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PREFACE

The NOA'S8l SEA ROVER experiment was carried out during Cruise 76 of
F5 "Poseidon" between the Azores, Greenland and the British Isles during

the summer of 1981.

The experiment was part of a long-term research programme designed to
investigate structures In the seasonal boundary layer. The spectral range
covers over three decades in the horizontal ranging from the gyre scale
(order 1000 km) to the mesoscale (order 1 km) and it includes finestructure
with vertical scales of more than one metre. Covering this broad spectral
range was only possible with the development of the "Seasonal and Regional
Ocean Variability Explorer™ (SEA ROVER). A detailed description of various
parts of the system can be found in Fischer et al., (1985), Leach (1984) and
Horch (1984).

Although these technical reports represent the present status of the system
most of the parts were already operatiomal im 1981. A brief description of

the system including the data processing will be given within this report.
There were two main scientific targets:

{1} large-scale variability of the boundary layer between the Azores (38° N)
and 55° N,

(2) three-dimensional mesoscale structure of the polar front near the Gibbs

Fracture Zone.

Although the scientific applications were different, the data sampling,
processing and reduction of this large data set was identical for both
parts of the experiment, the products are, however, presented separately

according to the scientific objectives.

Within this report we describe the experiment and data processing, assess
the experimental errors and present a selection of the possible products from
various stages of the data processing., Many of the diagnostic techniques
were developed to analyse the Batfish data set collected from RRS ""Discovery”
during GATE {Woods and Minnett, 1979; Leach, Minnett and Woods, 1985). This
data report does pot offer scientific interpretation of the data. It is
possible to pain some insight in the variability encountered in the seasonal
boundary layer from the selection of products derived from routine computer

processing of the data set.
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1. INTRODUCTION

i.1 Aims of the experiment

The exploration of the thermohaline variability in the seasonal thermo-
cline as a function of space and time in different hydrographic regions of
the North Atlantic Ocean Is a long-term aim of the research in the Regional
Oceanography Department at IfM-Kiel. The "Seasonal and Regional Ocean
Variability Explorer™ (SEA ROVER) measurement system was developed to monitor
these structures with the best possible resolution. The first use of this

system was in the experiment called NOA '8l described in this report.

Scientifically the experiment was designed for two major problenms:

(a) Long Sections

The regional elimate of the ocean boundary layer as a link between the
atmosphere and the interior of the ocean is not yet well understood.
The reason for that 1s the failure of the too scarce coverage of
hydrographic measurements, mainly based on station data, to resolve the

regional, seasonal and interannual variations,

The SEA ROVER system is a tool to improve data collection. It measures
profiles of temperature, conductivity and horizontal velocities at the
sea surface and records navigation and meteorological data while the ship
is moving at full speed. The speed and the high horizontal resolution
of the SEA ROVER system enable the surveying of large areas much more
synoptically and with better resolution than classical station measure-
ments do. Real-time data processing on board helps to reduce the engrmous

amount of data.

It is planned to use the ready-processed data set to study the system
atmosphere — mixed layer — thermocline, for calculations of heat and
fresh water budget and for investigatiom of seasonal cycles of various

parameters for example, mixed layer depth, potential vorticity.

{b} Frontal Structures

The mesoscale waveband in the spectrum of oceanic motion extends from
the sgpectral peak of synoptic-scale motions (near the Rossby radius of
deformation} to the spectral peak of microscale turbulence (at the

Ozmidov scale). In the seasonal thermocline, the mesoscaie waveband



ranges from about 30 km to 30 cm. This spectral band includes internal
waves and the enstrophy cascade of isopycnic turbulence and finestructure
in hydrographic profiles. Mesoscale jets and fronts are a key phenomenon

in these latter processes.

The aim of this part of the experiment was to survey the three—
dimensional structure of thermoclinleity, baroclinicity, velocity and
potential vorticity to spatial and temporal resolutions and accuracies
commensurate with the processes described by the computer models (Onken,
Bleck and Woods, 1985).

Surveying mesoscale fronts with a rapidly woving ship seems to be the
best strategy to minimize the difficulties of Iinterpreting the structures

caused by non-synoptic or poorly-resolving measurements.

The experiment should take place in a region where the relevant quantities
show strong signals, that means in a region with the best signal-to-
noige ratio. Therefore we decided to choose the North Atlantic Polar

Front as a good test site for these studies.

1.2 Experimental design

For the experiment the full capabilitles of the measurement system were
used. The towed fish undulation in the form of a saw tooth wave should reach
clearly the mixed layer and dive as deep as possible into the seasonal
thermocliine with a minimum wavelength to resolve the expected steep
temperature gradients. The ship should move at full speed of about 5 m g7 1

to improve synopticity and save time during measurements, The data should
be recorded and processed contimuously.

{a) Long Sections

For the investigation of the long sections the ship followed along
standard tracks whose choice had both technical and sclentific reasons.
They are the links between the front survey area at the polar front,
the supply base at the Azores and the home port. They pass through the
lecation of the Ocean Weather Ships to provide a comparison of the data
with the long-term measurements at the Ocean Weather Stations. Repeated
measurements along the same standard tracks on return trips and in

different seasons and years should a;low investigations about persistence
of features and seasonal and interamnual variations



(b) Frontal Survey

A general survey pattern was designed to localize the synoptic-scale
structures, meanders and eddies of the North Atlantic Polar Front and
to find a region with high thermoclinicity, which is defined as the
horizontal temperature gradient on an isopycnic surface. Then, focussing
in on that regiom, a high resolution survey, which should resolve the
mesoscale structures and cut the front as many times as the available
ship-time allows, should be made. In order to control the experiment,
real-time graphs of the thermoclinicity signal should be used to predict

the orientation of the front for the following section.

The towed fish undulation in form of a sawtooth wave should cover the
upper B0 metres of the structures with a minimum wavelength to resolve
the expected high thermoclinicity. The ship's speed was aimed to
be about 5 m s~ ! in order to minimize the effect of non-synopticity in

the measurements.

1.3 Experimental site and oceanographic conditions

OQur Long Sections range from the Azores to about 55° N from the anti-
cyclonic Subtropical Gyre well into the cyclonic Subartic Gyre, where the
Polar Front 1s the boundary between these gyres, and from the Azores to the

English Channel.

Both sections should intersect the streamlines of the North Atlantic
Gyre (Dietrich, 1969). The mass transport across the Azores - Greenland
section is concentrated in the region of the Polar Front otherwise known as
the North Atlantic Current, between 48" N and 51° N, whereas the Azores -
English Channel section 1s expected to eross the various branches of the
recirculation between the Azores and the European continent (Dietrich et

al., 1980).

Both sections cross the zero line of the net anmual water flux resulting

from precipitation minus evaporation (Baumgartner and Reichel, 1973).

Along the Azores - English Channel section the net anmual heat flux
through the surface is nearly zero while the Azores -~ Greenland section

intersects the axis of maximum heat loss {Budyko, 1974}.

The Azores — Greenland section follows the track of the long hydrocast

section measured during the International Geophysical Year (Dietrich, 1969).



A recent summary of the seasonal and regional variation along our sections
can be found in the Isopycnic Atlas of the North Atlantic Ocean (Bauer and
Woods, 1984) which was derived from the well—known Robinson—Bauer—Schroeder
Atlas (1979). The general structure during July and August 1s a well-

developed seasonal pycnocline with a shallow mixzed layer.

Winter mixing reaches deeper than 150 m in the whole region we surveyed.
That means that the water column in the depth range of the towed fish all
iles within the seasonal pycnocline.

1.4 Sonderforachungsbereich 133 ~ "Warm Water Sphere of the Atlamtic”

Our work including the investigation of large-scale structures inm the
seasonal thermocline as well as frontal structures can be seen in the context
of the long running "Warm Water Sphere" cooperative research programme
(Sonderforschungsbereich) funded by the Deutsche Forschungsgemeinschaft
(German Research Council), The aim of this programme is to gain some
insight into the dynamlcs and thermodynamics of the North Atlantic, the
transports of heat and mass from the western basin across the Mid—Atlantic

Ridge into the eastern basin, and the recirculation in the subtropics.

Although many groups participate i{n this programme the interactions with

the following groups are especially relevant to our work:

Satellite images of sea surface temperature at the Polar Front will help us
to identify regions of strong thermoclinicity and give some hint of the
time scales of the observed structures {Hardtke and Meincke, 1984). Surface
fluxes after Isemer and Hasse (1985) based on Bunker's data will help us to

interpret the large-scale variation of the seasonal thermocline.

Frpm long sections with deep CID-stations along the Mid-Atlantic Ridge
(Meincke and Sy, 1983) the maximum depth of winter mixing can be estimated
by the "thermoclinicity elbow™ method (Woods, 1985). Drifter trajectories
(Krauss and Meincke, 1982; Krauss and Xidse, 1984) will be used to identify

the seasonsl catchment area of the water being advected through our area.



1.5 Publications and Reports

Bauer, J. and J.D. Woods (1984) Isopycnic Atlas of the North Atlantic Ocean.
IfM Kiel Berichte Nr. 132.

The North Atlantic part of the numerical atlas produced by M. Robinsom,
E. Schroeder and R. Bauer (197%9) from NODC data was used to present the
anmal cycle of the hydrography on denmsity surfaces. Monthly wmean tempera—
tures were combined with annual mean salinities to calculate pseudo-monthly

mean densities.

The first part presented monthly mean maps of the distribution of pressure,

temperatute and salinity eon various density surfaces.

Vertical sections in isopyecnic coordinates were presented in part two.
They follow the standard ship's tracks of the SFB-133 TP-Bl: Azores -

Greenland and Azores — English Channel,

Fischer, J., C. Meinke, P. J. Minnett, V. Rehberg and V. Strass (1985)
A description of the Imstitut fiir Meereskunde Schleppfisch-System.
Technischer Bericht Nr. }, 2. Auflage,

This is a detalled technical description of the mechanics, electronics
and software of the Schleppfisch-aystem. This report includes also an
operating manual for the use of the Schleppfisch (towed fish) and the basic
CTD data processing for quick—look data., Although this is a description of
the present configuration of the system (1985), it is still relevant for
the 1981 state.

Fischer, J., H. Leach and J.D. Woods (I1985) Synoptic-scale structures in the
seasonal thermocline at the North Atlantic Polar Front.

{in preparation})

This is a description of synoptic-scale structures at the North Atlantic
Polar Front measured with the SEA ROVER system, This paper draws attention
to the similarities between hydrographic data in the seasonal thermocline
and sea surface curvents. Derived quantities such as relative vorticity and

spacing between isopycnals show significant correlations.
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Horch, A. (1984) Eine Beschreibung der NOVA-Software fiir Schleppfisch~

experimente.

Technlischer Bericht Nr. 5, 2. Auflage.

This is a technical report about the CTD-data processing and editing
on the shipboard minicomputer "NOVA-4C". The second edition describes the
state of the software in 1984, but includes the 1981 programs, (in German)

Leach, H. (1984) Eine Beschreibung des wissenschaftlichen Navigationssystems

des FS "Poseidon".

Technischer Bericht Nr. 2, 2, Auflape.

This is a description of the scientific navigation system based on an
HP-1000 minicomputer, which was used in 198! on board FS "Poseidon". This
system is the basic tool for measuring sea surface currents by using both
absolute and relative navigation. The second edition describes the state of

the system in 1984, but the main concept remains unchanged.

Leach, H. {1985) The analysis of currents measured from a moving ship in the
region of the North Atlantic Polar Front.
(submitted)

Ship drift measurements were used to calculate sea surface currents
independently from the hydrographic data. By using the relative vorticity,
which was derived from the objectively analysed current fleld, it was
possible to calculate the surface streamfunction. Synoptic—scale meanders

were the dominant features in the streamfunction and some similarities with
the thermohaline structures have been observed.



2. INSTRUMENTATION - The SEA ROVER

2.1 The towed undulating CTD-system as a concept

The investigation of processes in the upper ocean with strong variability
in space and time, such as eddies and fronts, set a specificatlon for the
measuTrement system, which is not or not satisfactorily fulfilled by conven-—

tional profiling systems.

For studying such processes the measurement system should allow for
synopticity combined with high resclution in the space and time scales.
These scales cover a broad spectral ramge in both space and time, High
accuracy and long-term stability of the calibration of the sensors is

another important requirement.

Quasi-synoptic measurements can only be obtained from a moving ship,

using freefall probes (XBT's, XSTD's) or towed, undulating systems.

In order to describe the kinematics and the dynamics of the ocean at
least temperature and salinity as a function of depth have to be measured.

These are the usual sensors of a normal CTD.

In contrast to any profiling from a stationary or slowly drifting ship,
where a "true" vertical profile is obtained, a towed system will give the
parameters as a function of the wvertical and horizontal coordinates depending
on the ship's speed and the descent/ascent rate of the system. This effect
may distort the measured parameter field according to the inclination of
the profile, High vertical speeds will minimize this distortion, but some-
times a correction will be necessary, which is only possible 1f the

positioning of the system is very accurate.

The quintessence of all these requirements led to a system, which is
derived from the Bedford Institute "Batfish"™ (Dessureault, 1976) and the
10S (Wormley) "Sea Soar" (Collins et al,, 1983). It should carry a high
resoiution CTD with fast response sensors to reduce the time lag effects
caused by the high penetration speed of the fish. Accurate navigation with
the possibility of calculating positions relative to a2 moving body of water
will complete the system, especially if the experiment requires gquasi-
"Lagrangian" coordinates (Woods and Minmett, 1979).

The SEA ROVER system was used for the first time during the experiment
NOA'8l. According to the requirements described above, the system has

three main tasks:



1} Continuous CTD data sampling with a towed system.

2} Collection of mnavigation data during the experiment in absolute and

relative coordinates.

3) Real-time data processing.

2.2 The IfM towed fish system

One key part of the system developed at the Institut fir Meereskunde Kiel
(IfMj is a towed depth—controlled underwater vehicle, which is a further
development of the "Sea Soar" designed at the Institute of Oceanographic
Sciences (I0S) in Wormley, England, which is itself a development of the
original Hermes/Guildline "Batfish" (Dessureault, 1976).

The main components of this system are the vehicle with its hydraulics
and underwater electronics, a CTD-probe and the control unit om board the

ship. For illustration of the various tasks of the system see figure 2.2,%1.

The nose, taill-plane and wings of the towed fish are made from fibre-
glass~reinforced polyester resin, whereas the fuselage is constructed from
stainless steel. The latter holds the wing axle and the fittings for the
electr.onicls pressure vessels and the hydraulics unit. The wings are mounted

on & horizontal axle so that their angle relative to the fuselage can be
varied to cause the fish to climb or dive.

In otder to reduce rolling of the fish, a stabiliziang fin is freely hinged
at the tail (Dessureault, 1976) {see figure 2.2.3).

. The fish tontﬁins. tWo pressure vessels, one for the control electronic
and the other being the CTD underwater unit. The hydraulics are contained
ina cylindrical oil bath which is pressure-equalized with the surroundings.
The _cqntrol ‘electronics are based on those developed at the Forschungs—

anstalt fir Wasserschall~ und Geophysik der Bundeswehr, Kiel (FWG). This
unit performs four tasks:

(1) monitoring the parameters whick describe the condition of the f£ish,
f.e. dept:h wing angle, roll and pitch angles,

(2) ttansuitt:lng these data to the com:rol u'nit on board thle twiﬂg ship;

(3) reneiving smd decmiing the comand signal from the cm}trul unit'

{4) generating the analqgua signal to econtrol ﬂm Hnog*-sexvn-valve which
determines the wing mvement.-



‘A separate strain-gauge pressure cell is used to monitor the depth of
the fish, in order to enable the fish to be controlled independently without
recourse to the pressure signal from the CID, This modularization of the
system, making the fish independent of the payload, proved useful in practice

particularly during the development phase.

A very durable hydraulic system (based on that used in the IOS Sea Soar:
Collins et al., 1983) drives the tilting of the wings. This system is
designed te allow long tows (approxzimately 1000 hours between routine
services), and due to the high o0il pressure of up to 7 MPa, an immediate
response to the command signal generates sharp turning points in the fish
profiles. The oil pressure is provided by a pump driven by an impeller at
the back of the fish turned by the water flowing past lt.

The generation and tramsmission of the command signal is one task of the
control system on board the ship, which also wonitors the attitude of the
fish and uses the data supplied by the payload (CID-probe), to caleculate
salinity and density. The system described and its software 1Is developed
from those of the FWG-controller., There are two operating wodes, manual and
automatic. In manual mode, used only during deployment and recovery of the
fish, the wing angle 1s adjusted by the setting of a hand-operated
potentiometer, In automatic mode, the controller guldes the fish along a
sawtooth track between maximum and minimum depth with a constant dive— and
¢limb-rate, all chosen by the operator, The control algorithm tries to
minimize any deviation from the desired track. In order to control the fish
independently from the payload (CTD) a separate pressure pgauge is used,

which is part of the control electronics.

The fish was towed on a !0 mm diameter single core towing cable, fixed
by a bridle to the fish. This cable was unfaired and has a nominal breaking
strain of siz tonnes. All signal transfer to and from the underwater unit
and the current supply was carrlied along this cable, Three frequency bands
were used, ome for the control signal to the fish, one for the fish para-
meter to the ship and one for the CTD data to the ship., The cable was paid
out from the towing winch on FS "Poseldon"” using the A-Frame and the Geolo—
gical Boom as shown in figure 2.2.2. In normal towing operation the boom is
in its resting. position. Only during deployment and recovery the boom is
extended and the cable removed from the snatch block on the port side of the

A-Frame.
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m— payload in 1981

The CTD-probe in the towed fish was 2 glightly modified ME-Kompakt-Sonde
from ™™eerestechnik Elektromik GmbH, Trappenkamp”. In order to resolve
swall-gcale temperature and salinity gradients, the semsors should have
high reselution and accuracy, and a quick response. For quality coantrol of
the data two thermometers and conductivity cells plus the possiblity to
display the measured differences were needed. Table 1 shows the specifications

of the sensors as given by the manufacturers.

Table 1 ~ Table of sensor specification ME-Multisonde

PARAMETER SPECIFICATION
PRESSURE Principle ¢ Strain-gauge pressure cell
Range : 0 - 600 dbar

Resolution : 0.01 dbar
Accuracy 1 0.25 % of range

TEMPERATURE Principle : Platinum resistance
Range 1 ~2 -~ #40 °C
Resolution : 0.001 °C
Accuracy @ 0.005 °C

CONDUCTIVITY Principle : Symmetric electrode cell
Range 5 - 55 mS/cm
Resolution : 0.001 mS/cm
Accuracy i 0.005 ms/cm

Tenperature and conductivity sensors were mounted in pairs on the lower tail

plane of the fish, figure 2.2.3, whereas the straln-gauge pressure cell is

directly fixed to the CID-vessel inside the towed fish. The pampling rate,
which was wsed fn the KOA'S1 ezperiment was 16 cycles per second, equivalent
te s time interval of 62.5 me between each data cycle, each of which

consists of  one pressure, - Iwo temperature and two conductivity seagure™
ments.

The raw data from the CIfD-probe were converted into 16-bit words by the

microprocessor controller and then archived oo a nine-track digital tape
| ]

followed by tratler 1information about time and  ‘dive-climd orientation
after every 50 data cycles.

To allow quick-look analysis of the data, every sixteeath cycle (i.e-
one cycle per second) was tranaformed into phyaical unite, and galinity and
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density were calculated, All values were displayed on the fromt panel of
the controller, and a subsample, chosen by the operator, was available on

analogue output channels.

2.3 The "Poseidon" Navigation System

The NOA'Bl expedition was the first expedition in which the "Poseidon™
navigation system was used to collect and store navigation data. This system
serves exclusively as a scientific aid and is not used for the routine ship
navigation. The system is based on a Hewlett-Packard HP1000 minicomputer to
which many of the ship's navigational instruments are interfaced as shown
in figure 2.3.1. During this cruise the computer was running under a version
of the RTE-MIII operating system with 64K memory. This allowed 2 maximum of
three partitions which in turn limited the number of programs which could
run in parallel to three. So three tasks could be performed in real-time:
first the acquisition of satellite-navigation positions from the Magnavox
MX1105, second the integration of the ship's position relative to the water
using the Colnbrock electromagnetic log, and third displaying the navigation
in alphanumeric and graphic form on the system's graphic terminals.

Spot values of all the available navigational parameters were printed out
and stored on disc every two minutes. The data on disc were then transferrad
to magnetic tape two or three tilmes a day as necessary for merging with the

data from the towed fish,

The electromagnetic log was calibrated off the Azores on 18th July 1981
using a drifting radar-buoy with a sail centred at the depth of the log
(ca. 4.5 m)., The fore-aft and port-starboard components were calibrated
separately. The details of the method used are contained in Leach, 1984,
This was a third set of coefficients obtalned which were accordingly stored
in a file named #KAL3.

