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I. INTRODUCTION

The primary objective of the Sub-Tropical Climate Study (STACS) is to
define which oceanographic processes are important in meridional heat flux.
As the Florida Current has been shown to play an important role in this flux,
the initial emphasis of STACS was to develop the capability to monitor the
variability of oceanic heat and mass transport in the Straits of Florida. As
described in Molinari et al. (1985), STACS consisted of several separate
projects designed to verify the ability of different remote sensing techniques
to measure continuously Florida Current velocity, transport and/or tempera-
ture. The verification data were collected by different organizations using
independent instruments and techniques. Pegasus current profilers were used
by the Atlantic Oceanographic and Meteorological Laboratory/NOAA (AOML) and
the University of Miami Rosenstiel School of Marine and Atmospheric Science
(RSMAS), and current meter moorings were deployed by RSMAS. The remote
sensing techniques included an electromagnetic (telephone) cable monitored by
the Pacific Marine Environmental Laboratory/NOAA (PMEL), a coastal radar
system operated by the Wave Propagation Laboratory/NOAA (WPL), coastal tide
and bottom pressure gauges used by AOML and acoustic techniques, RSMAS.
Results from the verification experiment are described in a series of SCIENCE
articles (Molinari et al., 1985).

Data collection efforts discussed here were concentrated in the region of
27°N across the Straits of Florida. The approximate position(s) of the
various observation strategies are presented in Figure 1. Pegasus data
collected by AOML during six research cruises in April, August and December
1983 and January, March and June 1984 will be presented in this report. Data
from other STACS Pegasus cruises are described in Williams et al. (1983),
Leaman and Vertes (1982), and Vertes and Leaman (1983).

IT. DATA COLLECTION AND ANALYSIS

Data from STACS cruises conducted on the R/V VIRGINIA KEY in April and
August 1983 and January and June of 1984 and on the NOAA Ship RESEARCHER in
December 1983 and March 1984 are listed in this report. Table 1 shows the
type of data collected on each cruise. We now describe the techniques used to
reduce the Pegasus, CTD, XBT and Ametek-Straza data to final form.

A. Pegasus Current Profiler

The Pegasus instrument is an acoustically-tracked, free-falling profiler
of horizontal current components (Spain et al., 1981). A schematic of the
Pegasus system as it is used in the Straits of Florida is shown in Figure 2.
The Pegasus instrument used by AOML consists of a hollow cylindrical metal
tube with the electronics package sealed within. A floatation collar attached
to the exterior of the cylinder provides the instrument buoyancy in the water.
Pegasus houses a transducer/receiver, a thermistor and a pressure sensor.
When the Pegasus is 1in the water, its transducer interrogates two fixed
transponders on the ocean bottom at a frequency of 10 KHz at an interval of
eight or sixteen seconds. Each transponder responds at a different frequency.
The Pegasus internally records the acoustic travel times from the trans-
ponders, along with temperature and pressure. Transponder frequency pairs are
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Figure 1: Locations of STACS projects in the Straits of Florida,
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Table 1.

Types of Data Collected by Cruise.

Cruise Vessel Pegasus CTD XBT Ametek St
April 1983 VIRGINIA KEY X - ——- -—
(VK-STACS 6-83)

August 1983 VIRGINIA KEY X —-- - ———
(VK-STACS 9-83)

December 1983 RESEARCHER X X X X
(RES-STACS 12-83)

January 1984 VIRGINIA KEY X —— X _—
(VK-STACS 13-84)

March 1984 RESEARCHER X X X X
(RES-STACS 14-84)

June 1984 VIRGINIA KEY X — - ——

(VK-STACS 15-84)




alternated between stations in order to avoid interference from adjacent
stations.

The instrument is weighted at the beginning of the drop and falls at a
rate between 28-50 cm/sec. This rate may be adjusted by adding or removing
the weights contained inside the Pegasus. External weights are released by a
bottom trip mechanism when the weights touch the ocean floor. The instrument
ascends at approximately the same rate as it descends.

The appropriate drop sites have been determined as being approximately one
water depth south and one water depth east of the southernmost transponder.
Due to the strong northward velocities encountered in the Florida Current, the
positioning of the instrument drop site is crucial. The instrument could be
carried beyond the range of the transponders if it is deployed too far north.
The geometry used to compute the absolute velocity of the instrument also
requires that the instrument does not move across the baseline.

Each Pegasus station is defined by a unique geometry (see Table 2). A
mean sound velocity profile for each station is used to convert the acoustic
travel times from the transponders to the instrument into ranges in meters.
The baseline becomes the base of a triangle which is projected onto the
bottom. The X and Y coordinates of the instrument at each pressure can then
be determined.

Following a Pegasus cast the contents of the instrument's solid state
memory are transferred to a Hewlett Packard 85 computer for conversion to
decimal values and storage on flexible diskettes. The conversion of raw data
to a velocity profile is done on an HP-86 in three steps: editing, calibra-
tion and velocity computations. Following ijs a brief description of each
step.

1. Editing

Two files are created for each Pegasus cast: an ASCII character header
file on magnetic tape containing cast information and a multi-record data file
on magnetic disk. Each record contains decimal values of the original Pegasus
memory address, corresponding pressure and temperature sensor output counts
and two travel times significant to 10”4 second. HP-86 BASIC programs allow
graphic display and printed listings of the data for preliminary evaluation of
data quality.

