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I. INTRODUCTION
AN

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 Molinarj et al. (1985), srtacs

(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 aomr
and acoustic techniques, Rsmas. Results from the verification experiment are
described in a series of SCIENCE articles (Molinari et al., 1985). pata from
STACS Pegasus cruises in the Straits of Florida are described in Williams et
al. (1983), Leaman and Verteg (1983), Vertes and Leaman (1984), and Ratnaswamy

et al. (1985),

along the sections shown in Figure 1, Each section is not necessarily
occupied during a particular cruise. CID station positions also vary. 1In
addition, continuous profiles of upper layer current structure are obtained
along the trackline using an Ametek-Straza system.

II. DATA COLLECTION AND ANALYSIS

Data from STACS cruises conducted on the Noaa Ship RESEARCHER during five

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 ig used in the Straifs of Florida, the Caribbean Sea ang
offshore of the Antillean Archipelago is shown in Figure 2. The Pegasus
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Pegasus houses a transducer/receiver, a thermistor and a pressure sensor.
When the Pegasus is in 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
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 20-50 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 or by a pressure
release when the Pegasus reaches a predetermined depth. The instrument
ascends at approximately the same rate as it descends.

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 is 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™* 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 irreqularities 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
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)



Table 2. Summary of Pegasus Station Geometry.

Transponder Parameters

Baseline
' Latitude Longitude Frequency Depth Length
Station ({N) (W) (KHz) (m) {m)
0 27°00.38’ 79°56.46’ 12.0 126.0 650
27°00.08’ 79°56.51’ 11.5 134.0
1 26°59.74! 79°52.37’ 13.0 222.2 852
26°59,34’ 79°52.41° 12.5 219.1
2 26°59.19’ 79°47.26' 12.0 360.7 1210
26°58.57 79°47.31’ 11.5 359.2
3a 27°00.41° 79°41.48' 12.5 500.7 1489
26°59.64’ 79°41.51" 13.0 503.0
4 26°59.42" 79°36.86" 12.0 613.0 1337
26°58.72" 79°36.76" 11.5 618.3
5 27°00.19’ 79°30.02° 13.0 748.9 1499
26°59.36' 79°29.97° 12.5 762.6
6 26°59.91’ 79°24.13" 11.5 717.6 1722
26°59.15" 79°24.20° 12.0 696.4
6a 27°00.75 79°22.66' 11.5 688.0 1722
(July 1983) 26°59.79’ 79°22.83’ 12.0 690.0
7 26°59.93" 79°17.68" 13.0 637.2 1313
7a 26°59.19' 79°17.63' 12.5 633.8
(March 1984)
8 27°00.21’ 79°12.14’ 11.5 505.9 1564
26°59.34' 79°12.04’ 12.0 516.6
9a* 26°51.20 79°36.16" 12.0 672.7 1338
26°50.49’ 79°36.207 11.5 674.7
9b* 29°08.23" 74°49.92' 12.5
29°08.05" 74°47.48" 12.0 4500 4252
10 28941 917 75°06.00" 12.5
28°41.90’ 75°03.72" 12.0 4900 3762
11 28°14.84’ 75°20.94" 12.5
28°14.39’ 75°18.727 12.0 4935 3639
*9a = southernmost in the Straits of Florida.
*9b = located northeastern most on the Abaco line.



Table 2.

Summary of Pegasus Station Geometry (continued).

Transponder Parameters

Baseline
Latitude Longitude Frequency Depth Length

Station (N) (W) (KHz) (m) (m)

