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Summary

Starting in January 1977 longterm current and temperature
measurements at three sites in the North-East Atlantic were
carried out until Oct. 1980. The programme was part of the
international NEADS (North-East Atlantic Dynamic Studies)
experiment. Time series mainly in four levels from the upper
thermocline down to 500 m above the bottom of up to 666 days
have been obtained. The data are presented in form of statistics
and energy-density spectra for the high frequency ﬁart of
the series as well as statistics and time series plots of
lowpass filtered data. Four XBT-sections from the southern
part of the NEADS region are also shown.

Zusammenfassung

Im Nordostatlantik wurden von Januar 1977 bis Okt. 1980 auf
drei Positionen Langzeitmessungen von Strédmung und Temperatur
durchgefiihrt.

Das Programm war Teil des internationalen Projekts NEADS
(North-East Atlantic Dynamic Studies). Auf jeder Position
wurde hauptsdchlich in vier Niveaus von der oberen Haupt-
sprungschicht bis ca. 500 m iiber dem Boden gemessen. Die
Lé&ngen der erhaltenen Zeitreihen betragen zwischen 150 und
666 Tagen. Die Daten werden in Form von statistischen Para-
metern und Spektren der Energiedichten filir den hochfrequenten
Teil der Zeitserien sowie als tiefpaBgefilterte Zeitserien
mit der zugehOrigen Statistik dargestellt. Vier XBT-Schnitte
aus dem siidlichen NEADS-Gebiet werden ebenfalls gezeigt.
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1. Introduction

In 1976 SCOR WG 43 (Internal Dynamics of the Ocean)
established the NEADS- (North East Atlantic Dynamic Studies)
subgroup. The main aim of this group (Gould, 1976) was to
coordinate Westeuropean efforts in field studies of mesoscale
variability of currents and temperature in the eastern basin
of the North Atlantic Ocean parallel to POLYMODE. Being aware
of the limited resources of the participating institutes

(COB Brest, IfM Kiel, MAFF Lowestoft, IOS Wormley) +the group
decided to set up a geographic statistical experiment at a few
sites of the eastern basin (fig. 1)'rather than a coherent

dynamic one in a relative small area.

From late 1976 until October 1980 time series of a length up
to two years are now available from nine different sites

(see table 1) between 22°N to 52°N and 10°W to 25°W. They
are completed by XBT-sections (Gould, 1978; Huber and

Miller, 1977; Dickson and Gurbutt, 1979; Dickson and Gurbutt,
1980) that were run with high horizontal resolution (<52 km)
during several mooring cruises. This repért now presents the
main features of the time series from sites 1, 2 and 2.5 for
which IfM Kiel was responsible.

They are shown as statistics and energy density versus
frequency spectra for their high frequency (>0.5 cpd) and

as statistics and time series plots for the low-pass filtered
data (<0.5 cpd). Four XBT-sections through the southern NEADS~-
area as well as air pressure data from five stations on the
Azores, Canaries, Madeira, Portugal and a weather ship are
also presented. A guide through the graphical presentation

is given in the fold-out of the last page.
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Fig. 1: Location of
a) NEADS mooring sites 1, 2, 2.5, 3, 3.5, 4, 5, 6, 7

b) XBT~section tracks of R.V. Meteor
cruise 44A, St. 141-109-34
cruise 44B, St. 169-231

cruise 46A, site 1-St. 30, Site 2-8t.78
cruise 53a, St.1-10-57

c) Weather Ship position R
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2. Data processing

2.1. Current meter measurements

An overall view of available data from sites 1, 2, and 2.5 is
given in table 2 (see also fig. 1 for positions). There are large
gaps in the records, mainly due to battery problems after several
months record time of the Aanderaa current meters in deep and
cold water, or leakage through the conductivity cell. The latter
problem has been overcome meanwhile by the company. Fig. 2 shows
the typical mooring configuration with coated steel wire
(Diepalon) down to 1500 m. Even after 13 months (site 2) only
very weak corrosion was observed at instruments and othern
mooring components.

