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ABSTRACT

This report presents CTD data collected on RRS Discovery cruise 132
(27 January - 20 February, 1983) in an area northeast of the Azores bounded by
40.5°N, 48.5°N, 20.5°W and 1°W. 29 stations were occupied, mostly to 1000 or
1200 dbar. Calibration and data editing techniques are described in detail.
The data are presented as potential temperature/salinity curves, profile plots
of temperature, salinity, oxygen and density against pressure, and listings at

standard levels of basic and derived values.



DATA COLLECTION

RRS Discovery Cruise 132 (Pollard et al. 1983) took place from 27 January
to 20 February 1983, and had as some of its objectives

(1) To locate and survey possible upper ocean fronts in the wnortheast
Atlantic Ocean.

(2) To examine the horizontal and vertical structure of the winter mixed
layer over ten degrees of latitude.

(3) To examine spatial variations of pressure, temperature, salinity, and
oxygen on those thermocline density surfaces which may outcrop and

ventilate to the north or east.

Two Neil Brown Instrument Systems (N.B.I.S.) Conductivity-Temperature-
Depth (CTD) profilers were used in support of these objectives. These were
referred to as 'shallow' and 'deep' CTDs as they used 1500 and 6000 dbar
pressure sensors respectively. The shallow CTD was only used in lowered mode
on Station 10620 reported here. Following this calibration cast, it was
transferred into the I1.0.S. SeaSocar (Pollard et al, 1985) for the rest of the
cruise. All further shiplowered CTD work was done with the deep CTD. The CTD
casts (Table 1 and Fig. 1) fall into three groups.
- Casts 10621, 24, 25, 48 and 49 were primarily calibration casts, taken
before or after SeaSoar runs and used to cross—calibrate the shallow CTD.
This was necessary because bottle samples and thermometer readings cannot
be taken during SeaSoar towing.
- Casts 10626-38 and 10650 comprise a north south section along 20°w +1°
from 47.5°N to 40.5°N.
- Casts 10639-47 comprise an east-west section along 41.5-42°N from 20°W to
12°v.

Because the scientific objectives were restricted to the upper ocean,
most CTD casts went no deeper than 1000 or 1200 dbar. While that saved time,
it might with hindsight have been preferable to take all casts to at least 1500
dbar, or better 2000 dbar, in order to span the Mediterranean water across
which there may be significant geostrophic shears. Late in the cruise, casts

10648 and 49 were taken to the bottom, giving valuable deep calibrations.



CALIBRATION

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 (Table 2) and archived to magnetic tape. The
values output by CTDCAL are subscripted CAL in Table 2. 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. All calibration samples were taken with a General Oceanics Rosette
Sampler stopping typically at 200 m intervals during the upcasts. Some bottles
carried reversing thermometers. The number of calibration values for salinity,
temperature and oxygen on each cast are shown in Table 1. 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 CTD 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.

For the shallow CTD, only one calibration cast (10620) was available.
This was used to improve the calibration values (Cl to C6, Table 2) applied to
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the CTD while in the SeaSoar. Final calibration of those values was done by
comparison with T/S curves and oxygen profiles collected on deep CTD casts, and
is described by Pollard et al (1985). Here we concentrate on the deep CTD
calibrations. The changes made to the calibrated values (CAL) to give final
corrected (CORR) values are shown in Table 2, and discussed individually
below. The statistics of the CORRected values are given in Table 3.

Pressure
The additive constant C2 is determined from the deck offset, or surface

value. It was altered from 12 dbar (Cl1*C2) to 5 dbar after cast 10621.

The default calibration for Cl (0.1 dbar/count, 6553 dbar full scale) was
used throughout. If reversing thermometers were used as standard, the 26
sample values obtained would suggest that CTD pressures should have been

corrected by -2.6+2.5 dbar (Table 3 and Fig. 2). No correction was made.

The shallow CTD had a deck offset of just over 1 dbar, and the default
calibration (0.025 dbar/count, 1638 dbar full scale) appeared to be correct
(Table 3).

Temperature

The laboratory calibration of the deep CTD (TCAL ©¢=0.035+0.0005005
Traw) Was used throughout the cruise. The raw CTD values were speeded up
with a 0.25 second time constant to match the conductivity time constant. The
value used minimised hysteresis loops between down and up casts on T/S

diagrams.

Analysis of 32 reversing thermometer calibrations suggested that the CID
was reading too low by 16.9+8.4 mK (Table 2, C7; Table 3 and Fig. 3). Both CTD
and reversing themometer laboratory claibrations had been referred back to
absolute standards, but it was thought at the time (Saunders, 1985) that the
CTD calibrations might be different if the entire instrument could be immersed
in the temperature bath, rather than just the sensor assembly. Accordingly,
the CTD temperatures were corrected by adding 17 mK. (The same correction was,
somewhat arbitrarily, made to the shallow CTD cast 10620, as three reversing

thermometers had given offsets of 15, 20 and 8 mK).



