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Introduction

The primary aim of this report is to inform the interested GATE scientist about
the compiete procedures of gaining, calibrating and editing the CTD data from

the three F.R.G. research vessels involved in GATE. It is thought to be an integral
part of the data sets, and will form part of the documentation sent with the data
to the data centers. This report was written according to the recommendations

given by the U.S. GATE B/C-Scale Workshop at Miami, Fl., Feb. 2 - 6, 1976.

The user of the data should note that in several respects both the instruments
and the ship-board procedures were non-standard. This situation led +o special
routines for editing the data. Attention should also be given to the comments
on the data quality. However, the process of data validation is not finished.

An investigation about the interconsistency of the C-scale CTD data is presently

undexway.

1. Shipboard Operations

-

.1.1 R. V., "Meteor"

Shortly after the beginning of phase I the ship had to be moored due to problems
with towing the meteorological buoy. In order to avoid twisting the CTD around
the anchor wire no deep casts were taken afterwards during routine work on
station. instead, hourly casts were taken during all three phases. Only down~
cast measurements were made, as the instrument gives optimal results only

- while being lowered. It was 1ntended to have a lowerlng speed of about 30 m/min,
which was about the minimum possible. However, during the long term routine
labour, higher speeds occured.

The taking of cast measurements for the calibration of the CTD was a rather
complicated procedure, as an orxdinary Nansen bottle had to be fixed to the CTD
cable. There always was the risk that a messenger might get stuck on the. cable
with possible loss of the CTD during the rapid hoisting of the instrument. There-~
fore not too many calibration data are available. For taking the Nansen bottle
data, the CTD was stopped in a depth with low temperature gradients, (The bottle

was about 2-3 m above the sensors of the CID.) and after about § minutes the

-3 -



bottle was released. Two protected thermometers were used.

1.2 R.V. "Planet"

On this ship, too, only downcast measurements were pexformed for the same
reason as on "Meteor". A lowering speed of about 10 m/min was chosen for the
top 100 m of the sea, and about 30 m/min down to 500 m depth. This procedure

was meant to minimize the amount of data.

For the calibration a remote control reversing bottle and thermometer frame
was used. Here, too, the CID was stopped, and'the bottle was not released be-
fore a time sufficient for the thermometers to come to equilibrium with the
surrounding temperature. One protected and one unprotected thermometer were

used in the frame.

1.3 R.V. "Anton Dohrn"

While the ship made its drift station along the equator, upcast measurements
were made at a speed of 30 m/min in order to get a good coverage of the upper
meters of the ocean. At the station M2 downcast measurements with about 60 m/min

were taken. The other procedures were similar to those of "Planet" and "Meteor".

2. Technical data of the used CTD instruments

All the data following are taken from the manufacturers' manuals.

2.1 Multisonde

The "Multisonde" is a prototype instrument developed 'by the "Institut flir
Angewandte Physik" of Kiel, F.R.G. The instrument was described by W. Kroebel
(1973).

Sensors: temperature: precision : + 0.01 Pc

resolutionl) : 0.01 OC

time constant : 100 ms



conductivity: precision : + 0.0! m mho/cm
(inductive cell)
1

resolution ' : 0.01 m mho/cm

pressure : precision : i_2.5°/oo of total range
range . : 8000 dbar
resolutionl): 1 dbaxr
sound velocity : precision : + 1 cm/s
light attenuation : precision : + 0.001 nrl

Sampling interval : - 0.1 s, simultaneous sampling of the 6 parameters

The sampling interval selected throughout the experiment was 1 sec. This is the
lowest possible value while registrating the data on paper tape. The Multisonde
was used on board of R,V."Meteor" during all three phases of GATE. About 1100

profiles were taken. The sound velocity sensor malfunctioned during a couple of

profiles. The light attenuation sensor failed during phase 2; no data of the

optical attenuation will be sent to the NPC as the calibration of the sensor
was a problem throughout the experiment.

1)'I‘hese values are the round-off errors in the file.

The digitization is done to 16 bit.

