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1. ABSTRACT

This report presents CID data collected on RRS Discovery Cruise 145
(25 February - 24 March, 1984) in an area northeast of the Azores bounded
by 37°N, 47°N, 15.3°W and 10.5°W. 38 stations were occupied, mostly to
2000 dbar, but 5 to the full depth. Calibration and data editing
techniques are described. For the data presented, absolute accuracies are
estimated to be better than 3 mK for temperature, 0,005 psu for salinity,
and 0.3 ml/1 for oxygen. The data are presented as profile plots of
temperature, salinity, oxygen and density against pressure, and listings at

standard levels of basic and derived values.



2. DATA COLLECTION

RRS Discovery Cruise 145 (Pollard et al, 1984) took place from 25
February to 24 March 1984. The primary scientific objective was to observe
the structure of the upper ocean at the end of winter at two sites with
different seasonal characteristics. The two sites chosen were around
40-41°N, 15°W and 45-46°N, 13-14°W, so the majority of CTD casts were in
those areas (Table 1, and Figures 1, 2).

Two Neil Brown Instrument Systems (N.B.I.S.) Conductivity-Temperature-
Depth (CTD) profilers were used. These are referred to as 'shallow' and
'deep' CTDs as they used 1500 and 6000 dbar pressure sensors respectively.
The shallow CTID was only used in lowered mode on Station 10986 reported
here. Following this calibration cast, it was transferred into the I.0.S.
SeaSoar (Pollard et al, 1986) for the rest of the cruise. All further
shiplowered CTD work was done with the deep CTD. The CTD casts fall into

several groups:

- Casts 10985-88 were initial calibration casts, those with the deep CTD
being done to full depth to allow calibration by comparison with
Saunders' (1985a) deep ©/S relation.

- Casts 10992-11002, 11004-7, 11010, and 11012-14 were made around the
northern site, before and after a detailed SeaSoar survey (Pollard et
al, 1986).

- The deep CTD was also used in yoyo mode on casts 11003, 8, 9, and 11
to resolve small space and time scales. The first cast of each yoyo
is shown in this report. The full series will be displayed in Pollard
et al (1986).

- A short CID section, casts 11015-29, was made on passage from the
north to the south site, spanning a notable change 1n water

properties.

- Two short sections, 11022-27, were made across the current during work

at the south site, followed by a short yoyo 11028.
- A final calibration cast 11029 was terminated prematurely by a cable

fault.



3. CALIBRATION OF IOS DEEP CTD

The deep CTD was used on both Cruise 145 and the companion cruise that
followed, Cruise 146 (Angel et al, 1984). It is convenient to analyse the
calibration data for both cruises in this report, although Cruise 146 data

will not be presented here.

CTD data were logged in the first instance onto a PDP11/34 computer,
as described by Collins et al, (1983). After sampling (CTDSAMP) and
averaging to l-second raw values (CTDAVE), the data were calibrated
(CTDCAL) using approximate calibration constants and archived to magnetic
tape. Every fifth calibrated value was listed so that final calibration

constants could be determined as follows.

Down casts (presented in this report) were generally completed without
stopping. [An exception to this is cast 10985, for which the down cast was
inadvertently not archived, so the upcast is displayed as indicated by the
CTU in the header in place of CTD]. All calibration samples were taken
with a General Oceanics Rosette Sampler stopping at standard depths during
the upcasts. Some bottles carried reversing thermometers. Pressure was
generally checked with a single unprotected/protected thermometer pair at

the deepest calibration depth.

CTD sampling has to be stopped while the multisampler is fired to
avoid noise spikes in the data., The 5-second listing of calibrated values
is scanned for the consequent time gaps at the calibration depths. The CID
values of pressure, temperature and salinity immediately prior to the time
gap are taken as the values to be compared against bottle and thermometer
calibration values. Usually they are very stable over tens of seconds
prior to firing the multisampler. If they vary or drift significantly
because the CTD was close to an interface or in a marked gradient, the

calibration point can be flagged as suspect.

A slightly different procedure has to be adopted for oxygen, because
the Beckman oxygen sensor requires a flow of water past it to avoid
possible ion depletion in the vicinity of the membrane. Accordingly, the
5-second listing is scanned back to the point where the winch was stopped
(apparent from the pressure values) and the oxygen value read from about

that point.



3.1 Temperature

Deep CTD temperatures were calibrated at sea by

TCC) = Traw * 0.000499156 + 0.034 (Js)
derived from laboratory calibrations. 57 comparisons of CTD values against
reversing thermometers were made. Summary statistics (Table 2a) show a

trend with depth or temperature.

Comparison of JS with other calibrations over more than a year (Table
2b) shows JS to be anomalous. JS was exceptional in that the whole
instrument was immersed in the calibration bath rather than only the sensor
assembly. It was desired to check if a different calibration would
result. The calibration had therefore to be done in a large tank, for
which the temperature control was not as stable as that of the normal small
bath. Accordingly, the sensors were surrounded by an insulating cover,
inside which water was circulated by an external pump. However, transfer
of heat from the pump motor to the pump itself made it difficult to obtain

accurate low temperature calibrations.

