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SUMMARY

This data report presents selected standard products derived by
computer processing of a data set obtained during the first sur-
vey of the third Lagrangian time series in the Batfish experiment
carried out on board RRS "Discovery" during GATE (the Atlantic
Tropical Experiment of the Global Atmospheric Research Programme)
in 1974. The data report is part 10 of a thirteen-part set; each
part contains the data products from one survey in the Batfish
experiment. The raw data set for the survey 3Ll presented here
comprised a time series of over 600 000 samples of temperature,
conductivity and pressure from a Neil Brown CTD mounted in a Bat-
fish that undulated between 0 and 70 metres depth as it was towed
at 8 to 10 knots around a survey pattern comprising 6 parallel
legs each 7 miles long and spaced 1 mile apart. The Batfish undu-
lations gave over 300 profiles through the upper Tropical ther-

" mocline including the salinity maximum. The products presented in
this report reveal the variation of temperature, salinity and den-
sity structure on horizontal scales of 1 to 13 km. Extensive use
has been made of interpolation onto isopycnals, which has helped
to reveal the separate contributions of (1) internal waves and
(2) quasi-geostrophic turbulence. The products include (1) profi-
les, (2) sections, (3) maps and (4) statistics.



ZUSAMMENFASSUNG

In dem vorliegenden Datenbericht werden Ergebnisse des wihrend
GATE (1974) an Bord des RRS "Discovery" durchgefiihrten Batfish-
Experiments prédsentiert. Die hier gezeigten Darstellungen wurden
aus einem Datensatz hergeleitet, der im ersten Teilabschnitt

der dritten Lagrang'schen Zeitreihe zusammengestellt wurde.

Der vorliegende Bericht ist der zehnte Band einer dreizehn-
teiligen Serie. Jeder Band enthdlt Resultate eines Teilabschnitts
des Batfish-Experiments. Der Rohdatensatz fiir den hier darge-
stellten Teilabschnitt (Map 3Ll1l) besteht aus einer Zeitreihe,

die sich aus iber 600 000 MeSwerten von Tenmperatur, Leitfdhigkeit
und Druck 2zusammensetzt. Eine im Batfish montierte Neil-Brown-CTD-
Sonde lieferte diese Daten., Der Batfish folgte einer Sdgezahnkurve
mit Umkehrpunkten an der Wasseroberfldche und in 70 m Tiefe,
wdhrend er mit 8 - 10 kn Geschwindigkeit von dem RRS "Discovery"
geschleppt wurde, das in dem MeRgebiet 6 parallele Bahnen, mit je
einer Linge von 7 sm und einer Seemeile Entfernung zueinander,
abfuhr. Die Messungen ergaben iiber 300 Profile in der oberen tro-
pischen Temperatursprungschicht, in der sich auch das Salzgehalts-
maximum befand. Die in diesem Bericht veroffentlichten Ergebnisse
zeigen die Verdnderungen von Temperatur-, Salzgehalts- und
Dichtestrukturen in horizontalen Skalen zwischen 1 km und 13 km.
Es wurde in diesem Datenbericht weitgehend von dem Verfahren der
Interpolation auf Dichtefldchen Gebrauch gemacht. Auf diese Weise
kénnen Strukturen der quasi~geostrophischen Turbulenz von denen
der internen Wellen getrennt werden. Die Darstellungen beinhalten
Profile, vertikale Schnitte (Sections), Dichte~ und Druckflichen
(Maps) und Statistiken.
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SYMBOLS, UNITS AND NOMENCLATURE

The data processing that led to the products in this report was
largely completed before the publication of the IAPSO SUN Working
Group report on the use of SI units in physical oceanography. In
some computer plots reproduced in the report Roman capitals

replace the recommended symbols. The main deviations are listed
below:

Quantity Units in Report Recommendations
Atmospheric pressure millibar(mbar,mb) 102 pa
Oceanic hydrostatic pressure decibar (dbar,db) 104 Pa
Thickness between two surfaces decibar (dbar,db) 104 Pa
Salinity ppt 10”3

Density Sigma~T(ct) kg/m3

Ship's speed Knots 0.51 m/s



SECTION I INTRODUCTION

This part of the GATE Lagrangian Batfish Experiment Data Report
shows the data from Map 3Ll. A detailed discussion of the whole
experiment including data collection, data processing, estimation
of errors and interpretation of the data is to be found in the
GATE Lagrangian Batfish Experiment Summary Report (IFM Berichte
Nr. 88). Map 3L1 is the first Map of the third Lagrangian Batfish
Experiment and the data were collected between 1650 on 14.9.74
and 2229 on 14.9.74 in the position shown in the following
diagram and comprises 6 legs.