2.2 Bathysonde

The “"Bathysonde T 87/3" is manufactured by the Howaldtswerke-Deutsche Weft A.G.,
Kiel, F.R.G.
sensors: temperature: precision : i.o.ol °c

resolution : 0.0t °c

time constant: 60 ms
conductivity: precision : + 1.5 o/oo of total xange
.. (inductive cell) g L
resolution : 0.0l mn mho/cm-

non-lineérity: 0.3 o/oo,of range

range : O - 80 mmho/cm
pressure : precision H i0.25 % of total range
range : 6000 dbar
("Anton Dohrn" and "Meteor")
800 dbar
("Planet™)



resolution : 1 dbar
("Anton Dohrn" and "Meteor")
£l dbar
("Planet")

sampling interval: 1 s or greater

Three different sondes were operated on "Anton Dohrn", "Planet" and "Meteor".

The first two were equipped with a remotely cotrolled Nansen bottle and thermometer
frame. They gave a reading of the real time. The digitization is accomplished

in the underwater unit by means of a set of mechanical relays. This limits the
maximum sampling rate to less than 2/s. The parameters are sampled simultaneously
except of the temperature, whichis sampled 60 ms in delay in order to correct

the temperature for the time constant of the‘sensor.

3. Static Calibration

- 3.1 Methods

The CTD instruments had been calibrated in the laboratories. The aim of the
in situ calibration was to check these calibrations. Despite the fact that
. the Platinum thermometers and inductive conductivity cells have a-high

stability, the results (3.3) show how necessary this check was.

The deep-sea reversing thermometers had a remarkable stability. The thermo-
meters used on R.V. "Planet" were recalibra;gd after the cruise, and showed no

significant change in the calibration within up to ten years.

Two independant measurements of thé salinity of the bpttle samples weré made
using a Beckmann RS 78 lab salinometer. The measurements were carried : out
after the cruise at Kiel. During the measurements, the salinometer started to

malfunction. As a result a correction by 0.03 9/oo had to be applied.



For the calibration a linear relationship between the true value and the
reading of the CID was assumed for pressure, temperature and conductivity.
No multiple regression was attempted, as the amount of calibration data was
too small. Alsd, in several cases additional assumptions about some of the

parameters o or ? (see below) had to be made.

The salinity S as a function of pressure P, temperature T and conductivity C was
calculated by.means of routines developped by N. Fofonoff in Woods Hole (1974).

Conductivity ¢ = C (P,T,S) was calculated by an iterative reversal of the same
scheme using Newton's formula.

The readings Pc’ Tc and Cc of the CTD were compared with the corresponding

values of the bottle samples and linear relations determined.

P=%PpP +8
Pc P

= o
T e T BT

C=alC + 8
cc ¢

Subsequently the 'true' salinity S = s(p,T,C) was compared with the Nansen bottle
value SN for a check of the consistency of the calibrgtions.



3.2 Results

LS LS 6§ ET . ) Joqumu
€0°0 = £€0°0 = z0°0 = Ieqp L°P] = UOTIeTASD OT3vapendb ueswm
. N N . N v . N_ .
LOOO°0 + = "8 ~ § 80000 - = "0 -0 000+ ="1& - & Iedp €°0= d -'d IOIID Ueaw
¥£€0°0 - ¢00°0 +
o) o] o)
D X OP0O0°T =D L X £000°T = & Iedp 81T - d=4d Jtusax
oxenbs uesw 3seLT ,
o) = 3] I o I o] :
g+ Dm@=0D g+ L= g+ d=4 uotadunsse
apuosiyied :UIYOJ UOIUY
€71 €1 ST o Toqumu
¥20°0 = ¢c0°0 = L2000 = ,co“.nu.m._ubm@ OTlexpenb uvsm
) N ] N ] N : .
LOOO°0 - = "8 - § G900°0 - = "D - D L2000 - = "4 - & I01I8 ural
o) o]
oO®% D €L &L 3Insax
UOTIRIqTTED ou’ votzdumsse
) SDUOSTAITOH :I09ISN
1 zZ1 £1 €1 | zequnu
9¢0°0 = $0°0 = £0°0 = IROQP L°G = ¢0ﬂuwﬂ>w© oT3eapenb uesu
N N ] N . N _ a
¢00°0 - = "5 - § GC000°0 + = 2 -9 o000+ ="14 - 4 1eqp ¢°0+="d -4 - I02I8 UedwW
5 oo .
‘ Teqp T + 4 X.. - : :
o — —_ o . -— I 4
J X (100°0 + L66°0) =2 (€0°0 + 90°0)- & =& (§10°0. + 810°1) = 4. JTnssa -
o J) o} od ' - : :
272=9D _H.m - L =& Teqp 1 + Ao =d uoTydumsse
. oL Lo spuosiyzed :3ouUeRTd
°0/p wo/oum w5 o. & TeaR 4 juewnzzsur :  drus