12 28°14.84’ 75°20.94° 12.5
28°14.39’ 75°18.72' 12.0 4880 2907

13 27°21.93’ 75°53.83" 12.5
27°21.80° 75°51.97’ 12.0 4782 3199

14 26°55.16" 76°09.38° 12.5
26°55,05’ 76°06.84 12.0 4845 4195

15 26°31.757 76°24.09’ 12.5
26°31.62° 76°21.53 12.0 4810 4296

16 26°32.86" 76°32.657 13.0
26°32.86" 76°29.98" 11.5 4825 4410

17 26°33,43" 76°40.01° 12.5
26°31.41’ 76°39.99’ 12.0 4050 3937

18 26°32.56" 76°45.29" 13.0
26°30.53” 76°44.92' 11.5 3600 3570

19 26°33.07" 76°51.16" 12.5
26°32,26’ 76°51.05" 12.0 800 1311

20 20°43.86" 73°07.92' 13.0
12.5 1340 2189

21 20°19.70" 73°01.70" 13.0
12.5 2690 3130

22 18°55.00” 66°07.00" 13.0
11.5 3140 3172

23 18°40.00" 66°07.00" 13.0
11.5 1545 1433

24 29°01.15’ 78°48.,40" 12.0
1.5 840 1769

25 29°00.70" 79°05.45" 13.0
12.5 807 1652

26 29°01.90 79°26.85" 12.0
11.5 793 1646




Table 2.

Summary of Pegasus Station Geometry (continued).

Transponder Parameters

Baseline
Latitude Longitude Frequency Depth Length
Station (N) (W) (KHz ) (m) (m)
27 29°02.90' 79°49.05’ 12.0
11.5 622 1250
28 29°00.95" 79°55.65’ 13.0
12.5 414 1050
29 29°00.50' 80°01.60 13.0
12.5 224 754
30 12°30.00°" 63°29.36' 13.0
12.0 1100 1416
31 13°30.00’ 63°33.00’ 13.0
11.5 1180 1610
*32 15°01.60' 63°31.80 12.5
12.0
*33 16°29.50" 63°31.91° 12.5
12.0

*Beacon stations.



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. 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 based on a subjective comparison of the up and down profiles and
these data for each cruise are presented by increasing cast numbers in
Appendix A. The positions represent deployment locations rather than the
transponder positions listed in Table 1.

B. CTD Data

1. System Description

The Neil Brown Instrument Mark III CTD system used in STACS includes
pressure, temperature, salinity and oxygen sensors. The oxygen data will be
described in a future report. The unit is also equipped with a fast response
thermistor.

The instrument scans 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 B contains graphic representa-
tions of CTD profiles arranged by cruise and cast number. CTD values are
listed at selected depths.

2. Calibration

Laboratory calibrations are used for the CTD pressure and temperature
sensors. The rosette thermometer data have been shown to be in agreement with
the CTD temperatures to within .01°C. Bottle salinities are collected using a
rosette sampler lowered with the CTD, with the final values determined using a
Guildline Autosal unit. The bottle salinity values are used for calibration
of the raw CID salinity data by means of the following steps:

a. The bottle—salinity-data—are—first-edited‘for*ﬁbvibusly bad values, and
corrected for the particular batch of standard seawater used relative to
batch "P80" (Mantyla, 1986). (This batch was used by the Transient
Tracers in the Ocean [TTO] program [Williams, 1986] which collected
hydrographic data in the STACS study area during 1981. Calibrating our
final salinity values relative to this particular batch permitted
comparison of the STACS and TTO data and insured the validity of the
calibrations.)



d.

Next, a least squares regression is run on the "delta" (bottle-CID
salinity) vs. depth data sets for each cruise. A third order polynomial
fit is first obtained over the entire water column, and then a linear fit
is obtained over the portion of the water column (usually below 1500 m)
where visual inspection indicates that a linear fit is the best represen-
tation of the curve. 1Iterations are performed (usually 3 to 5 times), and
delta values which deviate more than 2 standard deviations away from the
fit are discarded. Typically at least 20 percent of the bottle values are
discarded by this process, leaving a final standard deviation of + .003 to
.005 ppt. (It should be noted that problems in maintaining a stable
temperature in the salinometer laboratory reduced the quality of the
bottle salinities. This problem has since been corrected.)

The raw CID salinities are then calibrated using the polynomial (in the
upper water) and linear (in the lower water) fits obtained by the
regression program. A crossover depth at which the two methods agree to
within less than .001 ppt was chosen for each cruise.