Conductivity/Salinity

The conductivity ratio (C5, Table 2) for the first deep CTD cast (10621)
was taken as the best value from the previous cruise (1.0003). Onboard
analysis of the 6 rosette samples (with a Guildline bench salinometer)
suggested an improved value of 1.0002, which was inadvertently entered as 1.002
for casts 10624, 25 and 26. An improved value of 1.00013 was then calculated,
and used for the rest of the cruise, except that the value 1.002 was again

inadvertently entered off an old listing for casts 10648 and 49.

Once CTDCAL has been run (using the 1980 equations of state), it is our
policy not to recalculate salinity after correcting temperature and
conductivity, but to correct salinity directly. Although neither pressure nor
temperature corrections had been made to the conductivity ratio, there was no
evidence that the error in salinity varied with pressure or temperature down to
1000 dbar and too few samples to establish a pressure variation below that
(Fig. 4). The mean salinity offset for casts 10624, 25, 26, 48 and 49 (all
with a conductivity ratio of 1.002) was 0.076 psu, the offset for cast 10621
was 0.008 psu, and for all remaining casts was zero (Table 2). Thus the errors
in conductivity ratio were corrected by applying constant salinity offsets,
after which Fig. 4 and Table 3 give a standard deviation of less than 0.003 psu

over 129 samples (ignoring 5 obvious outliers).

A final calibration check is provided by comparing the 6/S curves for the
two deep casts (10648 and 49) with the line found by Saunders (1984) to fit all
deep casts north east of the Azores (Fig. 5). By comparison with Saunders'

curve, our salinities are 0.002-0.004 psu too high.

For the shallow CTD, a final salinity correction of 0.035 psu was applied
(Table 2) based on 7 samples (Table 3).

Oxygen

Calibration of oxygen is a persistent problem, which we cannot claim to
have solved satifactorily. The problems arise from slow time constants in both
the oxygen current and the effective membrane temperature. Saunders (1983)
has made use of a temperature dependent time constant applied to the oxygen

current (Ogay, Table 2). We have tried an alternative approach of minimising
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hysteresis loops by adjusting the temperature Ty (Table 2). Brown (1980)
suggests the membrane temperature be approximated by 0.5*(T,+Toprp) where
Tctp is the unlagged CTD temperature and T, the oxygen cell temperature
recorded in the data stream. We have found that T, approximates a heavily
lagged true temperature (Tcpp)- It is therefore convenient to ignore T,
altogether (thereby avoiding the need to edit an extra variable) and use a
lagged Tgoppe TIrial and error suggests 5 minutes as the best time constant
with which to lag Topp-

The exponential values for T and P (-0.036 and -0.000155, Table 2) are
taken from Brown (1980).

The first cast with the deep CTD (10621) suggested that a multiplicative
adjustment to C6, reducing it by 0.885 from 0.00165 to 0.00146, would be
sufficient to correct the oxygen values to the calibrated samples. For the
shallow CTD the corrected value was found to be 0.00148. The value 0.00146
should, therefore, have been applied to all casts with the deep CTD. At a late
stage of the processing it was found that the value 0.00148 had inadvertently
been applied to casts 10639-47. Since the corresponding error in oxygen is
less than 0.07 ml/1 the data have not been further corrected. From Table 3 it
can be seen that the corrected oxygen values are unbiassed, with a standard
deviation of less than 0.1 ml/l1 over 111 samples, and nearly all values lie

within 0.2 ml/1 of the true value (Fig. 6).

It must, however, be remembered that all calibrations were made on the
upcasts, where it 1is the down casts which are plotted and listed in this

report. Examples of down and up cast oxygen profiles are compared in Fig. 7.

We note that
(1) Down and up casts differ by up to 0.4 ml/1
(2) Although the CTD was always soaked in the water for five minutes
before starting the down cast, there is still a marked hysteresis in
the top 400 dbar on cast 10621. This was the first cast of the
cruise made with the deep CTD, and shows how long the Beckman oxygen
sensor takes to acclimatize.

(3) Drift and jumps in the oxygen values can frequently be seen at each

calibration level where hauling ceased.
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(4) The largest persistent differences between down and up casts occur
between 1000 and 2000 dbar on the five casts which went deeper than
1200 dbar (10621, 25, 39, 48 and 49).

In summary, the down casts may be absolutely in error by 0.3-0.4 ml/1.

Relative errors between casts at similar depths should be smaller.
EDITING

Cruise 132, in February 1983, was the first since RRS Discovery's annual
refit in October 1982. The midships winch had thus been unused for an entire
winter, and a combination of winch, CTD and computer problems caused very noisy
data, especially over certain depth ranges (Pollard et al., 1983). Despite
much effort, the problems were not identified and cured until after the cruise,
so all data have had to be extensively edited. Two primary causes of noise

were eventually identified.

A battery pack had been installed inside the CTD to keep it powered up
while the multisampler was fired at calibration points. Without this
modification, the oxygen sensor can take five minutes or more to recover on
each occasion. Unfortunately the batteries themselves appear to go open
circuit internally when subjected to considerable vibration. This occurred
particularly in the top 150 dbar, and at other depths when cable strum built
up, which depended on the position of the cahle laying guide across the main
drum. Irrecoverably noisy data resulted which has had to be deleted, giving

rise to the many gaps in the profiles, extending across up to 50 dbar.