Table 2.3.1 lists the programs used during the NOA '81 expedition.
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Table 2.3.1 — Programs used on the npogeidon” pavigation system during NOA'81

SATNA acquisition of satellite pavigation data

EMLOG/EMLOZ(TE) acquisition and integration of electromagnetic
log signal

PLOTT/PLOT2(TE)/PLOT3(TE}  output of alphanumeric and graphic data to
terminals

CHIZ2M correction of 2-mimte data om disc

H2MIP

wMrq ) transfer of 2-minute data from disc to tape

H2MTR

EMKAL callbration of electromagnetic log

DECCA/DECC2(TE) Decca navigation

Note: Those programs followed by the letters (TE) ran under timed executlon

and were scheduled by the operating system whereas the others were
free-running.

2.4 Data acquisition and real-time monitoring

To conduct an experiment for mesoscale frontal studies means not only to
have a suitable measurement system, but to obtain information ahout the
spatial structure of the phenomenon in almost real-time. This led to the
real~time data processing scheme, shown in figure 2.4.1, "Real-time"™ in
this context means to get the desired results, for example, plots of
temperature distribution on density surfaces, in a time interval, which is
equivalent to that of data acquisition. In the first stage, the raw fish
data and the navigation data were merged and interpolated to the same time
interval. The dats were then separated into ascending and descending profiles.
For the real-time analysis only the descending part was used for further
block averaging and transformation to physical umits. In addition salinities
and densities were calculated, aﬁd the result 1s stored on digital tape.

In the third stage the variables were interpolated onto standard surfaces,
e.g. tewperature and pressure on comstant density (o) and demsity om
temperature.

These products were plotted afterwardg, to allow necessary data analysis.



POSEIDON TOWED FISH SYSTEM
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Fig. 2.2.1: Sketch of the main components in the towed fish system, including
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F.S. Poseidon Towing Arrangement
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Fig. 2.2.2: "Schleppfisch" towing arrangement viewed from above on board
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the geological boom and the A-Frame.
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Fig. 2.2.3: Front— and side view of the towed fish, showing the main com—
ponents of the fish and the scientific sensor configuration
during the experiment NOA'E1,
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REAL TIME DATA PROCESSING

FLOW DIAGRAM

Time in % of data
acquisition interval

Towed Fish
Raw-data
t.PT,C T, Gy

Navigation data
LRAXY UV

100

¥y
Merging data
LEAX Y, PTG T5.Cs, 40
D
Separation of ascending and descending profiles
Block averaging
Transformation of raw-data to physical vaiues
Calculation of derived variables
LEAXY. PTG, T5.Co. 5.8, G, 00

@D
l —_

Interpolation on to isopleths

30

¥ !0}=consi_ {3 isopycnals)

p!q=conss. {3 isopycnals} 15

T = const. (7 isotherms )

DK-MT,

Section plots
15
Ticﬁ:coﬂsl., Pi(}}-consi. .crliT—conss.

Fig. 2.4.1: Blockdiagram of on-board real-time data processing and timing
diagram. The final output was used to control the survey pattern,
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3, THE EXPERIMENT

The long-term field programme Wwas designed to make a series of long
sections measuring the temperature, salinity and density fleld in the
sessonal boundary layer during different seasons of the year. A detalled
study of the three-dimensional thermohaline variability at the North Atlantic

Polar Front was incorporated in these long sectlons.

The undulation of the fish was set to a sawtooth waveform with turning
points close to the surface and at 80 metres. A ship's speed of about
4 - 5 metres per second and a mean ascent /descent rTate of 2 metres per

second gave a wavelength of about 500 metres. A typical example of the
track is shown in figure 3.l.

The data sampling rate (16 data cycles per second) gave a wmean vertlcal
resolution of 12.5 cm.

3.1 The Long Sections

For the long sectlons we chose two standard tracks which were plamned to

be surveyed in different years and at different seasons (figure 3.1.1).

The Azores ~ English Channel section starts at the shelf edge of the
western approaches to the English Channel at about 48°15' N, 10°40' W,
passes through the position of Ocean Weather Ship "R™ at 47° N, 17° W and

finishes at the eastern end of the Azores' island Sao Miguel at 37°50' N,
24°50" W.

The section Azores -~ Greenland starts at the western end of Sao Miguel
at 37°50° N, 25°55' W heading towards the southern end of Greenland, avolds
the direct pass over of the relatively shallow Chaucer Bank at 43° N, 29° W,
by passing through the point 43* N, 30" W and passes Ocean Weather Ship "C"

at 52°40" N, 35°30' W and contimes in the same direction until the 10 °C
isotherm reaches the surface, which was found in 1981 at 55° N. 37° W
. .

The high spatial resclution covers a spectral range from 2500 km which

is the length of a standard section to the Nyquist wave length of 1 km
3

which was twice the distance between single profiles. With this range gyre—

scale, eddy-scale as well as mesoscale struwctures are resolved

The depth ramge from 0 - 80 m includes the mixed layer and the diurmal

thermocline and at least in the summer the upper part of the geasonal
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thermocline. As the system works at full ship's speed of about 5 ms™ ! the
measurements are as synoptic as reasonably possible, The high data density

ensures the observed structures a high statistical significance.

The timetable of the 1981 expedition allowed comparison of measurements
of the same area in a time range of single days to 2 months (figure 3.1.2).
The time interval between the northward and southward leg of the Azores-
Greenland section is only some days north of the Polar Fromt and about
2 weeks south of it. The return leg from the Azores towards the English
Channel {10th to !8th September) was made 2 months later than the outward
leg (l4th to 18th July).

3.2 The Polar Front Survey

The area for the frontal survey was roughly fixed during the long section
B102 from the Azores to the outcrop of the 10 °C isotherm at about 55° N.
The region of strongest horizontal thermohaline contrast was found near 31° K,
35° W in the vieinity of OWS "“C". This region was thought to be the edge of
the warm water sphere, separating the relatively warm water of about 15° C
at the surface from the relatively cold water with 11 *C or less. The sea
surface salinity decreased from 35.4 x 103 to less than 34.8 x 103 within

50 kilometres.

A set of two east—-west sections (C301, C305 combined with C303)} each
about 400 kilometres long (figure 3.2,1) should give some information about
the principle synoptic-scale structures In this region. These sections form
a nearly rectangular box of 400 km x 200 km, 5° W of the Mid-Atlantic Ridge

south of the Gibbs-Fracture-Zone.

A more detailed study of the frontal structures was carried out at
51° N, 35° W. This part of the experiment consists of 10 sections, each
about 75 km long and about 10 ki apart. These sections were orientated almost
perpendicular to the axis of the front. Unfortunately the original orientation

had to be changed after sectlon G312 due to bad weather conditions.
Table 3.1 shows a summary of all NOA'8! sections with start and end
position, start and end time and the mean ship's heading.

In addition te the sections, a deep (600 m) section with conventional
CTD dips was carried out to explore the vertical extension of the observed

features.



Table 3.1: List of all NOA'Bi SEA ROVER sections with start and end time,

start and end posirion, and the nominal ship's heading.
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Typical Towed Fish Track 5. Aug. 1881
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Fig. 3.1: Three cycles of the towed fish undulations showing the peried and
horizontal resolution of the measurements. The non-exzaggerated
veraion gives an impression of the slope of the track.
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Fig. 3.1.1: Ship's track during the SEA ROVER experiment in summer 1981. In
the lower left cormer an expanded part of the fromtal survey
region is shown (see also figure 3.2.1).
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4. PROCESSING AND REDUCTIGN OF HYDROGRAPHIC DATA

A flow diagram of the data processing and its products is presented in
figure 4.1. The processing described in this chapter is that used on land

after the experiment.

4.1 CID raw data recording

The signals from the pressure sensor, the two temperature and the two
conductivity sensors of the CTD-payload were digitized in the underwater
unit and written on tape in blocks of 256 16-bit words. 250 words comtain
50 cycles with raw mumbers from the five sensors stored at the interval of
62.5 ms followed by a 6-word trailer containing the start time of the block
and an up/down flag indicating whether the fish was climbing or diving.

4.2 Ravigation data recording and correction

On the npavigation computer a permanent random access file was arranged
with 720 records, one for each 2-minute interval of the day. Every 2 minutes
the file was updated with the current navigation data. Absolute and relative
navigation data stored in this day-file were dumped onto magnetic tape
twice a day for archiving. The ship's drift between satellite fixes was
uniformly distributed over the track integrated by the EM-log. Propram

NAGUT corrected the navigation data between satellite fixes.

4.3 Merging navigation and CTD raw data (Ist processing)

The program for the first processing stage called VMRAN formed a time
basis by extrapolating the start time of a CID raw data block for the next
50 cycles by integrating the sampling interval. It searched for the
matching 2-minute interval in the navigation files and interpclated the
positions linearly. Thus for every 62.5 ms a cycle was created containing
explicitly the time, the raw values from the CID-sensors, the navigation

values and the up/down flag.
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4.4 Calibration, editing, data reduction, and caleulation of derived variables
(2Znd processing)

In order to minimize the number of output tapes calibration of CID raw
values, editing spikes, data reduction and calculation of derived values

were handled by one program called MEDIT.

A time constant correction was applied to the temperature values in order
to minimize the wmismatch between the temperature and conductivity measure—
ments, Empirical tests yielded a time constant of 85 ms needed to reduce
the salinity spikes caused by this mismatch. A description of these tests
is given in section 5.2. Then the raw values from the CID semsors were
transformed into physical units using laboratory calibration coefficlents

in a second order polynomial.

Salinity was calculated from pressure, temperature and conductivity and
then filtered with a median~filter (Sy, 1985) with a 5-cycle window to
remove spikes without eliminating strong gradients, The data was then
‘averaged over five cycles. The averaged temperatures and salinities were

used for the calculation of o for each sensor palr respectively.

4.5 Pressure monotonisation and up—down splitting (3rd processing)

Experience from former Batfish experiments {GATE, Leach et al., 1985)
showing significant differences in the signals of the ascending and
descending parts of the fish track which suggests separating them. As the
fish did not follow exactly the control signal, the turning points had to be
determined from the data., Program TURNP performed the following processing.

The up/down-flag, which changed when the control signal switched from
dive to climb up or vice versa, could be used as a criterion for starting
the search for the next pressure maximum or mipimum within a limited number
of cycles, During the separation of ascents and descents, cycles which were
not monotonous 1n pressure were dropped. A plausibility check of the
bydrographic data also removed single senseless values caused hy parity errors
in the raw data and substituted them by the preceding value.

The profiles were counted and the number was stored as a label in each

data cycle, even numbers for descenmts, odd numbers for ascents. Ascents and

descents were stored in separate files.
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4.6 Calibration correction of salinity and pressure (4th processing)

The calibration of the conductivity sensors in the laboratory was not
sufficlently exact. The salinities of the hourly samples had to be used for
a correction of the calibration. The water sample salinities were compared
with CID salinities in space and time. Using a linear regression performed
by program LINREG, correction parameters for a linear transformation were
calculated (figure 4.6.1). The calibration of pressure alsoc had to bhe
corrected. This was achieved by using the distribution of pressure at
the upper turning point (figure 4,6.2). The pressure values showed a

temperature dependent negative offset &P(T}.

P = P + AP(T)

COrYT

The pressure was corrected by adding the offset for the mean surface
temperature of a é4-hour file, Using program EICH3 salinity and pressure
were corrected and density was recalculsted within the new calibrated

salinities.

4.7 Elimination of small density loversioms (5th processing)

At this stage density was contaminated by inversions due to salinity
spikes which could not be removed by the preceding editing methods. A median-
filter with a 5-cycle window on density was used to reduce as much of the
small-scale noise as possible., Bigger inversions which were observed mainly
at the bottom end of the profiles were thought to be an artifact of the
slope of the fish-track and therefore they should be eliminated im the 6th
processing. For consistancy the salinity was recalculated from temperature
and the filtered density. The filtering was done with program MEDFIL and

yielded the clean data set, the basis for wvarious further analysis.

4.8 Monotonisation and vertical interpolation (6th processing)

For isopycnic analysis the profiles were wmonotonized in density and
interpolated on constant op—intervals of 0.025 kg m 3 with program MOKINT.
Vertical interpolation onto constant pressure values was performed at
intervals of 1.0 x 10“ Pa, Isopycnal or isobaric surfaces were extracted
from the vertically interpolated profiles by appending and extraction
routines EDIT2 and EXTRAC.



4.9 Calculation of specing between isopycnals (7th processing)

Using program PRESDF isopycnal spacing was determined by calculating
the pressure differences between o, surfaces which were 0.1 kg w3 apart,
within the same routine the depth of each isopycnal relative to a chosen

reference Isopycnal was calculated.

4.10 Objective analysis (Bth processing)

The objective analysis method applied to this data set is descridbed in
Woods et al. (1981). Briefly, the method works as follows: Firstly the two-
dimenslonal auto—correlation function (biased) of the data to be analysed
was computed. A weightiong funection (fig., 4.10) was derived by smoothing
this raw auto-correlation function, multiplying it by a conical taper and
setting negative values to zero. This weighting functlon would reach a
value of zero within a finite number of grid lengths, normally less than
eight, depending on the correlation distance. The weighting function was
then used in a successive-—correction objective analysis scheme. In order to
avoid influencing the results by statistics with different characteristics
the computation of the weighting function carried out separately for each

parameter and each surface. The appplied program for objective analysis was
called OBANA.
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Fig. 4.1: Fiow diagram of the data processing of the towed fish — CTD - data.
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Fig. 4.6.1: Linear regression of salinities of salioometered water samples
and raw calibrated CID-data presented sepaxately for each seasor
pair. The slope and offset of the regression cupwe we—
the final calibration of CID-salinities.
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Influence of Temperature on Pressure
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Fig. 4.6.2: Sea surface temperatures and displayed pressure values where
the fish reached the sea surface. The tangential line was used
to correct the temperature —dependent offset of the pressure
gauge.
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5. ANALYSIS OF ERRORS

Before starting to present the results of the data analysis, the careful

error analysis carrled out is discussed in this chapter.

5.1 Measurement errors and corrections applied during data processing

In all CID measurements, random errors arise from the electronic noise
and the digitizing interval. Systematic errors have been caused by the
response time of the sensors due to rapidly changing fields and by the

inaccuracies involved in the calibration of the sensors.

An ME~-Multisonde was used (MS 38) which was equipped with one pressure
gauge and pairs of thermometers {Rosemount PT 200) and large conductivity
cells. The accuracies guaranteed by the mamufacturer are listed in table 1.
Due to technical reasons we reduce the orginal 16-bit resolution teo 15 bit,
which led to a digitizing interval of 2 mK, 0.002 mS/cm and 0.02 dbar for

the thermometers, conductivity cells and the pressure gauge.

The systematic errors occuring turned out to be much wore important then
these random inaccuracles, which we can therefore neglect 1in our error

analysis.

A major problem for the accuracy of the measurements was the inefficient
calibration. The sensor calibrations were carried out by the manufacturer
and it turns out, that they over—estimated the accuracy. For pressure and
salinity a way was found to improve the calibration, for temperature no
correction could be found for the inaccuracies detected by comparing both

sensors with each other.

The other important source of inaccuracy was the heat flow, especially

in the thermometers and the pressure gange.

Temperature and conductivity were measured with twe sensors each. As
both sensor pairs can be treated as independent measurements of the same
watexr, the analysis of the difference between them gave us additional
information about the accuracies and the impact of applied correction and

editing methods upon the measurements.

In the following sections the problems and the attempt to solve them are

described for each parameter respectively.
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Pressure

A systematic error of the pressure measurement is caused by the rapid
change of temperature of the surrounding water. The pressure strain gauge
of the CTD-probe is mounted inside the fish's hull. Its good thermal contact
to the pressure vessel which has a much larger thermal capacity than the

sensor itself damp the temperature change of the sensor.

Small holes on the side of the fish's body provide the contact of water
inside with the outside. Although we have no quantitative measurement of
the temperature in the interior of the fish, we assume the temperature
range outside the fish of 5 to 8 K between the turning points of a profile
to be suppressed by a factor of three, which is supported by the resultsg of
an earlier test cruise. The error in the pressure signal could be estimated

4
to approximately 0.1 x 10 Pa/K,

We decided to treat the ascending and descending parts of the fish track

separately to pet consistant data sets which are not affected relatively by

this systematic error.

The effect of dynamic pressore, caused by the passage of the fish
through the water is also a systematic error estimated for a towing speed

- 2 L
of 5m s}, according to p = 12 pu” 1s of order I x 10 Pa.

The calibration of the pressure sensor done by the manufacturer turned
out to be Incorrect. It showed a negative offset. The fact that the towed
fish often reached the sea surface allowed this error to be corrected. A
scatter diagram of the pressure at the upper turning points versus the
temperature along the sections was plotted (figure 4.6.2). It was assumed,
that the minimum pressure at different temperature values is the sea
surface pressure, a statement which 1s supported by frequent sightings of
the fish at the surface. The solid line in this graph was used to correct
the data by shifting the whole profile according to its sea surface tem~
perature value. To overcome the difficulty that not all profiles reached
the surfaces the profiles of each four-hour section were shifted equally
according to the four—hour mean surface temperature, We also took

account
of the fact, that the pressure sensor is 0.7 m below the top of the fish.

Taking these details into account yields an absolute error of

IN
* 0.2 x 10 Pa around the upper turning point where the sea surface is &
relatively well-defined reference level. In the deeper layers the uncer—

tainties increase towards the lower turning point where the combination of
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thermal effects, senser-lag, calibration uncertainties, and dynamical

L
pressure add up to an error of T 1.6 x 10 Pa.

Temperature

Before the calibration of the temperature signal in the 2nd processing
stage, a simple time constant correction for the thermometers was carried

out., The algorithm applied to the data is shown in the following equation;

Eﬁm
T = Tﬁ + T
At

where T, is the measured temperature and T the time constant of the thermo-~
meter, This time constant was estimated empirically by trying to reduce the
spikes in the computed salinity signal. A time constant of about 85 ms
(1.36 raw data cycles} was found to be most appropriate. This value ig
supported by the wvalues given by the Rosemount company of about 120 ms.
Nevertheless it was not possible to pet rid of all salinity spikes and so

it was decided to edit salinity separately.

By horizontally averaging mean and standard deviation profiles of the
difference T} = T, were calculated. They are presented in fig. 35.l.la
using raw data and in fig. 5.1.1d calculated from data that had passed all
data processing stages. A systematic mean difference of - 10 mK limits the
quality of the calibration, Why the difference becomes positive in the high
gradient zone around 20 m is not understood. Randomly distributed differences
were found along the whole profile, increasing proportionally with the

local vertical temperature gradient.

These differences can be produced alone by rolling movements of the
fish, because their magnitude is consistent with the observed roll angles

and the vertical temperature gradient.

The comparison of fig, 5.1.1a and {fig., 5.1.1d show that the data
processing did not change the statistics of the temperature measurement,
The mean profiles are identical considering the depth shift due to correctien
of the pressure offset. The standard deviation Is slightly diminished after
block averaging.

It is not clear how the temperature changes along the sensor cables,

which were partly inside the fish, will effect the measurements, but it was
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assumed to be negligible. From the manufacturer of the CTD sonde we recelved

the following accuracies:

10 =K
3 oK

14

Absolute accuracy

1+

relative accuracy

Conductivity

The main source of error in the conductivity signal is due to calibration
{naccuracies. It was assumed, that the temperature effect was negligible
and fouling by drifting material does not occur. We did not try to correct
the conductivity itself, but the salinity as desecribed in the following

section.

Salinity

It was mentioned above that the calibration of the conductivity sensors
turned out to be inmaccurate., To lmprove the accuracy we compared salinities
of water samples, taken every hour at hull depth with CID-salinities
matching in time and space. Data pailrs from reglons with high vertical or
horizontal gradients were rejected. Data from low variability regions were
used for a linear regressiom {(fig. 4.6.1) calculating the coefficients for
a linear transformation to correct the measured salinity values. The residual

of the regression analysis was 0.023 x 1073,

The mismatch in the response of the thermometers and conductivity cells
was the most severe problem in the data set. The time lag of the thermometer
caused by a time-constant of about 120 ms {a value given by the mamufacturer)
is an intrimsic property of the sensor, whereas the water-exchange time in
the conductivity cell is a functlon of electrode spacing and the speed at
which the fish penetrates the water. We decided to use an empirical method
to minimize these effects by applying a temperature time constant correction
of 1= 0.085 s, This value was determined by minimizing the difference in
temperature and salinity at those parts of the ascending and descending
parts of the profiles, which were close to the turning points of the fish,
in these regions, horizontal differences in the parameters should be small.
The second criterion for the choice of this wvalue was the

symmetrical
distribution of the remaining salinity spikes along the mean profiles.

