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SOME RESULTS OF THE FLORIDA CURRENT STUDY
15 May 1954 to 15 Noverber 1953

ABSTRACT

This report consists of observations made in the Florida Current from
15 May to 15 November 1953, Two papers are included, one relating the ve-
locity pattern with increase and decrease of transport with time; the second
illustrates the effect the tide seems to have on the velocity rattern and
also demonstrates the possible existence of internal waves. Included in
this report are comments on the observations made and tatles of the observa-
tions.

INTRODUCTION

The type of iork that hns been pursued for the popiod of 1§ iiay %o 15
November 1953 has been practically the same as previously accomplished under
this contract. Fourteen cruises in Florida Current vere made. Temperature-
depth records were made with bathythermographs and in comnection with the
regular hydrographic stations, with reversing thermometers. Surface currents
were measured by means of the Geomagnetic Electrokinetograph. Liean current
velocities were deternined by the total set of the ship during the transects
whenever this was practicales A mean "K" factor for the GEK measurements was A
determined. More work was devoted to hydrographic stations than had previous- 4
1y bteen done. Aside from the usual transects of the Florida Current, tran-
sects were made between Alligator Reef and Cay Sal Bank, iiiding Rock and
Miami, and Lake Worth and Settlement Point, Grand Bahama I,

In addition to the transects completed hydrographic obcervations were
made in one position to cever a semidiurnal tidal cycle. Also further ob-
servations along the convergence area on the westesn edge of the Current
were made. Vork on a buoyed recording current meter was accomplished but
only trial records have been mace during 1ts calibration due to tecmmical
difficulties in the instrument. Permission from the Army Engineers and
Coast Guard has been granted for buoying this instrument near the Miami Sea
Buoy in an attempt to measure the changing current velocities and directions
of the we:svern edge of the Florida Current., The Cat Cay Tide Gage has con-
tinued in operation for this project, and records have been forwarded to the
UsS. Coast & Geodetic Survey.

The Miami-Tat Cay transects were continued in the manner described in
the semiannual report for 15 November 1952 to 15 May 1953 in an attempt to
discover the gross seasonal variations in temperature that may or may not
be related to transport and velccity vaiilations. Analysis of the observa-
tions has helped to clarify the understanding of the relationship of current
velocity pattern and mass transport (see Section A} and of the possible
effects of the tides on the main current (see Section B). Section C of this
report consists of graphic representations of temperatures, salinities and
GEK current vectors with some cormments. In Section D are tabulated (a) ob-
servations of the hydrographic stations and (b) pertinent information for al)’
GEX fixes,



SECTION A
THE VELOCITY STRUCTURE AND THE TRANSPORT OF THE FLORIDA CURRENT:

AN APPLICATION OF BJERKNES'! EQUATION FOR STABLE INERTIAL
OSCILLATIONS ALONG ISENTROPIC SURFACES

by :
Frank Chew

The Marine Laboratory, University of Miami

INTRODUCTION S

The.meandering of the Gulf Stream in the ocean shares many character-
istics with the meandering of the jet stream in the atmosphere., Haurwitz
and Panofsky (1) on the basis of a simplified model conclude that the mean-
dering of the Gulf Stream may occur when it leaves the "containing waiih of
the continental border, A cause of meardering may Le inertial oscillation
of water particles along isentropie suriaces such thst the oscillation mad
become unstable when the stream leaves its containing wall bul wust be
necessarily stable when within its containing walls. The Florida Current
between the Florida Penirsula and the Great Bahama Bank is thaught to have
stable inertial oscillations, ©On the basis of cert:zin assumptiorns, J.
Bjerknes (2) derived an expression relating the transverse speed compohent
of the pafticles in stable inertizl oscillation along ies~t -pic swiaces
to sevefal measurable variables. For the Florisiis Current one of these vari-
ables was measured by C. K. Wertheix, his results are now in press.