A least squares fit to the data of 16.12.83, omitting the lowest
temperatures measured (a group of readings at 0.2°C) yields

T(°C) = Tpau* 0.00049942 + 0.027 (JS*)
which is no longer anomalous (Table 2b) and is very close to the equation
used by Saunders and Manning (1984),

T(°C) = Tpau* 0.00049943 + 0.027 (PMS)

If the PMS calibration 1is used in preference to JS, the trend in
(thermometer - CTD) differences is removed. We conclude that it is not
necessary to immerse the whole instrument, and that the thermometer
calibration is stable over a year or more, (as already reported by
Saunders (1985)). We have linearly adjusted the ship calibrated
temperatures from the JS to PMS values using the equation

T(PMS) = 1.00056* T(JS) - 0.007

3.2 Pressure

There were 35 unprotected reversing thermometer readings, from which
the pressure errors (Pihermometer - Pcrp) were found to have a mean of
0.5 dbar and a standard deviation of 4.1 dbar. This shows no more than
stable calibration over several cruises, as the unprotected reversing
thermometers were themselves calibrated against the CTD and echosounder on
Cruise 117 (Saunders, 1981),



3.3 Salinity

Considerable problems were experienced with the salinity calibration.
Salinities were 1initially calculated from conductivities using CTD
temperatures speeded up with a 0.25 sec time constant and a conductivity
ratio of 1.000825. This was changed to 1.0015 after three casts, but it was
quickly apparent that the ratio was not stable, so the conductivity ratio was
left unchanged for the remainder of Cruises 145 and 146. Postcruise
corrections are described here, and have been applied to salinity directly,

rather than to conductivity.

We began by 1listing (Table 3) all calibration data available below
3000 db. Three salinities are given at each level,

(i) the CTD observed salinity
(ii) the Guildline salinometer value for a bottle sample

(iii) the salinity calculated from the 0/S relationship given by Saunders
(1985a), namely S = 34.698 + 0.098 * 0.

We infer from Table 3 that

(a) The stability of the (PMS-CTD) errors from several samples on a single

cast shows that PMS values are preferable to BOTtle values.

(b) 40% of the bottle values are in error by 4ppm or more. Most of these (6
out of 8) are too high, probably due to leaking bottles and unstable
ambient laboratory temperature during use of Guildline Salinometer (P M

Saunders, personal communication).
(c) CTD calibration drifted considerably.

While the full salinity calibration can only be referenced to bottle
samples their limited reliability is borne in mind in what follows. After
elimination of obviously faulty values, 93 salinity calibration values
remained for Cruise 145, 75 for Cruise 146, These were tabulated against
cast and pressure. There appeared to be a change in calibration with depth,
so statistics for within cast depth variations were obtained by subtracting
errors at two levels (Table 4). Salinities at depth are too low compared to
shallow values, by S5ppm at 2000 dbar relative to O dbar. This is consistent
with the conversion of conductivity to salinity using temperatures that were

too large at 2000 dbar by about 5 mK (Table 2a).

Rather than apply a temperature correction, however, it was more

convenient to apply a piecewise linear pressure correction, (Table 4b). The
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last column of Table 4a shows the corrections applied, for comparison with

the means.

Salinity offsets at the main calibration depths are shown in Table 5
after making the above corrections. It can be seen (Table 5 and Fig. 3) that
the CTD salinity increased with time. Keeping the conductivity ratio
constant at 1.0015, the correction to be added thus decreased from +6ppm to
—42ppm in 46 days, a shift of about lppm/day. The offset is often stable
over several casts, then jumps to another value. The corrections made to
individual casts are shown in the last column of Table 5. They have been
kept constant over as many casts as possible, and changed monotonically with

time with two exceptions,

Statistics of residual errors after making the corrections in Tables 4
and 5 are shown in Table 6. Salinities are correct to less than lppm with a

standard deviation of less than 2ppm.

After completing the above calibrations, hysteresis was found between
down and up 6/S plots (Fig. 4), with down casts giving higher salinities by
1-4 ppm than up casts at the same potential temperature. Since it is the
upcast that has been calibrated, salinities on down casts may be high. The
cause of the hysteresis is not clear. Examples were found where T and C were
identical on down and up casts, but pressure differed by 1-4 dbar and
salinities differed by 0.4 to 1.5 ppm. Thus it would take a hysteresis
difference of 10 dbar in pressure to account for 4 ppm. Sudden salinity
changes of 1-2 ppm were also apparent (A on Fig. 4). Again, the cause is not
known. No corrections have been attempted, but we infer that deep CTD

salinities have a maximum absolute error of 0.005 psu.

3.4 Oxygen

Only 59 samples were available for oxygen calibrations, which gave a
mean offset of 0.1 wml/l1 and standard deviation of 0.2 ml/1 (Table 7a).
However a trend of about 0.1 ml/1/1000 dbar could be seen, so the data have
been piecewise linearly corrected as shown in Table 7b. Both bias and

standard deviation are thereby reduced to less than 0.1 ml/1.

The reservations expressed by Pollard (1985) concerning the long cell
time constant and hysteresis remain, however. Since the calibration method
and equations used here are the same as those used by Pollard (1985), the

conclusion that absolute errors may be as large as 0.3-0.4 ml/l1 also remains
valid.



