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Abstract

METEOR cruise M39 took place in the North Atlantic Ocean and consisted of five legs. Work
on M39 was carried out mainly in the context of two climate relevant programs: for
Sonderforschungsbereich (SFB) 460 (“Dynamics of thermohaline circulation variability”),
during legs M39/2 and M39/4, and for the World Ocean Circulation Experiment (WOCE),
during M39/ 3 and M39/5 while paleo-oceanographic studies were carried out on one leg,
M39/1.

During the first cruise leg M39/1, departing 18 April 1997 out of Las Palmas, Canary Islands,
paleo-oceanographic work was carried out in the eastern Atlantic. The objective was to
document the history of the North Atlantic’s thermohaline circulation during the last glacial
period. Sediment cores and sediment surfaces along deep transects in the Gulf of Cadiz and
off Portugal were sampled. With detailed paleo-oceanographic time series, the hydrographic
history of North Atlantic water masses and of Mediterranean water were recorded. Ocean
chemistry work documented today’s distribution of paleo-oceanographic trace-elements.
Cruise leg M39/1 ended on 10 May in Brest.

METEOR left Brest again on 14 May for leg M39/2. During this leg measurements were
conducted in the eastern North Atlantic within the context of the SFB 460 of Kiel University.
The aim was to investigate the variability of water masses of the subpolar gyre during their
passage through the Iceland Basin as well as its transport rates and pathways. Detailed CTD
surveys on seven sections and the deployment of current meter moorings and RAFOS floats
were carried out for long-term observations of Overflow- and Labrador Sea Waters. Leg
M39/2 was completed on 8 June 1997 in Cork, Ireland.

Cruise leg M39/3 focused once again on a survey of the 48°N WOCE section A2 under one-
time survey requirements. Since earlier observations had shown a large interannual variability
of all hydrographic properties, this survey was again combined with chemical oceanographic
measurements to arrive at a CO, budget. Results from this cruise confirm these rapid full-
depth changes. The data will be used to calculate indices of the meridional circulation such as
transports of heat, freshwater and mass and the meridional overturning. Previous estimates
had shown large changes in the heat transports. The observations of cruise M39 are required
to advance the understanding of the underlying mechanisms.

Leg M39/4 began in St. John’s on 6 July and investigations were carried out for several
projects of the SFB 460. Since leg M39/4 had as an essential objective the retrieval and
redeployment of a variety of moorings, it had to be subdivided into two segments with an
interim stop on 16 July in St. Anthony (New Foundland). During the first part of leg M39/4
several moorings were successfully recovered, a boundary current meter array was deployed,
CTD-profiles were taken and profiling ALACE floats deployed in the western part of the
Labrador Sea. After the interim stop in St. Anthony the mooring work was continued in the
Labrador Sea. Here, as well as in the Irminger Basin, a large amount of CTD stations were
carried out to investigate the water mass distribution, spreading paths and transports in the
western North Atlantic. Leg M39/4 had accomplished its objectives and ended on 11 August
in Reykjavik, Iceland.



Cruise M39/5 by R.V. METEOR was another contribution to the “World Ocean Circulation
Experiment” (WOCE). In addition, work was carried out for the EC program “Variability of
Exchanges in the Northern Seas” (VEINS). This leg started in Reykjavik (Iceland) on 14
August and finished in Hamburg (Germany) on 14 September, 1997. The purpose of the first
part of the cruise (VEINS) was to carry out CTD sections and to recover and redeploy current
meter moorings in the overflow waters off East Greenland, between the Denmark Straits and
Cape Farvel. Work was part of a cooperation effort between British, Finnish, Icelandic and
German institutions. The objective of the second part of this cruise leg was a repeat of the
WOCE Hydrographic Programme section A1E/AR7E, running from Cape Farvel to the
southern tip of the Porcupine Bank off the west coast of Ireland.

Overall METEOR cruise 39 was successful, and the intended work could be carried out
according to plan.