This paper reports on a study of the floivida Current on ine basis of
Bjerknes! equation, Wertheimis transport -values ~.-* urface velocity profile
across the Flofida Currert as deiermined LUy the Ceomagneliic Electrokineto-
graph (G.E.K.} develeped Ly . €, ven Aex (L) and carried out by this Lab-

oratory.
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THEORY

Suppose the water particles in the Florida Current are.subject to im-
pulseé moving them in the east or west direction along isentropic surface
with a speed v which is superimposed on the general northward flow. With
certain assumptions regarding the kinematic state of the particles and neg-
lecting the frictional force and field acceleration, tﬁe magnitude and direc-
tion of these particles acted upon by impulsive forces ar: given approximate-
ly by the Bjerknes equation for stable inertial ogcillation along isentropic

surfaces:

'\‘ \

- 7
,+

T ?7»
/27" LR (1)
el /
where n is the magnitude of the vector pointing east in the direction of

steepest downslope along an isentrecpic surface, g the geostrophic current

and 2f the Coriolis parameter. For a right-handed coordinate system with

the positive x-axis due eastward and on the assumption that the n-axis forms

’.3 ‘l} -~ L,'
2 negligible angle with the ¥-axis e will be epproximated by ; o
/'/ ()X

Integrating equation (1) from the sea bottom to the ocean surface and from

one bank to the current axis, equation (1) becomes:

/ s (f?/w/» 4 \
// Yz = 3 &

A
(2F + 2f + 2%
DK
wherp a mean value of the dnnomlnator has been used and taken outside the

integral sign. The interchange of the local time change operation and the
spatial integration is permissible since it is assumed that the time change
of the current axis position is vanishing small.

Fanntion (2) is dircetly applicable to the Florida Current west of the

wulENY @i is Whnen one assumes that the Florida Current is geostrophic., For




that when the total traasport of the current west of the axis increases with
time, the average transverse inertial movement along isentropic surfaces is
toward Miami., When the transport decreases with time the direction of the
inertial motion is reversed. Assume for the moment that this' transverse
inertial motion is confined to the west of the current axis, then transverse
inertial motion towards the Miami side would decrease the slope of the sea
surface and hence the geostrophic current. Similarly, transverse motion to-
ward the current axis would increzse the geostrophic current.

In the atmospheric circulation patterns are occasionally found where
the magnitude of the anticyclonic shear in an alr stream exceeds that of
the local turning of the earth. The Florida Current, partly because of its
low latitude setting, shares this characteristic and three GEX trancects
across the current have been found to contain anticycionic shear of magni-
tude greater than 6.35 x 10-5 seC'l, the magnitude of the local turning of
the earth for latitude 25 50t N, If it is assumed that these surface velo-
city profiles ars also representative of the condition along the isentropic
surfaces ther equation (2) ma tske on a specislized form for aprlication to
the portion of the current east of the current axis:

// Sz = 'Zt///%&jz (3)
VYV drdz = .
/20’ ’-/-:

Equation (3) states that when the total transpoit of the current east of the

axis increases with time the average transverse inertial movement is toward
the east while for a decrease in transpert the average transverse motion is
toward the current axis,

Surpose the transportseast and west of the current axis increase or

decreage simultaneously, then a decrease in transport will effect a iLians-
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verse convergence at the axis as shown in Figure A-lm,. while an increase
in transport will effect a transverse divergence at the axis as shorm in
Figure A-1b. The axis appears as a line of minimum transverse exchange, so
that in lhe case of convergence water is brought from both banks to accumu-
late near the axis and in the case of divergence water is taken from the

axis and piled up at both bznks.

i
i Axis
|
sea f
slope //(
- "//. :
> 1 < -
Miami Bahama Banks
Figure A.la
! e e
| Axis |
] "
sea et
slope : Lt
,/
s > ?
Miami Bahama Banks
Figure A-1b

From the geostrophic equation and equations (2) and (3) the following con-
rlusions are derived:

2. VWhen the total transport of the Florida Current is increasing with
time the speed profile across the entire current should tend to show a higher
average current east of the current axis and a lower average current west of
the current axis.

D. ¥nen the total transport of the current is decreasing with time,
the speed proiile across the current should tend to show a lowar average

current eact of the axis than west of it.

