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systematic data documentation (Section A) and subsequent
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‘scientific content (Section B). Section A, Originator
Identification, must be completed when the data are sub-
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SECTION A: ORIGINATOR IDENTIFICATION

The information in this section is used to credit the
data to the proper originator and to allow archive indexing.

l. Write the complete name and address of the insti-
tution or laboratory with which the submitted data are

associated. If several institutions are involved, indicate
all, .

2. Write name of the expedition, project, or program
during which the data were collected. '

3. Write the name and/or cruise number used internally
or in publications to identify the data.

4. Enter the name, number, or other designator of the
platform associated with the. data If more than one platform
is used, explain proper data association. )

5. 1I1dentify the type of platform, e.g., ship, aircraft.
6. Include nationality of platform registry.

7. If data should not be released for a specified time
period, check "YES'" box and complete item 8.

8. Specify date when data can be released for general
distribution.

9. Give the name and address of the scientist to
whom inquiries concerning data should be addressed.

10. 1If data should be included in World Data Center A
for international exchange, please check "YES" for DNP;
otherwise check "NO." If part of data should be treated as
DNP, check "PART" and specify.
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Seceticn A: 3, Crwdise Numben
Thete are elght sections of data:

I awathon

1T Fowey Rock

11T Mdami-Bimind

IV Fornt Pience

V. Fort Plence (the following year)

.VI Jacksonville

VIT Noath Carolina

VITII Hopetown

Eacih kepresents a cross-section of the Gulfstream (except Hopetown) and

Ancludes a numben of stations whene data 48 taken. The Latitudes and

f_ongbt,l.d 25 o0f these thansects and Locations oﬁ the stations are Lncfuded as
part of Zne data.
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Seasonal V- ariability of the Florida Current

Pearn P. Niiler and William §. Richardson

Nova University
Fort Lauderdale, Florida 33314

ABSTRACT

The seasonal variability of the directly measured transport and horizontal curreats in th
Florida Strait has been determined from go transects of the Florida Current at the latitud
of Miami, Florida. It is estimated that the seasonal variability accounts for 45°/o of the tots
variability in the total transport; the early summertime maximum value of the transport :
33.6 x106m3[sec, and the early winter low is 25.4 X1o6m3fsec. The details of the temperatur
distribution with depth at the season of maximum and minimum flow also have been deter
mined. The scasonal change in the sea level across the Florida Strait is computed from th
geostrophically balanced surface velocity and is found to have an amplitude of 6.5 cm. «
much smaller (1.3 cm) corresponding seasonal amplitude in the steric level with respect t
the ocean bottom has been observed, and the seasonal changes in the sea level are directl
related to the seasonal changes in the dynamically induced pressure on the ocean floor Th
seasonal changes of the transport in the Florida Strait penetrate to the ocean botton a
annual cycle of heat transport also is discussed.

1. Introduction. Tidal records, ship-drift reports, and electric potential
difference measurements offer the most extensive data on the variability of th
current that flows through the Florida Strait. An excellent review of th
efforts to relate these data to the variable flow conditions of the Florida Cur
rent has recently been provided by Wunsch et al. (1969). They suggest, alon
with many previous investigators, that the long-term differences in the sea leve
at various tide stations are related to the seasonal changes in the surface currer
in this area; they conclude, simply, that the seasonal variability of the surfac
Florida Current across the Strait is 109/, of the average value. Their analys:
incorporates hourly tidal readings that span many years, and the statistical sig
nificance of their conclusions on the nature of the sea-level variations is cei
tainly reliable. Sca-level differences, however, are an indirect measure of tt
flow conditions; no detailed direct measurements of the seasonal cycle in th
currents have been reported. :

Two other types of surveys have been instrumental in the effort to unrav.
the magnitude of seasonal fluctuations of the Florida Current. The first of the:

1. Accepted for publication and submitted to press 1 May 1973.
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is the experiment carried out in 1962—1964 by the University of Miami in
an effort to determine the seasonal variability of the hydrographic structure
within the Florida Strait. Thirteen consecutive monthly cruises were under-
taken and hydrographic stations were made at six equally spaced points across
the Strait at the Miami latitude. Broida’s (1962-1964) review of these data
reveals that as much variability in the hydrographlc conditions occurred from
one monthly cruise to the next as was apparent in cruiscs separated by two
seasons. The study helped to establish the seasonal cycle of the temperature of
near-surface waters, but it did not provide a large enough sample to ascertain
. this variability in the deeper water.

Records on the electric potential difference between two clectrodes represent
the second type of study; these records have been maintained since carly 1969
at two locations in the Florida Strait. The electric potential difference is a -
measure of the total transport of seawater flowing over the cable, and the
cable-electrode configuration must be calibrated by direct measurements of the
transport in order that the data can be related quantitatively to the flow condi-
tions. The University of Miami (de Ferrari, personal communication) has
maintained a calibrated electrode pair in the western portion of the Strait, with
an eight-mile clectrode separation; Sanford (personal communication) of the

!‘)ds Hole Oceanographic Institution has maintained a record of the poten-

ifference between Palm Beach, Florida, and Grand Bahama Island. These
dies are not yet complete, but they should handsomely complement the
three-year record that was obtained by Wertheim (1954) on the_telegraph
cable between Key West, Florida, and Havana, Cuba. Unfortunately, the
present Miami cable does not span the entiré channel, and the Palm Beach
and Key West cables have not been calibrated.