Zusammenfassung

Die METEOR-Reise M39 fand im Nordatlantischen Ozean statt. Im Verlauf von finf
Fahrtabschnitten wurden Arbeiten hauptsachlich im Zusammenhang mit zwei klimarelevanten
Programmen durchgefuhrt, dem Sonderforschungsbereich (SFB) 460 “Dynamik
thermohaliner Zirkulationsschwankungen” (Abschnitte M39/2 und M39/4) und dem “World
Ocean Circulation Experimentis (WOCE) (Abschnitte M39/3 und M39/5). Ein Fahrtabschnitt
(M39/1) diente Paleo-Ozeanographischen Untersuchungen.

FS METEOR lief am 18. April 1997 von Las Palmas auf den Kanarischen Inseln fur den
ersten Abschnitt M39/1 aus. Paleo-Ozeanographische Arbeiten wurden im &stlichen
Nordatlantik durchgefuhrt. Das Ziel der Arbeiten war die Erforschung der Geschichte der
Nordatlantischen Thermohalinen Zirkulation wahrend der letzten Glazialperiode. Dafur
wurden Sedimentkerne und Sedimentverteilungen entlang tiefer Schnitte im Golf von Cadiz
und vor Portugal gesammelt. Meereschemische Arbeiten dokumentierten dabei die heutigen
Verteilungen der Paleo-Ozeanographischen Spurenelemente. Das wissenschaftliche
Programm von M39/1 wurde mit der Ankunft in Brest am 10. Mai beendet.

METEOR verliel® Brest am 14. Mai fir den Abschnitt M39/2. Auf diesem Abschnitt wurden
Messungen im 6stlichen Nordatlantik fir den SFB 460 der Universitat Kiel durchgefuhrt. Ziel
war die Untersuchung der Variabilitdt von Wassermassen des subpolaren Wirbels wahrend
ihres Durchquerens des Islandbeckens sowie ihre Ausbreitungswege und Transporte.
Detaillierte CTD-Untersuchungen auf sieben Schnitten und Verankerung von Strommessern
und RAFOS Floats wurden zur Beobachtung des Langzeitverhaltens des Overflow und des
Labradorsee-Wassers durchgefuhrt. Der Abschnitt M39/2 wurde am 8. Juni 1997 mit der
Ankunft in Cork, Irland beendet.

Der Abschnitt M39/3 diente der erneuten hydrographischen Aufnahme des WOCE-Schnitts
A2. Damit verbunden war die Wiederholung der Aufnahme der CO,-Verteilung auf diesem
Schnitt im Rahmen von JGOFS. Die vorangegangene Aufnahme mit FS METEOR im Herbst
1994 hatte bereits die deutlichen und schnellen Verédnderungen der hydrographischen



KenngréRen in diesem Ubergangsgebiet zwischen dem Subpolar- und dem Subtropenwirbel
im Vergleich mit den Vorgéngeruntersuchungen aufgezeigt. Diese signifikante Variabilitat
wurde auf der jetzigen Reise bestatigt. Die Daten dieser Reise werden ebenfalls fir die
Berechnung der meridionalen Zirkulationsgroflen wie Warme-, Sitflwassertransport und
Meridionalzirkulation verwendet. Fruhere Aufnahmen in den 90er Jahren hatten
Schwankungen besonders im Warmetransport gezeigt, die zu verstehen Ziel der jetzigen
Untersuchungen ist.

Der Abschnitt M39/4 begann in St. John’s am 6. Juli, und die durchgeflhrten Untersuchungen
standen im Zusammenhang mit mehreren Teilprojekten des SFB 460. Da M39/4 als eines der
Hauptarbeitsziele die Aufnahme und erneute Auslegung einer Vielzahl von Verankerungen
hat- te, muldte M39/4 aus logistischen Grinden in zwei Teile mit einem kurzen Zwischenstop
in St. Anthony am 16. Juli aufgespalten werden. Wahrend des ersten Teils von M39/4 wurden
mehre- re Verankerungen erfolgreich geborgen, ein Strommesser- und Randstromarray
ausgelegt, CTD- Profile gewonnen und profilierende ALACE Floats im westlichen Teil der
Labrador See ausgesetzt. Nach dem Zwischenstop in St. Anthony wurden zunéachst die
Verankerungsarbeiten in der Labrador See fortgesetzt. Hier als auch im folgenden im
Irminger Becken wurde eine Vielzahl von CTD-Profilen gewonnen, um die
Wassermassenverteilung, und Ausbreitungspfade und Transporte im westlichen Nordatlantik
zu untersuchen. Der Abschnitt endete am 11. August in Reykjavik, Island.