This correction also veduced the size of salinity gpikes but could not
elininate them all. We decided to use a median filner_(Sy, 1985}, a technique
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which eliminates spikes but does not affect sharp gradients. The width of
this filter was chosen to have a minimum effect on the statistics of the
profiles., Furthermore we block-averaged the data over the range of the filter
width.

Another use of the median filter wupon density and a re-iteration of
salinity from temperature and filtered density did not have much effect in

the Improvement of the data.

In spite of this editing scheme there are still remaining single spilkes
mainly in the zome of high wvertical gradients just below the mixed layer
which was also the region of wmaximum diving speed. Most of the remaining

spikes have magnitudes less than 0.02 x 107 3 and only very few spikes exceed
0.07 x 1073,

The effect of all the correction procedures on the salimity data can be
seen by comparing raw data and ready processed average profiles of the
difference 81 ~ 57 {fig. 5.1.1b and fig, 5.1.1l.e)., The recalibration shifred
the mean profile towards the zero line. Its vertical structure was not changed
significantly. The deviation from zero remains less than 0.0l x 1073 at the
upper boundary of the thermocline and wvalues between 0.02 and 0,015 at the
deeper parts to values around 0.0l x 107 3, which is in the order of magnitude

whiech ecould be expected for differences due to rolling of the instrument.

The comparison of water sample salinities with the edited CTD-salinities
along section BI02 (figure 5.1.2) shows to which extent the absolute
accuracy of salinity could be improved., The difference between sensor pair 1
and sensor pair 2 remains mainly within the limits of 5.01 x 10_3. The water
sample—CTD-differences do not exceed ¥0.01 x 10“3, except in regions of high
horizontal gradients, where the non—perfect synchronization of sampling and

CTD-measurements may have led to a mismatch in the resulting salinities.

Density

The errors in the density (o) are an accumulation of the errors of
temperature and salinity since demsity 1s a function of salinity and

temperature
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with g; = 0.02 x 1073 and gr = 0.01 K the errors in salinity and temperature.

Tests for different reglons and different vertical gradients reveal values
of €5 to be less than 0.005 kg o~ 3,

As for temperature and salinity mean profiles of the differences
oy — Opp are presented in fig. 5.1.1¢ and 5.1.1f. As with salinity the
editing reduces the variability of the sensor differences te the rolling

range.

5.2 Bumerical estimation of uncertainties in derived quantities,

Derived quantities such as salinity and density were influenced by the
different time response of thermometers and conductivity sensors. Following
various non-analytical stages in the data processing scheme, the uncertalnties
in the derived variables can only be estimated by a mumerical experiment.
Therefore a synthetic set of profiles of temperature and salinity were
penerated and from these the corresponding conductivity profile was derived.
The shape of the profiles were as close to the observed profiles as possible,
although they are simplified due to their analytical construction. The
salinity profile was constant with depth and the initial temperature profile

has a mixed layer and decays exponentially below 20 m with realistic vertical
gradients. The initial set of profiles is shown in figure 5.2.1.

The time constant of the thermometer was given by the Rosemount Company

to 120 milliseconds and in a simple laboratory test this value was proved
to be accurate.

The flushing time of the conductivity cell varies with the penetration
speed of the fish, Typlcal parameters were a towing speed of 5 m s~ ! and a

diving rate of 2 m s~ ! resulting in a flushing time of about 10 milliseconds.

With these wvalues in mind, we filtered the initial temperature profiles
according to: -
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aTm
T = Tm + TT;— {5.2.1)

where T is the initial temperature, 7p = 110 milliseconds the difference in
the response characteristic between temperature and conductivity and T, the

resulting (measured) tempervature.

In finite differences this equation is written as

X

T " Ta1) = Tm(i-1) ) (5.2.2)

(1) " Ty

with At = 62.5 milliseconds given by the sampling rate of the CTD. From this

equation an expression for Tp(i) was derived:

1 o
T .. =— T +— T _ {(5.2.3)
m(i) ., Wy, mUd 1)
ith o =L = constant
W At .

The initial condition for T with i=1 is given by Tm(l) = T(I)’ which is

true for the mixed layer. gﬁé)conductivity profile remains unchanged. The
data were processed following the scheme of the data processing flow
diagram {(figure 4.1} and at each stage the resulting salinity and densirty
profile was compared with the initial profiles. Two numerical experiments
were carried out, the first with a constant diving rate of Z m s~ ! and the
second with a non—uniform diving rate, which varies between ! m s~ 1 and

4 m s L

with the maximum speed in the region of the strongest vertical
gradient (at 20 m). The diving rate in the second experiment was tuned to
be simllar to the diving characteristics of the fish during the NOA'S!
expedition. The first step in the data processing was the application of
the empirically estimated time constant T = 85 milliseconds to the
temperature data. Figure 5,2,.2 shows the salinity difference between the
inttial profile and the derived salinity for both experiments. In this
stage (Ia for constant diving speed) the variable diving rate (IIa) led to
an increase of the maximum salinity error by a facter of two. The range, in

which the salinity error exceeds .01 x 107 3 is concentrated in the top 8 w
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of the thermocline for case (Ia) and about 15 m for case {ITa). The median
filter (Ib, IIb) had no effect on these profiles, but the following block
average {figure Ic, IIc) can shift the ‘error region' into the mixed layer

which might lead to an error in the determination of mixed layer depth.

Remaining inversions in the density profile caused by the weak slope of
the fish-track at the lower turning points were eliminated by applying the
median filter also to the density profile, and salinity was re—iterated
from the resulting density and the temperature profile (figures Id, I1Id).
The results of this experiment are shown in figure 5.2.3 where g, the
error in salinity is plotted as a function of 3T/8z. For case (I) with a
constant diving rate of 2 m s~ 1 the error in salinity is a linear function
of the rate of chanmge of temperature, and ¢, is only greater than 0.02 in
reglons, where B3T/3z exceeds 0.45°K m~ 1, For case (II) the salinity error
exceeds 0.02 at 2T/23 greater than 0.25°K m™ 1,

Temperature gradients of this magnitude (0.25°K 1) were observed not
only at the top of the pycnocline, but the anomalously high diving rates
were only at present in the top 30 m of the fish track, whereas in the
remaining parts of the profile the diving speed was about 2 m s~ . Therefore
errors in salinity caused by the nonperfect time—counstant correction were
estimated to be less than 0,02 x 107 2 for the major fraction of the profiles,

and only very close to the top of the seasonal thermocline the error may
reach .05 x 1079,

Where temperature inversions occur, the error in salinity is expected to
be less than 0.02 x 1073, assuming that the diving rate was about 2 m s~ 1!

over the depth range of the inversioon.

The density profile is also iInfluenced by the wmismatch in the time
response of the thermometer and conductivity cell, Therefore the game pro-
cedure was carried out for density and the result is shown in figure 5.2.4.
The erxrors in density were remarkably reduced during the processing stages;
nevertheless the maximum error in density is 0.025 kg mn~ 3 at constant diving
speed (figure 5.2.3 case Id) and about 0.05 kg m 3 at wvariable diving
speed., This error is limited to the top of the pyenocline and case IId can
be treated as a worst case example for the top 10 metres of the pyenocline,

Everywhere else the error in density would be less than 0.01 kg w3,

The errors in the density profile would also influence the spacing
between pairs of isopycnals, which were derived in the 7th processing stage
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(figure 4.1}. Firstly the interpolation onto gtandard density surfaces
being 0.025 kg m 2 apart was carried out for the initial denmsity profile
and the final editing stage. Afterwards the pressure difference between
density surfaces being 0.1 kg m 3 apart was determined, and the resulting
difference between the true isopyenic spacing and the fimal product (after
editing) is presented in figure 5.2.5 and 5.2.6. Except for the top of the
seasonal pycnocline, the error in isopycnic spacing in this model is close
to the wvertical resolution (12,5 cm). Nevertheless, in the region of
strongest vertical gradiemts this error may exceed 20 % of the true spacing
for the case of non—uniform diving speed. Below this region the error
in isopycnic spacing is less than 5 Z. The accuracy of isopycnie spacing
resulting from the mismatech in the time response of our sensors is

Ebp = 0.2 m.

This numerical study has also shown that a reduction of the errors in
salinity requires a reduction of the diving rate, which should be comstant
over the total depth range. On the other hand, a reduction of the divingl
speed will result in a weaker slope of the fish track and the occurrence of

density inversions due to internal waves is more likely,

The apparent thickness, caused by the slope of the internal waves compared
to inclination of the fish track, will be increased, 1if the diving rate is
reduced. Therefore one has to choose a compromise according to the scientific

objectives of the data set.

5.3 Estimating the errors in the objectively analysed fields

As described above (section 4.10) the objective analysis is carried out
using a tempered version of the autocorrelation function of the data to be
analysed as the weighting function in the method of successive correction.
The error field is calculated by considering the irregularly spaced input
data which contributes to each grid point, Mathematically the objective

analysis can be written as

G(x) = [ wlulxtr)dr (5.3.1}
5

where u is the input data, w the weighting function and § the objectively
analysed field. Since the weighting function tends to zerc within a finite
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r the area of integration & 1s simply the area within which the weighting

function 1s non-zero.

Equation 5.3.1 can be rewritten in the discrete form

~ =_;}-_ — -
uij o kzl w ({k Eij) Uy {(5.3.2)
, B
or §;; =y kzi W o (5.3.3)

for short, where n data points contribute to the grid point (i,j) and wy 1s
taken to be the weighting appropriate to the position of wu, relative to
(i,3).

In order to describe the statistlics of the data contributing to each grid

point we have Introduced two quantities, the weighted number of contributions

(WNC) und the weighted root-mean—-square error (WRMSE). These quantities are
defined thus

n

we= Jfw | (5.3.4)
k=1
z 1 & . 2

(WRMSE) --Ek)ji [w, (u -6, ] (5.3.5)

The welghted number of contributions 1s therefore simply the sum of the
magnitudes of the weights appropriate to such data points as are avallable
to contribute to the grig-point in question. Since 1n the objective analysis,
equation 5.3.2, data points only contribute according to their w, to the
grid point field it was felt to be necessary to estimate in this way the
namber of contributions received by each grid point rather than consider
the unweighted, Integer number of data points contributing, which might be
far away from the grid point and not influencing it significenrly. In the
case of the NOA'81 data set, where the data were collected by a rather
irregular survey pattern, 1t was particularly necessary to develop a
criterion for distinguishing between those areas where sufficient data were
available to be able to make & reliable objective analysis and those areas



where the data coverage was too low. It might reasonably be argued that a
value of WNC = 1.0 could be used to distinguish between well-measured and
poorly—measured areas, since this value means that there 1s the equivalent
of one data polnt contributing to each grid point. Im figure 5.3.1 a map of
the ship's track with the WNC field for temperature on sigma—t is shown.

In calculating the WRMSE it was likewise felt to be better to use the
weighting function to modify the estimate of the fluctuations of the data
relative to the grid points rather than use the unweighted varlance of the
data because the data points farther away from the grid point would
naturally be expected to deviate further from the grid point value and in
the sum of squares would dominate the calculation. The meaning of this
quantity should be 1interpreted with caution however. Although we have
loosely termed it an "error” it is not an inaccuracy in the same way as an
instrumentation or calibration limitation., It should be seen as an estimate
of that part of the spatial spectrum which cannot be represented on the
chosen grid due to the, relatively, poor spectral window of the grid.
Figure 5.3.2 shows T)% and its WRMSE, figure 5.3.3.

Using the WNC and the WBMSE it was alsc possible to derive a weighted

confidence limit (WCL) field using the well-knmown t—test formula (Kreyszig,
1968; Jenkins and Watts, 1968)

a o]
c, (1 ~-—13)—
v 2 o

{5.3.6)

where ¢ is the standard deviation of n data points and ty (1'—;‘) is a fac-
tor depending on the number of degrees of freedom W= n-1). Our version of

this formula is

2

WCL =t (1 ==) « WRMSE / ( WNC ) (5.3.7)

where the number of degrees of freedom Vv is alse taken to be WNC. For WNC
less than unity WCL is not defined. The WCL for temperature on sigma-t is
shown in figure 5.3.4.
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5.4 Synopticity

The surﬁey of the polar front took eight days and furthermore it was not
conducted in a spatislly systematic way. Little is known about the time
scales of the synoptic and mesoscale turbulence in this area and due to the
high cloudiness satellite images also fail to give the necessary information.
It is however possible that the structures under observation were changing
and developing during the period of the survey. In order to estimate the
asynopticlty for each part of the field, the time of the measurements was
objectively analysed using the velocity component weighting functions and
the statistics of the data points contributing to each grid point calculated
as described in section 5.3. Within the area with WNC greater than 1.0 both
the WRMSE and the WCL gave values of about 0.5 d. Thus the time scale for the
lack of synoptieity of the well-supported grid points was approximately half
a day. This is probably shorter than the likely time scale of development
of such meander structures in the ocean and therefore the lack of synoptic
measurement and also the lack of systematic néasurement would not seem to

be too serious.
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14.3 Coefficlients for pressure calibration correction

P =P+a +a,Tu
c o i
PC: corrected pressure value

P : CID-pressure

Tu: 4-hour mean of upper turning point temperature

4
5.79 10 Pa

a
o]

S |
a; = -0.1212 10 PaK
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6. STANDARD PROBUCTS — OFFSET PROFILES

As mentioned in the introduction only a subsample of the total data set
will be presented here. These data were edited to stage 5 as shown in the
flow diagram (fig. 4.1).

6.1 Profiles from the Long Sections

To give an impresslion of the variety of features along the 2500 km track,
with approximately 5000 profiles, 5 sets of 21 successive profiles were
chosen for more detailed presentation. The start and end positions of each
set is listed in table 6.1. To present the location of the sets their numbers
are marked in figure 7.1.6 showing the variability of temperature omn

constant o surfaces along the whole section.

Table 6.1: Location of 3 selected regions of long section BiQ2

Set Start End
No. Characteristic Latitude Longitude Latitude Longitude
N W N W
1 horizontally 40°38.58" 28° 6.367 40°43,98" 28°10.38"
homogeneous
warm water
2 edge of an eddy | 42°23.59' 29°28.01" 42°28.50" 29°32.00°'
3 strong front 47°52.,50! 32°33.18° 47°56.64" 32°36.00"
4 poelar front 51° 1.08" 34°28.08° 51° 5.88' 34°31.80"
5 homogeneous 53° 6.54! 35°50.52! 53°11.32' 35°53,10"
cold water

Figure 6.,1.1 shows profiles of set 1 in the warm water sphere (NACW) at
40°30% ¥, belonging to a fairly uniform water mass.

Figure 6.1.2 shows profiles of set 2 cutting a frontal structure at
42°20' N. Especially in the salinity profiles it is apparent how the section
crosses the front within 6 km., In this range colder lower salinity water is

1ying under the warmer water of profiles 100 to 112,



Figure 6.1.3 shows a region where the section cuts a tongue of warm,
saline water embedded in a colder surrounding. Below 40 m depth the boundary

between the water masses is much sharper than in the overlying water.

Set 4 is not presented here because the Polar Front is described in

detail in section 6.2.

Figure 6.1.4 shows profiles of set 5 lying in the horizontally relatively

uniform cold water north of the Polar Front.

6.2 Profiles from the Frontal Survey — sectiona C311 and C31i2

The following examples each show approximately 7 - 8 km of a typical
region in the Fromtal area taken from sections "C311" and "C312" which were
about 10 km apart. The start and end positions of these regions are listed
in table 6.2. Each figure consists of ftwenty successive profiles of
temperature, salinity and density. The even numbers by the profiles indicate
that the profiles were taken from the descending sectioms of the fish

track.

Table 6.2: Selected regions in sections €311, C312

Start End
Section Region Latitude Longitude Latitude Longitude
N W N W
C3iil warm 50°14,28" 34759 .70 50°17 .64 35° 2.94"
€31l front 50°26.34" 35°13.14° 50°29.04" 35%17.70!
€311 cold 50°37.98" 35°37,20° 50°40.86° 35%42.17°
€312 warm 50°19.38" 34°53.58" 50°21.72" 34°57,78"
€312 front 50730.06"' 35°11,04° 50°32.34° 35°15,54'
€312 cold 50°42.96" 35°35.28" 50°44.40° 35°40.38"

These vegions are preseanted in a set of offset profiles, they are marked
in the section plots as "W', "F", "C" with a black bar (chapter 7.2); and

they were also used {(paragraph 7.1) for the average conditions in each of
the areas.

The definition "warm" refers to the warmer part, "front"™ to the thermo—

clinicity maximum and “cold” to the colder part of the section in question.
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Figures 6.2.1 and 6.2.2 were taken from the warm side, figure 6.2.3 and
6.2.4 from the region of highest horizontal temperature gradient and Figures

6.2.5 and 6.2.6 from the cold side of the fronmt,

Plots of temperature versus ¢ Yreveal that thermohaline fipe-structure was
masked by the internal wave field. Again a set of figures (6.2.7 - 6.2.1Q0)
from both sides of the thermchaline front as well as the maximum gradient

region is presented.

By comparing the profiles of temperature versus density the obvious
difference in the three regions is the lack of fine-structure on the cold
side, while the reglons "W" and "F” show coherent temperature inversions

over some kilometres with wvertical scales of a few metres.
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7. STANDARD PRODUCTS —~ SECTIONS

7.1 Long Section

After processing stage 5 time series of values of temperature, salinity,
O and pressure measured at the upper and lower turning points of the towed
fish give a comprehensive overview of the range reached by the instrument
along a whole long section. They also teveal immediately a pumber of

structures which can be analysed in detail in further analysis,

The pressure values at the upper and lower turning peoints (fig. 7.1.1)
show that the fish scanned on average the water column between 5 m and 75 m.
From the 24trh July the upper turning point was shifted to about 10 m due to
bad weather conditions (fig. 10.1). A comparison with the mixed layer depth
(fig. 7.1.2}, determined by the sharp change of gradient of the temperature
profile, shows that the fish always reached the "mixed layer" so that the
upper turning polnt wvalues represent the hydrographic conditions in the

"mixed layer™.

The temperatures of upper and lower turning points (fig. 7.1.3) show at
first look similar patteras. However the surface temperatures show a

gomewhat smoother curve compared with the step—like variations at 75 m.

This difference between both curves is even more obvious in the salinities
(fig. 7.1.4) where very sharp horizontal gradients underlie smoother
gradients at the sea surface. Near the Azores saltier water is lying over
fresher water at 75 m. Going north the surface salinity decreases compared
to the 75-m-level, and stays consistently lower in the northern half of the

section. The differences are notably larger around the main fromts.

The large—scale slope of the density distribution (fig. 7.1.5) shows the
gyre—scale baroclinicity. The increased variability at the lower turning

points between the 21ist and 25th July sgeems to be correlated with the
changing wind during these days (figure 11.1).

According to the data processing flow diagram (figure 4.1) sections were
plotted after interpolation onto comstant intervals of either pressure or
o - The results of this processing stage are presented in form of contoured
sections of the different variables with pressure or o, as the vertical
coordinates, and additionally as sections showing the horizontal distribution

of 8 variable on a surface of constant density or pressure,
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The presentation of temperature variations on edually spaced density
surfaces avolds the distortion of the water column by internal waves. As
temperature changes on an isopycnal must be compensated by salinity, they
indicate water mass changes. Figure 7.1.6 gives a comprehensive view of the

horizontal as well as vertical water mass changes along the whole section.

Between 38° and 46° N the water mass remains relatively uniform. Some
synoptic—scale structures bounded by sharp fronts can be distinguished from

large regions with length scales 40 - 300 km of uniform distribution.

From 46° to 53° N temperature decreases stepwise. Only at a few sites
the water mass changes are distributed continocusly over some tens of
kilometres. At the majority of this extent narrow frontal regions of some
kilometres width, perceptible by strong temperature steps and inversions

are embedded in horizontally relatively homogeneocus regimes.

The cold water region morth of 53° N seems to have less horizontal water

mass variability than the subtropical region.

The spacing between the isotherms indicates how much the stability of
stratification is due to the temperature gradient. South of 453° N where a
positive wertical salinity gradient {compare fig. 7.1.4) reduces the
stability of the water column the spacing of isotherms is smaller than at

50° ¥ or north of 53° N regions with stabilizing negative salinity gradient.