A subtle computer fault caused the most significant bit of each eight bit
byte to be occasionally dropped as it was read in. This affected the
conductivity sensor in particular, causing errors of 128 in a single raw
value. After averaging over one second, or about 16 samples, the error is
reduced to an integer multiple of 8 raw conductivity units, equivalent to about
0.008 psu in salinity. The error could be spotted as quantised spikes in the
salinity profiles, most obvious in the deep casts near the end of the cruise.

Laborious editing was required to remove such small offsets.
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With the exception of the last cast, 10650, all casts were further
processed on board RRS Discovery. The tapes of data archived after CTDCAL were
read back into a second PDP11/34, where they were recalibrated and edited with
a suite of interactive programs (Pollard, 1983). Cast 10650 was processed at
10S.

A standard editing program was used first to replace values outside a
reasonable range for each variable by the absent data value. An interactive
desplking program was then applied In an attempt to remove the many small
spikes in the data. The despiking algorithm is as follows. After being given
an initial good value and a maximum offset S for a variable, the computer
searches forward, accepting each value which is less than S different from the
previously accepted value (X). When a jump greater than S is found, the
computer looks up to 15 values ahead for a value in the range X*S. If it finds
one, all intermediate values are replaced by absent data values A. If it does
not, X and the following 15 values are printed on the users terminal with

options

(a) to seek forwards until he finds the next acceptable value

(b) to check 15 values backwards in case X is itself at fault.

Case (b) occurs when the data slip gradually (in steps of less than S) to
a bad value, then recover suddenly. While all the data in this report have
been edited with the above algorithm, it tends tc be laborious, especially 1if S
is chosen too small, and does not remove all spikes. It is not in general

recommended.

To remove the computer caused small quantised spikes, a number of the
casts were listed in full and scanned, identifying individual data cycles to be

deleted. This too was laborious.

Most recently, a median checking subroutine has been developed, which is
listed in Table 4. In this algorithm, five non-absent-data values are
extracted, two before and two after the value X currently being checked, and
the median M of the five values extracted by a sort. If X differs from M by
more than a preset amount S, it is replaced by the absent data wvalue. As the

procedure searches forwards through the data, the two values which follow X
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have not themselves been checked when they are used to calculate M. Thus X may
be accepted on a first pass, but rejected on a second or even third pass if

large following spikes have by then been deleted.

It is not difficult to identify cases where this algorithm will fail, but
with careful choice of S it was found to work very well for a final editing

pass through the data presented in this report.
DISPLAY

8/S curves

The program listed in Table 5 was used to produce the 6/S curves on pages
37 to 41. Groups of casts have been overplotted (refer to Fig. 1 for their
positions). Note how the Mediterranean water influence increases to the east
and south. Note too the variations in 'mode' water (11° to 13°C). At a given

temperature, there is a range of 0.050 psu in salinity.

Profile plots

Plots of temperature, salinity, oxygen and density (sigma t) against
pressure (pages 42 to 98) were created by the program listed in Table 6.

Listings

Station lists were created using the GEXEC program given in Table 7. 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), modifies the absent data values
to fit the listing formats (PCALIB) and finally lists the data (PLSTDC).
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TABLE 1

CTD Station List

Station Day Down Lat. Long Maximum Calibration
No. No. Time N W pressure Levels
(GMT) (dbar) Sal Oxy Temp
10620 29 2214 48 18.9 12 52.6 604 9 9 3
10621 30 1809 47 03.9 14 08.5 2011 8 9 3
10624 33 1226 45 46.9 15 58.9 1000 9 8 2
10625 35 1334 46 49.0 18 08.1 2016 9 9 2
10626 35 2115 47 30.8 18 59.2 1007 9 9 2
10627 36 0213 46 55.7 19 08.0 1005 4 0 1
10628 36 0657 46 19.9 19 15.2 1004 4 0 1
10629 36 1130 45 45.5 19 23.0 1201 4 4 1
10630 36 1552 45 26.8 19 24.3 1208 4 4 1
10631 36 1847 46 10.2 19 30.5 1210 3 3 1
10632 37 0010 44 36.7 19 38.9 1004 4 0 1
10633 37 0520 44 00.0 19 46.3 1210 4 0 1
10634 37 0943 43 24.8 19 53.5 1006 4 4 1
10635 37 1409 42 50.4 20 02.5 1017 4 0 1
10636 37 1837 42 15.6 20 09.1 1013 4 4 1
10637 37 2241 41 40.8 20 16.0 1005 4 4 1
10638 38 1845 40 29.7 20 29.6 1005 3 4 1
10639 39 1213 41 16.5 19 41.0 1514 4 4 1
10640 40 1907 41 21.2 18 51.5 1213 6 6 1
10641 41 0226 41 27.1 18 06.6 1200 6 0 1
10642 41 0931 41 31.2 17 18.7 1209 6 6 1
10643 41 1614 41 34.8 16 31.8 1208 6 6 1
10644 41 2255 41 39.9 15 43.6 1210 6 6 1
10645 42 2218 41 59.8 14 00.7 812 6 6 1
10646 43 1043 42 14.9 12 59.8 1209 5 5 1
10647 43 1557 42 14.5 12 20.1 1208 6 6 1
10648 44 2057 43 56.9 15 53.1 5081 7 7 3
10649 45 0253 44 17.7 16 08.0 4036 7 7 3
10650 47 0007 40 59.1 20 25.4 1233 4 4 1
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TABLE 2
Initial calibration constants Final corrections
Pressure Temperature Conductivity Oxygen Temp Salinity Oxygen
cast(s) | €1 2 c3 104 10°*c5 103%c6 | 7 c8 co
10620 0.025 45 0. 0.5 1.0 1.65 +0.017 +0.035 0.906
10621 0.1 120 0.034 0.5005 1.0003 1.65 +0.017 -0.008 0.885
10624-26 0.1 50 0.034 0.5005 1.002 1.46 +0.017 -0.076 1.0
10627-38 0.1 50 0.034 0.5005 1.00013 1.46 +0.017 0.0 1.0
10639-47 0.1 50 0.034 0.5005 1.00013 1.48 +0.017 0.0 1.0
10648-49 0.1 50 0.034 0.5005 1.002 1.46 +0.017 -0.076 1.0
10650 0.1 50 0.034 0.5005 1.00013 1.46 +0.017 0.0 1.0