- 11 -
4. NEW SHALLOW CTD

The new shallow CTD was used for one cast only, 10986, before being

transferred to SeaSoar for the rest of Cruise 145 and start of Cruise 146.

TemBerature

2 reversing thermometer comparisons gave -.004 and +.003°C offsets from

the laboratory calibrations. Temperature was left unchanged.
Salinity

6 salinity samples gave Spgr ~ Sgrp values of 39, 30, 31, 28, 30,
29ppm. Ignoring the first value, we deduce an additive correction of 0.030
psu for cast 10986 and this correction has been made to the data in this

report.

Comparison of CTD 10986 with a deep CTD cast nearby (10987) suggests
that 10986 is 0.003 psu fresher than 10987. We may thus estimate an absolute
error of no more than 0.005 psu for the shallow CTD salinities.

Oxygen

The Oxygen sensor on the shallow CTD gave very poor results on cast
10986, and broke on the first SeaSoar run. We have therefore omitted oxygen
for the shallow CTD.

5. EDITING AND DATA QUALITY

Following the experience of Cruise 132 (Pollard, 1985) it was decided
that the raw data should be edited before initial averaging. CTDAVG was

therefore modified as follows.

Data for each variable and each averaging interval are edited
independently. The values to be averaged (usually 15 or 16) are sorted into
ascending order, and the two median values are used to calculate a mean M and
difference D. If D is zero, it 1s reset to a minimum value (different for
each sensor, and in raw units). Any data value outside the range M + uD

(where n depends on the sampling frequency and averaging interval) is omitted

from the average.

This procedure assumes that the median values are good, i.e. that
typically less than half the values are wrong and all biassed one way. This
is nearly always the case for NBIS CID data, unless there is a serious

fault. The procedure has the ability to delete very small spikes in quiet
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regimes, such as a nearly homogeneous mixed surface or deep layer. In a
strong thermocline, D is large and so the checking limits are likewise less

stringent.

Any errors which passed the above check were identified from profile and

T/S plots, deleted and linearly interpolated.

Examination of the l-second averaged profile plots shows the final data
quality. The density profiles (sigma-0 above 800 dbar, sigma-1500 below
800 dbar) commonly show spikes and inversions rarely greater than
0.02 kg/ma. These are almost always related to sudden changes in the T/S
relation, which occurred frequently, because almost all casts passed through

very patchy Mediterranean water.

Thus, while the absolute accuracy of T and S has been estimated as 3 mK
and 0.005 psu, errors may rise to perhaps 20 mK or 0.02 psu in regions of

strong gradients.
Errors are worse than this for station 10985, partly because it is the

ascending trace that is presented, partly because it was the first CTD on the

cruise.

Oxygen data are of relatively poor quality. The signal can oscillate
peak to peak by about 0.1 ml/1 (e.g. CTD 11016), and is related to the uneven
lowering rate caused by surface wave conditions. Where the uptrace has had
to be used (CTU 10985), spikes and shifts can be seen at points where bottles

were fired (e.g. 1500 dbar) even after extensive editing.

DISPLAY

While all the data processing was done on a Honeywell 66/60 computer,
the final data sets were archived in GF-3 format (UNESCO, 1980) and
transferred to a GEC 4090. The plots and listings were generated from the
GEC.

Profile plots

After linear interpolation of bad or missing data the l-second values
were plotted for the top 2000 dbar using the program listed in Table 8.
Salinity values are offset (paged) for values less than 35.2 psu. Because
the density referenced to O dbar gives a very poor indiciation of the density
gradient in Mediterranean water, we have plotted sigma-0 above 800 dbar and

sigma-1500 (the density referenced to 1500 dbar) below 800 dbar.
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The time and position given at the bottom of each plot differ slightly
from those given in Table 1. The latter are by convention, the values at the
midpoint of the cast (i.e. CTD at maximum depth). The values on the plot are

those for the start of the cast.

Listings

Station 1lists were generated using I0S-developed "PSTAR" software
(Pollard & Read, 1985) installed on the GEC. The program input is listed in
Table 9. The program creates 10 dbar averages from the one-second data
(PAVRGE), calculates derived variables (PE0S83) linearly interpolates to
standard levels (PFETCH), calculates further derived variables (PE0S83), and
lists the data. Note that the last column Brunt-Vaisala frequency, is
calculated from the density difference between the level at which it is
tabulated and the level above in the listing. The values therefore have
large error bars for small pressure differences. For example, an error in
density difference of 0.001 kg m~> causes a B~V frequency error of
0.42 c.p.h. for a 20 dbar pressure difference, or 0.20 c.p.h. for a 100 dbar

difference.
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TABLE 1

CTD Stations

Number Day/Time Lat. (N) Long. (W) Depth Notes

10985 57/2207 37 08.5 10 58.4 4671  Calibration cast

10986 58/0651 37 30.1 11 32.0 600 Calib. of shallow CTD

10987 58/1031 37 32.7 11 32.2 5188 In eddy near 10986

10988 60/0110 40 14.5 15 00.4 5400 Near S moorings

10992 63/0043 46 52.7 13 03.4 2000 Triangular survey

10993 63/0552 46 29.9 13 14.7 2000 north of north

10994 63/1332 45 41.6 13 43.9 2030 moorings

10996 63/2230 46 00.8 14 05.1 2000 ditto

10997 64/0244 46 19.4 14 28.8 1370 ditto (cable fault)