In frontal regions, where even tempetrature inversions are found, the

much lower salinmity of the overlying water keeps the stratification stable,

7.2 Frontal Survey

In order to show the large horizontal and wvertical wvariability in the
frontal area sectioms €311 and 312 were again chosen. From experience
with the GATE Batfish data, Woods & Minnett (1979) and Leach, Minnett and
Woods (1985}, it seems obvious to present the data in isopycnic coordinates,
which should remove the strong internal wave signal. A set of standard
isopyenals o = 26.0 kg m 3 to o = 27.0 kg "3 with 0.1 kg m™ 3 iancrement
was thought to be representative for that part of the seasonal thermocline
which lies in the range of the towed fish, This also means, that there is
almost no information about the "mixed layer". For a better comparison of
the two sections, which originally have had reversed orientatiom, section

C31! was reversed, and both sections were projected onto straight lines
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defined by their start and end positions. Additionally the data were Inter—
polated linmearly to a standard horizontal spacing of M = 0.4 km, which
corresponds to the mean wavelength of the towed fish during the front

experiment.

In figure 7.2.1 the temperature on 1sopycmals is shown, and because the
temperature will be compensated by salinity on any particular isopycnal, this
parameter is an indicator of the water masses at the front. The most striking
feature in both sections are the warm (salty) water at the southeast end and
the cold (fresh) water at the northwest end, separated by a region of strong
thermoclinicity, the temperature gradient on an isopycnal, which is only a
few kilometres wide, Temperature inversions are observed in the warmer part
of the sections, which is mostly dominated by salinity, whereas at the cold

gide, which is temperature dominated, almost no inversions occur.

Unfortunately in the case of the most important quantity for dynamical
studies, namely the depth of the isopycnals, it is not possible to remove
internal waves by such a simple method. Figure 7.2.2 is therefore a mixture
of the internal wave signal and fromtal baroclinicity. Nevertheless both
sections show similaritles which are unlikely to be due to internal waves.
S0 the upper isopycnals on the warm side are closer to the surface than on
the cold side, which 1s in contrast to the large-scale baroclinicity with
the 1sopycnals sloping up to the cold (fresh) water in the north. This trend
is reversed in the deeper part of the section, where o = 27.0 kg m 3 ig
found only in the cold and fresh region and is outside the fish's range in

the warmer part.

Isopycnal spacing 1s presented in figure 7.2.3 as the depth difference
between successive isopycnals and o = 26.5 kg m~ 3, This should remove most
of the internal wave signal, namely the lowest mode, which moves isopycnals
up and down teogether. The higher modes, though less energetic, are still
present, This plot should at least give an indication of the vortex
stretching (Fischer, Leach and Woods, 1985). The maximum spacing above
o, = 26.5 kg w" % js found at about 50 km from the origin of the sections
accompanied by a wminimum below the reference surface. Strong simllarities

in the isopycnal spacing can be seen in both sections.

In order to illuminate the advantage of isopycnic analysis the temperature
distribution on surfaces of constant pressure is also shown {(figure 7.2.4),

Here the standard surfaces were from 20 m to 80 m being 10 m apart. In this
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diagram the "mixed layer" signal is present in the uppermost surface of 20 m,
and the temperature distribution is due to internal waves as well as frontal
structures. From the mean profiles in chapter 8 the magnitude of the intermal

wave contribution to the observed variability can be estimated.

In order to explore the vertical extent of the observed structures, a
standard CTD section across the region of strongest thermohaline contrast

was made, The station distance was 5 nautical miles and the CTD was lowered

down to 600 m.

Figure 7.2.5 shows the temperature distribution with strong horizontal
gradients even in the deepest part of the section, although the strongest

gradients were found in the top 200 metres.
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the depth where the vertical temperature gradient exceeds
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8. STATISTICS OF THE HYDROGRAPHIC DATA

In this chapter diagrams of mean profiles with their standard deviations
will be shown. A comparison between data averaged on constant density with
data averaged on constant pressure will be made, to show how much of the
observed variability is due to internal waves and how much is due to frontal

processes.

Histograms of salinity, temperature and normalized isopycnal spacing on

surfaces of constant density are also shown.

T-S diagrams are presented to illustrate water mass characteristics,

8.1 Mean and standard deviation profiles

a) Frontal Survey

From the frontal area sections €311 and C312 are again shown., Mean
profiles for the cold and warm side of the front are presented and can
be compared with those from the region of wmaximum thermoclinicity. As
in the series of offset profiles shown in paragraph 6.2 the averaging

intervals were chosen to be 20 profiles (7 — 8 km).

Figures 8.1.1 and 8,1,2 show mean profiles whith their standard devia-
tions of temperature, salinity and density averaged on constant
pressure. The statistical significance of these profiles can be seen
from the mumber of contributions. The variability in these profiles 1is
indicated by their standard deviations, being partly internal wave
induced and partly due to the frontal wvariability. The variability is
strongest at the thermoclinicity maximum and it Is interesting to note
that a well developed mixed layer can only be detected at the warm and
cold side of the front.

In order to remove most of the internal wave signal figures 8.1.3 and
8.1.4 show the set of profiles averaged on constant o - Notice the
remarkable difference in the standard deviations of the 'front' compared
with the other regimes, which means, that there is a very narrow T-8
relationship on both sides of the front with a highly variable transition
zone in-between., As zlready mentioned the thermohaline difference between

these regions is increasing with depth.

For comparison of the internal wave-induced variability with that of the

front, wmean and standard deviation profiles of temperature and salinity
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were averaged along comstant ¢, but plotted versus the mean pressure of
the density layer in question {figures 8.1.5, 8.1.8}. This procedure led
to a reduction of the variability especlially at the cold and warm sides.

Long Sections

Large-scale variability aleng section B1l02 can be seen from a series of
mean profiles and their standard deviations of temperature and salinity
(8.1.7., 8.1.8). Each of the profiles represent the average conditions
for each degree of latitude, beginning just north of the Azores 38° N up
to 55° N. The averaging was performed on surfaces of comstant g to
reduce the internal wave signal, but temperature and salinity are

presented as a function of thelr mean pressures.

Most of the standard deviations of the averaged profiles are larger or
smaller depending on the intensity of eddies and mesoscale fronts in the
latitude interval. Only the averages centred at 46.5°, 48.5°, 50.5° and
51.5° N which include the main branches of the Polar Froat have clearly

larger standard deviatioms and a different slope of the mean profile.

To show the clear differences of regimes regardless of their sitaation
in geographical intervals, four of the selected sets described in
paragraph 6.1 were averaged along isopycnals and presented versus pregsure

in figure 8.1.10 analogous to the mean profiles of the frontal survey.

The low standard deviations in the averages of set 1 and 5 indicate their
situation in isopycnically homogenecus regimes. Set 1 situated in sub-
tropical waters is thermally stronger stratified than set 5 lying in
subpolar water, But the positive salinity gradient in set 1 reduces the
stability, while the negative salinity gradient in set 5 supports the

thermal stratification.

The large standard deviations of set 3 and 4 indicate the high horizontal
variability in the regions of maximum thermoclinicity along the section.
In both profiles they have maxima at about 30 and 50 m. The drastic
decrease at the top of the profiles show how the strong thermoclinicity
in the thermocline is hidden from the surface by a horizontally much wmore

horizontally homogeneous mixed layer.

A clearly distinguishable colder and fresher water mass in the upper 45 m

leads to the bending of the mean profiles.
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Section Bl02 was averaged along constant densities in intervals of 1° of

latitude.

Statistical moments of the 1isopycnic distribution of pressure,
temperature, salinity and the spacing between ¢ = * 0.05 kg m 3 are listed
in tables 8.1.1 - 17 for isopycnals being 0.1 kg m 3 apart.

The uppermost value of any profile was excluded from averaging, to aveid
the contamination of the statistics by values of the mixed layer. Unlike
temperature and salinity where regions of relatively uniform water mass can
clearly be distinguished from regions of varying water masses, the pressure
distribution and the isopycnal spacing do not show obvious correlations

with the hydrographic features.

The variabllity of pressure is greatest near the Azores. In the frontal
reglon it increases only in the lower layers at strong fronts. The spacing

shows some isolated, heavily skewed distributions with high kurtosis,

8.2 Probability distributions on surfaces of constant density

In this section probability distribution functions (PDF) of temperature
(figure 8.2.1), salinity (figure 8.2.2) and pressure (figure 8.2.3) on
surfaces of constant density will be shown. Each PDF represents all data
points in the frontal region on a distinct ot-surface. The number of points
in each window is normalized by the total number of points on that surface.
The PDF's of salinity and temperature show a bimodal structure indicating
the two water wmasses observed in that area. This bimodal structure 1s not
observed in the pressure distribution, furthermore the pressure distribu-
tion is nearly Gaussian, especially on the surfaces op = 26.6 kg m™ 3 and
o = 26.3 kg w3 where the kurtosis 1is around three (table 8.2.1) and the
skewness is very small. PDF's of normalized thickness (spacing between
pairs of isopycnals being 0.1 kg w™ 3 apart) are also shown. To remove the
effect of changes In the mean vertical density gradient, the thickness is
normalized with regard to its mean value (see table 8.2.1). The resulting
PDF's (figure 8.2.4) show a very skewed distribution, up to four times its

mean value.
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8.3 T-5 Diagrams

a) Front Regions

b)

One of the most classic diagrams 1n oceanography 1is that of the T-3
relationship, which again is presented for typical regions named "C",
"F", "W" from sections €311 and C312 (figure 8.3.1, 8.3.2.). The averaging
was carried out along density surfaces and the bars in the figures dencte
standard deviations of typical places in the T-8 domain. The total
range in salinity is 34.5 « 1073 - 35,5 « 1073 and 9 °C to about 15 °C.
Comparing the T-5 diagrams from "C" and "W" it can be seen that the
salinities — as well as the temperatures - are closer to each other above
o = 26.0 kg w3 and deviate more to about o = 26.9 kg m 3, where the
warm side shows z strong salinity maximum. This maximum could also be
detected in the repion of the thermoclinicity maximum. Farthermore the
T-S profile in that region shows strong similarities to that of the warm
side although the thermohaline wvariabiiity, shown by the standard
deviation bars is much stronger at the thermoclinicity maximum. Another
notable feature is the very fresh water in the top layers of the thermo-
clinicity maximum region which can be explained by a phase shift of the
thermoclinicity signal with depth and the very fresh band of water seen
on the cold side of the thermoclinicity maximum in the section plots
(figure 7.2.1).

Long Sections

The same presentation for the four typical sets of the long section BlO2
iz used in figure 8.3.3. In the regions with relatively uniform water
masses, No 1 and No 5, where the standard deviation bars are small, the
density stratification is mainly due to the positive temperature gradient.
The salinity provides in region No 1 a slight reduction of the stability
with its positive gradient and in region No 5 an Increase in stability
with a weak negative gradient. The two examples, chosen from regions with
maximum horizontal temperature and salinity gradients show similarities,
too, The upper part is mainly thermally stratified until a clear increase
of salinity indicates the transition to a different water mass in which
the profile contimies again In nearly wvertical direction. The mixed
layer represented by the uppermost standard deviation bar has a much

lower horizontal variability than the thermocline.
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Table 8.1.1 - 17

Statistics of dependent variables on 1sopycnal surfaces from section B10O2Z,

KOA '81 for one degree intervals.

table 8.1.1: 38° N to 39° N, 26°06" W to 26°40' W
table 8.1.2: 39° N to 40° R, 26°40' W to 27°14' W
table 8.1.3: 40° N to 41° N, 27°14' W to 27°50' W
table B.1l.4: 41° N to 42° N, 27°530' W to 28°25' W
table 8.1.5: 42° N to 43° N, 28°25'' W to  29°01' W
table 8.1.6: 43° N to 44° N, 29°01' W  to 29°38' W
table 8.1.7: 44° R to 45° N, 29°23'*'W to 30°15' W
table B.1.8: 45° W to 46° N, 30°15' W to 30°56' W
table 8.1.9; 46° N to 47° N, 30°56' W to  31°32' ¢
table 8.1.10; 47° N to 48° N, 31°32* w te 32°11' W
table 8.1.11; 48° N to 49° N, 32°11' W to 32°52' W
table 8.1.12: 49° N to 50° N, 32°52' W to 33°33' w4
table B.1.13: 50° N to 51° N, 33°33' W to  34°15' W
table 8.1.14: 51® N to 52° N, 34°153' W to 34°57' W
table B.l.15: 52° N to 53° N, 34°57' W to 35%41' W
table 8.1.16: 53° N to 54° N, 35°41' W to 36°26' W
table 8.1.17: 54° K to 55° N 36°26' W to 37°11' W

»

PRES : Pressure / 10" Pa
TEM1 : Temperature / *C of sensor 1
51 : Salinity x 103 of sensor pair 1

PDIF : Pressure difference / 10% Pa between isopycnals plus and minus
Aoy = 0.05 kg w3 the g~surface in question.



table

Surface

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Bigmat =

Sigmat =

Sigmat =

Sigmat =

8.1'1

25.500

25.600

25.700

23 .800

25.900

26 .000

26.-100

26.200

26.300

26 .400

26.500

26 . 600

a
-

Parameter

PRES
TEM1
5 1
PDI¥

PRES
TEME
5 1
POIF

PRES
TEMI
5§ 1
EDIF

PRES
TEME
5 1
PDIF

PRES
TEM1
5 1
PODIF

PRES
TEM1
5 1
PRLIF

FRES
TEMI
5 1
PDEIF

FRES
TEM1
5 1
PDIF

PRES
TEML
s 1
POIF

PRES
TR
8 1
PDIF

PRES
TEML
s 1
PRIF

PRES
TEMIL
s 1
POIF

38° N to 39° N

Mean

13.060
20,320
36.077

4.090

21.970
19.890
36.061

2.650

24.380
19.450
36.040

2.630

26.720
1%.020
36.024

2.340

29.140
18.580
36.008

2.580

31.930
18.150
35.998

3.200

35.120
17.730
35.991

3.740

39.110
17.300
35.987

4.370

43.390
16.870
35.980

5.750

50.070
16.440
35.979

8.400

58.310
16.000
35.977
10.300

66.610
15.540
35.971
14,850

Minimum

4.3%90
20.180
36.030

0.430

6.060
19.780
36.021

0.380

8.240
19.320
35.995

0.370

9.930
18.870
35.973

0.240

11.350
1B.41¢
35.953

0.240

12.610
17.970
35.93¢9

0.380

13.810
17.510
35.922

0.440

15.150
i7.160
35.941

0.380

17 .250
16.670
35.921
0.65¢

27.900
16.1%0
35.903

0.940

37 .860
13.760
35.905
1.310

51.188
15.280
35.895

3.530

...91_

Maximpuw

45.540
20.480
36.135
36.190

48.440
20.160
36.154
18.120

57.480
19.81¢
36.161
14.790

63.580
19,380
36.146
13.870

71.880
18.830
36.090
10.990

73.030
18.330
36.056
11.900

74.680
17.900
36.047
19.290

75.370
17.470
36.040
17.220

70.570
17.020
35.027
20.89%90

76,430
16.590
36.025
26.080

80.090
16.140
36.018
31.710

80.810
15.720
36.024
30.950

Skewness Kurtosls

26°06t W
St.Dev.
7.90Q 0.490
0.082 0.572
0.029 0.573
4.922 4.297
8.8%0 0.505
0.084 0.807
0.029 0.815
2.337 2.840
9.380 0.492
0.085 1.123
0.029 1.135
2.025 1.861
5.780 0.50)
0.082 1.327
0.028 1.349
1.851 2.870
10.220 0.492
0.069 Q.741
0.023 0.759
1.819 1.667
10.590 0,408
0.062 0.427
0.020 0.444
2.023 1.313
10.700 0.31
0.05%8 0.3986
0.019 0.403
2,407 2.036
10.620 0.22%
0.058 0.037
0.D18 0.044
2.922 1.581
10.540 0.066
0.058 0,408
0.018 ~8.396
3.282 1.420
9.720 0.234
0.0706 -~1.325
0.021 =1.3H4
5.167 1.049
8.590 ~£.041
B5.082 ~1.093
0.024 =-1.084
5.584 1.066
6.230 -0.096
o.100 ~-1.197
0.029 ~1.187
&.612 0.563%

to  26°40' W

3.056
1.786
1.787
25.360

2.876
2.712
2.711
14,900

2.869
4.007
4.041
8.130

2.982
5.598
5.682
14,580

3.196
3.712
3.759
6440

2.911
3.252
3.2486
4.750

2.917
3.449
3.443
10.410

2.935
3.222
3.219
6.000

2.886
4.141
4.13%
6.260

2,746
5.229
5.199
3.790

2.245
3.902
3.882
4.350

.31
3.89
3.881
2.720

Datapoints

176.
i76.
176.

83.

245.
245.
245.
238.

265.
265.
2B5.
261.

270.
270.
270.
268,

270.
270,
270.
270.

272.
272.
272.
272.

273,
273.
273.
272,

273.
273.
273.
271.

265.
265.
265.
261.

753,
253.
253.
240.

222,
222,
222.
180.

111.
Iii.
ili.

.
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table 8.1.2: 39" N to 40° N, 26°40' W to  27°14' W
Surface Patameter Mepn Mintmum  Maxlwem St.Dev. Skewness Kurtosis Datapoints
Sigmar = 25.400
PRES i7.800 6.020 33.940 4.862 0.170 3.122 133.
TEMI 20.540 20,290 20,690 0.135 -0.555 1.601 133,
5 1 36.025 395.934 36.077 0.048 -0.555 1.602 133.
PDIF 1.740 0.373 5.780 1.400 1.351 3.900 37,
Sigmat = 25.500
PRES 20.980 5.040 38.39¢ 5.578 -0.222 3.032 268.
TEM1 20.13%0 19.850 20.460C 0.151 -0.4Q7 1.577 268.
S it 35.012 35.913 36.125 G.053 -0.405 1.577 268.
PDIF 2.350 0.373 11.800 1.501 2.212 13.640 265.
Sigmac = 25.600
PRES 22,610 6.230 40.220 5.663 -0.247 3.092 269.
TEM1 19.700 19.420 19.950 C.146 -0.213 1.610 269.
5 1 35.985 35.89% 36.081 0.050 ~0.208 1.609 269.
PDIF 1.640 0.383 6.860 0.97L 1.992 9.450 268,
Sigmat »~ 25.700
PRES 24.440 6.6%0 53.810 5.836 ~0,220 31.346 270,
TEML 19.260 18.970 19.600 0.1435 =0.201 1.841 270.
5 1 35.973 35.876 36.089 0,049 -0.193 1.844 270.
PDIF 2.070 0.460 7.620 1.246 1.499 5.650 269.
Sigwar » 25.800
FRES 26.630 8.310 464,910 5.974 -0.227 3.085 271.
TEML 18.830 i8.530 19.100 0.139 ~0.209 1.849 271.
5 1 35.961 35.860 36.051 0.046 =-0.203 1.847 271,
FDIF 2.3%0 0.527 7.240 L.235 0.802 3.220 Z71.
Sigmat = 25.900
FRES 2%.250 it.110 48.730 6.003 =0.076 3.084 271.
TEM] 18.410 18.130 18.700 G.132 ~0.255 2.061 271.
5 1 35.953 33.860 36.047 0.043 -0.246 2.063 271,
POIF 2.910 0.405 11.030 1.567 £.708B B.140 27%.
Sigmat = 26.000
FRES 32,440 12.730 51.450 6.011 -0.104 3.188 271,
TEMI 17.980 17.720 18.300 0.135% -6.107 1.922 271,
5 1 35.944 35.860 36.046 G.044 -0.099 1.925 27i.
POIF 3.390 0.572 11.560 1.968 1.567 5.400 271.
Stgmac « 26,100
PRES 35.920 1%.6%0 54.430 5.289 0.055 3.182 27t
TEM1 17.5%0 17,300 17.870 D.138 0.094 1.750 271,
5 1 35,935 35.857 36.0% 0.G44 0.100 1.75& 27L.
POIF 3.640 0.614 12,180 2.232 1,379 4.820 271.
Sigmr « 26.200
PRES 39.930 18.470 61.080 7.056 ¢.133 2.944 270.
TEM] 17.120 16.870 17 .460 0.155 0.113 1.673 270.
s 1 35.930 35.852 36.038 0.049 D.121 1.678 270.
PDIF 4.810 1.074 18.590 2.434 1.398 6.690 270,
Sigmat = 26.300
PRES 43.170 26.410 71.240 7.337 0.302 3.271 268.
TEM1 16.710 16.440 17.070 0.164 0.175 1.731 268.
s 1 35.931 35.850 36.0435 0.051 0.182 1.738 268.
POIF 5.340 1.501 20.650 2.865 1.81% 1.8% 266.
Sigmat = 26.400
FRES 51.080 31.950 75.790 7.174 0.593 3.571 263.
TEM) 16.290 16.010 16.660 0.170 0.178 1.599 263.
5 1 35.93) 35.8%1 36.046 0.052 0.184 1.604 263.
PDIF 6.940 1.586 17.940 3.010 0.878 3.560 257.
Sigmat = 26,500
TRES 58.050 38.330 75.560 6.944 0.252 2.815 250.
TEML 15.870 15.600 16.210 0.165 0.124 1.467 250.
s 1 35.937 35.857 36.041 0.049 0.12% 1.46% 15G.
FDIF B.640 1.414 18.880 3.2% 0.529 3.130 226.
Sigmat = 26.600
PRES 66,160 51.160 79.720 5.771 ~0.127 2.504 190.
TEM? 15.420 15.190 15.7%0 0.164 0.321 1.580 190.
s 1 35.93% 35.869 36.044 0.048 0.326 1.588 190.