Reise M39/5 war ein weiterer Beitrag zum deutschen WOCE-Programm. Weiterhin wurden
Arbeiten fur das EG-Programm “Variability of Exchanges in the Northern Seas® (VEINS)
durchgeflhrt. Der Fahrtabschnitt begann am 14. August in Reykjavik (Island) und endete am
14. September 1997 in Hamburg. Der Beitrag zu VEINS wéahrend des ersten Teils von M39/5
waren CTD-Messungen sowie Aufnahme und Wiederauslegung von
Strommesserverankerungen zwischen dem ostgronldndischen Kontinentalabhang, der
Danemarkstral’e und Kap Farvel. Diese Arbeiten wurde in Kooperation zwischen britischen,
finnischen, islandischen und deutschen Instituten durchgefuhrt. Das Hauptziel des zweiten
Teils des Abschnitts war eine Wiederholung des WOCE Schnittes A1E/AR7E, einem
hydrographischen Schnitt zwischen Kap Farvel und dem Sudende der Porcupine Bank vor
der Westkuste Irlands. Insgesamt war METEOR-Reise M39 erfolgreich und die
vorgegebenen Aufgaben konnten in vollem Umfang abgewickelt werden.



1 Research Objectives
1.1 Introduction

METEOR-cruise 39 took place in the North Atlantic Ocean with measurements mainly north
of 40°N (Figure 1) except for some work off Portugal and near the entrance to the
Mediterranean Sea during the first leg. The cruise began on 18 April 1997 in Las Palmas and
ended on 14 September 1997 in Hamburg. METEOR-cruise 39 combined during five legs
(Table 1) activities of paleo-oceanographic, physical oceanography, marine chemistry,
meteorological, geological and tracer physics working groups.

After cruise M39 started in Las Palmas, METEOR headed towards the entrance of the
Mediterranean. The work during the first leg off the southwest European shelf combined
different working groups and measurement techniques to investigate paleo-oceanographic
problems with regard to the thermohaline circulation during the last glacial period.

The aims during the second and forth leg were regional investigations of the thermohaline
circulation in the western and eastern basins within the context of the new
“‘Sonderforschungs-bereich” at the University of Kiel SFB-460 “Dynamics of thermohaline
circulation variability”. The main objectives during the SFB-460 related cruise legs were
hydrographic measurements as well as intense mooring work.

Besides the hydrographic and mooring work during the two SFB-460 related cruise legs
distributions of total dissolved inorganic carbon and total alkalinity were measured at the
hydrocast locations. Nutrients and dissolved oxygen were determined in parallel. This
combined analysis will allow the calculation of the penetration of anthropogenic CO, into the
water column. Additionally, a system to continuously monitor the CO, partial pressure in
surface waters and air operated during the two legs. This will allow calculating the CO; flux
between atmosphere and ocean.

During the third and fifth leg measurements of the thermohaline overturning circulation of the
North Atlantic along two trans-Atlantic sections were carried out as final contributions of the
Hamburg groups to the World Ocean Circulation Experiment (WOCE). Both sections were
repeated several times since 1991 to investigate the transport rates of the meridional overturning
circulation and its variability. Besides hydrography, marine chemistry and tracer measurements
were carried out. During the fifth leg, measurements were made also for the “Variability of
Exchanges in the Northern Seas (VEINS)” Project as part of the EC-MAST |l program.

As part of the joint operation between WOCE and JGOFS (Joint Global Ocean Flux Study),
on the leg M39/3, the components of the CO, -system, such as dissolved and particular
carbon CO,, were measured along the WHP-section A2 throughout the water column to
describe the ocean’s role as a buffer of atmospheric CO,. Its input into these highly to
moderately convective regions covered by section A2 is strongly variable and therefore calls
for more frequent sampling than elsewhere in the ocean.