= * -
PCAL(dbar) Cl*(P C2)

RAW
Poorr = FeaL

o =
TCAL( C) Cc3 + C4*TRAw

Teorr = Tcan T ¢

CCAL (mmho/cm3) = CS*CRAw

Scorr (PSW) = Scyuy, 8

* * - *T —
OCAL (ml/1) Cé6 0R EXP(-0.036 TL 0.000155 PC

S

*
AW AL) 0Saturated (TCAL, CAL)

where TL is TCAL lagged with a 300 second time constant.
OCORR = C9 x OCAL
TABLE 3
Calibration statistics
(Calibration sample - CORRected CID)
Deep CTD Shallow CTD (10620)
P T S 0 P T S 0
dbar mK ppm ml/l | dbar =K ppm  ml/1
no in sample 26 32 129 111 3 3 7 8
mean -2.6 -0.1 0.3 -0.002 { 0.0 =-2.7 -0.1 =-0.029
standard deviation 2.5 8.4 2.8 0.087 1.0 6.0 2.7 0.192
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TABLE 4(1i)

Median Despiking Routine

G-EXEC PC73,900,6
SPU,RTP,RTP PUSRIO SKELETON
EXEC GSIFIL,,WB

11

MAKE SUMMO2PU

MAKE HISTO2PU

EXEC PLSTDC

0

CYCS$,1,100

VARS, -

FIND WPRDI10620BW

EXEC PUSRIO

000

VARS, -

cycs,,

OVARS, -
FCON,0.,1.,0.01,0.01,0.01,0.05,0.01
SUBS

$s SELECT (RTP/SOURCE/PHDIAN:S)
FIND WPRDI10620BW

MAKE WPRDI10620BW

EXEC PLSTDC

0

CYCS, 1,100

VARS, -

FIND WPRDI10620BW

EXEC GSHFIL

02

MAKE HISTO2PU

STOP
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TARLE 4(i1)

lHHedian Despiking Routine

SUBROUTINE USERIO (INDISK,IODISK,INPOS,INVARS, IOFLDS,NSTART,
&NSTOP, ICON,NIC, FCON,NFC, BUFA, BUFB, SUMMIN, SUMMIO, ABSIN, ARSIO,
&INRECS, IORECS, INRECL, TORECL ,NUMWRD, INFLDS, RETREC)

DIMENSION INPOS(INVARS),ICON(19),FCON(19),BUFA(NUNWRD),
&BUFB(NUMWRD) , SUMMIN(NUMWRD) , SUMMIO(NUMWRD) , ABSIN(NUMWRD) ,
&ABSIO(NUMWRD) , RETREC(HUMWRD)

COMMON/T0/TOCNSL, TOCSLE, IWKDSK, INTAPE , INCARD , TPRINT, IPUNCH,
&INBIN,NOBUG, INFLIX,MNINDX, TEMPFL, IOTAPE,, NHOLD,NDATST