-




The conclusions are illustrated in Figure A-2.
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APPLICATION

During the past year the Marine Laboratory made various GEK transects
across tne Florida Current, Coinciding with these transects ‘‘ertheim
measured the time change of total transport of the Florida Current by a study
of the electric potential hetwesn Key West =nd Havana. For the present app-
lication the sign of the local time change of the total transport of the
Florida Current will be read off Figure A-3, which is a reproduction of Wert-
heim's Figure 2. A total of nine CEX transects are available for this study
end they are summarized in Table I. Of the nine transects three have anti-
cyclonic shear of magnitude greater than the local Corioiis paramter; equa-
tions (2) and (3) are strictly applicable to these. But the rest are in-
cluded on the supposition that the anticyclonic shear along the isentropic
surlaces 1S larger tnan s reitlected et tne suriace.

The magnitudes of the anticyclonic shear were computed by taking the
north components of the uncorrected GEK measured current at Long. 79 22t W
and subtracting it from that at the current axis and then dividing the re-

mainder by the distance between them. The result is finally multipli~d Ly
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TABLZ A-1

Summary of GEK Transects

Cruises Dates Signs of transport Anticyclonic  lean Meant
change shears K K
T-204 22 XII 52  positive .2 x 1077 sec™t 1.8 2.2
T-2LOB 23 XII 52 i 3.8 1.8 2412
T-311B 17 II 53 negativ Le2 1.9 2.2
T-319B. 27 ¥T oE necative 6,0 128 1S
T=3154 32 T 5 negative or zero £.0 Aels L
T-3208 26 III 53 i L e D 1.7 218
T-3234 28 IV 53  negative L.5 1.7 1.k
T-331A 26 V 53 o 7.2 15 1.3
T-339A 25 VI £3 u 2ol 1.5 2.0

1K values according to refzrerce (3)

the K factor averazed over the wiole current {the K faztor is a numoer vhich
tae uncorrected GEL current shovld be multiriied to get the actual current).
The X factors used were those given by Yagner and Chew (5) but adjusted to
meet Wertheim's transjsort valucs.

The location of each GE fix and the north component of each uncorrected
GEK measured current for each of the avove cruisas are summarized in GIK
Data Tables at end of report.

These data are plotted in Figure A-l, north component of the current
against the meridians of ths positions across the Florida Current. The
circled dots and crosses are current fixes vhile the saall vertical arrcws
the original GEK records.

For the application of eguations (2) and (3) the axis of the Florida
Current needs to be defined. Ei-axial current is occasionally found, but
for the purpose at hand, the current avis is dcefined as the absolute iraximum

in ihe north component found necarect to Long. 79 degrecs and U7 minutes west;

.
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as defined the current axis is seen to be contained within a zone of 10 kilo-
meters, This is consistent with an earlier definition by ‘lagner and Chew
(Op. Cit). To the east of the current axis as defined equation (3) will be
applied while to the west of the axis equation (2) will be applied.

In the actual evaluation of Vo and V;, the average surface speed east
and west of the axis respectively, only the velocity curves included between
Long. 80.00° and 799 22' west were used. Tile choice of these limits was more
or less arpitrary but it was guided by the considerations that some GEK ob-
servaticns began or were discontinued at or near these longitudes and that
west of Long 80.00° the bottom begins to shoal. The following operations

were performed by planimetrys

O’C
o
5 — — [ B
ve = 5 g s
-y o \Ve
4
5 "4
~ ___/,. by
b= 7, |vdx ()
i~

VYhere v is the north component of the current, dx an increment of distance
across the Florida Current, C the Long., 79° 22', A the current axis, M the
Long. 80° 00'; 1y the distance C-A and L the distance A-. These results
are tabulated in Table 2. 1In all these instances Vg and Wy have the correct

relative magnitude as illustrated in Figure A-I,
TABLE, 2

Values of Ve and Vw

Cruises Vi (cm/sec) : Ve (cm/sec)
T-21;0A g2 92
T-2L,08 Tu 115
T-311B 102 75
T-313B 12l 8
T-3154 152 97
T-320B ki b 52
T-3234 151 106

