL

'0 Ul

Vl



d

d~
d

d~ d
t

4
aODc

d

t'

Cl
0
0

C
QP tP
0 lO

Nl'I W'l IR' ~ Q' ~

ld

0 rd
O 1
0

Ol
0!

S cd

AJ
E
0

d!
G

e F
IQ
C>

O
0

~ o E

3
1

X 0

lQ



K
4~
t

g~ 8

I

I 0'l 8' I 0' ~L' ~ Q' I ~ ' ~ ST 0 I 5 0 ~ Ql' O'I

S
~ ul

~ 5

m

t5
l3

S O

h I

b0

0
4P
C3

Al

E O lD
C
'0

 Q

Q!
s 8

Y

O
g
vl

8
I V

X

Q
ei O.

0 N
0

9
47 Cl



a'IUILIU I !!LIVI JJ&! Jl! ~ � I&

Ul
IZI!
Ul VlI

5u c!ra

Ul
It.
Vl

4 u

a
IZI!
VlUJ

4 J

Vl
IL4

& J LJ
Z'JJ

0 Ul
 ÃU.

,&I J&l JJI LA I I.ill
35�84535 1 IJ 3 �3&!

&& I 0&1 JS & 1& 1&1- &JJ �&-
354 IS

4

4
IA
IZ
o U

4
u Ll

VI|JI
Zu~-LJ

'.&4
I

UI
4Z

IA
Z&!

Vl
CCO a

Clla
4J u LJ

S IU
U

J'
Z

4
UIL'I

'JZ
4 5� LJ

IN 8 0 5!
'a

&C' &3' &I ' &&' ~
Zrr  4!  0{II /�3 I

LC' ~ I I&
5&r  P,rr�3330 I

�' I IS' AI '
6& ~   45 QQI/ &3 

 S ' I

ISS 1�3& &1&&1 ~ &I&~ 4 ~ l�3& ~ &% I air�3&& 4!&J

Ih
K
O IJI

Ll

Cl
VlIU

u

UJ
4

u

Vl
EtI!

u 3'
LJ

S
IL'UJ
4 5

u Z
- 13I
U.

Jr
92L

�1 J&I I &I 141 ~,&I,.&l &JJI &4  I &I
5&i&5 ~ Z ~ ~   53 00 I' &5!

IW SLJ!!J& NN!SSI! &3&Urr I ! M

Q5
CO

$I � 5 5 Ji 4 a

'4
&I' ~ I' 13' N'&

' 055 A93

1&1 ISI I &I I Ol I-LI ~ 41 ~ .&I I-III
5385 r Z&r  Z&rv!rLQI

,&I J&l I III 13� ~ &I Ual ~ .&I LL I
5!IIQ 4 Za& I  &!I OQ I/sl3 

td

0

Ci
I

0 ID
53

5 cd
l3

a

I
X ~

o
T

E
0

0  p

5. 0
 P m

�



Xp 4
I/IVla J
LJ

JIVJ
4 u

Vl
COp 4

Ol
u r
-V

OO ,OlIT'
405 483

Ia o lo- oca - oll
35 VIIV

OD ' O

VI

p Vl
VJ

4u

ul
r

p LJ IJ4
J

VI
pra

Vl
CO4

p I ~
crVJ

a

COI ~
JOVJ

a IV5 5- p
COIV

u
-pUlCO4

h3 6 o 03o I or Ol' O
Zo ~ I all GQI/Vp I

Ol OO' I

vlacola oaJ vari lOVO ' O lao

VI

IhVJ
a

IJ

Iau
4 uJ

Vl
pu

Vl
Ca

VI
Cp5

IrVJ
' ~

'5
I ~ I OPI O.OI JOI I Ol Orl l. ~ I

Sloop 4 Zool VO 00I/olpl
'aw aol JW COOOOrsloMOOOI JM

O Pl

I I' lO' Nl'
Z ~ OI Zoolip/API

JOI Ia'I ~ .Ol VTJI al Oal VOI
5AIOQ ~ Zorl ZVVV5/OQ I

VJVTI41 III IOC IVOC .CJ JJJ

oo' I cr' oo'
Z«l v5 Qpl/I/PI

a IOI Ol I I O'I I& I ~ .OI Val Oo I ~ . ~ I
5kvp ~ Zoal Nl 00I/lip l

I

I 5,J

>ar lglJO OOOOO ~ ~ JOJ

, .O I
l55BO535 J IJ311CI3!IO

IQ
C 0

lp
Ch
I

C 0 IA
03

5 rd
D

'U

I
~ o

o

~ o8

0 0!