3.3 Comments

Obviously wrong calibration data were generally rejected. The guality of the data
can in part be inferred from figures 1 - 3.

R.V. "Planet": Since the pressure reading was zero when the instrument was about

1 m below the surface, 1 dbar has been added to all pressure readings.

The standard deviation of the bottle pressure from the CTD reading shows a value

that is to be expected from the known accuracy of thermometric depth determination.

The calibration of temperature was determined only in the range of about 8 ~ 12 oC.

R.V. "Meteor": The temperature sensor of the Multisonde used during phase I showed

a hysteresis and was therefore exchanged prior to phase II. It will not be possible

to calibrate the sensor.

The Bathysonde, used during phase I during malfunction of the Multisonde)was meant
to be compared with the Multisonde. However, the Bathysonde broke down at the be-
ginning of phase II and could not be repaired during GATE. No calibration data

are available,

R.V. "Anton Dohrn": The pressure sensor had a marked hysteresis, which is also

reflected in the value of the standard deviation of PN = P. A better calibration
than given in 3.2 was not possible.
The temperature calibration was done by means of a linear regression be‘tweeni’l‘N

and T .
c

The conductivity, however, was calibrated by means of determination of the'linééii;~
connection of the centers of two "point sworms" around 55 m mho/cm and 33 m mho/cm,

of which the calibration data consisted.

4. Dynamic Correction and Data Reduction

4,1 Method

Compared to the almost instantaneous response of the inductive conductivity



sensors, the Platinum thermometers were relatively slow. This léads to a
systematic error and to the well known "spikes" in the calculated salinity in

regions of high vertical temperature gradients.

For the purpose of this paper, it is assumed that the temperature sensors respond

linearly by so that the relation

.

2T 1
== = (1 ~-T
ot % (Ty )

holds, where T is the temperature of the sensor, TN the surrounding water tempera-
ture and & the time constant of the thermometer. The time derivative is approxi-

mated by the first order backward differences. The correction formula is thus

(1) T =Ti+ 2 (r, - T

ti at i i~ 1)’

where Tti is the corrected temperatﬁre at the time i*At, at the sampling interval

and 'I‘i -1 the temperature reading at the time (i-1)wt.
The time constant & is usually only approximately known, it depends among others on
" speed of the sensor through the medium. A value of 2¢ was therefore chosen to

achieve optimal reduction of the spikes.

The total procedure of data reduction is illustrated in the following figure:

preparations: static
' calibration -
‘correction of R
l T according to (1)
linear correction
o -
of P, T, and 2 = X4 doe
No oo __|
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data reduction: i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

%)

Comments :
sttt il

‘Step vi) reduces most

- 10 -

raw data

check that the values
of P, T and C are in the
range of possible values
Clip spikes (errors)

in P and T, interpolate
wrong data

Correct T for the

time lag of sensor

4

‘ .
Eliminate interpolated

values of step 1ii)

4

establish rigid mong-
tony with respect to P
(no reordering of the

data)

Calculate new salinity

S=8 (P, T, Q)

Clip remaining spikes

l

running mean

in S

!
linear interpolation

to fixed pressure

intervals

of the noise in the salinity. This shows the comparison of



- 11 =

figures 4 and 5.
Step viiil) is necessary to eliminate further errors in T or C.

In step ix) the number of data in the running mean was chosen such that on an
average the data'within twice the interpolation interxval of step x) were averaged
("Planet":5 samples(but see chapter 5),"Meteor":3 samples,"A.Dohrn":3 samples).
The effect of the steps iv), ix) and x) can be seen from figures 4 - 11 for 3
different instruments. The other steps were not included in the experimental

calculations.