i B ) 205 ng

T-33%94 of "




surfaces also exist. The current velocity profile adjusts itself in the
manner thal when the transpori, of the Florid: Current is increasing with
time the average current speed east of the current axis is higher than that
west of the axis, and that when the transport is decreasing the current west

of the axis is higher than that east of the axis,
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SECTION B
NOTE ON THE TIDAL FLUCTUATIONS IN THE FLORIDA CURRENT

by
Ilmo Hela and Lansing P. Wagner

For a period of twelve months from December 1952 to November 1953
about 230 Geomagnetic Electrokinstograph "fix stations" were occupied
between the Miami Sea Buoy and Gun Cay on the western edge of the Great
Bahama Banks. The relatively great number of these stations, which gave
information on the distribution and fluctuations in the current, allows for
a tentative study on the nossible tidal fluctuations in the current. To
start with; the west;easterly average distributicn of the north and of the
east component of the current as indicated by the GEK is given in Figure B-1.
The szme compornen®s were used to draw Figure B-2 which shows the east-wester-
1y average cdistributicn cf the current vectors. For these representations .
the area of observation was divided into sections with 15 to 20 current mea-
surements in each, From these figures the mean location of the axis of the
Florida Curren’ can ve seen te be roughly at 79047 w/ IN THIS AREA, In addi-
tion to this the diverging character of the mean current profile is recog-
nizable.

An attempt has been made to study the tidal fluctuations in the Florida
Current. For this purpose 187 GEK current measurements were plotted against
Lunar Liwes The alouwéd Jiactuation in the cwrrent, the rondonm meteora
changes in the current conditions, the velocity gradient from west to east
and the variations in the magnetic field of the earth would make it necessary
to have a great number of observations available for a complete study of the

tidal fluctuations. Though the number of stations now available is not great

enough, Lhe data seem to indicete the existence of a2 tidal fluctuation. Th-



LT SR

1oty g o

e o i e e + e e e g e .~

mean speed of the Florida Current, indicated by the GEK, varies according
to the measurements now availabtle in the manner shovm in Table B-1 and Figure
3-3.

Table B-1 THE MEAN SPFED OF THE FLCRIDA CURPEXT AS INDICATED BY
THE GEK AS A FUNCTION OF THE LUNAR TINE

. Northeriy Easter ly
Tire corponent component Speed  Direction
cr/sec cn/sec cn/sec
High Tids
at
lMiami Beach 70 7 70 0060
+1
lunar hour 42 S 62 0060
+2 52 7.5 %, c08°
+3 &7 ¥ 69 0150
+4 105 1 1C5 000°
+5 101 8 1 0059
+5 7 18 79 001°
+7 97 é 37 o0L°
+38 57 0 57 Q0c°
+9 70 2 70 0020
+10 3 2 8o 007°
+11 79 a5 79 006°

The harmonic analysis for the 1lunar. cycle of the northerly component yields
the followinz sine curve:

Vg = T76.5 + 12.5 sin(x - 899)
Thus it seems probable that there is a maximum in the northerly component
of mean speed of the Florida Currernt simultansous with the low tide &t
Miami Beach and a minirum northerly sreed sirultaneouas with the high tide

ot lMiami Beach.
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THE GEK AS A FUKNCTION OF THE LUMAR TILE

In connection with the study of the tidal fluctuations a tentative
attempt was made to determine the existence of possible internal waves in
the Straits of Florida. For this purrose cduring Cruise T-362, 10-11 Novemx-
ber 1953, six hydrographic stations were occupied in the locality of 25°LCIN
799571/, where the depth is 180 fathoms. Stations were occupied every two
hours. The GEX indicated 2 surface current of about 30 cr/sec (uncorrected
for/"K"). The devths of the differen: isothermal, isoheline and isopymic
surfaces were plotted as a function of time. i distinct up-and-down move-
ment of these surfaces can be seen in the curves given in Figures B-U, S
and 6. Finally, Figure B-7 shows a combincd T-S curve which indicates no
changes in the water mass.