Section II contains Offset Profiles of potential temperature,
salinity and o, as functions of pressure. These are the products
of the third processing stage (see Data Processing Flow Diagram)
where the navigation data have been merged with the CTD data and
the ascents and descents separated. Section III contains section
plots of the data along the individual legs of the Map after the
data have been interpolated onto standard surfaces (fourth pro-
cessing) and the removal of bad data (fifth processing).

Section IV shows statistics of the data on standard surfaces,
these are by-products of the fifth processing stage. Section V
contains contoured maps of the distribution of potential tem-
perature and of thickness (the spacing between isopycnic
surfaces) on isopycnic surfaces; these are the products of the
objective analysis (sixth and eighth processing stages). Section
VI contains contoured maps of the distribution of potential tem-
perature, salinity and density on isobaric surfaces. These are
also products of the objective analysis (sixth processing stage).
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DATA PROCESSING FLOW DIAGRAM

Raw CTD-data
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SCHEMATIC PRESENTATION OF BATFISH-TRACK

éatfish—Track

INTERPOLATION ON TO SURFACES

6,=23.95
df 24.00
d‘ = 24.05

4,= 24.10
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SECTION IX OFFSET PROFILES

In this Section profiles of potential temperature, salinity and

or as functions of pressure are shown. These are the data in
time~series form prior to the interpolation onto standard sur-
faces and prior to the removal of bad data (see Data Processing
Flow Diagram in Section I). The data are shown in the order
potential temperature, salinity and ¢, for each of the 6 legs of
the Map*. The individual diagrams are labelled with the file name
of the data which is related to the leg number., The following
table shows the start and end times and the filename for each leg.

Start End
Leg Number Filename date time(GMT) date time (GMT)
1 GCTD@60AD 14.9. 1650 14.9. 1729
2 GCTD@6 1AD 1729 1829
3 GCTD@62AD 1829 1926
4 GCTD@6 3AD 1926 2025
5 GCTD@64AD 2025 2126
6 GCTD@65AD 2126 2229

*For the sake of clarity it was found necessary to keep the scale
of diagrams variable.

II-
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SECTION III SECTION PLOTS

This Section shows plots of sections along the 6 legs of the sur-
vey handled in this volume. These are the data after inter-
polation onto standard surfaces of ¢, and after removal of bad
data (stage 5 and 7 of data processing; see the flow diagram in
Section I). The start and end times for each leg are shown in

Section II,
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1. Potential temperature and pressure on surfaces of constant
0. in the range o = 23.30 - 25.00.

Contour interval

- for potential temperature on isopycnals 0.05 oy
for pressure on isopycnals 0.10 o,
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2. Pressure on surfaces of constant o, in the range
Gt = 23.20 - 25000-

Contour interval 0.05 O,
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3. Pressure, relative to the pressure on oy = 24.00,
on surfaces of constant Ot in the range Op = 23.20 - 25.00.