p0l
I5 IA



IDADA/rl AJDIDI at! . I14404 ID

St Vt
IZ
A Vt

u Lt
Vl
JLI
LJ

Vl
LJ

o Sl
a

IL

A
a

0.ttt
Dl

.0 I,01 ~ II I , .4 I
3SNIZSSN LSH3flD3ei

~ 44 0JZ Iel I~ I 00- 00I � tul.
354/Id

00 04II I 44' 14
'DDD 'IIDD

L/Iut
/J

Irul

ut

I/IVJ
LJ
Lt

V!
IKA

I/I
trA

I/I
IZa

A
Ie ~LuIL

J.aA
LV
A ut
Iru.

aurVJ VJ
AulIr

6 O <D
'la

a
00' DI' ile' el' ~

Zsef N'0 DDI/ND I
44'004' I �' DL'

ZD ~ I 4IN DDI/NDI
LD' 4 l el'

Zerl Zrre3/AtD I
aa IJ92/0 $4440 ~ 004/~ ASAA« ~ 1404rl ~ I JA& ~ DAJ

aN

Lt

aS vt
/4

LJ
LJ

ul
W J
JIJ

A ID
ulILZ

'7o

-a
ut4.

I.DI ~ .4t Jel uel ~ .41 I-41
SASQ ~ Zrr  Z ~ DN3/AD I

R «I

I~ est 4044 ~as J 0 0«
0
m

ll IH N IS M /t 4

il
tst «1,.4I 401 ~ Dl uel 4.41

SANO 0 Zre  N'3  NSI /ND I
' ~ , ~ I «I, 4I ael ~ 0/,et 4-Dl aet I.DI

SAID 4 Zee  AIII DDI/NDI

'O S.
0 I
  S

b0

0 D3
c3

'O
C ~

g
3

o
~ t

6
O

0 �3

0
e w
� S/3



5 5 5 8 5 5 a

IO41
Vl
O 9O

VI92
9!

Su

~ Ol ,.!I ~ Ol
551944555 I !9500589

9 !9 Og1 !!! - 0&
35dgd

,OI!9
'005 403

91 Og'O !gg 	! !Og

5 �

0 I
�

Z�

5 0 03
�

I/IVI
LI

IA
LI
41

LV
IJ
LI

tfl
IgIO

VV
It9!

V!
Ig9!

I!
VlIL

IJ4
I!4UIg4.

IJO

AJ

8 O O
1a

gg'O~ >' 91' Ol ' gg' IR' ~
ZOVI OO QQI/I�1

Og' I Og' 'I IR' O '
Zoo! Igd QQI/%3i

VOOI!!& O%! Idg!O!OO ~ gggg

a

55 VI
IRLl
VI
LJ
41

I

Vl
ALt
LI

O.
!g av!O-

5
lgl ggl 141 ! ~ I ~ 41 ~ OI VOI Odl

SASQ ~ Zog  ZO QQI/H3 I

5
lgl ggl i 41 !dl gAII v41 941

SAIC ~ Zoo! 55 001/!93!
IVO! ! IVOv!OI! Od

gl gg' IO'
Z ~ VI Z ~ VH3/� I

~ I O!I I- ~ I gAll g41 Pgl I OI Ogl
5AI� ~ Zotl ZOVN3/AQ I

Vrg!IVI !OI!OI Vd! AI!!g!V

uW i!ggg ggggg egg!

U ~

g
I

> O
O

0
Z3
O

6
L. 03



Cl
Vl
IO
D
I

o

r

K S O O
'I L.
CD

fl5

CD

'I

O'II ltll 4 ~ I 0'0l e II 4' ~ I O'N L ~ I tkOI



"U
QJ

h$
t

0 ~ ~
Q 0
P

A

4 S 0 ll O'0 C'8 0'I< 4'll V'5 IVS O' N



figure 32a. Period 5: Autospectral plots of 3 hr low-passed sea level
at SNLT showing variance and variance preserved.
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Figure 32b. Period 6: Autospectral plots of 3 hr low-passed sea level at SNLT 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 axles, east current,
and north current.
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APPENDIX

Plots of Weekly Data Summar ies of SNLT Data Collected

During 1984
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