Several other groups not imbedded in the large projects summarized about participated in
some of the cruise legs and their work is detailed under sections 3 and 5.



Cruise track of the 5 legs of METEOR cruise no. 39. To separate the different

Fig. 1:

cruise legs M39/2 is shown as dashed line. Transit sections are shown as thin

dashed lines.



Tab.1: Legs and chief scientist of METEOR cruise No. 39

Leg M39/1
18.04.-12.05.1997, Las Palmas, Canary Islands, Spain - Brest, France
Chief scientist : Dr. R. Zahn

Leg M39/2
15.05.-08.06.1997, Brest, France - Cork, Ireland
Chief scientist : Dr. W. Zenk

Leg M39/3

11.06.-03.07.1997, Cork, Ireland - St. John’s, Canada
Chief scientist : Dr. K. P. Koltermann

Leg M39/4

06.07.-11.08.1997, St. John'’s, Canada - Reykjavik, Iceland
Chief scientist : Prof. Dr. F. Schott

Leg M39/5

14.08.-14.09.1997, Reykjavik, Iceland - Hamburg, Germany
Chief scientist : Dr. A. Sy

Coordination: Prof. Dr. F. Schott

Masters: Captain D. Kalthoff
Captain M. Kull

1.2  Projects

A large fraction of the work carried out on cruise M39 is imbedded in the international WOCE
program and the SFB-460, which both are shortly introduced here:

The goal of the World Ocean Circulation Experiment (WOCE) is to develop models for
improved descriptions of the ocean circulation and prediction of climate changes and to
collect the appropriate data in the World Ocean. The North Atlantic Ocean is characterized
through an intensive meridional circulation cell, carrying near surface waters of tropical and
subtropical origin northwards and deep waters of arctic and subarctic origin southwards. The
transformation and sinking of water masses at high latitudes are the important processes for
the “overturning” of the ocean. The overturning rates and the intensity of the meridional
transports of mass, heat, and salt are control parameters for the modeling of the ocean’s role
in climate.

The two legs M39/3 and M39/5 provided two complete full-depth transoceanic hydrographic
sections in the North Atlantic as a prominent contribution to the WOCE Hydrographic
Programme (WHP), completing the German WOCE field work that started with METEOR




cruise M18 in 1991. Both legs, M39/3 and M39/5 were also part of the seven-year
observational programme WOCE-NORD (World Ocean Circulation Experiment — North
Atlantic Overturning Rate Determination), a German contribution to WOCE and funded by the
Ministry of Education and Research. Using repeated hydrographic sections between the
southern tip of Greenland and Ireland in combination with current measurements the
overturning rates of the North Atlantic will be estimated. Quantifying both input and output in
the meridional overturning cell (MOC) will help to improve modeling the role of the ocean in
the climate system.

The Sonderforschungsbereich SFB 460 “Dynamics of thermohaline circulation variability”
began in 1996 at Kiel University. Main objective of the SFB 460 is to investigate the variability
of the water mass formation and transport processes in the subpolar North Atlantic and to
gain an understanding of its role in the dynamics of the thermohaline circulation and the
ocean uptake of anthropogenic CO,. The variability of circulation and water mass distribution
appears to be related through the North Atlantic Oscillation (NAO) with climate changes in
northern Europe. These connections shall be investigated.

Legs M39/2 and M39/4 were carried out within the context of the SFB 460 with a wide range of
hydrographic, tracer and current measurement techniques to investigate the variability of the
circulation in the North Atlantic. The cruises were part of the opening phase of the SFB although
the leg to the Labrador Sea was already the second cruise to this area of annually planned
cruises within the SFB. During these two legs the focus was on the pathways of the deep
circulation and the associated signals in the water mass distributions. Besides the shipboard
measurements, a large part of the work was mooring work and the deployment of floats.