10998 64/0704 46 24,3 13 51.9 2000 ditto

10999 64/1140 46 05.2 13 32.0 2000 ditto

11001 65/0315 45 27.9 13 16.0 2041 Dogleg SE of N mooring

11002 65/0740 45 07.1 13 35.2 1550 ditto (cable fault)

11003 65/1926 45 48.6 13 39.0 400 Yoyos keeping station
to 65/2104 45 49.3 13 39.5 yoyo by north toroid

11004 65/2303 45 53.7 13 38.5 2000 Between 10994 and 999

11005 66/0455 45 45,2 13 07.2 2000 Course 112 from 11004

11007 70/1358 45 47.0 12 56.5 1500 East of spar

11008 70/1426 45 47.0 12 56.3 600 Yoyos drifting past
to 71/0122 45 44,1 13 06.8 yoyo spar

11009 71/0336 45 42.3 13 02.4 600 Yoyos keeping station
to 71/0722 45 41.1 13 01.6 yoyo by spar

11010 71/0800 45 40.9 13 01.4 2000 Deep cast by spar

11011 71/0829 45 40.9 13 0l.4 600 Yoyos keeping station
to 71/1730 45 40.0 13 00.2 yoyo fairly near spar

11012 71/2158 45 41.8 12 42,1 2000 East of spar

11013 72/0011 45 39.0 12 45.3 2000 ditto

11014 72/0423 45 26.4 13 16.6 2000 West of spar

11015 73/1243 43 21.3 14 19.8 2000 Line of CTDs across

11016 73/1649 43 29.6 14 16.9 2000 outcrop of

11017 73/2213 43 37.4 14 15.0 4511 12 deg. (to bottom)

11018 74/0304 43 45,7 14 05.0 2000 isotherm

11019 74/0641 43 53.6 13 58.4 2000 ditto

11020 74/1414 43 11.7 14 25.0 5356 ditto (to bottom)

11022 78/2245 40 43.1 15 14.8 2000 Line of CTDs along

11023 79/0144 40 41.1 15 05.2 2000 110 line past spar

11024 79/0643 40 39.8 14 50.9 2000 ditto

11025 81/2008 40 49.9 14 56.2 2000 Second line as above

11026 81/2254 40 47.5 14 46.9 2000 ditto

11027 82/0132 40 45.4 14 36.0 2050 ditto

11028 82/0600 40 51.7 14 57.0 300 Yoyo close to spar
to 82/0759 40 51.6 14 57.3 yoyo

11029 83/1750 41 07.3 10 27.8 300 Final calib. cast,

ended by cable fault
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TABLE 2a

Temperature calibrations on Cruise 145

Tthermometer = TgTp (mK)

temp No. in mean standard

©o sample (JS)* deviation
12.5 + 1.1 19 3.5 6.4
11.6 * 0.6 6 -0.2 6.2
4,0 + 0.4 23 -5.2 4.3
2.6 + .1 9 -2.2 2.2

* JS, PMS refer to the calibration equations used, see text.

TABLE 2b

Time series of CTD laboratory calibrations

Date Slope Offset reference
16.11.83 0.00049955 0.0235
28.11.83 0.00049951 0.0253
16.12.83 0.00049916 0.0337 JS
7.84 0.00049955 0.0241
17. 1.85 0.00049953 0.0261
0.00049943 0.027 PMS

16.12.83 0.00049942 0.0267 Js*

mean
(PMS)*

3.6

0.4
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TABLE 4

(a) Depth variations in salinity errors

(Sgor ~ ScTp)a — (Spor - Sctp)s (PPm)

Depths No. in mean standard SD of Final
(dbar) sample deviation mean correction
A B ppm

Cruise 145

50 2000 16 ~1.6 1.1 0.28 -1.5
200 2000 14 ~3.7 1.9 0.51 -3.5
50 2000 22 -5.4 1.9 0.40 -5.0

Cruise 146

40/60 2000 12 ~4.0 1.9 0.56 -5.0
250 2000 11 -2.9 1.4 0.44 -3.2
500 2000 7 ~-1.7 2.0 0.75 -1.5
1000 2000 8 -1.7 1.6 0.56 -1.0