REAL A(S5),bB(5)
IORECS=INRECS
CeveseoLOOP FOR ALL VARIABLES
DO 300 NNN=1,INVARS
Cevew..FCON CONTAIN THE JUMP VALUES FOR THE INVARS
Cevoeeso INPUT VARS. IF =0., NO CHECK TO BE DONE
DIFF=FCON(NNN)
IF(DIFF.EQ.0.)GOTO 300
C.eees.COUNTER FOR NO. OF ERRORS
NSPIKE=0
NVAR=INPOS(NNN)
CeveeeoNIM IS NO. OF DATA CYCLES IN BUFA
NUM=NUMWRD
Ceveeso ISTART IS DATA CYCLE VALUE OF START OF BUFFER A
ISTART=NSTART
c
Cevee. POINTERS TO CURRENT DATA CYCLES & NEXT TWO
CeveesoARE NOW, NEXT, LAST
CeveesLBUF IS POSITION OF LAST+1
CueeeesA(5) IS ARRAY OF USORTED VARIABLES
CeeeessB(5) ARE SORTED VARIABLES
CeeeeesOUTPUT FILE=INPUT FILE
IF (IODISK.NE.INDISK)STOP
&’OUTPUT FILE MUST EQUAL INPUT’
CeveeeoWRITE FIRST 5 VALUES OUT FOR CHECKING
WRITE(IPRINT, 500)NVAR
500 FORMAT(/’ FIRST 5 VALUES FOR VARIABLE ’,I3,’ ARE:’/
& NCYC VALUE")
CeeeeeoENTER DATA
CALL TNDATACINDISK,NVAR,TSTART,NUM,BUFA,
&RETREC, NDUM, INFLDS, INRECS, INRECL)
Ceeseso FIND 5 VALUES
JJ=0
DO 20 J=1,NUM
IF(BUFA(J) .EQ.ABSIN(NVAR)) GO TO 19
JJ=JJ+1
A(JJ)=BUra(J)
NN=ISTART+J-1
IF(JJ.EQ.3)NOoW=NY
TF(JJ.EQ.4 ))NEXT=NN
IF(JJ.EQ.5)LAST=Nil
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IF(JJ.EQ.5)LBUF=J+]
Ceeeaa o WRITE DATA CYCLE TO USER
WRITE(IPRINT,501)KK,A(TJ)
501 FORMAT(1X,16,F10.73)
IF(JJ.EQ.5)G0O TO 155
19  CONTINUE
20 CONTINUE
STOP CAN NOT FIND 5 GOOD VALUES IN FIRST BUFFER’
C
Ceseeae SEARCH FOR NEXT NON ABSENT VALUE
80 IF(LBUF.GT.NUM)CO TO 110
DO 100 J=LBUF,NU
IF(BUFA(J) .NE.ABSIN(HVAR))GO TO 150
100 CONTINUE
Ceseess IF VALUE NOT IN CURRENT BUFFER GET MORE DATA
110 ISTART=ISTARTHNUM
LBUF=1
Ceesea o TEST FOR FND OF DATA
IF(ISTART.GT.NSTOP)GO TO 200
IF((ISTART+NUM=1) .GT .NSTOP)NUM=NSTOP-ISTART+1
CALL INDATA(INDISK,NVAR,ISTART,NU:,BUFA,
&RETREC,NDUI, INFLDS, INRECS, INRECL)
GO TO 80
C
Cuoeeaa o NEXT GOOD VALUE FOUND
150 LAST=ISTART+J-1
LBU¥F=J+1
A(5)=RUFA(J)
Ceease e SORT A INTO B
155 CALL SORT(5,A,B)
CeeeesoCOMPARE A(3),(CURRENT VALUE) & B(3),(MEDIAN)
C=(ABS(B(3)-A(3)))
IF (C.GT.DIFF)GO TO 180
Cevvse o CURRENT VALUE OK SO SLIDE ARRAY
DO 160 K=1,4
A(K)=A(K+1)
160 CONTINUE
170 NOW=NEXT
NEXT=LAST
GO TO 80
C
Cueoes o CURRENT VALUE NOT 0K
CeeeeasVER WRITE WITH ABSENT DATA VALUE
180 NSPIKE=NSPIKE+]
CALL OTDATA(LODISK,NVAR,NOW,1,ABSIN(NVAR),
&RETREC,NDUM, TOFLDS, IORECS, IORECL)
Ceasess SLIDE SECOND HALF OF ARRAY
A(3)=A(4)
A(4)=A(5)
Caeeee o CONTINUE AS FOR GOOD VALUE
GO TO 170
CeeeesEND OF DATA REACHED, LIST LAST T!REE
200 WRITE(IPRINT,502)
502 FORMAT(® LAST THREE VALUES ARE’)
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WRITE(IPRIKT,503)A(2)

503 FORMAT(7X,F10.3)
WRITE(IPRINT,S501)NOW,A(3)
WRITE(IPRINT,501)NEXT,A(4)
WRITK(IPRINT,504)NSPIKE ,NVAR

504 FORMAT(40X,15,” VALUES REPLACED BY ABSENT DATA

& FOR VARIABLE “,13)

300 CONTINUE
RETURN
END
SUBROUTINE SORT(N,A,B)
REAL A(N),B(N)

DO 1 I=1,N
B(I)=A(I)

1 CONTINUE
DO 30 J=2,N
NEND=N=-J+1
NSWOP=0
DO 20 I=1,NEND
IF(B(L).LE.B(I+1))GOTO 20

Caeees s WRONG ORDER, SWOP
NSWOP=NSWOP+1
C=R(I)

B(I)=B(I+1)
B(I+1)=C

20 CONTINUE
IF(NSWOP . EQ.O)RETURN

30  CONTINUE
RETURN
END
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TABLE 5

Production of 6/S Curves

*#FRN *=(ULIB)LIBRARY/GRAFIX,R;LIBRARY/GESTALT,R; LIBRARY/GEN,R;
*fPEXEC/2/QLIBR,R; #OPS/WORMLEY /FLATBED/FJR1"15"
DIMENSION FILE(10),XSAL(320),YPOT(320)
C..SET UP GRAPH
CALL GRAPLT
C..ATTACH FILES
DO 10 JJ=1,6
IF(JJ.EQ.1) CALL FILBEG