INSTRUMENT SENSORS DEPTH
[m]

BUoY —— 55—
DIEPALOR - WIRE

~——AANDERAA——— P T.C, VI, 99— — 73—
DIEPALON - WIRE

GLASS SPERES
DIEPALOH- WIRE

~—~ AANDERAA———T,C, V], o — —1575—
PERLON
BLASS SPERES
PERLON
——AANDERAA
PERLON

GLASS SPERES
PERLON

—AMNDERAA —— il e — T —u70—
PERLON
GLASS SPERES
PERLON

-ACOUSTIC RELEASE ~—

TVl — —3089—

m CHAIN

Fig. 2: Sketch of mooring design
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2.17.1. Calibration and data control

For calculating current speeds and directions from recorded
values the formulas given by Aanderaa AS were used. Each

sensor for temperature, pressure, and conductivity was
recalibrated at the IfM Kiel. The results were as follows:

for the low range temperature -2°¢ to 21°c and pressure in

a few cases only minor corrections were necessary to the
Aanderaa formula (less 0.05 K and less 0.5 % of pressure range).
At and below the 3000 m level for temperature measurements

the high resolution range -2° to 5.6°C has been used. For

this range the calibration seemed to have an offset. So all
temperatures at these levels have been corrected for their

mean value against historical and own CTD-data. The same holds
for all conductivity cells which have been corrected against owr
CTD-measurements, comparing salinities. Thus all mean values of
salinities as well as temperatures below the 3000 m-level are
not independent from other in-situ data (see table 3 for

applied corrections).

Mooring motion -although apparent— did not result in significant
over-speeding of the rotors. Taking variances of high pass
filtered (see 2.1.2. for procedure) pressure records and
centering them to the period of the semidiurnal tide as
representative for the high frequencies one estimates less

than 0.2 cm/S overspeeding. For lowpass filtered data 0.02 cm/S
result for the worst case. On the other hand the influence

of mooring motion on temperature and salinity may be important.

2.1.2. High frequency analysis

At all sites the energy density spectra of kinetic energy
show a minimum at periods of apout two to four days. There-~
fore for the high frequency statistics all time series have
been highpass filtered with a half amplitude response at 60 h
and 1 % amplitude response at 85 h (fig. 3). The filter was
of Lanczos type with a total of 253 weights, e.g. 126 weightg
to both sides of the central point (see Appendix 1). The

formulas of the calculations of the statistical parameters are
also given (Appendix 2).



Sitel Mooring Corrections

identification T(K) |8 (p.p.t.) ] matched to
1 184 101 1 .0 0.22 own CTD
102 0.50 .- own .CTD
103 0.165 - own CTD/IGY~data
104 0.255 - IGY-data
264 101 0 0 1
102 o] 0
103 0 0
104 0 0.10 184 101
105 o) 0
107 0.13 - 184 103
108 0.19 - 184 104
2 203 101 0 -0.37 own CTD
102 0.47 -0.09 own CTD
103 0.19 - own CTD
104 0.18 - IGY-data
229 101 ~-0.05 +0.08 203 101
103 0.10 - 203 103
104 0.15 - IGY~-data
242 102 0 -0.29 ) '
103 0.10 - ) IGY~-data
104 0.235 - )
2.5 230 101 0 0.76 IGY, uncertain
103 0.24 - )
104 0.19 - ) 1GY¥-data

Table 3: Corrections applied to temperature T and salinity S
at sites 1, 2, 2.5.

Instead of high resolution time series plots, energy density
spectra in the frequency range 0.5 cph to 0.002 cph are pre-~
sented. They have been calculated for P, T, S, and for

rotational velocity components u and u_"@ﬁllebmﬂxiet al., 1977). To
achieve this, pieces of 512 hours length were detrended and
applying ° FFT, 256 spectral estimates were calculated.

Finally these estimates were averaged,in frequency ranges to
result in not more than 20 estimates per decade, and over

all pieces.
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2.3. Low frequency analysis

Because of the gap in the energy density spectra at periods

of about 2 to 5 days, all data were lowpass filtered with half

amplitude response at 30 h and 1 % response at 24 h (fig. 3).
After filtering, daily means were calculated, and from these
the statistical parameters according to the formulas in the
Appendix and the time serie plots result.

RESPONSE ——

b e e

{
10_2 cph 10_‘
FREQUENCY —

Fig. 3: i
g. 3: Response functionsg of highpass and lowpass filter

a) highpass filter ;
response at 60 ﬂ253 welghts, 50 % amplitude

b) lowpass filter

1 i .
response at 30 h 33 weights, 50 % amplitude
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2.2. XBT-sections

All XBT-sections were run during mooring cruiséslwith R.V.
'Meteor'. Sections A of cruise 44 and that from cruise 53

were digitized manually, section B of cruise halfautomatically
from analogue records. During cruise 46 the data were stored
digitally on a cassette. The errors seem to be 0.1 K in
temperature and 5 m in depth. Location and times of data

acquisition may be seen in fig. 1 and the sections.

2.3. CTb-data

Unfortunately only two deep casts with the Kiel Multisonde
have been obtained at sites 1 and 2. The data processing is
standard and described by Peters (1978).