Therefore, an hypothesis is needed to exrlain the observed phenomena.
We have to assume that the observations are accurate and that the vertical
displacements according to the temperature, salinity and density data are
roughly the same. Figure B-§ shows the corresponding "wave heizhts" as a
function of the depth, The maximum of the vertical displacement ic encounter-

L

ed at the depth of about 230 meters. At that depih no changes in the hori-
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zontal velocity can be expecled in connection with these displacements. The
changes in the horizontal velocities connected with these vertical displace-
ments will have 2 maximum close *o the sea surface. (Below 250m. the hori-
zontal changes in the velocity must be opposite to the ones above the limit-
ing layer.) The mnst probable cause for this interrnal fluciuation is that

of a wave coming from the south. During this short period of observation

the internal wave seems to have its vppermost position at 10:00 hours. Also at

10:00 hours at tre ‘surface a mafizin seotl.cily comnenent-of the current is tote

N,

found. In fact, the maximum flood a2t liami 3each occurs at about 08:u0 hours ™ ;
corresponding to the minimum northeriy flow at the surface. H
SECTION C

GRAPHIC REPRESELTATIONS OF TRANSECTS OF THE FLORIDA

L BN

CURRENT AND CCiii=MTE

ABSTRACT
(1Y A temperzture-depth prolile; (2) a ¢ir.o shoaing swface currents g,
across the Florida Current as recorded by the GEZ; and (3) curves shoving ’
terveratures at 100 meters and 200 meters have been plotted for each iran-
sect. In the temperature-deoth —rofiles there is a dotted line to show the
derth of the isothermal water. The de~th of esch rezdirg has been corrected
whenever the hathrthermopran shoved o falze surface pressure reading. For
those transzcts made with the CEK bathriliermogranh trzces have been inclnded.
A1l BT slides will be scnt to the Joods Hole lceanographic Institution where
they will oe photographed., Cne set will be sent to Zhe Hydrographic Office.
Data from several hydrographic stations are included in this section.

The Cay Sal Bank region, in the Straits of Florida immediately north
of Cuba, is one of great interest to marine biologists and sports fishermen
due to its abundance of fish and plankton. It is also an area of converging =
currents that may produce hydrograrhic phenonena seldom encountered in other
areas. For these reasons a preliminery cruise was rade in that region."The
Atlas of Surface Currents" (H1.0. 571) was consulted in an attempt to estimate

the current patiern in the channels around the Bank.
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Very generally the pattern is this: Northwest of Elbow Cay the current
increases during the spring and decreases from July to December. Southwest
of the Bank there are indications that as the Florida Current increases in
velocity there is an increased easterly component of flow in the Nicholas
Channel, As the velocity of the Florida Current drops off in the aubtumn and
early winter, the direction of flow in the Nicholas Channel takes on a wester-
1y component., Off the northwast region of Cay Sal Bank there are higher
velocities from January through August, followed by a large decrease in Sep-
tember lasting through December., All of the current directions are generally
north of northeast with an increased easterly component in spring and autumn.
Southeast of the Anguilla Islands there is a weak, irregular flow to the north-
west which increases in April and in August. The flow through the 0ld Bahama
Chammel is highest in the autumn and early winter, decreasing through July
followed by an increase. In general the highest velocities occur there during
the low velocity period of the Florida Current.

The surface current pattern indicated by the GEK during Cruise T-347,
July 1953 (see Figure C-15) shows the extreme: right edge of the Florida
Current entering the western mouth of the Nicholas Channel and possibly meet-
ing with a weak northwesterly current in the channel at about 80°221W, The
resultant direction of flow becomes northerly as the southwestern part of the
Bank are approached. In the Santaren Channel a southerly current was indi-
cated by the GEK and by the temperature pattern (See Figure C-13.) Further
east toward the Great Bahama Banks the current swung northward cyclonically.
At present it is impossible to explain where the soutiward {lowing water came
from, It may have come from arcund the northwest portion of Cay Sal Bank
as indicated by the current directions on the previous leg, or it may have
been a southern extension of a long countercarrent, which has occasionally

been noticed west of Cat Cay.
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