&(20, RTP/22/WAVI0N620 ‘,1,320,1,2,1ERR)
IF(JJ.EQ.2) CALL FILBEG

&(20,°RTP/22/WAV10621 ",1,320,1,2,1IERR)
IF(JJ.EQ.3)CALL FILBEG

&(20,°RTP/22/WAV10624 ’,1,320,1,2,IERR)
IF(JJ.EQ.4)CALL FILBEG

&(20,°RTP/22/WAVI0625 ‘,1,320,1,2,1ERR)
IF(JJ.EQ.5)CALL FILBEG

&(20,°RTP/22/WAV10626 ‘,1,320,1,2,1ERR)
IF(JJ.EQ.6)CALL FILBEG

&(20,'RTP/22/WAV10627 *,1,320,1,2,1ERR)
PRINT,IERR

C..READ DATA DEFINITION
CALL QINITI(20)
CALL QREADD
CALL QLSTD(0)
CALL QINFIL(FILE,NOFLDS,NORECS)
L=JJ
CALL MKLENS(1.0)
CALL MKSETS(2)
CALL MARSEL(L)
CALL POIREG
NSTART=1
NSTOP=NORECS
NLEN=320
DO 20 L=NSTART,NSTOP,320

C..READ IN DATA
J=L
IF ( (J*NLEN-1).GT .NSTOP )NLEN=NSTOP=J+1
CALL QINDAT(S5,J,NLEN,XSAL)
CALL QINDAT(4,J,NLEN,YPOT)

C..PLOT DATA
DO 30 N=1,MNLEN,?2
IF(YPOT(N).EQ.YPOT(N=1))GOTO 30
IF(YPOT(N).GT.YPOT(N=1))GOTO 30
CALL POTLA2(XSAL(N),YPOT(N))

30 CONTINUE
20 CONTINUE

CALL POIEND

C..KEY LAREL
IF(JJ.EQ.1)CALL LABEM(’10620°,5,1)
IF(JJ.EQ.2)CALL LABEM(’10621°,5,1)
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IF(JJ.EQ.3)CALL LABEM(“10624°,5,1)
IF(JJ.EQ.4)CALL LABEM( 106257,5,1)
IF(JJ.EQ.5)CALL LABEM( 10626,5,1)
IF(JJ.EQ.6)CALL LABEM("10627°,5,1)
10 CONTINUK
CALL CRAEND
CALL GCLOSK
STOP
END
C
SUBROUT INE GRAPLT
C..TO PLOT CTD DATA
CALL SPOOLW(15, "W’ ,NDEV)
C CALL HP2648(6,5,NDEV)
CALL SWTEXT
C..DEFINE PAGE SIZE
CALL FMTANN(O0,4,0)
CALL FMTMRG(18.,15.,25.,10.)
CALL FMTLAB(6)
CALIL FMTA(4,1)
CALL DEFLA2(34.9,36.5,2.,15.)
C..DRAW GRID
CALL CHLENS(2.5)
CALL GRISEL(3,1,1)
CALL AXILB2(0.2,2,1)
CALL GRISEL(3,3,1)
CALL AXILB2(2.0,2,2)
C..LABFL AXES
CALL CHLENS(3.0)
CALL LABEL(10, SALINITY’,8)
CALL LABEL(11,°PSU”,3)
CALL LABEL(20,“POTENTIAL TEMPERATURE’,21)
CALIL, LABEL(21,2H°C,2)
C..TITLE
CALL LABEL(l, "POTENTIAL TEMPERATURE/SALINITY CURVES’,37)
CALL LAREL(2,’FOR DISCOVERY CRUISE 132°,24)
C..TURN ON LABELS
DO 40 MM=1,9
M=MM
CALL LABSWI(M,1)
40 CONTINUE
CALL CHLENS(2.5)
RETURN
EHD
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TABLE 6

Production of Profile Plots

*#FRN*=(ULTB,NWARN) LIBRARY /GRAFOLD,R; LIBRARY/SPI,R; PEXEC/2/QLIB,R;
*##0PS/WORMLEY / FLATBED/TCC40"1 5"

DIMENSION X(5100),Y(5100),FILE(20)

SIZE=2.2

SIZE1=4.0

S12E2=2.8
Coeenee This Fortran program, makes full use of the Honeywell plotting
Ceeeco.libraries; Grafix & Spi.
CeesvsAlong with the “qlib” library used to investigate G-exec
Ceesoodata files. All these routines are called in the first line
Cesee.0f the Coding.
Connee The aim of the program is to produce a plot for the ‘down’
C.ec..oprofile only, for pressure (y-axis) against temperature, salinity
C..... & oxygen (x—axis) all on the same graph, from a CTD station
Cseseonot exceeding 2000m depth.