4.2 Results

ship/instrument time constant estimate estimated
given by from optimal error of
manufacturer spiker reduction the determination
Planet: Bathysonde 0.06 s - 0.54 sl) : + 0.05 s
Meteor: Bathysonde 0.06 s + 0,04 52) i_0.0S s
Anton Dohrn: 3)
Bathysonde 0.06 s no determination possible due

to bad data or low temperature

gradients

Meteor: Multisonde 0.1 s 0.15 s + 0.05 s

1)'I‘he ééthyssnaé is equir;ped with" a time iag of O .06‘"‘9' ir; the temperature sampling
compared to the simultaneous sampling of the other parameters. This was intended
to correct the temperature internally before recording.
Obviously thg time lag of T in the Bathysonde of R.V. "Planet" was not .06 s.

This is the réason for the''negative time constant".

2)See 1.

The apparent time constant Seems to be slightly greater than the nominal value.
The data as recorded from the Bathysonde were corrected with the given value.

3)
Corrected as foy the Bathysonde of R.V."Meteox"

- 12 -
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5. FPurther Comments on the Data Quality

i) Noise on the conductivity channel of the Bathysonde of R.V. "Planet"

Below depths of 80 - 100 m the conductivity of the Bathysonde showed a
pressure influence in form of sudden changes in the readings.of about .05
mmho/cm. The effect is obvious in fig. 13 in comparison with the felatively
smooth graph of the temperature (fig. 12). A probable explanation is that the
increasing pressure caused abrupt changes in the structure of the ferrite core
of the inductive cell. The effect on the salinity computed from the raw data
(fig.14)1s noise on a level nearly three times the magnitude of the digitization
noise. ‘ '

As the noise was not sufficiently suppressed by the filtering procedures
described in the previous chapter, an‘additional running mean was applied to
the data starting from 80 dbars onwards. Thus the mixed layer and most.of

the thermocline are not concerned by this procedure. A mean of 21 values of
the data interpolated to 1 dbar intervals was taken.

Hopefully the errors induced by the noise are thus reduced, though a low
vertical resolution is the consequence. But anyway the warning must be given
to the user that none of the CTD data described in this report should be

used to study fine structure on scales less than about 5 m.
ii) Errors - spiking

The raw-data from the Multisonde contain only few erxronecus values. The
final dé.ta set is therefore thought to consist of nearly ail "correct”
data.

A_pnumber of obvious errors were removed (pa.rtly "pby hand") from the "Planet"
data, from..those of © "Anton .Dohrn" and from those of the Bathysonde of
"Meteoxr". However, plots of sigma-t versus pregsure show that still a few
incorrect values may be contained in the. final gata sets. A removal was not’
possible, as there did not seem to be any means to decide which of the

data were wrong.

So far information has been given about.the precision of the instruments and
about the accuracy of the calibration. All the quoted error bounds are mean values.
Besides random errors one important source of inaccuracies in the data remains to

be agiscussed. An attempt to give an upper bound for the error in regions of high

-13 -
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temperature gradients is made.

The effect of"spiking", caused by the slow response of the temperature

sensors used, cannot totally be removed by the procedures described above;
One reason for this is the large value of the ratioc between the sampling
interval and the time constant of the thermometers. Another reason is the
stem conduction of heat from the heavy hull of the CTD towards the thermo-

meter. Thus the data partly contain inversions of sigma-t caused by spiking.

The magnitude of this type of error will now be estimated. A linear
dependence of the erxror in the computea salinity,A S, of the vertiwal

is assumed:

temperature gradient %2 S - e ?_1—
s T vy .

In the thermocline step-like structures in T often appear, which are
associated with a "U~type" structure in S (fig. .15). If the latter is"

assumed to be an artifact, one can estimate AS.

The result is ¢ ®2 10 O/oo cm OC'-1 for the Bathysonde of "Planet"” and

for the Multisonde of "Meteoxr", too.

iii) Summary

The intention of this chapter is to summarize the information on the accuracy
of the CTD data in a table containing numbers and/or formulas. A minimum of

information may thus be gained at a glance.