A twofold problem has persisted in determining the seasonal variability of
the Florida Current. When an adequate- record length of a variable at a few
locations can be obtained (such as tidal heights or cable potential readings), the
interpretation in terms of the flow conditions is difficult and usually yields only
qualitative information about the three-dimensional structure of the current;
the shorter records of more direct measurements, while containing a wealth of
information, are so contaminated with short-period fluctuations that they do
not shed light on the annual cycle. Though unknown when the University of
Miami’s thirteen-month survey was started in 1962, it is now a well-established
fact that the short-period (less than two weeks) modulation in both the velocity
and the hydrographic structure of the Florida Current is as large as the seasonal
changes.

This is a report on an experiment to dectermine the seasonal variabilities in
the Florida Current by direct means. Over the years 1964—-1971, numerous
samples of the horizontal velocity were gathered at a number of depths at
identical locations at the Miami latitude; the tcmperature structure was
meéasurcd concurrently with the velocity. The scasonal changes determined
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from these data give an adequate picture of the variability of the two-dimen-
sional cross-stream structure. The aliasing problem is dealt with in the following
pragmatic manner.

A seasonal average of a measurement is determined from an appropriately
calculated average of a number of random samples that were gathered during
a two- or three-month period (in 2 number of different years). It has been
possible to show that when more than ten samples of, for example, the transport
of the Florida Current are used to form such an average, no significantly dif-
ferent average (no change in an r.m.s. fit or in the error of the mean) is obtained
from ten different samples that belong to the same period or to the same period
in a different year. Effectively, a low-pass filter is applied to the data, without
determining the phase or amplitude of the short-period fluctuations explicitly.
The standard error of the mean for a particular season is estimated on the basis
that the shorter-period fluctuations are white noise. This method is analogous
to that devised by Thompson (1971) to analyze the long-period fluctuations in
gappy current-meter records at Site D in the North Atlantic, and statistical
credence, if not certitude, is obtained for the variability that is interpreted as
seasonal changes. It is clear that a more definitive study, one that could increase
the statistical reliability of the data by a factor of two, would require a fourfold
effort compared with that already expended.

I1. The Experimental Method and the Scope of the Data. The data on the
density and velocity structure of the Florida Current that are presented and
discussed here have been gathered by the free-drop method. The method for
obtaining measurements of the vertically averaged horizontal velocity and the
accuracy of the data-acquisition system have been discussed by Richardson and
Schmitz (1965). The temperature structure was obtained from a freely falling
STD. The tempcrature sensor of the STD (Bissett-Berman Corp., Model
9060) has proved to be reliable, but the reliability of the conductivity system
used to determine the salinity is questionable. With no apparent change in the
calibration of the conductivity cell, values of salinity below 400 in were oc-
casionally lower than the historical salinity data for this region by as much as
0.69/y,. Because of this difficulty, the seasonal picture of the density structure
has been based on the local seasonally averaged historical temperature-density
correlation rather than on direct measurements. The specific method used to
form a seasonal average, together with estimates of its statistical reliability, is
outlined during the subsequent presentation of the variabilities in the transport,
the horizontal-vclocity distribution, and the temperature and density structure.

For convenience, each excursion of the ship from port is termed a “cruise.”
During a normal cruise of eight hours, the surface current, the average hor-
izontal velocity to 2 number of depths, and a record of the temperature versus
depth were obtained at 13 closely spaced stations along the transect from Miami
to Bimini. The location of the stations and the transect in the Florida Strait
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| Figure 1. Station locations.

are shown in Fig. 1. The record of this experiment is tabulated in Table I.
A total of 3682 dropsonde records and 336 ST'D records make up the bulk
of the data.

Some of these data have been used by various investigators in describing and
discussing the average dynamic and kinematic structure of the Florida Current
(Richardson and Schmitz 1968, Richardson etal. 1969, Schmitz 1969,
Schmitz and Niiler 1969, Broida 1969, Wunsch et al. 1969, Stubbs 1971,
Duing and Johnson 1972, de Ferrari, personal communication). This is the first
presentation of a comprehensive study of the entire archive in terms of the
seasonal patterns. "The National Oceanographic Data Center maintains a file
of the dropsonde data, and Nova University has 5 a file of the STD temperature
rccord§ T
II1. The Seasonal Variability. A. Tue TransporT. The transport of the

Florida Current, tabulated in Table I, was computed by a cross-channel
numerical integration of the observations of the northward component of
transport per unit width during each individual cruise. The maximum value
of the 75 samples is 38.2 x 106m3sec™", in the summer of 1965; the minimum
~value is 19.0x 10%mIsec™!, in the winter of 1970. Not all of this variability
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Table I. List of Miami-Bimini Cruises with total transport and geostroph-

ically balanced sea-level difference.