CALL SPI1
C
C.eses.Attach data file.
C
CALL ATTACH(11,‘RTP/22/WDI10640;°,1,1,ISTAT, )
CALL QINITI(11)
CALL QREADD
CALL QLSTB(0)
CALL QIRFIL(FILE,NOFLDS,NORECS)
C
CeeeeDRAW GRID
C
CALL PICCLE
CALI. SUIFT2(45.,45.)
CALL GRAFIX(120.,200.,0.)
CALL DEFLA2(3.,15.,2000.,0.)
CALL GRISEL(3,0,1)
C
Ceesselabelling the graph with the filename.
c
CALL MOVT02(43.5,214.)
CALL CHASEL(SIZEL)
CALL LARBEL(O,FILE,8)
(o

C.ess.Routine to annotate the x—axis when plotting
C.eeectemperature against pressure (y-axis).
C

CALL CHASEL(SIZE)

CALL TL2BEG(1)

DO 10 I=1,13

NTEC =1

IF(MOD(I,2).EQ.D)NTKC=0

CALL TICLA2(FLOAT(2+I),NTEC)

10 CONTINUE
CALL TL2END
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C
Ceess.Annotating and labelling the y-axis.
C
CALL AYILB2(200.,2,2)
CALL MOVT02(-27.,180.)
CALL TEXT4(’PRES’,4,SIZE,90.,7)
C

Ceveeslaballing temperature scale for x-axis.
C
CALL MOVTO2(-39.,-7.0)
CALL TEXT4(’TEMP (DEG.C)’,13,SIZE,0.,1)
CALL HOVT02(-5.,-20.)
C
CseeesRoutine to annotate the x-axis when plotting
Cueessesalinity against pressure (y-axis).
Ceseess =In this case you have to define where the figures
Cieseeare to be put in the annotation. (As there is no
Cesesesubroutine to annotate multiple variables on on axis.
C
CALL NIBSEL(1,0)
CALL MOVTO2(-6.,-12.5)
DO 15 N1=1,7
CALL FNUMB(35.4N1*0.2,4,1,SI7E,0.,1,TERR)
CALL MOVTO2(16.+(N1-1)*20,-12.5)
15 CONTINUE
C
Cs.osselabelling the salinity scale for the x-axis.
C
CALL MOVT02(=39.,-12.5)
CALL TEXT&(’SALINITY (PSU)’,14,S817E,0.,1)
C
Ceee..Routine to annotate x-axis when plotting
C.....0xXygen against pressure (y—-axis).
C.esse The method of annotation is the same as
Cesesothat for salinity.
C .
CALL NIBSEL(1,0)
CALL MOVT02(-3,5,-24.5)
DO 14 N2=1,7
CALL FNUMB(1.04+N2,3,1,S1Z2E,0.,1,1ERR)
CALL MOVTO2(17.5+(N2-1)*20,-24.,5)
14 CONTINUE
C
C.....Labelling the oxygen scale for the x—axise.
C
CALL MOVT02(-39.,-24.5)
CALL TEXT4(’O¥YGEN (ML/L)’,13,SIZE,0.,1)
CALL NIBSEL(1,0)
CALL MOVTO2(-06.,-18.5)
no 13 N3=1,7
CALL FNUMB(26.5+N3*0.2,4,1,SI172E,0.,1,IERR)
CALL MOVTO2(16.+(N3-1)*20.,-18.5)
13 CONTINUE
CALL MOVTN2(-39.,-18.5)
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CALL TEXT&4(’SIGMA.T.(CGS)’,13,SIZE,0.,1)
C
C.....Routine to annotate details about cruise 132
C
CALL MOVT02(-18.,~34.)
CALL TEXT4(’DISCOVERY 132°,13,SI7ZE,0.,1)
CALL MOVBY2(5.,0.)
CALL LABSIZ(SIZE)
CALL LABEL(O,FILE,14)
CALL MOVBY2(5.,0.)

CALL TEXT4(’1983/40/1907 41 21.2N 18 51.5W’,32,SIZE,0.,1)

CALL MARSEL(O0)
CALL LINSEL(1)
NORECS=1200
CALL QINDAT(2,1,NORECS,Y)
DO 30 IVAR=3,11
IF(IVAR.NE.3.AND.IVAR.NE.5.AND.IVAR.NE.7 .AND.IVAR.NE.6)GO TO 30
PRINT ,IVAR
CALL NIKSEL(1,2)
C
CsevesesssChange the scale of the x-axis for each variable
C
IF(IVAR.EQ.5)CALL DEFLA1(35.2,36.4,1)
IF(IVAR.EQ.7)CALL DEFLA1(26.7,27.9,1)
IF(IVAR.EQ.6)CALL DEFLA1(2.,8.,1)
J=IVAR
CALL QINDAT(J,1,NORECS,X)
C
Cisevees-Routine to place initials at the top of graph
Ceeesseesfor the four variable plots.
C
IF (IVAR.EQ.3) XPEN=((X(10)-3.)/(15.-3.))*120,
IF (IVAR.EQ.5) XPEN=((X(10)-35.2)/(36.4-35.2))*120.
IF (IVAR.EQ.7) XPEN=((X(10)=-26.7)/(27.9-26.7))*120.
IF (IVAR.EQ.6) XPEN=((X(10)-2.)/(8.-2.))*120.
CALL MOVTO2(XPEN~2.,202.)
IF (IVAR.EQ.3) CALL TEXT4(‘T’,1,SIZE2,0.,1)
IF (IVAR.EQ.5) CALL TEXT4(’S‘,1,SIZE2,0.,1)
IF (IVAR.EQ.7) CALL TEXT4(‘D’,1,SIZE2,0.,1)
IF (IVAR.EQ.6) CALL TEXT4(’0’,1,SIZE2,0.,1)
CALL POIBEG
DO 20 N=1,NORECS
c
CeeeeveseessRoutine to lift pen if absent data values