2 Participants

Tab.2: Participants of METEOR cruise no. 39

Leg M39/1
Name Speciality Institute

Zahn, Rainer, Dr. Chief Scientist GEO
Bader, Beate Sedimentology GIK
Bassek, Dieter Meteorol. radio operator DWD
Bozzano, Graziella Sedimentology ICM
Didie, Claudia Sedimentology GEO
Flechsenhar, Kurt Meteorologist DWD
Harder, Angela Inorganic chemistry GEO
Heidemann, Kristina Geophysics GEO
Hollender, Franz-Josef Geophysics GEO
Huls, Matthias Paleocenaography GEO
Jung, Simon Paleocenaography GEO
Karp, Tobias Geophysics GEO
Kohly, Alexander Sedimentology GIK
Lembke, Lester Paleocenaography GEO
Loncaric, Neven Sedimentology IGM

Muller, Anja Sedimentology GEO
Neufeld, Sergeij Technician GTG
Schéfer, Prisca, Prof. Dr.  Sedimentology, Paleontol.  GIK
Schonfeld, Joachim Micropaleontology GEO
Stuber, Arndt Inorganic chemistry GEO
Willamowski, Claudia Inorganic chemistry GEO




Leg M39/2

Name Speciality Institute

Zenk, Walter, Dr. Chief scientist IfMK
Amman, Lars Marine Chemistry IfMK
Bahrenfuld, Kristin Tracer Oceanography IfMK
Becker, Sylvia Marine Physics IfMK
Brandt, Benno Meteorology DWD
Carlsen, Dieter Marine Physics IfMK
Csernok, Tiberiu Marine Physics IfMK
Friedrich, Olaf Marine Physics IfMK
Johannsen, Hergen Marine Chemistry IfMK
Keir, Robin, Dr. Geochemistry GEO
Kértzinger, Arne, Dr. Marine Chemistry IfMK
Lenz, Bernd Marine Physics IfMK
Link, Rudolf Marine Physics IfMK
Meyer, Peter Marine Physics IfMK
Muller, Thomas J., Dr. Marine Physics IfMK
Nielsen, Martina Marine Physics IfMK
Heygen, Ronald Logistic RF

Ochsenhirt, Wolf-Thilo Meteorology DWD
Pinck, Andreas Marine Physics IfMK
Plahn, Olaf Tracer Oceanography IfMK
Rehder, Gregor, Dr. Geochemistry GEO
Schweinsberg, Susanne  Marine Chemistry IfMK
Trieschmann, Babette Tracer Oceanography IfMK
Wehrend, Dirk Marine Physics IfMK




Leg M39/3

Name Speciality Institute
Koltermann, Klaus Peter, Dr. Chief Scientist BSH
Wockel, Peter CTD engineer BSH
Stelter, Gerd data scout and manager BSH
Weichert, Hans-Jurgen CTD data processing BSH
Frohse, Alexander Salinometer BSH
Lohrbacher, Katja Hydrowatch captain BSH
Esselborn, Saskia Hydrowatch IfMH
Gouretski, Victor, Dr. Hydrowatch captain BSH/MPI
Stransky, Christoph Hydrowatch captain, XBT BSH
Morsdorf, Felix Hydrowatch, L-ADCP IfMK
Gottschalk, llse Hydrowatch BSH
Fick, Michael Hydrowatch IfMH
Giese, Holger Moorings BSH
Tacke, Helga Nutrient Analyst BSH
Gottschalk, Anke Oxygen Analyst BSH
Schmiel, Franziska Oxygen Analyst BSH
Kramer, Rita Nutrient Analyst BSH
Bulsiewicz, Klaus Tracer/CFC uB
Plep, Wilfried Tracer/CFC UB
Fleischmann, Ulrich Tracer/CFC uB
Sommer, Volker Tracer/CFC uB
Gleiss, Ralf Tracer/CFC UB
Neill, Craig CO; Analysis, DIC BNL
Lewis, Ernie CO; Analysis, Alkalinity BNL
Brandt, Benno Meteorology DWD
Ochsenhirt, Wolf-Thilo Meteorology DWD




Leg M39/4

a) 06.07. - 16.07.1997 St. John’s, Canada - St. Anthony, Canada
b) 16.07. - 11.08.1997 St. Anthony, Canada - Reykjavik, Iceland