In chapter 3.2 mean quadratic deviations between bottle and CTD readings are given.
-Bccording to statistics the computed corrections should be better by a fac-

tor of L , n = number of samples. Thus the statistical errors in the

n
. calibrationsare rather low. Most important are the systematic errors of the

k
Teversing thermometers and the bench’salinometer used for calibration. Those

of the latter had to be guessed.

Not accounted for in the table is the inaccuracy.of the UNESCO tables on

Salinity and of the formulas used to calculate salinity and density.

- 14 -
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Few information is available on the accuracy of the pressure data. In
addition to the wvalues given in chapters 2 and 3.2 estimates of the
hysteresis gained from successive hoisting and lowering of the CID

were taken into account.
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Estimate of the accuracy of F.R.G, CTD data

Bathysonde Multisonde Bathysonde
instrument R.V. R.V. R.V.
parametexr "Planet" "Meteoxr" "Anton Dohxn"
accuracy a few
near surface +0.5 dbar decibars
pressure =
accuracy
overall +2 dbar €<+20 dbax <¢+20 dbar
s o) o o
precision _ +0.0027C +0,003°C +0.003°C
statistical error s o o
of calibration +0.01°¢C +0.01°¢C +0.003°C
temperature systematic error o o o
P of calibration +0.02°¢C +0,01°¢C +0.01°¢C
errxor due to slow’ o o
' 9Tp C DTy C
response of thermometg;‘ o, 1'az [ - J o. 1'6 = [ - ] 1)
s o o o
precision - +0.004~ /oo +0.007" /a0 +0.007" /o0
statistical error ' o o o
» of calibration +0.01" /oo +0.017 /oo +0.005" /oo
salinity systematic errorxr o 2) o 2) o 2)
of calibration +0.037 /o0 +0.037 /o0 +0.03" /00
error due to slow 3) o) o
°Tr C _ ,3Tr C
response of thermometer +0.1 3z[nJJ 0.1 az[nl] 1)
precision +0.004 - +0.006 +0.006
statistical error
of calibration +0.01 +0.01 +0.005
':Gi 4) systematic error
of calibration +0.03 +0.025 +0.025
error due to slow o
response of thermometer +O.05«2£EJ2 0.1.2E[E 1)
12 m 9z *m
1)
Not tested
See page 5
3)
See page 11 for an exploration of the signs
) .
Maximal effect of simultaneous.errors in T and S
- 16 -

S et s w1 e g T 7 % Bt Ao . o oo ——— — e



- 16 -

6. References

Fofonoff, N.P., S.P. Hayes and R.C. Millard Jr. (1974):
W.H.O.I./Brown CTD Microprofiler: Methods of Calibration and Data Handling;
W.H.0.I. Technical Report Ref.No. 74-89 (Unpublished manuscript)

Kroebel, W. (1973): Die Kieler Multimeeressonde
Ein Gerdt zur in situ-Messung von Temperatur, Leitfdhigkeit, Salzgehalt,
Schalléeschwindigkeitsgradiént und lichtoptischer Attenuation mit ersten
Ergebnissen der "Meteox"-Fahrt Nr. 23 (1971) westlich von Gibraltar.
Meteor Forsch.~Ergebnisse, A 12, 53 - 57



L L LT

i

- 0 [] 1
004 002 000 -002 -0.04 AT
CoC3

fig. 1: Difference of the readings of the two protected thermometers used
in the remotely controlled frame of the Bathysonde of R.V. "Anton

Dohxrn"
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fig. 2: Difference of the readings of the two protected thermometers used
with the Nansen bottle on the cable of the Multisonde of R.V."Meteor™
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fig. 3: Difference of the salinity reading of the first minus the second .
sample of sea water from a Nansen bottle (Bathysonde "Anton Dohrn"
and Multisonde "Meteor")
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CTD REF.NO. 80044, R.U. PLANET
1924 -09-03.210Q Z

S [%/o0]
g 356 ., 358 Lo 360 .0 362 5 Jioc
0 L { 1 § | 1 [} { 1
X 3}
S
[82]
(#2)
[
0
m
® 25 s A
2
50
75~
100 ’

fig. 15: Bathysonde (CTD) cast ref. no. 80044 of R.V. "Planet", temperature
and salinity as function of pressure, final data.
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