Contour interval 0.05 O
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SECTION IV STATISTICS OF THE DATA

In this Section appear diagrams of the mean and standard
deviations of the data on surfaces of constant pressure, constant
o, and constant potential temperature. In addition the profiles
of potential temperature and salinity as functions of op are for
the sake of comparison redrawn as functions of pressure making
use of the mean relationship between pressure and 0. The stan-
dard deviations of potential temperature and salinity on pressure
surfaces and on o surfaces (converted back to pressure co-
ordinates) are drawn together to show the difference between the
signal due to internal waves and the signal due to thermohaline
variability. Histograms of salinity and normalized thickness on
surfaces of constant op are also shown. Profiles of the residual
left after the objective analysis onto regular grids of the date
on surfaces of constant o, Or constant pressure are shown to-
gether with profiles of the standard deviation of the input data
for the objective analysis. '

IV-



20

d barl

PRESSURE
A
o

60

N
[=]

[dbar ]

PRESSURE

60

| | ]

[55] -

20

22 24

26

TEMPERATURE [°C]

28

[dbar]l

PRESSURE
S
o
i

n
(=]
T

1

35.4

] |

|
23.0

24.0
DENSITY

(61)

|
25.0

36.0 T 364
SALINITY [ ppt]

Profiles of the mean and
standard deviation of
potential temperature,
salinity and density on
surfaces of constant
pressure.

Iv- 2



| T 1 | — T
23.0} o
)
240 -
>
ST 7
%)
z - -
i
a
] ! L ! ! ! ! ] i
20 22 24 26 28
TEMPERATURE [°C]
T T T T | — j T ]
28 -
~
0 -
20 ~
wo|
e | .
o)
l—.
< 24 -
o
o F .
o
s 221~ ~
w
- .
20k 3L1D|
l | l | { | I 1 !
35.4 36.0 364
SALINITY [ pptl

| ] T I ] ] | I ]
230 J
>
240 J
>
- ]
/]
> ]
w
D s
260, 3LD| ]
| 1 | I } | | | 1
35.4 36.0 36.4

SALINITY [pptl

Profiles of the mean and
standard deviation of poten-
tial temperature and salinity
on surfaces of constant oy
(upper figures) and also
salinity on surfaces of con-
stant potential temperature
(mean T-S diagram, lower
figure).

IV— 3



T T T T T T T Y T T T T
i i 3L 1D
. A a i
S20p - .:.20._ -
o [}
d - — 'D b —
©
wo | . - - -
o
w — —
2 4 = L St (PO _
n oo )
10 40 o
w40} — - 0 40}~ -
o« TSt (PO w
o - 14
- oL -
L sL1D | » -
60 IS I ISR NN R RO IO R 80 ] i D S M|
20 22 24 26 28 35.4 36.0 364
TEMPERATURE {[°C] SALINITY [ pptl]
Profiles of the mean and standard deviation of potential
temperature and salinity on surfaces of constant o, redrawn
as functions of pressure using the mean relationship of o4
to pressure.
0 T T | T 0 T T T T
- 1 - -
T R
b m —
s20- 1 s2of
© o
[SE R W -] T -
()
wo [ | | -
o 1]
=) @ ) y
o0 - N o — Sdt SP .
0 . , 0]
w40 Tdt TP — N 40+ -
w
& @
0. = -
1 = T
i | sLip]| B % sLiD|
|
60 ] | ] 1 ! ] ] I
-05 00 .05 1.0 1.5 2.0 501 0.0 0.1 0.2 0.3 04

SDEV-TEMPERATURE LK1

SDEV-SALINITY Cppt 13

Profiles of the standard deviation of potential temperature
and salinity on surfaces of constant pressure and constant

Oy for comparison.



DENSITY (o)

[ | | l | | |
B8
ISOPYCNIC SALINITY DISTRIBUTIONS
23.0 — ; GATE III 3L1- DESCENTS: —W
2 f— —
Al
al— AT _
el
6 — AT ]
...Jm'mm..
81— ....:lﬂhﬂn. ]
: —-r"rl-h}'lfh-
24.0 LSS —
SR
2= T -
ﬂ 102 OATA POINTS : —eniifit..
4 ._.n'lfnm'h._ ]
2. 205 ppt _'ﬂ_rr“}n__
6l et _
el
o o -
25.0— -'rrl_”l_rdm. 1
2 l | i | | | —
35.4 35.8 35.8 36.0 36.2

SALINITY I[ppt]