2.4. Air pressure

From dayly German weather maps (Deutscher Wetterdienst,

Of fenbach) dayly air pressure data of five stations (Santa
Maria/Azores, Funchal/Madeira, Las Palmas/Gran Canaria,
Porto/Portugal, and the Weathership on 47N, 17W) have been
read out for the period 1 Jan. 1977 to 31 March 1980.
Lowpass filtered 5-dayly means and spectra are presented.

Acknowledgements

The mooring work was mostly done on F.S. 'Meteor'. In May 1978
two members of IfM Kiel were as guests on R.V. 'Shackleton’
for a mooring cruise. I would like to thank the crews of both
ships for their skilled and experienced work. Thanks also

to the IfM data group who did the drawing and typing.

The experiment was supported by the Deutsche Forschungsge=-
meinschaft under grants Mu 463/2-4,



- 12 -

References

DICKSON, R.R. and P. GURBUTT, 1979: A 5.500 km XBT-section
from the North East Atlantic. '
POLYMODE News No. 64, unpublished manuscript.

DICKSON, R.R. and P. GURBUTT, 1980: XBT-profiles from the
northeast Atlantic in June 1979. .
POLYMODE News No. 74, unpublished manuscript.

GONELLA, J., 1972: A rotary component method for analyzing
meteorological and oceanographic vector time series.
Deep-Sea Res. 19, 833-846.

GOULD, J., 1976: Mesoscale monitoring in the eastern North
Atlantic (North Atlantic Dynamic Studies).
POLYMODE News No. 13, unpublished manuscript.

GOULD, J., 1978: NEADS-XBT~sections.
POLYMODE News No. 43, unpublished manuscript.

HUBER, K. and T.J. MULLER, 1977: Two XBT sections from the
southern part of the NEADS area.

POLYMODE News No. 37, unpublished manuscript.

PETERS, H., 1978: A Compilation of CTD and Profiling Current
geter Data from GATE 1974, F.S. 'Meteor' and W.F.S. 'Plane
'Meteor" Forsch.Ergebn., Reihe A, 20, 49-80.

Willebrand, J., P. Miller and D.J. Olbers, 1977: Inverse
Analysis of the Trimoored Internal Wave Exveriment

(IWEX) , Part 1. Ber. Inst. f. Meereskunde a. a&.
Univers. Kiel, Nr. 20a.



-13-

Graphical presentation

A detailed page~guide is enclosed on the outfold-pages 99
and 1oo.Results from mooring sites 1 and 2 are followed
by XBT-sections and time series and spectra of air-pressure.

The presentations for sites 1 and 2 start with CTD-profiles.
for each site the high—freéuency analysis (statistics and
spectra for each mooring and depth) and the low-frequency
analysis (combined statistics,PVD's and time series) follow

in this arrangement.The spectra contain the 95%-confidence
limits. ‘
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List of symbols:

Press,

Sal,
Sigt,
uc, vcC
u, . u_

p
Temp, T
S
(%)

Pressure (dbar)

Temperature (degr. C)

Salinity (p.p.t.)

Sigma-t

East and North -component of velocity vector (cm/S)
rotary components of velocity vector (cm/S)

Appendix 1: Lanczos Taper:

Let m = 67,m

= 127 be the number of weights for lowpass

and highpass filter, respectively. Then the filter weights

are

(1 wi(d) =

. Il;'/l"'Jl .
st A ...-———....._} ¢=2,3.... anm .,
ﬁ'(c‘-d) [ A U
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Appendix 2: Statistical calculations

THE FO.LOWING QUANTITIES ARE COMPUTED:
(LEFTM3ST NAMES. APPEAR IN PROGRANM PRINTOUT)

1JFOR EACH VARIABLE OF THE SUBSET

MAXIMWM : MAXTMUM

MINIMWN : MINIMUM

MEAN ¢ MEAN

YARIANCE ¢ VARIANCE

STRODEV ¢ STANDARD DEVIARTION

STERMEARN : STANDARD ERROR OF MEAN. .

SKEWNESS : SKEKWNESS.
(SHOULD BE 0 FOR NORMAL DISTRIBUTION)

KURTOSIS : KURTOS
(SHOULD BE '3 FOR NORMAL DISTRIBUTION)

ZJIN ¢ASE THE SUBSET CONTAINS PAIRS (‘UC *,'VC
I.E. PHIRS oF U(EHST]—.V(NORTH)—COHPONENT "oF HGRIZONTHL CURRENT:

VECTOK-MERN : VECTOR-MEAN!