PDIF 11.770 4.809 27.510 3.888 0.929 4.360 115.



table 8.1.3

Surface

Sigmat =

Sigmar =

Sigmar =

Sigmat =

Siguwat =

Sigmat =

Sigmat =

Slgmst =

Sigmat w

Sigwar =

Sigmat =

Sigmat =

25.500

25.600

25.700

25.800

25.900

26 .000

26.100

26.200

26.300

26.400

26.500

26 .600

-
-

Parametet

PRES
TEM1
5 1
POIF

PRES
TEML
5 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEML
5 1
BDIF

FRES
TEM1
5 1
POIF

PRES
TEM1
5 1
EDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
s 1
PDIF

FRES
TEM1
5§ 1
FDIF

PRES
TEML
5§ 1
BDIF

- 93 -

40° N to 41° N,

Mean

21.160
20.040
35.981

2.410

23.270
19.630
35.970

2.210

25.760
19.210
35.957

2.410

28.120
18.800
35.949

2.480

3o.770
18.370
35.938

2.860

33.860
17.940
35.931

3.100

36.890
17.510
35.923

3.140

39.850
i7.080
15.917

3.370

43.970
16.650
35.914

4.790

49.070
16.220
35.912

5.790

54,880
15.780
35.910

6.940

82.540
15.31Q
35.904

4.700

Minlmum

B.660
19.940
35.945

0.360

9.830
19.470
35.915

0.360

11.700
19.060
35.907

0.360

£2.720
18.640
35.898

0.620

13.67Q
18.150
35.868

0.640

14.870
17.7%0
35.859

0.400

16.180
17.400
35.887

0.640

17.610
16.940
35.873

0.650

24.590
16.560
35.886

0.9%0

30.090
16.150
35.890

1.040

33.570
15.700
35.888

2.210

43,650
15-200
35.871

Z.160

Maximumn

38.910
20.220
36.043
13.200

41.980
19.7%0
36.024

%.030

45.020
19.330
35.999
10.050

46 .470
18.970
36.008
7.390

il.a60
18.480
35.974
11.790

53.780
18.060
35.%68

8.720

57 .090
17.610
35.954
10.870

59.840
17.180
35.948

9.300

63,000
16.730
35.9%%
14,300

57.070
16,300
35.936
20.850

72.190
15.880
35.93¢%
18.460

78.930
15.520
35.963
27 .560

Skewness Kurtosis

27°14' W
Sc.Dev.
5.482 0.297
0.047 0.007
0.016 0.009
1.736 3.106
5.573 0.295
0.04% ~.111
4.017 ~0.110
1.401 1.38%
5.868 4.275
0.054 ~0.428
0.018 -0.418
1437 1.637
6.14b ¢.237
0.053 ~0.313
0.018 -0.300
1.386 1.157
6.582 g.157
0.051 -1.101
0.017 ~1.089
L.600 1.417
&.966 0.130
0.045 -1.22%
0.014 -1.217
1.634 1.000
6.959 0.114
0.036 -0.710
0.011 ~3.700
1.633 1.265
6.918 0.063
0.033 ~(0.717
0.010 ~0.707
1.846 0.945
¥.294 0.032
a.026 0.019
0.008 0.025
Z.66% 1.200
1.153 0.028
0.024 0.005
0.007 0,009
3.355 1.318
T.4583 -0.19%
0.033 0.236
3.010 0.240
3.206 1.167
71.963 ~0.370
0. 048 0.851
0.0L4 0.561
3.712 1.146

to

27°50° W

3.048
3.238
3.253
16.450

3.139
3.155
3.168
5.330

iare
2,902
2.898
7.290

3.017
3.7523
3.749
4.100

3.068
5.112
5.081
6.6460

3.153
5,952
5.89¢6
3.610

3.274
4.314
4.298
5.400

3.208
5.111
5.196
3.62G

2.807
4.088
3.934
4,400

2.795
3.541
3.827
5.480

2.631
3.488
3.485
4,180

2.44)
4.877
4.913
6.370

Datapointe

248,
248,
248.
231.

248,
248,
248.
248.

248.
248.
248.
248,

248,
248.
248,
248,

248.
248.
248,
248.

247.
7.
47 .
247.

247 .
247.
247,
246,

245,
2h5.
245,
243,

245,
245,
245,
243.

243,
263,
243,
237,

228.
228.
218.
220.

205.
205.
205.
148.



table

Surface
Sigmat =

Sigmat »

Sigwat =

Sigeat =

Sigmmr =

Siguat «

Sigunr =~

Sigmat =

Sigmat =

Sigmat »

Siguar =

Sigmt =

Sigmat ~

8.1.4

25.500

23.600

25.700

25.800

15,9300

26 .000

26.100

26.200

26 .400

26.500

26 .600

.
.

Parame ter

PRES
TEML
s 1
PDIF

PRES
TEM1
5 1
EDIF

PRES
TEML
$ 1
PDOLF

PRES
TEML
5 1
FDIF

PRES
TEM]
s 1
PDIF

FRES
TEM]
51
PDIF

PRES
TEM!E
51
POIF

PRES
TML
s 1
POIF

PRES
TEML
s 1
PDIF

PRES
TEML
$ 1
PDIF

PRES
ML
s 1
PDIF

PRES
TEH
s 1
(41104

PMRES
TEM1
5 1t
POIF

- 94 —

41° N to 42° N,

Mean

17.890
19.260C
35.951

2.68C

20.460
1%.510
35.927

3.000

23.5%0
19.0%0
35.917

2,930

26.250
18.670
35.906

1.900

29.200
1B.250
35.89¢9

1.880

32.170
17.820
35.892

3.3%0

35.850
17.390
35.084

3.900

39.790
16.950
35.877

4.020

44.090
16.520
35.873

4.810

48.930
16.0%0
35.873

5.680

54.720
15.640
35.869

7.380

60.860
15.180
35.0864

9.710

68.440
14,700
35.858
15.480

Minfmum

5.260
19.740
35.876

0.605

4.369
19.250
35.840

0.735

9.720
18.790
35.816

0.621

13,110
i8.380
35.810

0.566

16.810
17.980
35.81)

0.560

16.020
17.560
35.80%

0.574

18.4720
i7.140
35.805

0.670

21.520
16.670
35,19

0.781

6.230
16.270
35.797

0.755

28.920
15.760
35.782

0.724

33.380
15.340
35.782

2.316

39.330
14.880
35.779

1.99%

49.000
14.410
35.777

2.982

Maximem

39.830
20.18¢
36.028
16.520

42.900
19.720
35.999
16.580

49,250
19.310
35.990
10.630

53.780
18.880
35.976
11.770

58.400
18.510
35.984

8.060

61.370
18.100
35.982
10.810

63.900
17.620
35.957
12.900

67.560
17.190
35.953
17.89%¢

70.300
16.800
35.959
15.160

73.360
16.370
35.958
18.700

.2
15.980
35.96%
18.600

76.270
15.520
35.964
24.950

80.160
15.040
35.953
24,750

27°50' W
St.Dev. Skewness
5.881 0.949
0.109 ~0.135
Q.038 =-0,132
1.948 2.663
6.598 0.950
0.122 ~G.187
0.042 -0.183
2.067 2.750
7.629 1.143
0.134 ~0.299
0.045 «0.2%4
1.859 1.533
71.995 1.123
0.1432 —(.256
0.047 ~0.252
1.702 1.715
8.398 1.051
Q.142 -0.195
0.046 -0.190
1.535 1.231
8.763 1.026
0.147 ~0.139
4.047 ~0.134
1.933 1.264
8.799 0.79%
G.i42 -0.065%
0.045 ~0.061
2.340 1.115
9.124 0.595
0.148 ~0.021
0.046 ~3.018
2.425 1.793
9.210 0.675
p.158 0.023
0.048 G.027
2.553 0.857
9.063 0.5%92
0.161 ~0.053
0.048 ~0.04B
3.531 1,120
9.154 0.2136
0.169 0.087
0.050 0.093
3.325 0.905
8.059 ~0.487
o.170 0.380
0.049 0.388
4.259 Q.981
71.666 ~0.862
0.153 G.3%1
0.043 0.359
5.710 ~0.262

to 28°253' W

Kurtosis

3.990
1.833
1.834
14.690

3.627
1.755
1.752
14.620

4.006
1.806
1.302
5.740

3.960
1.755
1.752
7.210

3.894
1.602
1.601
4.650

3.972
1.520
1.519
4.770

3.562
1.429
1.429
3.920

3.03%
1.373
1.374
8.040

3.238
1.371
1.373
3.660

3.240
1.505
1.504
3.57¢

2,939
1.588
1.588
3.670

2.749
1.B42
1.849
4.100

2.943
1.822
1.830
2.150

Batapoints

248.
248.
248.
243.

249.
249,
249,
249.

249.
249.
249.
248,

248,
248.
248.
248.

247 .
247.
247.
247 .

247 .
247 .
247 .
247 .

246 .
246.
246.
246.

246.
246.
246.
246.

246,
246.
246.
245,

241,
241.
241.
235.

177,
217.
227,
213.

183,
18%.
189.
157.

103.
103,
103.

30.



table 8.1.5:

Surface
Sigmat = 25.300

Sigmat = 25.400

Sigmat = 25.500

Sigmat = 25.600

Sigmat = 25.700

Sigmat = 25.800

Sigmat = 25.900

Sigmat = 26.000

Sigmat = 26,100

Sigmat = 26.20Q0

Sigmat = 26.300

Sigmat = 26.400

Sigmat = 26.300

Sigmat = 26.600

Sigmat = 26.700

Parameter

PRES
TEM]
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
g 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
s 1
POIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
5 1
POIF

PRES
TEHL
§ 1
POIF

FRES
TEMY
5 1
POIF

PRES
TEML
s 1
POIF

PRES
TEHL
5 1
FDIF

PRES
TEM]
5 1
roIF

PRES
TEML
§ 1
FDIF

FRES
TEMI
s 1
PDIF

- 95 -

42° N to 43° N,

Mean

13.320
20.820
35.993

7.3%0

15.740
20.380
35.968

3.780

18.000
19.970
35.955

2,560

20.260
13.550
35.942

2.710

23.110
19.140
35.935

2,880

25.970
18.740
35.930

2.820

28.940
18.340
35.929

2.8%0

3L.630
17.920
35.924

2.830

34,650
17.500
35.919

3.420

3B8.520
17 .080
35.916
4.380

43.060
16.640
5.912

4.910

48 .810
16.220
35.913
7.3130

55.060
15.780
35.911

8.910

63.510
15.290
35.898
12.2%0

70.31¢
14.750
3s.8n
22,310

Minimum

5.110
20.680
35,942

L.920

3.500
20.240
35.919

0.670

5. 210
19.810
35.901
0.680

6.250
19.3%90
35.587

0.710

8.880
18.970
35.876

0.700

10.510
18.550
35.868
0. 540

i1.800
18.1640
3%.863

0.520

16.440
17.640
35.832

0.580

18.610
17.240
35.838

0.650

19.840
16,710
35.81%

0.960

22.160
16.310
35.809

1.160

25.750
15.910
15,820

1.580

32.310
15.530
35.837

3.790

42.810
15.080
35.8%7

4.640

55.940
14.670
33.850
19.660

Maximum

27.580
21.090
36.088
16.380

30.L50
20.680
36.074
14.700

32.560
20.300
36.071
12,580

36.020
19.880
36.056

7.990

41.700
19.500
36.057
12.450

47 .080
19.090
36.048
14.4%0

55.900
18.680
36.03%
14.830

60.110
18.260
36.032

8.880

64.340
17.830
36.025
10.310

68.950
17 .400
36,016
13.600

74.030
165.970
36.013
16.350

78.360
16.520
36 .004
17.210

76.890
16.100
36 .006
22,140

81.920
15.620
35.99%2
19.910

80.09G
15.880
35.908
26.850

Skewmness FKurtosis

28°25' W
S5t.Dav.
5.030 0.758
0.108 1.307
0,03y L.3tt
3,552 0.439
5.450 0.435
0.098 1.426
0.035 1.432
2,447 .40
5.740 0.465
0.103 1.534
0.036 1.541
1.523 2.598
5.870 0.452
0.104 1.366
.03 1.376
1.433 1.219
6.260 0.361
0.108 k.089
0.037 1.103
1.874 1.768
7.290 0.606
0.117 0.874
0.039 0.884
2.001 2.211
8.180 0.71%
0.132 0.740
0.044 0.750
1.894 2.209
B8.420 0.748
0.154 0.561
0.050 0.570
1.521 0.935
9.050 0.844
0.165 0.557
G.052 0.565
1.747 0.89%
3.070 0.871
0.177 0.417
0.0%5 Q.4 24
2.419 1.155
10.190 0.722
0.195 0.271
0.060 G.276
2.992 1.176
10.570 0.377
0.208 0.207
0.063 0.211
3.4564 0.663
9.520 ~0.059
0.216 0.279
0.064 0.282
3.21) 1.183
8.200 ~0.484
G.191 0.695
0.056 0.699
5.002 1.181
5.850 -0.329
0.05%9 0.788
0.017 a.78%
2.513 0.722

to

29°01"' W

3.115
1.426
3.430
2.760

2.709
4.582
4.600
5.350

2.633
4.739
4.760
14.150

2.762
4.8%4
4,840
4.230

2.839
4.242
4,280
7.280

3.44%
3.284
3.310
10.300

3.828
2.810
2.830
11.410

3.794
2.246
2.250
3.780

3.941
2.051
2,060
3.650

4.119
i.813
1.820
4,240

3.368
1.498
1.500
4,220

2.906
1.37¢
1.380
3.130

2.591
.29
1.290
&.870

2.715
1.763
1.770
4.750

2.201
1.945
1.9%0
1.036

Datapointa

99.
99.
5.
.

177,
177,
i77.
146.

190.
190.
150.
187.

195.
195.
195,
193,

195.
195,
195,
195.

195,
19%.
195.
195.

195.
195.
195.
195,

195.
195,
195.
195.

195.
195.
195.
195.

194,
1%4.
194.
194,

194.
194,
i9%4.
193.

i89.
189.
189.
i84.

173.
173.
173,
158.

135,
135,
135.

%0,

48.
48.
48.

6.



table

Surface
Sigmat =

Sigmat =

Sigmat =

Sigmatr =

Sigmat =

Sigmat «

Sigmat =

Siguay =~

Sigmat =

Sigmt =

Sigmat =

Sigmat =

Sigmat «

Sigmar »

8.1.6:

Farameter

25.400

25.500

25.600

25.700

25.800

25.900

26 . 000

26.100

26.200

26.300

26 .400

26.500

26 .600

26.700

PRES
TEM]
5 1
PDIF

PRES
TEM1
5 1
POIF

PRES
TEML
51
FOIF

FRES
TEML
§ 1
PDIF

FRES
TEML
s 1
PDIF

PRES
TEKL
5 1
POIF

FRES
TEML
5 1
PDIF

PRES
TEXL
5 1
PDIF

PRES
TEX]
$ 1
PDIF

PRES
TEML
s 1
FDIF

PRES
TEM]
s 1
PDI¥

PRES
TEM®]
5 1
PDIF

PRES
TEM)
s 1
POIF

PRES
TEMI
51
PDIP

43° N to 44° N,

Mean

12,080
20.280
35.933

2.290

i3.770
19.850
35.915

1.810

15.650
19.420
35.898

2.230

18.120
12.000
35.887

2,650

20.710
18.600
35.883

2.720

23.230
18.200
35.884

2.500

25.780
17.790
35.880

2.580

8.410
17.370
35.877

2.720

31.410
16.940
35.873

3.320

34599
16.520
35.873

3.980

39.660
16.080
».an

6.000

47.020
15.640
35.8N1

8.140

35.970
15.200
35.870
11.210

68.710
14.800
35.884
19.430

Minimum

4640
20.060
35.8%5

0.270

3.390
19.570
35.818

0.460

5.440
19.220
35.829

0.290

7.840
18.760
35.808

0.550

10.260
18.380
35.812

0.550

11.050
17.980
35.813

0.470

13.320
17.620
35.828

0.600

16.760
17.17¢
35.816

0.580

19.330
16.750
35.314

0.390

22.290
16.2%0
35.803

1.170

27.79
15.900
35.815

1.300

n.790
15.470
35.821

2.510

40.450
15.030
25.821

31.980

33.360
14.590
35.826
11.210

Maxinum

21.670
20,500
36.010
13.39¢

24.030
20.160
36.000

6.450

25.530
19.720
36.001

8.970

31.520
19.230
35.963

8.540

35.650
18.780
35.944
10.600

37.010
18.400
35.950

7.540

40.600
18.060
353.967

6£.810

&41.640
17.650
35.966

9.100

4£8.510
17.110
35.925
10.830

54.840
16.730
35.940
10.590

55.970
16.240
35.519%
21.720

62.130
15.820
35.922
18.760

17.620
15.400
35.929
24.370

80.300
15.010
35.946
29.69¢C

Skewness Kurtosis

29°0L W
S:.Dev.
3.309 Q.37
0,08% -0.628
0.028 -0.621
1.818 2.735
3.526 0.322
0.089 ~0.407
0.031 -0.396
1.049 1.714
4.076 0.345
0.097 =-0.061
0.033 ~0.048
1.272 1.533
4.528 0.368
0.099 =0.320
0.033 -0.314
1.472 1.503
4.894 0.336
0.097 -0.327
0.032 -0.321
1.447 1.606
5.439 0.279
0.031 -0.149
©6.030 -0.144
1.306 1.159
5.564 0.243
0.089 0.030
0.029 0.038
1.269 0.758
5.612 0.158
0.037 0.114
0.031 0.123
1.448 1.457
5.768 0.151
0.082 -0.150
0.026 ~0.144
1.655 1.309
6.028 0.099
0.086 —0.172
0.026 -0.166
1.851 g.872
b6.261 0.038
0.080 ~0.383
0.024 =0.377
3.473 1.805
6.99% ~0.148
0.075 -(.228
0.022 ~0.220
.91 0.713
6.943 0.013
0.078 ~0.215
0.022 —0.207
1.789 0.947
5.761 ~0.203
0.084 ~0.465
0.024 ~0.454
5.932 0.33

to 29°38' W

2.876
3.083
3.087
14.0670

3.022
3.08%
3.085
6.740

2.5713
2.925
2,951
6.740

2.722
2.103
2.10&
5.730

2.787
2.103
2.099
B8.240

2.556
2.192
z2.192
4.680

2.490
2.7298
2.302
3.300

2,272
2.205
2.214
5.820

1.547
2.066
2.064
5.000

2.469
2.233
2.232
3.740

2.238
2.35%%
2.3435
7.160

2.226
1.540
2.538
3.5%90

2.627
2.516
2.518
4.020

2.414
3.190
3.185
2.450

Datapoints

214,
214.
214.
139,

225.
224.
224,
222,

229.
223,
229.
228.

232.
232,
232.
230.

235.
235.
235.
233,

236.
236.
236.
236.

236.
236.
236,
236,

236.
236.
236.
235,

236.
236.
236.
236.

237.
237.
237.
237.

237,
237.
237.
236.

215.
235.
235.
234,

231,
231.
231.
214.

164.
164.
164.