(b) Final depth correction to be subtracted from CTD salinities

depth correction gradient
(dbar) (ppm)
50 0
0-200 l1ppm/100m
200 -1.5
200~-500 lppm/150m
500 -3.5
500-2000 lppm/1000m
200 and =5.0

below
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TABLE 5a

Depth adjusted salinity errors, SBoTTLE — Sctp (ppm) for Cruise 145

Pressure (dbar) Station Correction
Station 50 200 2000 average made
10985 35 35 +33% +33(+6)¢
10987 28 29 +30%* +30(+3)¢
10988 27 25 +25% +25(-2)¢
10992 -7 -5.5 -7 -6.5 -7
10993 -6 -9 -7.5 -7
10994 -7 -6.5 -7 -7 -7
10996 -6 -7.5 -8 -7 -7
10998 -6 -6.5 -8 -7 -7
10999 -6 -6.5 =4 -6 -7
11001 -8 -8.5 -8 -7
11002 =7~
11004 -13 -10.5 =11 -11.5 -12
11005 -11 -11.5 -12 -11.5 -12
11007 -18~
11008 -18~
11009 -18~
11010 -18~
11011 -18~
11012 -17 ~18 -17.5 -18
11014 -19 -18 -18.5 -18
11015 ~22 -22.5 =22 =22 =21
11016 =21 -20.5 -23 -21.5 =21
11017 =22 -22.5 -18 -21% =21
11018 -22 -22.5 -21 -22 =21
11019 =24 -21.5 =22 -22.5 =21
11020 -22.5 -24 -22% -21
11022 =25 -25.5 -24 =25 =25
11023 =21~
11024 =22 -18.5 ~19 -20 =21
11025 -29 -30 -29.5 -29
11026 -28 -28.5 =27 -28 -29
11027 -29 -28.5 =29 -29
11028 =29~
11029 =29~

Includes calibration depths not shown here. See Table 3, allowing for
the 5ppm depth correction to the deep values.

Conductivity ratio was 1.000825 for 10985,7 and 8, changed to 1.0015
thereafter. Values in brackets show the corrections that would have
applied if 1.0015 had been used throughout.

No calibration data available for the cast. The best correction was
inferred by comparing T/S diagrams with those of near (in time and
space) calibrated casts.
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TABLE 6

Statistics of residual salinity errors after correcting
for time and depth trends

Pressure STRUE — ScTp ppm

Cruise (dbar) No. of samples mean SD
145 50 24 -0.0 1.2
200 19 0.1 1.
2000 23 0.0 1.6

all 93 0.2 1.
146 5-20 10 0.5 1.8
50-100 22 0.9 1.5
250 11 0.1 0.9
500 7 -0.1 0.8
1000 10 -1.1 1.2
2000 12 0.1 1.1
all 75 0.1 1.4



- 22 -

TABLE 7

(a) Oxygen errors for Cruise 145

OgorTLE ~ OcTp (ml/1)

Depth No. of mean standard
(dbar) samples deviation
50 8 ~0.09 0.10
100 4 -0.01 0.10
200 8 -0.07 0.06
500/1000/1500 8 0.09 0.11
2000 9 0.12 0.06
below 3000 18 0.25 0.09
all 59 0.10 0.17

(b) Final correction to be added to Deep—CTD oxygens

Depth correction gradient
(dbar) (ml/1)
0-250 =0.05

250-2000 0.01 m1/1/100dbar
2000 0.12

0.13 m1/1/1000dbar
3000 0.25
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TABLE 8

Production of Profile Plots

C.....PROFILE PROGRAM FOR CTD DATA

DIMENSION X(11000),Y(11000),S(11000)

CHARACTER*8 PROG

CHARACTER*10 PRLAT,PRLON

CHARACTER*8 TBUF

INCLUDE EVERY1.USEB.PXEC.PC73.PSTAR.SOURCE.DATADF

SIZE=2.2

SIZEl=4.0

SIZE2=2.8
Ceeeee This fortran program makes full use of the GEC plotting
Ceessolibraries; Grafix and Gestalt.
C.....Along with the Pexec library used to investigate Pstar data
Cevee.files,
Ceeee. The aim of the program is to produce a plot for the ‘down’
C.....profile only, for pressure (y-axis) against temperature,
C.....salinity, oxygen and density (x-axis) all on the same graph,
Ce.eo.from a CTD station not exceeding 2000m depth.
C.eeve.. To give a better representation of the density profile, sig0
Ceeee.is plotted down to a depth of 800m and below that sigl500 is
Ceveo.plotted.

C
CALL C1075N(4,8,NDEV)
OPEN(4,FILE='&PLOT/MPT')

C

C.....Attach data file.

C

CALL PROGHD(PROG)

CALL OPENIN(INDISK)

CALL READPR(INDISK,
&INSTMT,DATNAM,VERS,PLATYP,PLTNAM,PLTNUM,ICENT,IYMD,IHMS,
&ALAT,ALONG,DEPTHI,DEPTHW,COMENT,NOFLDS,NORECS,NROWS,
&FLDNAM, FLDUNT,ALRLIM, UPRLIM,ABSENT)

IF(NORECS.GT.11000)STOP ’NORECS GT 11000’

C

Cee...DRAW GRID

C

CALL PAGE2(220.,300.)

CALL PAGBEG

CALL SHIFT2(54.,54.)

CALL GRAFIX(IZO.,ZOO.,O.)

CALL DEFLA2(3.,15.,2000.,0.)

CALL GRISEL(3,0,1)

C

C.eco.Labelling the graph with the filename.