VECTOR-VAR. : VECTOR VARIANCE'
IT(A MEASURE OF TOTAL KINETIC ENERGY)

_STOVECMEAN _: STANDARD DEVIATION OF VECTOR MEAN
S " (A MEASURE OF RMS AMPLITUDE)
VECHEINERR : STANDARD ERROR OF VECTOR MEAN

DIR-MZAN : MEAN DIRECTION OF VECTOR.
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DEFINITIONS AND FORMULAS:
{X,Y) PAIR OF VARIABLES

N = NUMBER OF DATA POINTS OF SAMPLE
SX = SUM OVER ALL VALUES OF SERIES X
§XY = SUM OVER ALL VALUES OF SERIES XwY
SXXX = SUM OVER ALL VALUES OF SERIES XmXmX
SXYXY = SUM OVER RLL VALUES OF SERIES XwXuwYmY
HX = SX/N
VX = SXX/N-MXwm2
ox = SQRTIVX])
MINIMUM + MIN [X(I)), I=1.N
MAXIMUM : MAX [X(I33, I=1.N
MEAN : MX
YARIANCE : VX
STRDDEV : DX
STERMEAN t SART(VX/N)
SKEWNESS T {SXXN/N=-3xPXuSXX/N+2u(MXwn3]) )/ (DXu3) ‘
KURTOSIS 2 (SXXXX=4uPMXmSXXX+EuMXuMXuSXX I /N-3u{MXund )/ (VXuVX)
VECTOR~MEAN : SQRT{MXwMX+MYNMY)
VECTOR~-VAR. : VV=(VX+VY)/2
STDVECMEAN : SART(VV)

VECHERNERR : SQRT(VV/N)

Appendix 3: Rotary components
According to Willebrand et al. (1977) rotary components
u,_ and u_ od the velocity vector are defined by

= é—-(m +6‘VC)

4

with uc and vec as it's east~ and north components. Their
autospectra E, are related to the autospectra E E

+ u, Vv
the gquadrature spectrum qu of the Cartesian commonents
by (c.f£. also Gonella, 1972):

g, {ajzzf(/:;“(ca/ f&;y(,,\,/_tzq(w,:) s

and



Page guide to graphical presentations

A: Current meters, high frequency analysis

. depth mooring s Spectra
St m)  identific Statistics =575 5 u,  u_
1 673 184 107 15 17 18 18 18 18
15.01.77- 1585 184 102 15 - 19 - 19 19
4770 184 104 16 - 21 - 21 21
24 264 101 22 25 25 25 - -
o1.04.80- 125 264 102 22 - 26 26 26 26
17.10.80 379 264 103 22 - 27 27 27 27
673 264 104 23 28 29 29 29 29
935 264 105 23 - 30 30 30 30
3085 264 107 24 - 31 - 31 31
4770 264 108 24 - 32 - 32 32
2 788 203 101 53 - 55 55 55 55
668 203 102 53 - 56 56 56 56
08.12.77-
3168 203 103 54 - 57 - 57 57
1l0.05.78
5079 203 104 54 - 58 - 58 58
788 229 101 59 - 60 60 60 60
11.05.78- 3168 229 103 59 - 61 - 61 61
02.07.79 4181 229 104 59 - 52 - 62 62
2 o7 70 1668 242 102 63 64 65 65 65 65
°;'°4‘8 3168 242 103 63 - 66 - 66 66
. .« OO
©z-0 4181 242 104 63 - 67 - 67 67
2.5 485 230 101 81 82 83 83 83 83
13.05.78-
2945 230 103 81 - 84 - 84 84
16.01.79
4050 230 104 81 - 85 - 85 85
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B: Current meters, low frequency analysis

Time series plots

. overall

Site depth gy Vistics PYD Sticks P T S o, u v
1 ‘ 673 34 36 37 38 38 38 38 38 38
15.01.77~ 1585 35 36 37 - 39 - - 39 39
05.12.77 3089 35 36 37 - 39 - - 39 39
4770 35 36 37 - 40 - - 40 40
1 24 33 - - 46 46 46 46 - -
ol.04.80- 125 33 41 43 - 47 47 47 47 47
17.%10.80 379 33 41 43 - 48 48 48 48 48
673 - 42 44 49 49 49 49 49 49
935 34 42 44 - 50 50 50 50 50
3089 - 42 45 - 51 - - 51 51
4770 - 42 45 - 51 - - 51 51
2 788 68 70 72 - 74 74 74 75 75
08.12.77- 1668 68 71 72 77 76 76 76 77 77
02.04.80 3168 69 71 73 - 78 - - 78 78
4181 69 71 73 - 79 - - 79 79
5079 69 71 73 - 80 - - 80 80
2.5 485 86 87 87 '88 88 88 88 88 88
13.05.78~- 2945 86 87 87 - 89 - - 89 89
16.01.79 4050 86 87_ 87 - 89 - - 89 89

C: XBT sections, 90, 91 92

CTD, site 1:14
site 2:52

Air pressure, time series plots: 93 (out-fold)

Spectra

94, 95
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