42,



table

Surface

Sigmat =

Sigmat =

Signat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

8.1.7:

Parame t-:er

25.500

25.600

25.700

25.800

25.900

26.000

26.100

26.200

26.300

26.400

26.500

26.600

26.700

PRES
TEMI
3 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEML
5§ 1
POIF

PRES
TEMI
5 1
PDIF

PRES
TEML
5 1
PDLF

PRES
TEML
s 1
PEIF

PRES
TEML
5 I
PDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
§ 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEML
S 1
PDIF

FRES
TEM1
s 1
POIF

PRES
TEM]
5 1
POIF

- 97 -

44° N to 45° N,

Mean

11.750
19.700
35,864

1.600

11.070
19.140
35.804

1.510

12.330
18.710
35.792

1.660

13.880
18.290
35.782

1.890

16.170
17.870
35.776

2.670

i9.180
17.450
35.772

3.500

23.340
17.030
35.773

5.090

28.900
16.620
35.775

5.560

34.320
16.200
35.776

5.130

38.710
15.760
35.776

3.980

41.010
15.300
35.770

5.220

49.450
14.840
35.769

8.59%0

59.310
14.360
35.763
13.180

Mindmum

3.250
19.220
35.699

0.350

54.170
18.810
35.691

0.310

4.340
18.330
35.663

0.350

5.070
17.8320
35.630

0.360

7.010
17.400
35.625

0.430

B.760
16.890
35.598

0.540

12.890
16.470
35.598

0.610

17.19¢
16.220
35.651
G. 560

19.220
15.900
35.688

0.460

22.420
15.420
35.676

1.010

26.450
14.980
35.679

1.020

30.150
14.460
35.661

2.310

\.210
13.970
35.651

4.640

Maxinum

20G.220
19.940
35,946

7.870

21.370
19.570
35.949

4.450

22.2%0
19.140
35.935

5.360

24.020
18.810
35.954

5.680

30.440
18.190
35.878
14040

35.410
17.910
35.919
10.360

39.550
17.510
35.923
14.760

48.020
17.150
35.938
17.640

51.000
16.7%0
35.943
15.480

35.580
16.340
35.948
11.070

63.490
15.920
15.953
20.910

71.020
15.470
35.9%
2L.790

78.590
14.910
35.917
28.390

29°23' W
St.Dev. Skewnese
3.195 0.196
0.168 ~1.321
0.058 -1.309
1.390 2.514
3.274 0.352
0.172 0.195
0,058 0.208
0.845 1.322
3.517 0.391
0.165 0.134
0.05%5 0-152
0.941 1.038
2.863 0,382
0.174 0.115
0.557 0.133
1.044 0.858
4.730 0.554
0.174 ~3.036
0.056 -0.025
2.060 2.497
5.832 G.617
0.189 0.189
0.060 0.206
1.9%1 1.188
6.198 0.465
0.195 0.261
Q.061 0.282
2.700 1.058
6.127 06.252
0.185 0.447
0.057 0.464
1.249 0.903
6.121 -0.106
0.181 0.738
0.05% 0.750
3.007 3.999
6.715 0.060
Q.201 0.6%
0.060 0.70%
1.687 1.032
7.0t G.118
0.219 0.632
0.064 0.642
2.9h 1.7641
8.112 ~0.011
0.236 0.474
0.067 0.4B2
4.21% 0.9%%
9.395 ~0.131
0.242 0.606
0.068 0.613
%.081 0.5%0

to 30°153' W

Kurtosis

3.403
4.055
4.030
10.380

2.715
2.164
2.160
4.670

2.544
2.485
2.480
4.040

2.467
2.941
2.940
3.330

2.744
2.439
2.420
11.540

2.53%
2.567
2.550
4.350

2.017
2.780
2.720
4.340

2.466
2.648
2.650
1.540

2.617
2.553
2.570
31.530

1.812
2.3%
2.350
4.520

2.71%
2.052
2.070
8.210

1.438
1.708
1.720
3.380

2.20%
1.797
1.800
3.560

Datapoints

68.
68,
68,
A7,

203,
203.
201.
146.

M.
231,
M.
227.

237,
237,
237.
23%.

238.
238.
238,
238.

239,
239.
239.
239.

239,
239,
239,
239.

239,
239.
239.
239.

239.
239.
239.
238,

238.
236.
238.
238.

237.
237.
237.
237.

236.
236.
236.
232,

216.
216.
216.
157,



table §.1.8

Surface

Sigmat =

Sigmat =

Sigmat =

Sigwat =

Sigmat =

Sigmr =

Sigmat =

Sigmt =

Sigwst ~

Sigwat =~

Sigmat »

Sigmat =

Sigwet =

25.500

25.600

25.700

45.800

25.900

26 .. 000

26.100

26.200

26.300

26.400

26.300

26 .600

2.700

»
H

Parameter

PRES
TEM1
5 1
PDIF

PRES
TEME
5 1
EDIF

PRES
TEM]
5 1
PDIF

PRES
TEML
8 1
FDIF

FRES
TEML
5 1
PDIF

PRES
TEML
s 1
POIF

FRES
TEH]
s 1
PDIF

FRES
TEM1
s 1
POIF

FRES
TEM]
5 1
FDIF

PRES
TER]
s 1
PDIF

FRES
TEK1
5 1
FOIF

PRES
TENL
5 1
FDIF

FRES
TEM1
s 1
FDIF

- 9§ -

45° N to 46° N,

Mean

15.150C
19.580
35.820

1.20Q

16.07¢
13,160
35.809

1.57¢

17.980
i8.730
35.797

2.2%0

20,600
18.360
35.80%

2.930

23.630
18.010
35.820

3.120

27.160
17.670
35.841

h.2%Q

31.660
17.300
35.856

3.600

34.710
16.890
35.859

2.910

37.450
16.490
35.884

3.030

40.910
16.060
35.866

4.060

A6 . 440
15.640
35.86%
7.540

$6.150
15.1%0
35.869
12.920

70.700
14.830
35.8%3
14.3720

Hinimum

8.300
19.420
35.766

0.330

9.290
18.890
35.721

0.410

10.280
18.4%0
35.717

0.410

11.18¢
18.050
3%.705

0.570

14.410
17.620
35.6%6

0.680

16.310
17.210
35.697

0.480

22,560
16.520
35.615

0.370

23.620
16.280
35.672

0.670

25.470
i6.050
3590

0.700

19.960
15.740
35.768

0.360

35.430
15.360
35.708

1.270

£3.8%90
13.010
35.817

4.620

57.870
14.610
35.832

9.490

Maxizmem

24,240
19.770
35.888

7.270

25,800

" 19.430

35.909
8.120

26.280
19.140
35.936

9.170

29.460
18.620
35.891
10.580

34 .680
18.1%0
35.880
1G.040

38.060
17.910
35.921
22.600

45.260
17,5060
35.918
12.070

51.830
17.080¢
35.916

9.280

53.160
16.740
35.943

8.010

57.980
16.300
35.936
10.800

60440
15.89¢
35.945
15.920

68.640
15.500
35.958
21.950

32.000
15.15¢
35.987
18.770

30°15' W
St.Dev. Skewnese
3.236 0.077
0.07% 0.141
0.024 0.145
0.797 3.502
3.269 0.181
0.0%1 0.482
0.031 0.497
1.116 2.379
3.421 -0.0749
0.103 g.721
0.034 0.739
1.423 1.078
4.075 -0.098
0.100 -0.205
3.433 ~0.189
1.712 1.831
4.288 0.091
0.103 -1.276
¢.033 -1.258
1.677 1.254
4.017 0.101
0.098 -i.225
0.031 -i.202
3444 1.204
4.197 0.454
¢.122 ~2.568
0.038 ~2.504
2.619 1.230
4.504 0.388
0.116 ~1.815
0.036 ~1.775
1.415 1.344
4,611 . 247
0,103 ~0.723
0.032 -0.70%
1.392 4.819
& 461 G.296
0.112 ~0. 304
0.034 ~-0.288
1.847 0.708
4.016 0.25%5
G.125 6.324
0.037 0.334
3.170 0. 270
4.588 =0.076
0.128 0.929
0.037 0.937
3.478 G.103
4.546 ~0,291
0.165 0.613
0.047 0.619
2.132 -0.370

to 30°56' W

Xurtosis

2.464
2.480
2.480
23.380

2.435
3.610
3.610
11.030

2.234
3.950
3.990
4.580

2.029
3.490
3.46Q0
7.730

2.372
5.620
5.560
4.570

2.773
6.770
6.670
10.590

3.537
16.430
15.930

4.120

3.870
9.800¢
9.560
5.610

3.508
5.000
4.920
3.370

3.674
3.350
3.320
3.360

3.403
2.380
2.340
2.440

1.687
2.6%0
2.700
2.760

2.738
1.870
1.88¢
3.040

Datapoints

191,
191.
191,
167,

216.
216.
216.
216.

216.
216.
2L6.
216.

2i6.
216.
Z16.
2i6.

2i6.
216.
216.
216.

217.
217.
217.
217.

217.
217.
217.
217.

7.
217.
217.
217.

217,
217.
2i7.
217,

nr.
217,
217,
217,

237,
217,
.
I15.

213,
213.
213.
204.

i31.
iil.
131.

9.



table 8.1.9:

Surface

Sigmar =

Sigmat =

Sigmat =

Sigmat =

Sigmat *=

S5igmat =

Sigmat =

Sigmat =

Sigmatr =

Sigmat =

Sigmat

Sigmat

Sigmar =

Sigmat ~

Sigmat =

25.500

25.600

25.700

25.800

25.900

26.000

26.100

26,200

26,300

26.400

26.500

26 .600

26.800

26.900

Parameter

PRES
TEM1
s 1
PDLF

PRES
TEM1
5 1
POIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
§ 1
POIF

PRES
TEM1
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
5 1
PDIF

FRES
TEM1
5 1
POIF

PRES
TEM1
5 1
PDIF

PRES
TEML
s 1
PDIF

PRES
TEM!
5 1
POIE

PRES
TEML
5 1
FDIF

PRES
TEM1
s 1
PDIF

PRES
TEXL
s 1
POIF

- 99 -

46° N to 47° K,

Mean

12,510
19.3490
35.719

1.610

13.170
18.900
35.723

1.560

14.410
18.450
35.704

2.080

16.840
18.030
35.697

2.860

19.570
17.640
35.705

2.630

22.660
17.260
35.712

3.850

26.510
16.850
35.716

3.320

29.620
16.440
35.72)

3.500

33.920
16.050
35.733

&.500

37 .660
15.650
35.743
3.110

40.920
15.230
35.750

4.040

45.790
14.790
35.756

5,910

53.949
14,380
35.768
13.440

67.210
13.670
35.705
14.600

16.060

12.510

35.327
LY

Minimum

4.560
18.150
15.3464

0.100

4.630
17 .890
33.391
0.150

5.370
17 .630
35.438
0.340

7.200
17.180
35.428

0.380

7.350
16.730
35.419

0.380

8.560
16.410
35.452

0.380

10.310
16.000
35.457

0.550

13.940
15.570
35.459

0.500

20.370
15.220
35.488

0.620

21.2%0
14,870
35.518

0.470

23.100
14.320
35.493

0.470

26.110
13.740
35.463

1.190

32.380
13.25%0
35.462

4.730

52.430
12.820
35.478

9.420

72.160

12.470

35.518
DATA

1

Maxioum

25.2%90
19.850
35.913

4,820

26.050
19.580
35.951

4.750

27.670
19.030
35.897

9.170

30.360
18.650
35.901
12.170

34.110
18,290
35.911
10.730

37.010
17.940
35.928
15.410

%2.090
17.570
15.942
10,240

49.400
17.080
35.917
12.100

51.810
16.700
35.931
18.500

55.030
16.320
35.943

9.410

56,030
15.880
35.940
13.210

53.030
15.390
35.926
17.740

74.300
15.230
36.008
25.970

80.720
14,430
35.910
23.8360

80.690
12.520
35.50

Skewnega Kurtosis

30°56' W
St.Dev.
3.706 0.774
0.363 ~-1.356
0.122 ~1.325
0.909 L.238
3.933 0.570
0.390 ~0.777
0.129 ~0.752
G.890 1.454
4.150 0.530
0.393 =~0.680
0.128 ~0.658
1.428 1.837
4.905 0.641
0.417 ~0.399
0.134 ~0.376
1.838 1.622
5.7106 0.502
0.420 0,349
0.133 =0.322
1.801 L.450
6.294 0.044
0.415 ~0.343
0.130 =~0.314
3.609 0.870
7.136 =0.374
0.433 ~0.3%4
0,133 =0.366
2.106 1.042
6.948 ~3.220
D.437 -0.44D
0.132 -0.416
2.363 1.029
5.761 0.294
0.416 ~0.423
0.124 ~0.400
3.924 1.362
5.6 ¢.080
0.420 ~0.418
0.123 ~3.393
1.571 1.012
5.415 ~0.093
0. 4d9 -0.573
0.129 -0.543
2.583 1,149
6.560 ~0.050
0.474 =0.904
0.133 ~0.875
3.538 1.01L
8.842 0.234
0.513 ~0.907
0.341 ~0.874
4.813 G.339
7.031 -0.046
0.554 -0.326
G.149 ~0.313
3.433 0.449
2,432 Q.160
0.015 ~{.838
0.004 -0.837

to

31°32" w

3.885
4.304
4.228
4.359

3.426
2.756
2.722
5.379

3.177
2.414
2.392
7465

3.063
2.086
2,076
7.273

2.399
2.137
2.127
5.762

2.254
2.160
2.151
3.278

2.194
2.147
2.136
3.639

2.305
2.056
2.046
3.198

1.186
2.022
2.012
3.717

31.3504
2.086
2.077
4.420

3.244
2.295%
2.271
3.841

2.833
2.66%
2.6%0
3.259

2.448
2.692
2.653
2.383

1.872
1.414
1.407
2.6536

Z2.005
2.463
2.228

Datapoints

171.
7.
171.
1t1.

209,
209.
209.
201.

222,
222,
222,
218.

230.
230.
230,
225.

230,
230.
230.
23G.

23¢.
230.
130.
230,

230,
230.
230.
230.

230,
230.
230.
230.

230.
230.
230,
230.

231.
231,
3.
230.

130.
230.
230.
230,

230.
30.
230.
239,

226.
126.
226.
i92,

109.
109.
109.

l8.

13.
13,
13.
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table 8.1.10: 47° N to 48° N,

Surface Farameter  Mean Miniosum  Maximum
Sigmat = 25,600
FRES 10.390 3.720 15.920
TEM1 18.031 17.857 18.306
5 1 35.437 35.381 35.527
PDiF 1.5%90 U220 4.290
Sigmat = 29.700
PRES i1.590 5.800 18.550
TEML 17.685 17 A48 17.919
5 1 35.457 35.381 35.531
POIF 1.590 0.280 3.970
Sigmar ~ 25.800
FRES 12.890 6.490 20.820
TEMI [7.352 16.998 17.71L
5 1 35.469 35.371 35.596
oDIF 1,310 Q.170 5.060
Sigmat = 25.900
PRES 13.980 7,460 22.2690
TEMI 16.924 16.628 17.348
s 1 35.478 35.387 35.611
EBIT 1.340 0.200 3.700
Sigmat = 26.000
FRES 15.500 7.880 24.110
TEM1 16.498 16.187 17.015
5 1 35.477 35.343 35.637
PDIF 1.820 0.230 5.250
Sigeatr = 26.100
PRES 17.650 10.240 26.440
TEM} 16.081 15.751 16.334
g 1 35.481 35.383 35.557
PDIF 3.830 0.660 8.900
Sigmat =« 26.200
PRES 23.7%0 14.700 37.980
TEM1 15.688 15.37¢9 15.850
5 1 35.494 35.404 35.542
POIF 7.510 ¢.980 14.650
Sigmatr » 26.300
PRES 30.580 H.520 45.600
TEML 15.268 14.917 15,445
s 1 35.502 35.401 35.553
BDIF 5.150 1.110 19.300
Sigmat ~ 26.400
PRES 34230 21.850 53.410
TEML 14804 14.4%]1 15.0%
51 35.498 35.410 35.563
[diitg 2.840 2.6%0 7.620
Sigmar »  26.5%00
FRES 37.060 24.510 56.460
TEML 16.305 154.010 14.568
5 1 35.408 35.407 35.561
PDIF 2.95%0 0.920 11.380
Sigmat = 14.600
PRES h0.240 71.510 59.340
TEML 13.800 11.53 14.176
5 1 15.479 35.408 35.582
PDIF 3.780 1.230 11.320
Stgmat = 26.700
FRES 45.280 33.020 66400
TEML 13.3% 13.105 13.627
5 1 35.482 35.6123 35.%61
FOIF 7410 0.270 16.000
Sigmat » 20.800
PRES 55.790 43.570 77.870
TEMI 12.872 12.679 13.210
5 1 15.491 35.442 35.579
PDIF 13.0680 5.230 24.670
S{igmet = 76.900
PRES 70.570 u0.640 81.180
TEMIL 12.452 12.25% 12.874
s 1 35.513 35.483 35.621
PDIF 21.560 17.130 27 540

31°32' W to  32°11' W
5t.Dev. Skewness Kurtosis Datapoints
2.534 ~0.034 3.021 93.
0.104 0.219 2.152 93.
0.034 0.22% 2.173 93.
0.918 1.252 4.150 54.
2.518 0.172 3.100 146.
0.122 ~0.357 1.902 i46.
0.039 ~0.352 1.902 146.
0.501 0.822 3.090 122.
2.675 0.284 3.122 155.
0.142 ~0.057 2.174 155.
0.045 -0.040 2.189 155.
7.860 1.473 3.310 152.
2.82t 4.295 31.053 165.
0.148 -0.214 2.379 1565.
0.046 -0.197 2.389 165.
0.801 1.103 3.520 158.
3.008 0.266 2.885 1rl.
0.148 -0.161 2.909 171.
0.045 -3.141 2.943 171.
0.900 1.0068 4. 140 170,
3.142 0.345 2.902 184.
0.130 -0.854 2.816 184.
0.03% —0.845 2.803 184,
1.748 0.915 3.540 178.
3.701 0.539 3.660 192.
0.118 -1.078 3.204 192.
0.035 -1.07¢ 3.187 19z.
2.885 Q.015% 2.540 187.
3.970 0.368 3.568 192,
0.135 -0.958 2.913 192.
Q.029 ~0.950 2.895 192,
2.61Q 1.407 7.100 192.
4.464 0.923 5.532 K92
0.131 ~0.864 2.817 192.
0.037 -0.854 2.803 192.
1.266 1.192 5.210 1927.
4.530 0.577 4.841 192.
0.124 ~0.577 2.636 192.
0.034 ~0.564 1.626 192.
1.430 1.893 9.160 192.
4.502 0.424 4.497 192.
0.118 -0.211 2.876 192.
0.032 ~0.195 2.895 192.
1.687 1.023 4.771G i92.
4.687 0.637 5.030 i92.
0.125 0.041 2.371 192.
0.033 0.054 2.382 192.
3.088 0.264 2.480 192.
5.451 0.874 §.456 i91.
a.112 0.205 2.542 191.
0.029 0.218 2.563 191.
3.526 0.450 3.750 187.
4.652 ~0.066 1.292 152.
Q.112 0.83% 4.249 152,
0.028 0.862 4334 152.
3.509 0.295 1.720 7.



table

Surface

Sfgmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmat =

8.1.11;

25,500

26.000

26.100

26.200

26,300

26.400

26.500

26.600

26.700

26 .800

5 .900

Parameter

PRES
Tl
5 1
POIF

PRES
TEM]
5 1
PDIF

PRES
TEM]
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
5 1
PPLIF

PRES
TEMI
5 1
PRIF

FRES
TEM]
5 1
PDIF

PRES
TEHL
5 1
PDIF

PRES
TEML
§ 1
PDIF

PRES
TEML
s 1
FDIF

PRES
TEM]
5§ 1
POIF

=~ 11

48° N to 49° N,

Mean

19.140
16 .888
35.467
2.360

22.820
16.373
35.440

4.850

27.570
15.897
35.428

4.530

32.070
15,508
33,443

4.050

35.710
15.148
35.469

3.850

40.210
E4.822
35.506

4.880

44.710
14,9555
35.559

3.960

48.370
14.282
35.613

3.840

52.630
13.942
35.649

5,440

61.820
13.597
35.685
15.090

16.220
11.893
35.374

6.830

M1inimum

10.
16,
35.

0.

13.
15.
35.

0.

15.
14.
35.

0.

19,
14,
35.

g.

23,
13.
35.

0.

26,
i3.
35.

0.

28.
12.
35,

i,

3i.
12.
35.

0.

34,
12.
35

0.

41.
1.
35,

1.

70.
il
35.

5.

fr40
322
293
530

470
641
271
663

&20
812
112
383

540
297
057
684

990
605
039
511

390
137
Di4
644

850
984
133
136

330
726
196
860

440
426
248
977

750
B39
23
896

880
647
313
&35

Maximum

28.780
17.122
35.539

6.440

36.460
16.821
35.576
14,510

43.63C
16.456
35.594
12.300

45.540
16.105
35.618
12.560

48 .840
15.823
35.664
19.260

58,290
15.500
35.699
16.170

62.950
15.326
35.778
it.450

68.840
15.065
35.832
16.280

71.05¢
14.898
35.914
13.630

19.220
14.43
35.912
33.190

79,990
13237
35.716

8.980

Skewness Kurtosis

32°11' W
St.Dev.
31.278 Q.096
0.200 ~1.203
0.062 -1.19}
1.275 1.231
4.324 0.333
0.345 -0.426
0.104 ~0.413
3.224 0.807
5.048 0.202
0.449 ~0.538
0.132 ~0.515
2.143 0.977
5.497 ~0.089
¢.518 -0.835
0.150 ~(.807
2.250 1.139
5.824 -3.020
0.608 ~1.102
0.172 -1.061
2.426 2.547
7.267 ~0.051
0.626 -1.129
0.175 -1.087
3.373 1.045
8.893 -0.043
0.556 ~3.908
0.154 -0.874
1.864 0.%15
§.361 ~0.068
0.585 ~1.041
0.160 -0.991
1.948 2.406
9.850 ~0.113
0.652 ~0.706
0.176 ~0.650
2.092 0.624
9.705 ~0.285
0.4651 ~0.%78
0.172 -0.919
G461 0.365
2.813 -0.340
0.454 2.319
¢.115 2.330
1.511 0.515

to

32°52' w

2.847
3.45%
3.422
31.990

2.938
1.831
1.815
2.810

2.912
1.066
2.021
3.740

2.344
2.63%
2.566
4.160

2.166
3.189
3.089
12.960

2.032
3.224
3.112
3.140

1.821
2.678
2.598
3.540

1.750
3.243
3.128
13.780

1.671
2.640
2.575
3.310

1.829
3.123
3.012
2.930

1.915
7.039
7.074
1.210

Datapoints

182.
182.
182.
13t.