Sequential* Date
cruise
number.
1 8/16/64
2 8/17/64
3 10/20/64
4 10/22/64
5 12/14/64
6 4/5/65
7 5/24/65
8 5/26/65
9 5/28/65
10 5/30/65
11 6/4/65
12 6/6/65
13 6/8/65
14 6/12/65
15 6/16/65
16 6/18/65
17 6/21/65
18 6/23/65
19 3/24/66
20 5/28/66
21 12/4/66

22 11/15/67

23 11/16/67

24 12/7/67
25 12/8/67
26 1/3/68

27 1/4/68

28 2/10/68
29 .2/12/68
30  3/30/68
31 3/31/68
32 - 4/4/68

33 - 4/5/68

34  4/10/68
35  4/11/68
36  4/17/68
37 4/23/68
38 4/24/68
39 4/26/69
40  4/27/68

Stations
completed

1,2,4,6-10,13
12,9-5,3-1
1,2,5,7-9,11,13
1,2,4,6-8,12,13
4,6,7,10,11
1-8,10,11,13
1-13

1-13

1-13

1-13

1-13
1,3,4,7-9,11-13
1-3,5-7,11,12
1,3,4-13

1-13

1-13

. 1-13

1-13
1,3,6-8,10,13
1,3,5-8,13
1,7-13
1-13
13-8,6
1-13
13-1

1-13

13-1

1-13

13-1

1-13

13-1

1-13

13-1

1-13

13-1

1-13

1-13

13-1

1-13
12,10,8,6,4,2

Stations
omitted

3,512,

13,11,4
3,4,6,10,12
3,5%9,10,11
l—3)57819.,12)13
9,12

2,5,6,10
4,8,9,10,13
2

2,4,5,9,11,12
2,4,12

2-6

9,5-1

13,1,9,7,5,3,1

Transport
(m3[sec) x 106

36.0
36.8
33.0
27.2
324
36.3
31.2
34.1
38.2
34.9
29.2
26.9
31.7
35.0
37.9
31.4
29.2
33.0
324
30.1
32.8
28.5
N.G.
© 220
26.5
24.4
26.5
24.3
26.5
35.3
35.2
33.2
338
324
31.7
33.2
28.2
25.6
32.5
34.0

Geostroph-
ically
balanced
sea-Jevel
difference

(cm)

72.3
69.5
65.9
70.7

4.1
58.7
63.3
63.1
68.2
45.0
58.5
67.8
81.3
82.8
86.2
86.2
76.8
74.0
68.5
62.3
61.4
715

* Cruises missing in the sequential list were carried out, but no usable data were obtained.
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TableJI — continued.

Sequential*  Date Stations Stations Transport Geostroph-
cruise complcted omitted (m3fsec) x 10° ically
number balanced
: sea-level
difference
(em)
41 4/30/68 1-13 -- 323 64.5
12 5/1/68 13-1 -- 31.4 60.7
43 4/29/69 2-10 1,11,12,13 28.9 61.5
44 5/1/69 1-13 - 35.5 71.3
45 5/27/69 1-8,10,11 9,12,13 31.8 70.5
46 5/28/69 13-9,7,6,5,3,2  1,4,8 29.5 76.7
47 5/29/69 1-8,10-13 9 34.1 70.2
48 5/30/69 12-1 13 33.2 66.6
49 5/31/69 1-13 -- 35.8 73.3
50 6/1/69 . 12-5,3-1 4,13 292 . 64.4
52 6/3/69 13-9,7-1 8 33.5 70.3
55  11/2/69  1-13 - 25.4 37.4
56 11/13/69 13-3 2,1 27.0 46.3
57 11/4/69 1-13 - 26.8 T 429
58 11/5/69 13-1 - 239 34.5
59 11/8/69 I-11 12,13 23.4 32.5
61 11/12/69  1-13 -— 20.1 ©42.1
2 11/13/69  13-1' - 24.1 48.8
12/1/69 14 5-13 - -
& 12/15/69  1-13 - 28.0 50.8
66 12/16/69  13-1 -- 29.8 52.1
67 12/18/69  1-13 - 28.4 59.9
68 12/19/69  13-9,6-1 8,7 N.G. . -=
69 1/13/70 i-10 - 11-13 26.1 52.3
70 1/14/70 13-l - 24.9 52.9
73 122/70 1-13 - 19.0 446
74 1/23/70 13-t -- 19.7 45.2
75 127770 1-13 - 27.4 59.7
77 2)12/70  1-13 - 27.4 52.6
78 2/13/70 13-1 - 269 570
79 9/9/70 1-13 - 32.8 72.0
81 9/16/70 1-13 - 274 674
82  9/17/70 137 6-1 - --
83 9/23j70  1-13 - - 326 70.5
84 9/24/70 13-9 8~-1 -- --
85 10/2/70 1-13 -= 22.2 48.5
86 1/4/70 13-10,7-1 9,8 N.G. . --
87 10/15/70 1-6,8-13 7 21.4 47.7
88 10/16/70 13-6 5-1 233 50.3
89 11/2/70 1-13 - - 20.5 49.0
9  11/3/70  13-1 - 23.4 56.8

® Cruises missing in the sequential list were carried out, but no usable data were obtained.