As a final quality check of the calibrated CTD data, the deep TS relation-
ship is compared with historical (primarily TTO) data and the other STACS
cruise data. Where individual casts, or more commonly groups of casts,
deviate from the others, indicating drifting or shifts of the CID sensor,
these casts or groupings are calibrated separately. The cruise time
histories of the "delta" values are also examined as an indication of
sensor changes. In the worst cases, where there was significant drift of
the CTD and insufficient high quality bottle data which could be used to
calibrate these casts, the historical data were used directly to obtain
the final calibrations. This method is valid because in the region of our
cruises the TS relationship in the deep water (colder than 3°C) is
remarkably constant, probably to better than .002 ppt. The salinity data
in the upper water column of the deviant casts are calibrated using the
polynomial fit to the delta values for the entire cruise, in most cases,
crossing over to a linear fit which matches the historical values in the
deep water. In most cases the magnitude of the shift in the deep water
was on the order of .003 to .005 ppt. Therefore, any possible error in
the upper layer salinities arising from this method would be less than
.005 ppt.

Finally, the calibrated CID data are checked for spikes, and these values
are removed. The gaps are interpolated linearly, and a final data set
subsampled to 2 db spacing is produced.

Calibration equations and discussions of the CTD performance for the

individual cruises follow.

August 1984

Standard seawater batch number P87 was used for determination of the

bottle salinities, requiring a correction of ~.004 ppt relative to the TTO
salinities (batch P80).

The CTD performed well throughout the August 1984 cruise, with no evidence

of drifting or shifts of the sensor. As a result, all of the casts for this
cruise were calibrated together, and a linear fit was applied over the entire

10



2000 m depth range of the CTD casts. Visual inspection of the delta-vs-depth
plot showed that there was no need for a higher order polynomial in this case.

The final calibration curve used for the August 1984 data was of the form:

-6
Sca1 = Sepp — 022 + 3.24E"° (pressure)

ca

April 1985:

Standard seawater batch number P90 was used for determination of the
bottle salinities, requiring a correction of -.005 ppt relative to batch P80.

Despite the fact that the CTD had a very recent laboratory calibration, in
March 1985, its performance was not as satisfactory as during the August 1984
cruise. Casts 21-22 and 53-73 -departed from the others, showing drifts
ranging from -.005 to +.005 ppt, and required separate calibration relying on
the historical TS relationship in the deep water. Casts 1-20, 23-52, and
74-91 were calibrated together by the standard methods described above, using
a third order polynomial fit for the depth range 0 to 1500 m, and a linear fit
below 1500 m.

The calibration curves used for the April 1985 data for these casts were of
the form:

0 to 1500 m

Scar = Sepp — -025 + 4.20E7° * P — 1.69E"° * P* + 2,1087'% % P*

cal CT

1500 m to bottom

S =S, + .006 — 4,33 * p

cal cTD

August 1985:

Standard seawater batch number P90 was used for casts 1-7, requiring a
correction of -.005 ppt, and standard seawater batch number P87 was used for
casts 8-91, requiring a correction of -.004 ppt relative to batch P80.

The CTD performed well during the August 1985 cruise in terms of sensor
drifting, but it did experience a problem with spiking during casts 15-17 and
68. Otherwise, the calibration was straightforward according to the methods
discussed above. The final comparison with the historical data (both TTO and
the other STACS cruises) showed good agreement in the deep water with the
exception of cast 4, taken in the Caribbean Sea. This cast appeared to
deviate from the expected TS relationship in the deep water, but because the
"delta" values were in close agreement with those from the rest of the cruise,
it was left as it was.

The calibration curves used for the August 1985 data were:

11



0 to 1200 m

S.,, = Sepp = 019 + 3.28E°° * P = 1.60E ° * P* + 2,207 * P’

1200 m to bottom

S . =S.._ + .002-8.37E" *pP

cal CTD

C. XBT Data

T-6 expendable bathythermograph (XBT) probes which record a temperature
profile down to 650 meters and T-7 XBT probes which record a temperature
profile down to 750 meters were used during all of the cruises covered in this
data report. Appendix C presents XBT data by cruises and cast number.
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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. "U"
represents the east-west component of velocity. "V" represents the
north-south component. Casts where there are no data values given
for the U and V components indicate that the transponders were not
being received by the Pegasus instrument at the given depth.
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APPENDIX B: CTD DATA

Casts are presented by cruise and increasing cast number. Julian
day and time, cruise number and vessel, and position are given at

the top of each plot. Temperature (T), salinity (S) and sigma-t
(ST) profiles are shown for each cast.
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