Cevenssnsscsor to lift pen at end of each variable plot.
C

16 IF(N.EQ.NORECS)GO TO 17
IF(X(N).CE.0.0.AND.Y(N).CE.0.0)GOTO 18
17 CALL POIEND
CALL POIBEG
GO TO 20
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CeaseasveaensssIf data is too small, wrap around occurs so plot is not lost

CeveseseesssSubroutine POILA2 plots coordinates (X(N),Y(N)).
C

18 IF(IVAR.NE.5)GOTO19
IF (X(N).LT.35.2) X(N)=X(N)+1.2

C
CeeeesssssRoutine to skip plot subroutine if points are out of range
Covesensoe of the graph scales’
C
19 IF ((Y(N).GT.2000.).0R.(Y(N).LT.0.)) GOT0O20
CALL POILA2(X(N),Y(N))

20 CONTINUE

CALL POIEND

30 CONTINUE
CALL DETACH(11,ISTAT, )
CALL DEVEND
STOP
END
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TABLE 7

Production of Listings

G-EXEC PC73,900,6
SPU,TCC,RTP CREATING LIST FILE FOR DATA REPORT
MESS THIS JOB NEEDS PACK 10S22 (TCC)
EXEC GSHUFIL, ,Wh

11

MAKE SUMMUZ2PU

MAKE KIST02PU

EXEC PCOPYA

0
VARS,1,2,3,5,6,4,7,2,2,2,2
coPy, ,

FIND WPRDI10645BW

MAKE PHYSFILE,,,11,6000
EXEC PINTRP

0

LINE,1,2
COPY,3,4,5,6,7,2,2,2,2
FIND PHYSFILE

MAKE PHYSFILE

EXEC PAVRGE

0

SCAN,2,2.5,5
VARS,2,3,4,5,6,7,2,2,2,2,2
FIND PHYSFILE

MAKE PHYSFILE

EXEC PEOSH3

0

cYCS, ,
POSI,41,59.8,14,00.7

COPY

VARS,1,2,3,4,5,6

SIGP, 1000

VARS,P,1,T,2,S,3

SIGP, 2000

VARS,P,1,T,2,S,3

DYNHT,0.0

VARS,P,1,T,2,8,3

SNDV

VARS,P,1,T,2,S,3

DEPTH

VARS, P, 1

FIND PHYSFILE

MAKE PUYSFILE

EXEC PFETCH

000001

cyes, ,

VARS,1,-,11,11,11
SEARCH,PRES
LEVS,10,20,40,60,80, L00, 120, 140,160, 180, 200
LEVS, 220,240,200, 280,300,320, 340, 360, 380, 400
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LEVS, 450, 500,550,600, /00,800,900,1000, 1100, 1200, 1300, 1400

LEVS, 1500, 1600, 1700, 1800, 1900, 2000, 2200, 2400, 2600, 2800

LEVS, 3000, 3500,4000, 4500, 5000, 5500

FIND PHYSFILE

HIAKE PFLTCIS

EXEC PE0S83

0

cYcs,,

COPY

VARS,1,-,11

SVAN

VARS,P,1,T,2,S,3

BVFR

VARS,P,1,T,2,5,3

FIND PFETCHS

HAKE PFETCHS

EXEC PCALIB

0

COPY,1,PRES

COPY, 2, TEHP, ,=9.999Y

COPY, 3, SALIN, ,=-9.999Y

COPY,4,0XYGEN, ,-9.9Y

COPY,5,POTENMP, ,-9.99Y

COPY,6,SIGMAT, ,~9.99Y

CoPY, /,SICIN00, ,=9.99Y

COPY,8,SIG2000, ,~9.99Y

COPY,Y,DYNHT, ,~9.99Y

COPY, 10, SHDVEL, ,=99Y.9Y

COPY,11,DEPTH, ,=999Y

COPY, 12, SVANOM, ,=9.99Y

COPY,13,BVFR, ,~9.99Y

FIND PFETCHS

MAKE PFETCHS

EXEC PLSTDC

0GOV00VB000101

(1H1//30X%, DISCOVERY 132 STATION 10645°//° P-DR’,
T-DEGC  SAL-PSU DO=ML/L. POTEMP  SIGMAT SIGL000°,

© SIG2000  DYNHT-t SNDV=11/S DEPTH=1 SVANOM RBVFR-CY/HR'///)

(1X,F8.0,2F9.3,F8.2,1X,F8.3,4F9.3,F9.1,F/.0,E12.4,F9.3)

cYCS, ,

VARS, -

FIND PFETCHS
EXEC GSHFIL
02

MAKE HISTU2PU
STOP



FIG.1

- 29 -

CTD POSITIONS ON DISCOVERY CRUISE 132
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POTENTIAL TEMPERHTURE/SHLINIJY CURVES

Fig. 5.
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CTD10620

/

PRES
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2000 - . . ; - .
TEMP (DEG.C)  3- 5. 7. 9. 11. 13. 15.
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