Errors can be introduced into the raw data due to instrument hardware
errors and into the travel times by acoustic propagation irregularities such
as the detection of reflected instead of direct path signals. Erroneous
points are hand edited from the record and replaced by points estimated by a
low order polynomial fit.

2. Calibration
Prior to each research cruise the Pegasus pressure sensor is calibrated to

produce second order polynomial fits of pressure counts versus pressure in
decibars {(db). Standard deviations from the fits over the working range of
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the sensors are generally on the order of 1 db. After the raw data has been
edited the pressure counts are converted to decibars. Pressure is further
smoothed with a five point running mean. Cast limits (surface/bottom/surface)
are recorded in the header file and the data are split into downcast and
upcast files containing two travel times and pressure (db).

3. Velocity Calculation

Given the transponder depths, baseline length, pressure and the travel
times, the Pegasus position can be determined as described in the explanation
of the Pegasus station geometry. Each station has an associated sound
velocity profile used to calculate harmonic mean velocity and thus convert
acoustic travel times to distance for input into the position equations. The
resulting profiles of X and Y position (in unrotated baseline coordinates)
versus depth are smoothed with a seven point convolution. The resulting U and
V velocity components are then rotated into a true geographic coordinate
system. Each cast produces two profiles: one represents the downcast portion
and the other the upcast. Only one profile from each cast was chosen and
these data for each cruise are presented by increasing cast number in
Appendix A.

B. CTD Data

1. System Description

The Neil Brown Instrument Mark III CTD system is equipped with a fast
response thermistor. Stations were conducted primarily along 27°N latitude
and at longitudes not necessarily coincident with Pegasus stations,

The instrument scans in the vertical at a rate of 30 scans per second,
The descent rate is approximately 30 meters per minute to a depth of 200
meters then increases to 60 meters per minute for the remainder of the cast.
CTD values are averaged in one decibar increments. Appendix B8 contains
graphic representations of CTD profiles arranged by cruise and cast number.
CTD values are listed at selected depths.

2. Calibration

Four hydrocasts were taken during the December 1983 cruise and nine taken
on the March 1984 cruise for purposes of calibrating the raw data for instru-
ment drift. Differences between CTD values recorded at the time of bottle
trip and Niskin bottle values for corrected protected temperature (reversing
ggggmgm?§ers) and salinity were determined. Calibration results for December

ollow:

5
12

04, N
02, N

delta-T: mean
delta-S: mean

W

"00
0-

01, s.d.
00, s.d.

Based on these values, no correction was made to the CTD data.
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In March 1984, calibration data were not collected for temperatures.
Based on the previous history of the CTD no correction for temperature was
made. Calibration results for salinity were

delta-S: mean = -,038, s.d. = 012, N = 39
In this case CTD salinities were corrected by adding .038°/.. before further
processing.
C. XBT Data
Expendable bathythermograph (XBT) probes were used during the December
1983 and January and March 1984 research cruises. The XBT probes used were

T-7's which record a temperature profile down to 750 meters. Appendix C
presents XBT data by cruise and cast number.

D. Ametek Straza Data

Beginning in November of 1982, all cruises on the NOAA Ship RESEARCHER
have provided continuous upper ocean current velocity shear data collected by
an Ametek Straza Ooppler acoustic current profiler. The installation and
early data sets are described in Bitterman and Wilson (1983); further results
and an evaluation of referencing the profiles by navigation is described in
Wilson et al. (1984). Other data sets from this source are evaluated in
Leetmaa "and Wilson (1985a, 1985b).

The Florida Current velocity sections in this report (Appendix D) are a
highly condensed version of an initially large data set. In its commonly used
mode, the Ametek Straza profiler records velocity shear data in the upper 350
meters of the ocean at 6.4 meter vertical intervals 35 times per minute. The
profiler is driven by a PDP 11/23 computer which converts velocity data to
north and south components, averages for one minute, and writes the average to
tape-along with all ship's navigation data acquired in that minute.

In the Straits of Florida, LORAN C navigation is used to estimate ship
velocity to reference the shear profiles. LORAN C time delays are recorded
from four to seven times per minute; these are smoothed and converted to
latitude and longitude. Latitude and longitude are first differenced over 30
seconds to give northward and eastward ship velocity components; these are
further smoothed and averaged over the same one minute periods as the shear
data. The resulting absolute velocities are further averaged over 10 to 30
minutes (to allow no coarser than 2 to 3 km spatial resolution); these
averages are interpolated to 10 meter depth intervals. Finally the average
absolute profiles are mapped (using a 10 to 20 km wide Gaussian window) onto
the 4 or 5 km by 10 meter grids seen in the sections.

Previous comparisons with Pegasus data have shown a mean agreement of
better than 10 cm/s to 250 m depth. Comparisons in the Straits of Florida
suggest that the Ametek Straza data may overestimate the northward velocity
below 200 m in the high speed core by 10 to 20 cm/s.

In the sections, tic marks along the axes represent locations of mapped
current profile data; the dark line represents bottom topography at 27°N.
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APPENDIX A: PEGASUS DATA

Casts are presented by cruise and increasing cast number, The
cruise number and vessel, Pegasus cast and station number, Julian
day and time, and position are shown at the top of each plot. "y
represents the east-west component of velocity. "V" represents
the north-south component .
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