Name Speciality Institute
Schott, Friedrich, Prof., Dr. Chief Scientist (a,b) IFMK
Adam, Dorothee Tracer (b) IFMK
Arnold Matthias Helium/Tritium (a) IUP
Bahrenful3, Kristin Tracer (a, b) IfMK
Begler, Christian Oceanography (a, b) IfMK
Dombrowsky, Uwe Oceanography (a, b) IfMK
Eisele, Alfred Oceanography ( a, b) IfMK
Fischer, Jirgen, Dr. Oceanography, (a, b) IfMK
Friis, Karsten CO; (b) IfMK
Furhaupter, Karin Foraminifera GEO
Gang, Holger, Dr. Meteorology (a, b) IfMK
Kahl, Gerhard Meteorology, (a, b) DWD
Karger, Uwe Meteorology (a, b) IfMK
Keir, Robin, Dr. Methan (b) GEO
Kindler, Detlef Oceanography (a, b) IfMK
Kdnig, Holger Oceanography (a, b) IfMK
Malien, Frank Oxygen, Nutrients (a, b) IfMK
Mauuary, Didier, Dr. Tomography (a) CEP
Meinke, Claus Oceanography (a, b) IfMK
Mertens, Christian Oceanography (a, b) IfMK
Mintrop, Ludger, Dr. COz (a, b) GeoB
Ochsenhirt, Wolf-Thilo Meteorology (a, b) DWD
Papenburg, Uwe Oceanography (a, b) IfMK
Plahn, Olaf Tracer (a) IfMK
Rehder, Gregor, Dr. Methan (b) GEO
Rhein, Monika, Dr. Tracer (b) IfMK
Schweinsberg, Susanne  CO; (a, b) IfMK
Send, Uwe, Dr. Tomography (b) IfMK
Stramma, Lothar, Dr. Oceanography (a, b) IfMK
Walter, Maren Oceanography (a, b) IfMK
Winckler, Gisela Helium/Tritium (b) IlUP




Leg M39/5

Name Speciality Institute

Sy, Alexander, Dr. Chief Scientist BSH
Stolley, Martin Hydro Watch, XBT BSH
Mohn, Christian Hydro Watch, VM-ADCP IfMH
Berger, Ralf Hydro Watch, CTD, L-ADCP IfMK
Gottschalk, llse Hydro Watch BSH
Weigle, Rainer Hydro Watch IfMH
Struck, Petra Hydro Watch BSH
Verch, Norbert Salinity IfMH
Stelter, Gerd Bottle Data management BSH
Mauritz, Heiko CTD DATA Processing BSH
Schulze, Klaus TSG, Ship's Data management  IfMH
Bakker, Karel Nutrients NIOZ
Kramer, Rita Nutrients, Oxygen BSH
Schmiel, Franziska Oxygen BSH
Machoczek, Detlev Oxygen BSH
Read, John Moorings CEFAS
Hargreaves, Geoff IES, Moorings POL
Ashley, John IES, Moorings POL
Hildebrandt, Hauke Tritium/He, 0-18, SF-6 IUP
Rhein, Monika, Dr. CFC, L-ADCP IfMK
Elbrachter, Martina CFC IfMK
Czeschel, Lars CFC IfMK
Reich, Michael CFC IfMK
Thomas, Helmuth, Dr. CO, IOW
Trost, Erika CO, IOW
Gronau, Nicole CO, IOW
Kahl, Gerhard Meteorology DWD
Bassek, Dieter Meteorology DWD
Henning, Arndt Film Team AmPuls
Schafer, Werner Film Team AmPuls




Tab.3: Participating Institutions

AmPuls

BNL

BSH

CEFAS

CEP

DWD

GEO

GeoB

GIK

GTG

ICM

AmPuls Film

Film und TV Produktion

Curschmannstr. 13

20251 Hamburg — Germany

Oceanographic and Atmospheric Sciences Division
Department of Applied Sciences

Brookhaven National Laboratory

Upton, NY 11973 — USA

Bundesamt fur Seeschiffahrt und Hydrographie
Bernhard-Nocht-Str. 78

20597 Hamburg — Germany

Centre for Environment

Fisheries & Aquaculture Science

Lowestoft Laboratory

Lowestoft, Suffolk NR33 OHT — England
Centre d’Etude des Phénoménes Aléatoires et Géophysiques
EINSIEG-CAMPUS Universitaire

BP 46,

38402 Saint Martin d’heres Cedex-France
Deutscher Wetterdienst

Geschéftsfeld Seeschiffahrt
Bernhard-Nocht-Str. 76

20359 Hamburg — Germany

Geomar Forschungszentrum far Marine Geowissenschaften
Universitat Kiel

Wischhofstr. 1-3

24148 Kiel — Germany

Universitat Bremen

Fachbereich 5, Geowissenschaften
Klagenfurter Str.