Histogram of salinity on surfaces of constant S

36.4

IvV—

S



22.9

t

2814 Ap/Ap ON ISOPYCNIC SURFACES
T GATE III 3Ll DESCENTS

23.3]

s o111
.. | Jf
| i
23.7 |
. ,J””Hhﬂhnnnﬂm___n,h

23.9 1

24.1 1

24.3 1 Jmmmm B J 188 DATA POINTS
2431 T .

a7y _,rﬂ'ﬂnﬂ'l-rﬁm

-2.8 2.9 2.0 4.8 6.8 Ap/dp 8.8

Histograms of normalized thickness on surfaces of con-
stant o,. The thicknesses are normalized by the mean
thickness on their surface to remove the effect of
changes in the mean density gradient. The mean, standard
deviation, skewness and kurtosis of the thickness on
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SECTION V ISOPYCNIC MAPS

This Section shows contoured maps of potential temperature and
thickness (the spacing between successive isopycnal surfaces) on
surfaces of constant o in the range 23.30 - 25.00 Oy and 23.45 -
24.95 o respectively.

The data are the product of the objective analysis, the data
being interpolated onto a regular east-west, north-south grid.
The positions of data (relative to the origin of the map) used in
the objective analysis are shown together with each surface.
Theske maps are mainly in the layer of strong density gradient
(see Section II).

1. Contoured maps of potential temperature on surfaces of
constant oy. The range of 0, covers from 23.30 to 25.00. The
contours are of the temperature deviation (units mK) from
the mean temperature on the surface. The mean temperature
on each surface is given in the following table. The contour
interval is 5 mK, the surface interval is 0.1 o, and the
grid spacing used in the objective analysis was 2 km. These
maps have a scale of 1 : 250 000.



Table of subtracted mean values

Filename Surface value (o) Subtracted mean value (°C)
GLAG6D2651F 23.30 26.910
23.40 26.779
23.50 26.637
GLAG6D1651F 23.60 26.473
23.70 26.290
23.80 26.102
23.90 25.908
24.00 25.716
24.10 25.501
24.20 25.142
24.30 24.773
24.40 24.388
24.50 23.952
24.60 23.528
24.70 23.103
24.80 22.701
24.90 22.280
25.00 21.826
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2. Contoured maps of thickness (the spacing between a pair of
isopycnals; units in dbar).
The indicated surface in each map is the lower one; the upper
surface has a density 0.10 Ot less. The maps are plotted for
intervals of 0.1 opr Over the range 23.45 to 24.95 0. The
contours are related to finestructure of N2 (where N is the

Brunt-Vidisdld frequency).

The contour interval is 0.1 dbar and the grid spacing used in
the object analysis was 2.0 km. These maps have a scale of
1 : 250 000.
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SECTION VI ISOBARIC MAPS

This section shows contoured maps of potential temperature, sali-
nity and density (ct) on surfaces of constant pressure in the
range 16.00 to 27.00 dbar.

The data are the product of the objective analysis, the data
being interpolated onto a regular east-west, north-south grid.
The positions of the data (relative to the origin of the map) in
the objective analysis are shown together with each surface.
These maps are mainly in the upper layer of weak density gra-
dient, often called the mixed layver.

The contours of the maps are of the

temperature deviation (units in mK, contour interval 5 mK) from
the mean temperature,

salinity deviation (units in ppm, contour interval 5 ppm) from
the mean salinity and

density deviation (units in 10”3 Oy s contour interval 5 x 10~3 O
units) from the mean ok value on each surface.

The surface interval is 1 dbar and the grid spacing in the ob-
jective analysis was 2 km. The maps have a scale of 1 : 250 000.

The mean values are given in the following table.

Vi-



Table of subtracted mean values

Filename: GLA2D1651F GLA2D1641F GLA2D1661F
Pressure
dbar 8[° c] s [ppt] o

16 26.940 35.664 23.256
17 26.940 35.669 23.260
18 26.942 35.670 23.259
19 26.944 35.673 23.260
20 26.945 35.674 23.261
21 26.945 35.675 23.262
22 26.947 35.679 23.264
23 : 26.947 35.680 23.265
24 26.948 35.683 23.267
25 26.947 35.683 23.268
26 26.947 35.686 23.270
27 26.944 35.687 23.271
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