C

CALL CHLENS(SIZE1)
CALL TEXT2(43.5,214. ,DATNAM,1,8,1)
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C
C.....Routine to annotate the x-axis when plotting
C.....temperature against pressure (y-axis).
C
CALL PNCOLS(’BLACK’)
CALL CHLENS(SIZE)
CALL TL2BEG(1)
DO 10 I=1,13
NTEC =1
IF(MOD(I,2).EQ0.0)NTEC=0
CALL TICLA2(FLOAT(2+I),NTEC)
10 CONTINUE
CALL TL2END

C
C.....Annotating and labelling the y-axis.
C
CALL AXILB2(200.,2,2)
CALL TXANGS(90.)
CALL TEXT2(-27.,180.,°PRES’,1,4,1)
CALL TXANGS(0.0)
C

C.....labelling temperature scale for x—-axis.
C

CALL TEXT2(-10.,-5.0, TEMP (DEG.C)’,1,13,1)
C
Ce....Routine to annotate the x-axis when plotting
Ceeveesalinity against pressure (y-axis).
Ceeese =In this case you have to define where the figures
Ceeeecare to be put in the annotation. (As there is no
Cesssosubroutine to annotate multiple variables on on axis.
C

CALL PNCOLS(‘BLUE’)

DO 15 N1=2,8

CALL FNUMB2(5.+(N1—2)*20,-10.0,35.2+(N1—2)*0.2,5,1,1)
15 CONTINUE

C
C.....Labelling the salinity scale for the x-axis.
C

CALL TEXT2(-10.,-10.0, SALINITY (PSU)’,1,14,1)
C
C.....Routine to annotate x-axis when plotting
C.....oxygen against pressure (y-axis).
Cevee. The method of annotation is the same as
C.e....that for salinity.
C

CALL PNCOLS(‘GREEN’)

DO 14 N2=2,8

CALL FNUMB2(5.0+(N2-2)*20,-15.0,N2+0.0,3,1,1)
14 CONTINUE

C
Ceeesslabelling the oxygen scale for the x-axis.
C
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CALL TEXT2(-10.,-15.0, “OXYGEN (ML/L)’,1,13,1)
C
C.....Routine to annotate the density scale for sig0
C
CALL PNCOLS(’RED’)
DO 13 N3=2,8
CALL FNUMB2(5.+(N3-2)*20,-20.0,26.8+(N3-2)*0.2,4,1,1)
13 CONTINUE
C
Ceeeoolabelling ths sig0 scale for the x-axis
C
CALL TEXT2(-10.,-20.0,"SIGMA0 (CGS)’,1,13,1)
C
C.....Routine to annotate the density scale for sigl500
C
DO 12 N4=2,8
CALL FNUMB2(5.+(N4-2)*20,-25.0,33.8+(N4~-2)*0.1,4,1,1)
12 CONTINUE
C
CeeeosLabelling ths sigl500 scale for the x-axis
C
CALL TEXT2(-10.,-25.0, SIGMA1500(CGS)’,1,14,1)
C
C.....Routine to annotate details about cruise 145
C
CALL PNCOLS(’BLACK")
CALL TEXT2(-5.,-36.0,PLTNAM,1,12,1)
CALL TEXT2(13.,-36.0,°CR 1457,1,6,1)
CALL TEXT2(35.,-36.0,DATNAM,1,8,1)
CALL TEXT2(40.,-36.0,VERS,1,2,1)
CALL TEXT2(61.,-36.0,°1984/ /’,1,8,1)
CALL JDAYS(IYMD,JDAY)
CALL INUMB2(58.8,-36.0,JDAY,2,1)
THM=THMS+1 000000
WRITE(TBUF,600)IHM
600 FORMAT(I7)
CALL TEXT2(70.,-36.0,TBUF,2,5,1)
CALL LATPRN(ALAT,ALONG,PRLAT,PRLON)
CALL TEXT2(98.,-36.0,PRLAT,1,9,1)
CALL TEXT2(122.,-36.0,PRLON,1,10,1)
C..‘..
C
CALL MARSFL(0)
CALL LINSEL(1)
CALL PNCOLS(’BLACK”)
ISTART=1
ISTOP=1250
IRFCS=ISTOP-ISTART
CALL INDATA(INDISK,3,ISTART, IRECS,Y,
&NOFLDS,NORECS)
DO 30 IVAR=3,13
C IF (IVAR.EQ.11) THEN