28359 Bremen — Germany
Geologisch-Palédontologisches Institut
Universitat Kiel

Olshausenstr. 40

24118 Kiel — Germany

Geomar Technologie GmbH

Wischofstr. 1-3

24148 Kiel — Germany

Institut de Ciencies del Mar

Consejo Superior de Investigaciones Cientificas
Passeig Joan de Borbd, s/n

08039 Barcelona-Spain




IfMH Institut fir Meereskunde der Universitat Hamburg
Troplowitzstr. 7
22529 Hamburg — Germany

IfMK Institut flir Meereskunde an der Universitat Kiel
Dusternbrooker Weg 20
24105 Kiel — Germany

IGM Instituto Geoldgico e Mineiro
Rua Academia das Ciéncias, 19-2°
1200 Lisboa-Portugal

IowW Institut fur Ostseeforschung Warnemiinde
Seestralle 15
18119 Rostock-Warneminde — Germany

IUP Institut fur Umweltphysik der Universitat Heidelberg
Im Neuenheimer Feld 366
69120 Heidelberg — Germany

MPI Max-Planck-Institut fur Meteorologie
Bundesstr. 55
20146 Hamburg — Germany

NIOZ Nederlands Instituut voor Onderzoek der Zee
Postbus 59
1790 AB Den Burg, Texel —Netherlands

POL Proudman Oceanographic Laboratory

Bidston Observatory
Birkenhead, Merseyside L43 7RA — England
RF R/F Reedereigemeinschaft Forschungsschifffahrt GmbH
Haferwende 3
28357 Bremen — Germany
uB Universitat Bremen
Institut fir Umweltphysik, Abt. Tracer-Oceanographie
Bibliotheksstralle
28359 Bremen — Germany

3 Research Programs
3.1 WOCE program

Two hydrographic sections were carried out within the WOCE program. The northern section
from Greenland to Ireland (WHP A1-East) cuts across the convective regime of the Subpolar
Gyre, whereas the southern of the two sections, running from the English Channel to the
Grand Banks off Newfoundland (WHP A2), spans the non or weakly-convective regime of the
transition zone between the subpolar and subtropical gyres. The data are used to estimate
the transports of heat and matter of the meridional circulation and contribute towards
estimating the so-called “overturning” of the oceanic meridional circulation regarded as the
main driving mechanism for the global thermohaline circulation and its temporal changes.
Special emphasis is put on the intensive propagation of newly formed Labrador Sea Water
(LSW) into the North Atlantic, first seen in the 1993 coverage of A2. These coverages of




sections A1 and A2 repeat some earlier measurements that have shown a high temporal and
spatial variability of both the water mass characteristics and the meridional transports of heat,
salt and freshwater.

3.1.1 Physical Oceanography during WOCE cruises
3.1.1.1 Hydrographic measurements at 48°N in the North Atlantic along the WHP section A2

The meridional transports of heat, freshwater and salt in the Atlantic Ocean and their
seasonal and inter-annual changes have been determined for the 90s across the latitude of
the global maximum freshwater transport at ca. 50°N in the Atlantic Ocean. Results are
compared with previous measurements in the 50s and 80s. They show surprisingly variable
transports, suggesting time scales of 10 years for changes originating in the subpolar and
some 30 years for those originating in the subtropical gyre.