268.
268.
268.
228.

269.
26%9.
269,
269.

269.
W%9.
269,
269.

269,
269.
269,
269.

269.
269,
269,
26%.

269.
269.
269.
69.

266 .
266,
266.
264.

3.
263.
263,
261.

24B.
248,
248.
146.

1.
11.
1i.

b



table

Surface

Sigmst =

Sigmat =

Sigmar -

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigusr =

Siguat =

Siguat =

8.1.12:

76.000

26.100

26.200

26.300

6. 400

26.500

6.600

26.700

26.800

6.900

Parameter

FRES
TEML
5 1
PDIF

PRES
TEM1
5 1
POIF

PRES
TEML
s 1
PDIF

PRES
TEM]
5 1
PIF

FRES
TEME
5 1
FDIF

PRES
TEMi
s 1
PDIF

PRES
TEML
s 1
PRIF

PRES
TEM}
5 1
PDIF

PRES
TEM]
§ 1
PDIF

PRES
ke 10
§ 1
POIF

- 102 -

49° N to 50° N,

Mean

21.880

15.741

35.250
RO

17,240
15.083
35.189

1.560

14.880
i4.845
35.194

3.000

25.000
14.232
35.209

5.740

28.890
13.747
35.206

3.160

32.260
13.264
35.207

3.900

36.080
12.833
3s.an

3.660

40.310
12.392
35.240

4.049

43.820
11.935
35.255

3.800

48.720
11,474
35.272

7.5%0

Hinimum

20.700
15.719
35.244
ATA

11.470
14846
35.121

0.900

13.230
14.340
35.109

0.760

16.580
13.896
35.117

0.600

18.850
13,398
35.113

0.650

21.720
12.892
35.109

0.640

24.460
12.451
35.126

0.570

26.850
12.012
35.145

0.53¢

2%.700
11.506
35.151

1.200

32.350
10.964
35.151

1.7

Maximum

22,670
15.777
35,261

25,080
15.25%0
35.249

3.090

36.970
14.985
35.291

7.530

37.350
14.720
35.34%
18.430

42.230
14.235
35.339
1z.810

47.770
13.684
35,318
16.020

54.800
13,245
35.331
13,168

60.590
12.764
35.334
13.030

63.270
12.307
35.347
10.740

69.110
11.835
35.364
18.380

32°52' W
St.Dev. Skewness
0.756 -0.510
0.024 0.434
0.0a7 0.426
3.312 0.661
0.078 0.468
0.022 0.487
0.687 0.841
3.687 0.548
0.134 0.146
0.038 3.158
1.222 6.801
4.676 0.418
0.216 0.218
0.060 0.231
&4.577 0.765
5.632 0.291
0.207 0.119
$.05%6 0.134
2.097 1.872
5.131 0.271
G.212 0.143%
0.056 0.157
2.780 1.298
7.101 0.525
0.222 0.179
0.05%7 0.189
%.382 1.429
&.802 0.492
0.235 0.219
0.059 0.230
3.077 1.215
6.944 0.25%
0.237 0.030
0.058 0.043
1.769 1.485
7.382 0.088
Q.242 ~3.063
9.058 -0.047
2.764 3.896

to  33°33" W

Xurtosis

1.454
1.309
1.318

2.723
3.404
3.410
2.526

2,681
2.192
2,193
4.385

2.336
1.872
1.880
2.510

2.123
1.893
1.907
7.246

2.117
1.735
1.737
4.209

2.359
1.602
1.603
5.093

31.069
1.590
1.591
3.352

2.921
1.629
1.626
3.368

2.691
1.769
1.762
§.217

Datapoints

5.
5.
5

8.
88.
88.
1.

2l4.
214,
214,
151,

270.
270.
270.
270.

Z7l.
.
271.
71,

271.
271.
271,
271,

271,
7.
271 .
7.

L.
271,
271,
271,

71,
271.
271,
271,

271.
27,
27t.
269.



table 8.1.13:

Surface

Sigmat =

Sigmat =

Sigmat =

Sigmat =

Sigmabk =

Sigmat =

Sigmat =

Sigmatr =

Sigmat =

Sigmat =

Sigmar =

26.000

26.100

26,200

26.300

26,400

26 .500

26.600

16 .700

26.800

26 .900

27 .000

Parameter

PRES
TEM1
31
PDIF

PRES
TEML
5 1
PD1F

PRES
TEM]
51
POIF

PRES
TEML
5 1
POIF

FRES
TEML
5 1
PBIF

PRES
TEM1
5 1
PIMF

PRES
TEM1
s 1
PDLF

PRES
TEM]
5 1
PDIF

PRES
TEMI
5 1
PDIF

FPRES
TEML
5 1
PDIF

PRES
TEML
s 1
PDIF

- 103 -

50° N to 51° N,

Mean

16.590
15.038
35.046

2.030

19.640
14.615
35.057

2.030

21.080
i4.246
35.084

2.320

22.800
L4.005
35.148

3.520

7 .090
13.620
35.173
5.920

33.570
13.237
35.200

5.440

38.180
12.88%
35.238

470

43.140
12,317
35.273

4.940

47.970
12.15%
35,311

6.830

58.380
11.706
35.328
14.470

64.870
11.318
35.363
33.89¢

Hinimum

10.790
14.926
35.014

1.060

16.410
14.283
34.964

0.570

10.620
13.741
34.946

0.4%0

12.740
13.257
34.946

0.640

14.450
12.764
34.948

1.500

20.500
12.263
34.35%0

1.080

24,800
12.062
35.029

0.740

30.300
11.625
35.051

0.890

31.85%0
11.291
35.099

1.470

36.030
11.161
35.197

2.050

49.050
10.535
35.185
30.730

Mawimum

24.980
15.209
35.095

3.310

27.060
15.070
33.185

4.920

30.860
14.89
35.264

6.650

35.020
14.599
35.311
10.400

38.540
14.237
3%.340
12.560

47.360
13.799
35.349
15.410

33.710
13.728
35.459
18.640

59.460
13.794
35.606
12.720

65.130
13.675
35.703
22.400

17.7120
12.589
35.547
34,390

B1.040
11.468
35.398
36.380

33°33' W to

St.Dev.

2.960
0.06%
0.020
0.827

2.850
0.188
0.053
0.860

3.640
0.327
0.0%0
1.233

4.460
0.438
0.119
1.957

5.190
0.413
0.111
2.470

5.640
0.3%7
0. 104
2.659

6040
0.3938
0.103
2.911

6.230
0. 450
2.115
2.428

6.390
0.517
0130
4,154

8.150
0.285
0.069
7.346

8.220
0.138
0.032
2,123

Skewness

0.408
0.351
0.353
0.457

-0.173
0.063
0.073
0.481

-0.489
0.332
0.347
0.879

=0.123
-0.072
-0.05%6

1.159

“0.155
~0.117
~3. 102
0.343

~0.010
~0.360
=0.341

0.968

~0.090
-0.120
-0.084

2.117

0.136
0.290
0.358
0.8

0.099
0.581
0.656
1.199

-0.221
0.223
G.274
0.255

~0,120
-2.588
~2.530
-0.334

34°15' W
Kourtosis Datapoints
3.125 524
2.200 52.
2,200 52,
1.590 9.
3.320 182.
1.830 182.
1.840 182,
2.870 117.
3.318 200.
1.810 200.
1.820 200,
3.200 195,
2.307 259.
1.430 259.
1.420 5%,
4.340 23,
1.103 60,
1.460 260.
1,450 260.
2,320 260,
2,374 260
1.740 260.
1.700 260.
3.750 260,
2.496 260.
2.150 260.
2.150 260.
9.250 260.
2.596 260.
2.940 260.
3.030 260.
3.280 60.
2.860 260.
3.110 260.
3.230 260.
3.950 25%.
2.711 247,
3.130 247 .
3.100 247,
3.2%0 199.
1.982 87.
12.520 47.
12.080 ar.
1.380 5.



table B.1.14:

Surface

Sigmat =

Sigmat =

Sigmay =

Sigmatr =

Sigwar «

Sigmar =

Sigmat =

Sigmar =

Sigmat -

Siguatr =

Sigmat =

26.100

26.200

26.300

26,400

26.,50C

26.600

26.700

26.800

26.%00

27.000

27.100

Parameter

PRES
TEME
s 1
PDIF

PRES
TEM}
5 1
PDIF

PRES
TEM1
5 1
POIF

FRES
TEM1
§ 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEMI
5 1
PDIF

PRES
TEM]
5 1
PODIF

PRES
TEM)
s I
PDIF

PRES
TEM1
§ 1
PRIF

PRES
TEML
s 1
PDLF

PRES
TEM]
5 1
PDIF

~ 104 -

51° N to 52° N,

Mean

17.540
i3.160
34.666

1.190

i8.930
12.760
34,691

1.720

20.080
12.340
34.M5

2.140

22.680
11,940
34,745

2.940

25.480
it.500
34.766

2.980

28.630
10.910
34.756

4£.390

34.4%0
10.4%0
34,788

6.160

39,190
10.340
34.884

4.05C

44.150
10,140
34.967

T1.070

53.160

9.470
34.9%0
17.400

66.760

B.A70
34.871
28.040

MEinimum

9.130
12.610
34.522

0.420

10.680
12.170
34.539

0.470

8.270
11.710
34,556

0.390

9.010
11.240
34.574

0.510

8.600
10,750
34,588

c.710

11.%80
10.260
34.605

0.600

18.090
9.860
34 .647
1.360

21.1%0
9.380
34.673
1.200

23.340
8.810
34,691
1.630

27.410
B8.240
34.697
4.230

bh.750

7.580
36700
19.140

Haximum

28.179
14.120
34.920

6.630

29.670
13.920
34,995

4,060

32.500
13.680
35.059

7.420

35.940
13.330
35.096
13.330

40.610
13.290
35.213

B.410

43.190
13.040
35.277
17.780

47.99¢
12.630
35.301
16.580

57.740
12.350
35.358
12.090

47.800
12.000
35.399
20.860

80.830
11.040
35.297
n.970

82.700

9.280
35.034
33.630

34°15' W
St.Dev. Skewness
3.830 0.28¢9
0.499 3.621
0.131 0.635
1.185 £.272
3.920 0.267
0.557 0.774
0.144 0.788
0.688 0.639
4.730 0.053
0.601 0.901
0.152 0.915
1.314 1.689
5.930 0.121
0.675 0.919
Q.168 0.933
2,418 1.597
7.220 0.047
0,722 1.108
¢.17¢ 1.145
1.468 1.271
7.210 ~0.013
G.658 1.629
0.157 1.716
Z2.346 1.631
6.770 -0.171
0.657 1.732
0.153 1.831
3.357 1.132
B8.010 ~3.162
0,746 1.028
0.171 1.110
2.083 1.207
9.710 ~0.077
G.782 0.568
0.17% 0.679
4.827 1.088
£3.550 0.311
0.615 0.582
0.132 0.710
6.818 -0.213
10.690 ~0.348
0.452 ~0.298
0.08% ~.257
4.281 ~0.583

to 34°57' W
Rurtosis Datapoints
2.563 146.
1.730 146.
L.740 146,
4.631 i3z,
2.564 162.
1.936 162.
1.957 162.
3.187 153.
2.683 176.
2.093 176.
2.116 17s6.
6.225 171.
2.517 178.
2.084 178.
2.106 178.
5.519 i77.
2.323 180,
2.829 180.
2.930 180.
4.648 179,
2.331 182.
5.152 182.
5.485 182.
&.85% 180.
21.329 £83.
5.661 183,
6.049 183.
3.572 183.
2.167 183.
3.236 183.
3.421 183.
4.231 183.
1.992 183.
2.804 183.
2.948 183,
3.108 180.
2.103 169.
3.4065 169.
3.523 16%.
2.229 120.
1.837 59.
1.872 59.
1.848 9.
2.192 20.



table

Surface

Sigmat =

Sigaar =

Slgmat =

Sigmat =

Sigmat =

Sigmatr =

Sigmat =

Sigwat =

Sigmat =

Sigmat =

8.1.15:

26.300

26.400

26.500

26.600

26.700

26.800

26.900

27.000

27.100

27.200

Parameter

FRES
TEM)
S 1
PDIF

PRES
TEM]
5 1
POLF

PRES
TEM1
5 1
PDIF

PRES
TEK1
5 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM!
5 1
PDIF

PRES
TEML
8 1
PDIF

PRES
TEM1
5§ 1
PDIF

PRES
TEM1
5 1
PDIF

PRES
TEM1
5 1
FDIF

- 105

52° N to 53° N,

Mean

18.660
11.810¢
34.381

2,250

21.460
11.380
34.607

2.060

23.670
10.8%0
34.620

3.420

27.370
10.410
34.639

5.790

33.690
4.880
34.650
5.640

38.750
9.380
34,673
4.610

42.990
8.820
34.684
4.090

47.350
8.260
34.70%
5.950

55.200

7.690
34,719
11.760

68.690

6.990
34.721
13.090

Minimom

8.850
11.510
34.509

0.466

10.040
10.570
345419

G.466

11.770
10.360
34.501

0.813

14.610
9.950
34.538
1.0%0

20.490
9.290
34.526
1.071

26.83C
8.510
34.495
0.962

32.340
8.080
34.539
1.280

36.740
7.77¢
34.607
1.532

43.240
7.31G
36.649
3.063

52.890
6.680
34.667
3.688

Max i mum

29.820
12.160
34.668
14.240

33.250
11.920
34,737
13.070

36.940
11.430
34.747

B.760Q

46.910
10.750
34.716
13.300

52.690
10.180
34,717
17.860

56.550

9.590
34.716
19.710

39.770

9.160
34,753
16.740

63.7¢0

8.760
34.799
17.5%0

72.320

8.1%0
34.814
23.790

81.45%0

7.290
34,774
25,640

34°57' W
Se.Dev. Skewneas
4.082 0,278
0.153 0.058
0.037 0.075
1.671 1.830
4.821 0.232
0.176 -0,46381
0.042 ~0.620
1.629 3.646
5.163 0.297
ad.168 ~0.201
Q.03 -0.167
1.46% 0.948
5.117 0.267
0.112 ~0.571
0.02% ~0.5313
2.590 0.655
4.965 0.171
0.113 ~1.109
0.024 ~1.061
3.049 1.0097
4.303 0.257
0.117 ~2.34%9
0.0Z4 ~1.439
3.029 1.533
4,213 0.206
B.1%3 ~1.153
0.031 ~1.083
2.202 1.646
&,575 G.279
0.123 0.142
0.024 G.189
2.478 1.689
4.626 Q.442
0.134 Q.767
0.025% 0.809
3.822 0.180
4.761 0.020
¢.158 0,107
©.028 Q.122
3.842 0.4 34

to 35%41' W

Kurtosls

2.992
2.090
2,100
25,700

2.805
5.420
5.250
20,850

2.702
31.160
3.160
4.200

3.332
4.470
44410
2.850

3.297
6.510
6.340
3.670

3.792
16.720
15.700

5.760

3.459
6.590
6.310
1.810

3.257
4,380
4.390
7.320

3.605
4.200
4.320
3.120

2.903
1.740
1.750
3.670

Datapoints

13z.
132,
132,
LI,

I8l .
L81.
18l.
E40.

201.
208,
01,
188.

248,
248.
248.
247.

248,
248,
248,
248

248,
248.
248,
248.

248,
248.
248.
248 .

248.
248,
248.
246.

245,
245.
245,
236,

208.
208,
208.
145.



table 8.1.16:

Surface

Sigmat

Sigmat

Sigmat

Sigmat

Sigmat

Sigmat

Sigmat

Sigmat

26 .600

26.700

26 .800

26.900

27 .000

27.100

27 .200

27.300

Parsmeter

PRES
TEM]
5 1
BDIF

PRES
TEMI1
5 1
PDLIF

PRES
TEM1
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEM1
§ 1
PDIF

FRES
TEM]
5 13
BDIF

PRES
TEML
§ 1
PDIF

FRES
TEML
s 1
PDIF

- 106 -

53° N to 54° N,

Hean

23.520
10.470
34,654

7.770

29.,80
9.900
34.654
5.540

34.220
9.380
34.671
5.110

40,220
B8.830
34 687
6.410

46.250
8.290
34.706
5.770

52.200
7.720
34.726
6.620

59.720
7. 150
34.749
9.510

69.100

6.580
3.T12
17.970

Hinigum

12.320
10.380
34.673

2.850

14.260
9.660
34.603
1.40t

22.260
9.13¢
34,621
0.737

25.400
B.660
34,653
0.733

30.990
8.090
34.667
1.72%

36.570
7.520
34.689
1.533

41.460
7.030
34.727
Z2.819

49.990
6.440
34.75%2
B8.342

Maximum

36.330
10.670
34.698
18.750

43,880
10.090
34.696
14,390

46.000

9.580
35.714
15.820

55.540

9.010
34.723
21.330

65.780

8.420
34.732
17.690

70.890

7.840
34.749
14,180

78.3%0

7.280
34.773
24.280

81.330

6.720
34.799
31.820

35941 W
St.Dev. Skewness
4.518 G.117
a.046 0.820
¢.010 0.835
4 .B19 0.816
5.863 0.011
0.058 -0.334
0.013 ~D.362
2,352 0.990
4.878 0.023
0.079 ~G3.813
0.Gi6 -0.801
2.5%1 1.178
5.507 ~(.033
0.062 -0.522
0.013 -0.501
3.214 1.301
6.326 0.389 °
D.049 -D.416
3.009 ~0.397
2.711 1.151
6.966 0.260
4.050 =0.309
0.00% -0.292
2.755 0.512
7.833 0291
0.054 0,268
0.010 0.278
3.62% Q.672
5.589 “Qu475
0.069 0.151
G.012 0.163
5.166 0.376

to  36°26' W
Kurtosis Detapoints
z2.736 165.
4.541 165.
4.590 165.
2.469 21.
3.257 XAy,
5.028 24%.
5.020 1.
4.167 237,
2.607 242,
3.367 242.
3.340 2.
5.030 242,
3.247 242,
4.117 242,
4,090 242.
5.498 247.
3.250 Z43.
4.000 243.
4.000 243,
5.055 242,
2.400 245,
3.970 245.
3.930 245,
2.702 240.
2.405 Z31.
2.507 231.
Z.460 231.
3.918 138.
2.978 137.
2.302 137.
2.280 137.
2.916 33.



tab]ﬂ 8'].017:

Surface

Sigmat =

Sigmat =

Siguat =

Sigmat =

Sigmat =

Sigmat =

Sigmaz =

26.700

26 .800

26 .900

27.000

17.100

27,200

27.300

Parameter

PRES
TEMI
5 1
PDIF

PRES
TEM1
5 1
PRIF

PRES
TEML
5 1
PDIF

PRES
TEM1
5 1
POIF

PRES
TEM1
5 1
PDIF

PRES
TEML
5 1
PDIF

PRES
TEML
5 1
FDIF
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54° N to 55° N,

Mean

30.040
9.880
34.651
4.860

33.860
94.340
34.663
4.980

39.720
B8.790
34.678
5.970

43.090
8.260
34.700
4.960

50.140
7.700
34.722
5.880

57.310
7.130
34.745
8.450

66.690

6.520
34.767
13.520

Minlmum

18.220
9.610
34.592
0.860

19-400
3.000
36.593
0.720

20.780
8.190
34.600
1.620

25.460
7.850
34.622
1.420

30.780
7.300
34.648
1.260

38.240
6.670
34.665
2.850

52.220
6.0%0
34,689
5.730

Maximum

45,490
10.230
34.728
14,140

48.160

9.660
34.732
14.880

53.010

9.050
34.732
17.380

56.970

8.520
34,753
14,160

62.110

7.870
34.754
16.310

72.960

7.290
34,774
20.320

79.260

6.720
34.799
23.960

Skewness Kurtosis

36°26" W
5t .Dav.
4.796 0.340
0.109 -0.123
0.024 -0.102
2.708 1.348
5.237 -0.089
0.124 ~{.598
0.026 -0.571
2.652 0.97¢
6.139 ~0.482
0.143 =1.036
0.029 ~1.011
2.622 0.905
6.128 ~0.6%6
0.135 -1.694
0.026 -1.672
2.268 1.021
5.891 -0.601
0.140 ~1.849
0.026 -1.833
2.411 0.988
5.999 ~0.193
Q.144 =2.064
0.02% ~2.045
3.2%8 0.771
5.335 -0.123
B.162 ~1.481
0.027 ~1.454
4.104 0.348

to

37°11' w

3.606
3.112
3.114
4.675

3.168
3.187
3.163
3.757

2.930
3.652
3.612
4.167

3.325
5.247
5.197
4.330

3.438
5.388
5.345
4,474

3.415
6.220
6.166
3.599

2.640
4405
&.340
2.338

Datapofnts

235.
2353.
235.
146.