[oNeNe!
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IF(IVAR.EO.4.0R.IVAR.EO0.7.0R.IVAR.EQ.8.0R.IVAR.EQ.11) THEN
WRITE(2,*)IVAR
C
CivessessChange the scale of the x-axis for each variable
C
IF (IVAR.EQ.7) GOTO 50
IF (IVAR.EQ.8) GOTO 51
IF (IVAR.E0.11) GOTO 52
GO TO 55
50 CALL PNCOLS(’BLUE’)
CALL DEFLA1(35.2,36.4,1)
GOTO 55
51 CALL PNCOLS(‘RED")
CALL DEFLA1(26.8,28.0,1)
C CALL INDATA(INDISK,13,ISTART,IRECS,S,
C &NOFLDS,NORECS)
GOTO 55
52 CALL PNCOLS( “GREEN")
CALL DEFLA1(2.,8.,1)
55 CONTINUE
J=IVAR
CALL INDATA(INDISK,J,ISTART,IRECS,X,
&NOFLDS,NORECS)
C
CevseeeeoRoutine to place initials at the top of graph
Cieeesessfor the four variable plots.
C
IF (IVAR.FQ.4) XPEN=((X(10)-3.)/(15.-3.))*120.
IF (IVAR.EQ.7) XPEN=((X(10)-35.2)/(36.4-35.2))*120.
IF (IVAR.EQ.8) XPEN=((X(10)-26.8)/(28.0-26.8))*120.
IF (IVAR.EQ.11) XPEN=((X(10)-2.)/(8.-2.))*120.
IF (IVAR.EQ.4) CALL TEXT2(XPEN-2.,202.,°T’,1,1,1,1)
IF (IVAR.EQ.7) CALL TEXT2(XPEN-2.,202.,°S’,1,1,1,1)
IF (IVAR.EN.8) CALL TEXT2(XPEN-2.,202.,°D’,1,1,1,1)
IF (IVAR.E0.11) CALL TEXT2(XPEN-2.,202.,°0°,1,1,1,1)
CALL POIBEG
DO 20 N=1,IRECS
C
CieseessesseRoutine to 1lift pen if absent data values
Cieeeneeeessor to lift pen at end of each variable plot.
C

16 IF(N.EN.NORECS)GO TO 17
IF(X(N).GE.0.0.AND.Y(N).GE.0.0)GOTO 18
17 CALL POIEND
CALL POIBEG
GO TO 20

C
Ceeesaassssslf data is too small, wrap around occurs so plot is not lost
CeeseesesneesSubroutine POILAZ plots coordinates (X(N),Y(N)).
C
18 IF(IVAR.NE.7)GOTO19
IF (X(N).LT.35.2) X(N)=X(N)+1.2
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C
Cevsessse.Routine to skip plot subroutine if points are out of range
Coorensone of the graph scales’
c
19 IF ((Y(N).GT.2000.).0R.(Y(N).LT.0.)) GOTO20
C
Ceeesssesse-Routine to plot density according to the depth
C
IF (IVAR.EQ.8.AND.Y(N).GT.800) THEN
CALL DEFLA1(33.8,35.0,1)
CALL POTILA2(S(N),Y(N))
CALL DEFLA1(26.8,28.0,1)
ELSE
CALL POILA2(X(N),Y(N))
ENDIF
20 CONTINUE
CALL POIEND
ENDIF
30 CONTINUE
CALL GRAEND
CALL GCLOSE
CALL PAGEND
END
C
SUBROUTINE JDAYS(IYMD,JDAY)
C
C.....subroutine to convert day and month to day of year
C
INTEGER FSTDOM(13)
DATA FSTDOM/0,31,59,90,120,151,181,212,243,273,304,334,365/

ILEAPY=0
ILEAPC=0
C
Ceeeooto split integer IYMD into IYFAR, IMON, and TDAY
IDAY=MOD(IYMD, 100)
TMON=MOD(IYMD/100,100)
IYEAR=TYMD/ 10000
C
C.....test for leap year
IF(MOD(IYEAR,4).EQ.0) ILEAPY=1
C
Coe.ootest to see if nead extra day for leap year
IF ((ILEAPY.EQ.1).AND.(IMON.GT.2)) ILEAPC=1
C
Cseeso.calculate jday
JDAY=FSTDOM( IMON)+IDAY+ILEAPC
C
RETURN
END
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TABLE 9

Production of Listings

// Macro to produce report listings

// CR 145 - CTD data
//

SET VERIFY

//

//PCOPYA - 6 of original vars (P,T,S,Pot,Oxy,SigmaT) + 5 more
PRUN.PCOPYA IN=ZH+

ME.PC71.CR145.CTN10985

N

ME.PC71.CR145.LIST985

3,437911)6a8)3:3:3’3,3)3/
/

/
+

/1

//PAVRGE - on P
PRUN.PAVRGE IN=7H+
ME.PC71.CR145.LIST985
&TEMP

1,2.5,5/

+

//

//PE0OS83 - to prod SIGP, DYNHT, SNDVEL, DEPTH, etc
PRUN.PEOS83 IN=7H+
&TEMP
ME.PC71.CR145.LIST985
1,2,3,4,5,6/

3

1,2,3

1000.0

SIG1000

3

/

2000.0

SIG2000

13

/

DYNHT

9

/

SNDVEL

11

/

DEPTH

0

+

//

//PFETCH - on levels specified in file .LEVELS
PRUN.PFETCH IN=7H+
ME.PC71.CR145.LI5T985
&TEMP

1
ME.PC73.CR132.LEVELS
1,2,3,4,5,6,7,8,9,10,11,11,11/
+
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FIGURE 4 Worst case comparison of deep potential temperature versus salinity

curves for down and up casts.
apparent,
were made on the up cast.

PMS.

Hysteresis of up to 0.004 psu is

The down casts are shown in this report, but calibrations

The Saunders (1985b) O/S line is marked
Unexplained salinity shifts of 0.001 - 0.002 psu are marked A.
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CTU10985
o D 0 s T
f__,__j

200. \ 7 {/

400. \
600. \

800. \

1000.