Working the section A2/AR19 at about 48°N in the summer of 1993 with FS Gauss (G226)
has shown the Labrador Sea Water temperatures some 0.4°C below its historical
characteristic temperature, and deeper in the water column by some 700 m. This fits with the
observations for the early 90s along 60°N and 24°30’N and indicates a rapid reaction of the
intermediate circulation of the northern North Atlantic to changes in the buoyancy forcing in
the Labrador Sea. This situation seems to have ended in 1995/96 when the NAO-Index,
characterizing the prevailing atmospheric forcing over the region, changed from an all-time
high to moderate values. First reactions of the ocean to these changes can be seen in the
coverage of the sections A2 with FS Gauss (G276/1) and A1 with FS Meteor in the fall of
1994. The cruise M39/3 served also to document this tendency.

Following the WOCE Hydrographic Programme requirements, the section WHP-A2 along
nominally 48°N was worked again as under “One - Time Survey” conditions. In addition to the
classical hydrographic parameters, nutrients and small volume tracer concentrations were
determined. Continuous ADCP (Acoustic Doppler Current Profiler) data provided the
absolute vertical current shear of the top 500 m to calculate, from geostrophic transports, the
absolute transport through this section. Additionally, velocity profiles have been acquired
using a LADCP to support calculations of the absolute velocities. With a horizontal station
spacing between 5 and 35 nm, a 24x10 | - rosette system was deployed to collect at up to 36
discreet depth levels water samples together with the quasi-continuous profiles of T, P, S and
O, with a CTDO; -probe. The track and station spacing essentially follows the Gauss section
from 1993, covering 66 stations with 86 casts. Some additional casts for performance tests of
the CTD/rosette system, calibrations and for the instruments for the chemical analyses have
been worked.

Since the summer 1996 a mooring array again covers over the full water depth the deep
eastern boundary current on the west side of the Mid-Atlantic Ridge on A2. The velocity,
temperature and salinity data will describe the long-term changes of this current system that
seems to play an important role in the exchange of newly formed water masses such as the
LSW within the ocean basin or across the ridge. The moorings were turned around for
another deployment of one year to be recovered in the summer of 1998. There were no
problems in locating, retrieving or setting the moorings.



3.1.1.2 WOCE-NORD

The second part of leg M39/5 was part of the WOCE-NORD project funded by BMBF and
was the sixth repeat of the WHP section A1E/AR7E. Meridional transports of heat and matter
in the North Atlantic will be quantified through a section connecting Ireland and South
Greenland. This section runs south of the region where the atmospheric forcing transforms
the water advected to high latitudes such that it will sink to greater depths and spreads further
south, forming the source water masses of the North Atlantic Deep Water. For several years
we have been observing a cooling trend in the LSW caused by the spreading of newly formed
LSW in the Labrador Sea. Estimates of circulation times derived by linking single LSW
vintages, using hydrographic and tracer data independently, lead to trans-Atlantic propagation
times of 4 to 5.5 years from the source region to the West European Basin. During the
second part of leg M39/5 the A1E/ARTE section was sampled successfully.

3.1.2 Nutrients and tracer measurements during WOCE cruises
a) Nutrients along the WHP section A2

Along the WHP section A2 the nutrients PO4, NO3, NO,, NH4, Si(OH)4 and the content of
dissolved oxygen O, from all water samples were determined to differentiate water masses
and their origin.

From 1591 water samples nutrients and dissolved oxygen were determined on board
according to the WHP Standards. For quality assurance purposes additional samples were
taken as duplicates or replicates. All data will be processed on board, subjected to detailed
consistency and quality checks and compared to existing data sets from this region. An
annotated data file was produced at the end of the cruise, containing all relevant information
and documentation on methodology and the quality of the data.

b) CFC’s and heliumltritium on WHP section A2 and A1E

In addition to the classical hydrographic data the measurements of anthropogenic tracers
provide additional parameters for water mass analysis. They are particularly important for the
determination of water mass transports and mixing processes making use of their well-known
time-dependent input history at the ocean surface.

As on the A2-survey in 1994 (M30/2) measurements were carried out for the determination of
the CFCs F-11, F-12, F-113, and CCls; and samples for the laboratory measurements of
helium isotopes and tritium have been taken.

Since most of these tracers provide transient signals, the main objective will be to measure
their time dependence. The hydrographic parameters for the mainly stationary flowing water
masses like NADW or the deep waters of the eastern basin will not show much changes. But
the tracer concentrations (except possibly for tritium) of these waters are expe