258.
258.
258.
258.

259,
259,
259,
259,

259.
254,
259.
259.

259.
259,
255.
259.

259.
259.
259.
254,

229.
229.
229,
150.



Table B8.2.1: Statistics of isopycnal surfaces averaged over the total frontal
gurvey, NDA'81,

Area Surface Parametey Mean Min. Max. Variance Stdev Skewness Kurtosls | No of Pos.
-C3- g, = 26.3 kg m=3} 11 [°CJ 13.12 11.13 15.47 0.99 0.99 -0.19 1.81 49138
51 *10 34.92 34.42 15.56 0.07 0.26 -0.13 1.84 49738
P [lo%pal} 29.67 6.39 53.84 4h .88 6.70 ~0.12 3.20 4938
np 2.30 0.04 29.83 6.98 2.64 4.29 27.76 4830
g, = 26.6 kg w3] TL 12.00 9.90 14.78 1.29 1.13 -0.08 2.03 5326
81 35.02 34.53 35.75 0.08 0.28 0.02 2.13 5326
P 38.68 11.98 68.14 59.26 7.70 0.07 3.39 5326
np 3.94 0.32 25.65 5.91 2.43 1.62 B.06 5225
G, = 26,9 kg w3 Tl 10.88 8.08 13.14 1.42 1.19 -0.51 2.11 5147
s1 35.14 34.54 35.69 0.07 0.27 0.42 2.07 5147
P 57.03 23.34 90.96 121.23 11.01 0.17 2.57 5147
P 10.94 0.66 45.72 58 .67 7.66 1.42 4,69 4001
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Fig. 8.1.1: Mean and standard deviatlon profiles for three selected regions;
of section C311 averaged on surfaces of constant pressure.
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Fig. 8.1.2: Mean and standard deviation profiles for three selected regions
of section C312; averaged on surfaces of constant pressure.
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Section C311 Mean Profiles NOA '81
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Fig. 8.1.5: Mean and standard deviation profiles for three selected regions
of section C311; averaged on surfaces of comstant density and
plotted versus the mean depth of the density surface in question.
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Section C312 Mean Profiles NOA '81
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Fig. 8.1.6: Mean and standard deviation profiles for three selected regions
of section C312; averaged on surfaces of constant density and
plotted versus the mean depth of the density surface in question.
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Fig. 8.1.7: Mean and standard deviation profiles of temperature averaged on
constant ¢,-surfaces over 1° of latitude along section BI0Z and

plotted versus the mean pressure of the density surfaces.
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PROBABILITY DENSITY
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Fig. 8.2.1: Histograms of temperature on three isopycnals from the frontal
survey. The nomber of contributing data points In each class
(0.2 X) was normalized by the total number of data points on
the surface in question.
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Fig. 8.2.2: Histograws of salinity on three isopycnals from the frontal
survey. The mmber of contributing data polnts ia each class
{0.05 = 103) was normalized by the total mumber of data peoints
on the surface in question.
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Fig. B.2.3: Histograms of the depth of three selected isopycnals from the
frontal survey, The number of contributing data points In each
class (2 x 10 Pa) was normalized by the total number of data
points on the surface in question.
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Fig. 8.2.4: Histograms of normalized spacing between isopycnals being
0.1 kg o 3 apart and centred around the labelled isopycnal. The
spacing was normalized by its ensemble mean. The number of
contributing data points in each window (0.2) was normalized by
the total nuwmber of data points on the surface in question.
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Fig. 8.3.1 und 8.3.2: Mean T-S diagrams for selected regions of the parallel

sections C311 and €312, The data were averaged on
isopycenals and the standard deviation bars indicate
the variability within each interval.



- 124 -

Mean Profiles T-5 Relations of Section B10 NOA 81

21 =T T T T T T T T Y T T T T T 1

Tamperature/'C

34.5 35.0 3585 38.0
Salinity»103

Fig. 8.3.3: Mean T-5 diagrams of sets no. 1, 3, 4, 5 of section B1O2Z, averaged
on isopyenals., The standard deviation bars indicate the varia-
bility at certain pointe in the profile.
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9. ISOPYCNIC AND ISOBARIC MAPS FROM THE POLAR FRONT SURVEY

The data presented within this chapter were interpolated onto a regular
10 km x 10 km grid by an objective interpolation procedure as described in
section 4.10. The interpolation onto the grid was carried out by using the
welghting functions (figure 4.10), which were derived by smoothing the two-

dimensional raw autocorrelation function of the variable to be interpolated.

An isopycnic map of temperature on o, = 26.6 kg m™?® from the seasonal
thermocline was already shown in chapter 5.4 together with the error fields
(figures 5.4.1 - 5.4.4). For the same isopycnal the depth, {.e. the
pressure distribution, Is presented in figure 9.1, and the error fields
figure 9.2 and 9.4 are calculated in the same way as for temperature.
Although the pressure field is contaminated by internal waves, some
similarities between the temperature fleld (internal wave—free) and the

pressure field can be seen.

The large-scale trend, with the Isopycnals sloping upwards to the north
by about 10 m is reflected by the Isopycnic depth in the cold tongue, com-
pared with the depth in the warmer part of the meander structure {see also
figure 5.3.2). The general north-south trend 1is distorted by a meander
structure of about 200 km wavelength with a region of sharp thermohaline
contrast between its troughs. Within the high rescolution area between 36° W
and 35° W the 1isclated temperature island (less than 11 °C) 1s correlated
with a depth maximum, which is contradictory to the general trend {cold =

shallow).

Spacing between isopycnals 26.55 kg m™3 and 26.65 kg w3 1s shown in
figures 9.5 to 9.8 as the deviation from the mean spacing. This parameter
can be understood as one coumponent of the isopyenle potential worticity
(Fischer, Leach and Woods, 1985). This fleld is thought to be almost internal
wave—free, because most of the internal wave energy is conceatrated in the
lowest wavenumber, which will move the 1sopyenals up and down together
(Leach, Minnett & Woods, 1985). Only the high wavenumber part of the inter-

nal wave field will contaminate this signal.

In order to show the structures within the mixed layer, which is not
possible by 1sopycnic analysils, isobaric maps of the salinity and tempera-
ture field at 20 m are shown in figures 9.9 and 9.10.

It is possible to create wmaps for any level within the interval 15 m to

80 m with a vertical separation of 1 m. For the isopycnic maps the imterval
1s op = 25.9 kg w3 to o = 26.9 kg w3 with en incremeat of 0.025 kg m~>.
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Fig. 9.1: Objectively analysed depth of isopycnal o = 26.6 kg m™ 3 at the
Polar Front. Grid dimensions were 10 km x 10 km,
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Fig. 9.2: Weighted number of contributions of the depth of o = 26.6 kg m 3,

Grid dimensions were 10 km x 10 km.
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Fig. 9.4: Weighted confidence limits of the depth of op = 26.6 kg o 3, Grid
dimensions were 10 km x 10 km,
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Fig. 9.5: Objectively analysed iscpycnic spacing between o = 26.55 kg m 3
and o = 26.65 kg m 3, From each data point the ensemble mean of
3.94 x 10 Pa was subtracted, Grid dimensions were 10 km x 10 km.
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Fig. 9.6: Weighted number of contributions of Iisopycnic spacing between
o, = 26.55 kg m"3 and o = 26.65 kg w3, Grid dimensions were

10 km x 10 km.
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Fig. 9.7: Weighted RMS—error of isopycnic spacing between op = 26.55 km m™ 3
and op = 26.65 kg # 3. (rid dimensions were 10 km x 10 km.
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Fig. 9.8: Weighted confidence limits of isopycnic spacing between isopycnals
o, = 26,55 kg w 3 and o = 26.65 kg w 3, Grid dimensions were
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Fig. 9.9: Salinity distribution at 20 m at the Polar Front Survey, In the
shaded areas the weighted number of contributions was less than 30.
Grid dimensions were 10 km x 10 km,
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Fig. 9.10: Temperature distribution at 20 m at the Polar Front Survey. In

the shaded areas the weighted number of contributions was less
than 30. Grid dimensions were 10 km x 10 km.
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10, SURFACE CURRENTS
10.1 Data Acquisition

Throaughout the Sea Rover legs of the "Poseidon" NOA '81 cruise the flow
of water at the sea surface was estimated using the difference of the motion
of the ship relative to the sea floor and relative to the water. The abselute
motlon of the ship was determined nsing satellite navigation, which gave
the absclute position of the ship at irregular intervals ranging between
about one and three hours. The motion of the ship relative to the water was
obtained by integrating the signal from a two—component electromagnetic log
mounted below the ship's well. The iIntegration of the signal from the log
was carrled out using the ship's HP1000 navigation computer, to which the
log was interfaced. The log was calibrated off the Azores onm 18 July 1981
using a drifting radar-buoy with a sail centred at the depth of the log.
The twe components were calibrated separately. The calibration and integra-
tion took account of mis-alignment of the head of the log. Further details
of the mnavigation system and the calibratiom procedure are contained in
Leach, 1984.

The position of the ghip at times of the sateilite fixes and the
corresponding relative positions were extracted from the 2-minute protocol
printed by the navigation system. These were then typed into the HP9B25A
desk calculator. The difference in the change of absolute position of the
ship between two satellite fixes and change of position relative to the
water during the same period was then calculated and divided by the time
interval giving the mean surface current for the space and time interval.
This was assigned to the mean absolute position of the ship during the

interval.

10.2 Derivation of the streamfunction im the synoptic—scale survey area

Within the box 38°W — 30°W and 50°N — 52°N, see figure 11.1, there were
137 satellite fixes between which 136 mean surface current vectors could be
calculated. The mean surface velocity is 0.08 m s ~! to the eastnortheast
{72°) and the rms speed 18 0.3 m s‘l, while the maximum velocities associated
with the core of the jet stream sometimes exceed 1 m s“l, as can be seen in
figure 10.2.1.

Visual comparison of the current vectors with the thermohaline structures

(figures 10.2.1, 5.4.2) shows that at least in places the current appears
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to be flowing quasi-parallel to the isolines of say temperature on density
surfaces. This result was sufficient to encourage us to try and obtain a
streamfunction which could more easily be compared with the thermchaline
structures. After consideration of methods suggested im the literature (see
Bretherton et al., 1976, for example) it was decided to try another method
as follows. The east (u) and north {v) components of the current were
interpolated separately onto a regular grid with 10 km spacing using their

auto-correlation functions as weighting functions {figure 10,2.2).

The vorticity field was calculated from the grid point u and v fields
(figure 10.2.3), using a central difference scheme. The general feature of
this quantity is a banded structure along the axis of the jet, symptomatic
of the crossjet shear and with extreme wvalues in the repions of strongest
curvature of the flow field. Comparison with the planetary vorticity f
shows, that the relative vorticity is of the same order of magnitude, with
maximum cyclonic relative vorticity of about 60 % and maximum anticyclonic
vorticity of about 70 Z. Furthermore the restriction of the estimates of the
surface current to one per satellite fix restricts the observable vorticity
to about * 100 M s~ ! (when the maximum currents seen of about ! m s~} are
observed with a spacing of seme Z0 km say}. The rms vorticity of the analysed
field is 11.6 M s”1 or about 10.4 % of f. The ratio of the relative
vorticity to the planetary vorticity can be intetpreted as a Rossby mumber
(Ro ﬂ'? ) and the large value of this gquantity draws attention to the fact,
that in regions such as this 1t is no longer advisable to regard the flow

as quasi-geostrophic.

The vorticity field was then integrated using the technique of successive
over-relaxation to solve the Poisson equation for the streamfunction. From
the u and v fields the gradient, DPirichlet, boundary conditions were available
for the integration. The resulting streamfunction shown in figure 10.2.4
bears comparison with the hydrographic structure shown ia figure 5.4.2. Both
show southward wmeanders at 35°30'W and 33°0'W and a northward meander at
34°30'W. The general structure of the streamfunction shows a smoother
appearance than the temperature field, which may to some extent be due to
the analysis technique acting as a filter. It is interesting to note, that
the width of the jet between the trough and the ridge is nearly twice that

of the thermoclinicity meximum.

By differentiating the streamfunction it 1is possible to obtain a

geostrophic velecity field. This is shown in figure 10.2.5.
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Further discussion of the dynamic quantities at the Polar Front is to be
found in Fischer, Leach and Woods (1985) and detailed discussion of the
analysis of the current data in Leach (1985).
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Fig. 10.2.1: Surface currents at the Polar Front as measured by the EM-log
and satellite navigation.
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Fipg. 10.2.2: Objectively analysed surface currents derived from the raw
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Fig. 10.2.3: Relative wvorticity at the surface, derived from objective
analysed current field.
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Fig. 10.2.4: Surface streamfunction at the Polar Front derived by

integrating
the relative wvorticity.
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Fig. 10.2.5: Divergence free surface currents at the Polar Front derived by
differentiating the surface streamfunction.
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11, METEOROCLOGICAL DATA

During the NOA'8! expedition two Independent automatic systems for
measuring meteorological parameters were installed on "Poseldon". The
Tefrimet {designed by Fa. Theodor Friedrichs) system recorded dry bulb, wet
bulb and sea surface temperatures, wind speed and direction and air pressure

with a time interval of one minute.

The new equipment built from a design by Dr. K. Uhlig, Department of
Maritime Meteorology, IfM—Kiel, still in the test phase, had the advantage
of recording mean values averaged over a predetermined interval. It had tweo
sensors for dry and wet bulb temperatures and one sensor each for wind speed

and direction as well as short-wave downward radiation.

Both data sets had Jlarge paps. Therefore the presentation here
(fig. 11.1 - 11,3) 1is the best possible combination of data from both

systems.

The wind data are only recorded and displayed relative to the ship's

speed and heading.

Figure 11.1 presents the meteorological data during the long section B102.
In the first 3 days of the long section FS "Poseidon" steamed through the
region of the Azores high pressure area with few clouds, relatively dry
air and low winds, Steaming through the anticyclone the ship passed through
regions of easterly, southerly and westerly winds. On the 23rd July the ship
came into the influence of stronger westerly winds, advecting more humid

subpolar air. Passing fronts provided complete cloud cover.

Figure 11.2 presents the meteorology measured on the long legs of the
front survey, The first two days the centre of an anticyclone with a central
pressure of 1035 hPa was situated 400 km south of the survey region. Due to
it the ship operated under cloudless sky, in dry alr and southwesterly wind.
On the 29th July an occluded front system attached to a cyclone with central
pressure of 995 hPa passed over the survey region. The wind increased to
20 ms”! from a southwesterly direction and advected air, which although
2 °C warmer than the local sea surface temperature was highly saturated

with water vapour.

During the high resolution part of the front survey the cyclone intensified
till the 2ad August to a central pressure of 975 hPa. Its centre was
situated 900 miles north of the survey region (figure 11.3).
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During the last two days the wind decreased but still advected polar air
colder than the sea surface temperature on the cold side of the front. Due

to a stationary front the area was covered with stratus clouds.
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Fig. 11l.1: Wet and dry bulb air temperature, wind speed and direction, air
pressure and short wave lrradiance along the section B1O2.
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part of the frontal survey.
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12. CONCLUSIODNS

The experiment NOA'8l was the first of a series of experiments carried

out with our new measurement system, called SEA ROVER,

The SEA ROVER is an integrated system measuring hydrography and currents
in the upper boundary layer of the ocean, combined with meteorclogical
measuyrements, mnavigation and real-time data processing, from the moving

ship, Steaming at almost full speed.

We were able to monitor large areas with higher horizontal resolution in
shorter time than classical CTD surveys, the cost being the Iimited depth
range and the relatively large technical expense. Real-time data processing
allowed a spontaneous adjustment of the survey pattern according to the
just measured hydrographic situation. New problems in calibration, time-
constant behaviour and temperature dependence of the sensors were caused by
high diving speeds of the fish. The applied scheme of recalibration, editing
and data reduction succeeded in correcting some of the errors in the
measurements. The accuracy was sufficient to resolve the strong signals in
the upper boundary layer. In later experiments (NOA’83) the diving speed of

the fish was reduced in order to avoid some of the detected error sources,

The NOA'8l experiment provided a data set of hydrography in the upper
80 m, surface currents and meteorology continuously measured over a
distance of 12 Mm. The high horizemtal resolution over long sections span
up a spectral range of 0.4 - 2500 km, the towing speed of 10 knots improved
the synopticity of the measurements, and the data rate of 16 cycles per
second raise statistical significance. Repeated surveys of the same track

on return trips allow to investigate temporal changes.

With the use of isopvenie analysis we were able to discriminate oceanic

finestructure from internal waves, For example the presentation of temperature

on surfaces of constant o show clearly the extension of different water

masses and thus eddies, meanders, tongues and fronts are detectable.

Averaging over a large number of data samples improved the signal to
noise ratio and increased the statistical significance. These statistical

results can be used for the test of models or the comparison with clima-

tologecial data,

The high horizontal resolution reveals new insights in the large-scale

structure of long sections intersecting the streamlines of the subtropical
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gyre, Large regions of relatively homogeneous T-S relationship alternate with
narrow bands of strong horizontal gradients. The transition zone between
the subtropical warm water and the subarctic water extends over 700 kw, The
transitions themselves are found mainly at four strong fronts not broader
than 50 km each. The Iintermediate regions only show mescoscale variability
like the waters near the Azores or north of the Polar Front. The horizontal
patterns differ also vertically. While water mass changes in the seasonal
thermocline occur nearly steplike, horizontal gradients in the mixed layer
are mich weaker and often are phase-shifted compared to the structure in
the thermocline., Thus the mixed layer masks the pattern of the underlying
water, a result which may be important for remote semsing. At the Polar Front
between 50° N and 52° N synoptic—scale meanders with wave-lengths of about
200 km have been observed. The structures detected in the hydrographic data
show strong similarities with the surface currents om scales larger than
20 km, The lack of horizontal resolution in the navigation data hindered us
from comparing hydrogaphy and current measurements on smaller scales.
Improvement of the navigation system is therefore necessary for the
investigation of structures like the thermoelinicity maximum which was less

than 10 km wide.
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14. APPENDIX
14.1 Coefficlients for sensor calibration

y=a, +a,x+ a,x

1 2
X: raw data value y: calibrated variable
HS538 a ay a,
2 -2 -9
i -3.097345 x 10 3.653411 x 10 8.021386 x 10
1 -3 -10
T Sensor 1 ~2.441963 x 10 2.425639 x 10 2.444443 z 10
1 -3 =10
T" 2 =2.503945 x 10 2.420168 x 10 2.756392 x 10
1 -3 -9
c* i ~-2.644104 x 10 3,399403 x 10 3.781636 x 10
1 -3 -9
c" 2 ~2.702129 x 10 3.460328 x 10 2.303073 x 10
MS539 3, a, a,
2 -2 -9
P ~-2.8495911 x 10 3.7115809 x 10 3.213433 x 10
1 -3 ~12
T Sensor 1 ~2,488925 x 10 2.43%9146 x 10 3.5183501 x 10
1 -3 -ll
T " 2 -2,4189148 x 10 2.4221177 x 10 -9.9700212 x 10
1 -3 -9
c" 1 -2,713648 x 10 3.452988 x 10 2.507046 x 10
i -3 -9
cH 2 ~-2.553158 =x 10 3.249933 x 10 3.663812 x 10

14,2 Coefficients for callbration correction of salinity

§ =a +a.,s
c ] i

S5: CID-salinity Sc = corrected salinity
2 %
§ Sensor 1 . 0.4861705987 0.9848659552

8 Sensor 2 0,3668513607 0.9860728478
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14.3 Coefficlients for pressure calibration correction

P =P+a +a,Tu
c o i
PC: corrected pressure value

P : CID-pressure

Tu: 4-hour mean of upper turning point temperature

4
5.79 10 Pa

a
o]

S |
a; = -0.1212 10 PaK