PRES

1200.

1400. f

LD

. /
1600.
1800. J /
/

2000. 1 y L L 1 e | } ¥ |
TEMP (DEG.C) 3. 5. 7. 9. 1. 13. 15.
SALINITY (PSU)  35.2 35.4 35.6 35.8 36.0 36.2 36.
OXYGEN (ML/L) 2.0 3.0 4.0 5.0 6.0 7.0 8
SIGMAO  (CGS)  26.8 27.0 27.2 27.4 27.6 27.8 28.
SIGMA1500 (CGS)  33.8 33.9 34.0 34.1 34.2 34.3 34.

DISCOVERY CR 145 CTU10985 B 1984/57/2207 37 B8.60N 10 58.20W
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1400.

1600.

1800.
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(DEG.C)

psu)
(ML/L)
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SIGMA1500 (CGS)
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CTD10986
D S T
=
=
3 S. 7 9. 11 13. 1S
35.2 35.4 35.6 35. -0 36.2 3
2.0 3.0 4.0 5.0 6.0 .0 8.
26.8 27.0 27.2 27. 27 .6 27.8 28.
33.8 33.9 34.0 34 34.2 34.3 34.
CR 145 CTD10986 Y 1984/58/0635 37 30.00N 11 31.30W
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TEMP (DEG.C)
SALINITY (PSW)
OXYGEN (ML/L)
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SIGMA1500 (CGS)
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TEMP

SALINITY

PRES

200.

400.

600.

800.
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1200.

1400.

1600.

1800.

2000.

(DEG.C)
(PSU)

OXYGEN (ML/L)
SIGMAO
SIGMA1500 (CGS)

(CGS)

DISCOVERY
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s 11\%%5\\
/ \‘\\
-
J. S. 7. 9. 11. 13. 15.
35.2 35.4 35.6 35.8 36.0 36.2 6.4
2.0 3.0 4.0 5.0 6.0 7.0 8.0
26.8 27.0 27 .2 27 .4 27 .6 27 .8 28.0
33.8 33.9 34.0 34.1 4.2 34.3 34.4
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CTD11001
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m 200. i
g _ |
400

B /
T
SN
1400, 7~

1600. )/r 3& 1‘ Ifzr

1800. \

2000. H A L i 1

TEMP  (DEG-.C) 3. 5. 7. 9. IR 13. 15.
SALINITY (PSU) 35.2 35.4 35.6 35.8 36.0 36.2 36.4
OXYGEN (ML/L) 2.0 3.0 4.0 5.0 6.0 7.0 8.0
SIGMAO  (CGS) 26.8 27.0 27.2 27 .4 27.6 27.8 28.0
SIGMA1500 (CGS) 33.8 33.9 34.0 34.1 34.2 J4.3 34.4

DISCOVERY CR 145 CTD11001 J 1984/65/0234 45 27.00N 13 16.30W
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CTD11002

200.

PRES

400.

600,

800.

1000.

\

1200.

1600.
1800.
2000. L 4 L L L
TEMP (DEG.C) 3. S. 7. 9. 11. 13. 15.
SALINITY (PSU) 35.2 35.4 35.6 35.8 . 36.2 36.4
OXYGEN (ML/L) 2.0 3.0 4.0 5.0 6.0 7.0 8.0
SIGMAO (CGS) 26.8 27.0 27.2 27 .4 27.6 27.8 28.0
SIGMA1500 (CGS) 33.8 33.9 34.0 34.1 34.2 34.3 34.4
DISCOVERY CR 145 CTD11002 S 1984/65/0709 45 7.60N 13 35.00W
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CTD11003

200.

PRES
U

400.

600.

80C.

1000.
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PRES

TEMP

200.

400.

600.

800.

1000.

1200.

1400.

1600.

1800.

2000.
(DEG.C)

SALINITY (PSWD)

OXYGEN
SIGMAO

(ML/L)
(CGS)

SIGMA1500 (CGS)

DISCOVERY

- 88 -

CTD11018
D S T 0
E >
s

ig{J;::: }//fg, i%i

L 'l I 1 L
3 5. 7. 9. 1. 13. 15.
35.2 35.4 35.6 35.8 36.0 36.2 36.4
2.0 3.0 4.0 5.0 6.0 7.0 8.
26.8 27.0 27 .2 27 .4 27.6 27.8 28.0
33.8 33.9 34.0 34.1 34.2 34.3 34.4
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CTD11019
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: 200. 7
400.
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ac0. 3

N
NEE
7

1N

1400. —X

1600. /] \

1800. 7

2000' 1 L L 1 I 1 ) 1
TEMP  (DEG.C) 3., 5. 7. 9. 1. 13. 5.
SALINITY (PSU)  35.2 35.4 35.6 35.8 36.0 36.2 6.4
OXYGEN (ML/L) 2.0 3.0 4.0 5.0 6.0 7.0 8.
SIGMAO  (CGS)  26.8 27.0 27.2 27.4 27.6 27.8 28.0
SIGMA1500 (CGS)  33.8 33.9 34.0 34.1 34.2 34.3 34.
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