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Cruise Summary Information
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1.2.Research Program

Cruise MSMO02/1 is the third occurrence of the Ovide hydrological section that was performed in 2002
and 2004, as part of the CLIVAR programme under the name of A25. The Ovide Principal
Investigator is Herlé Mercier. A Greenland-Portugal section was previously performed in 1997 under
the leadership of S. Bacon (NOCS), slightly south of the Ovide path. The Ovide route crosses
Reykjanes Ridge 300 miles north of Charlie-Gibbs Fracture Zone and runs through the West European
Basin without having to sample on top of the complex Mid-Atlantic Ridge.

The objective of this repeated hydrological section is to monitor the variability of water mass
properties and main current transports in the basin, complementing the international observation array
relevant for climate studies. The western part of the Ovide section is redundant with AR7E (called also
A1) which was done on the odd years and will allow a better analysis of the inter annual variability.

The hydrological section includes a hundred surface-bottom stations from coast to coast, collecting
profiles of temperature, salinity, oxygen and currents. From the 28 bottles closed at various depth at
each stations, samples of sea water are used for salinity and oxygen calibration, and for measurements
of biogeochemical components, including tracers, isotopes, nutrients and carbon.

From the thermal wind equations, geostrophic transports are deduced from temperature and salinity.
Then, direct current observations, preferentially those measured by the ship ADCP, are used to
constrain the velocity at the chosen reference level. This is particularly important in the Irminger Sea,
where bottom currents are very energetic. This way, the contribution in heat and fresh water of the
major currents crossed (mostly perpendicularly) by the Ovide line can be estimated. From north to
south, the major currents are the East Greenland/Irminger Current (about 20 Sv southward, 1 Sv = 10°
m3s™), the Deep Western Boundary Current (about 10 Sv southward), the Irminger Current (about 10
Sv northward), and the North Atlantic Current (about 20 Sv northward). Between 1997 and 2004, we
already observed a significative variability of these transports (about 30%).

The Meridional Overturning Circulation reflects the equilibrium between the warm and salty waters
flowing poleward near surface and the cold and relatively fresh water flowing equatorward near the
bottom. Measured across Ovide, it is mainly the balance between the North Atlantic Current and the
Deep Western Boundary Current. The simple sketch is however complicated by the export into the
Labrador Sea and around the Subpolar Gyre of part of the highly variable East Greenland Current.
This is why an array of four currentmeter moorings and one ADCP lander was deployed on the East
Greenland slope and shelf in 2004, for two year.

While temperature and salinity are often the basic parameters to identify water masses, it is useful to
use tracers like CFCs to determine when they were ventilated. Oxygen is also a good indicator near the
sources, but not conservative. Combining oxygen with nutrients gives useful information on the
biological activity and on the remineralization processes. CFCs and nutrients are analysed by the
Roscoff team led by Pascal Morin (LCM).

The measurements and analyses of pH, alkalinity and pCO, are performed by a Fiz Perez and Aida
Rios from Vigo (1IMV) at every Ovide cruise. In 2006, it was officially part of the CARBO-OCEAN
international program, and the objective is to better quantify the role of the North Atlantic in the
storage and transport of anthropogenic carbon accumulated in the atmosphere.

In 2006, samples were taken to measure isotopes of oxygen (18) and carbon (13) after the cruise.
Oxygen isotopes are very useful to determine the proportion of fresh water from different origin
(rain/snow, runoff, sea ice).
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1.3.Narrative of the Cruise
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Figure 1: Ovide section in 2006. Red dots indicate the hydrological stations, and smaller pink dots for
XBTs. The blue squares are the stations where we added a VMP profile, and the green dots, the
stations where we also deployed a profiling float. The 4 orange dots near Greenland are where we
recovered our moorings. Abbreviated topographic features: Bight Fracture Zone (BFZ), Charlie-
Gibbs Fracture Zone (CGFZ), ESM (Eriador Sea Mount), ABR (Azores-Biscay Rise).

During the 120 stations of this cruise, 2740 seawater bottles were sampled for measuring the different
biogeochemical quantities detailed above. In addition to the 100 stations required for the Ovide
section, 15 stations are localized along the mooring array line south east of Greenland, and 5 south of
Iceland, where Iceland-Scotland Overflow Water can be found near its main source (the Faeroe Bank
Channel). For all stations, LADCP data were successfully collected to determine the current profiles.

The ship ADCP, a RDI 75kHz, ran nicely from the beginning to the end of the cruise. The data until
station 18 are unfortunately noisy due to interferences with the DoLog at 78kHz. The problem was

found and then solved after 6 days.

May 22-23. On Monday morning, while scientists are settling down in their 6-week home, our six
containers are loaded aboard. Then 36 hours are dedicated to connect the different waters, the
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electricity and network between the ship and the 3 containers that are used as laboratories, and to
initialize the experiments. A few of us immediately concentrate our efforts on the configuration of the
ship ADCP, helped by Catherine Kermabon from Ifremer. In the deck lab, Thierry Terre (Ifremer) and
Breck Owens (WHOI) are also finishing the preparation of the 2 SPRAY gliders, teaching us the last
steps before deployment that should occur mid June near Greenland. A group of 4 people, Stephen
Dye, Neil Needham (both from CEFAS, UK), Ulrich Dribbisch and Andreas Welsch (from IfM
Geomar), come aboard to prepare their 2 pipe moorings that we plan to deploy at 63°N east of
Greenland.

MERIAN left the port of Lisbon at 10 pm on May 23, after some repair works on the engines. Six
containers were embarked, including 3 laboratories. Objective: the deep test station at 38° 26 N 10°
42°W. The long Atlantic swell welcomes us as soon as we exit from the Tage.

May 24: a day dedicated to tests of the different systems around 2 CTD stations. We learn to work
together. A few days will be needed to determine procedures necessary to smooth the operations.
During the CTD descent, the EM120 is used to listen to the rosette pinger, helping in the bottom
approach. The signal is sometimes noisy. All the stations were performed down to 5 to 15m from the
bottom, as confirmed by the signal of a contacter. The Posidonia system was also used at all stations to
get the 3D position of the rosette under the water.

Using the ship sounders for detecting actual depth is not trivial. The objective is naturally to avoid
hitting the CTD at the bottom of the downcast. It turns out that most of them work around 12kHz. So
we must check the possible interferences between the EM120 (we only need the vertical beam of this
multi-beam), the EA600, our own pinger mounted on the CTD, and the Posidonia system. We finally
choose to use the EA600 as a receiver of our pinger, so that we can monitor the distance between our
rosette and the sea-floor. The EM120 is used to evaluate the depth at the beginning of the station and
during the upcast, but we have to switch it off during the downcast because it blurs the signal of our
pinger. Then, we observe that Posidonia has no effect on all this. A backup system consists in a 15-
meter chain attached at one end under the rosette, the “contacter”, that rings in the container whenever
the apparent weight of the chain decreases.

May 25: We are back on the Iberian shelf, at 150m depth. This is the
first station of the Ovide section (fig. 1). Apart from a little surprise on
the depth shallower than expected, everything turns out to be good.
The upward looking 300kHz ADCP refusing to communicate, we have
to install a spare for the following stations. Fortunately, our old
downward looking BB150kHz is faithfully fulfilling our expectations.
First chemical analyses give satisfactory results. The team from the =
Université de Bretagne Occidentale measure CFCs and nutrients, while
the team from CSIC Vigo gather information to better understand the
carbon cycle.

The 4™ station is placed on the upper continental slope at 800m depth.
Therefore, the favorable meteorological conditions give us an excellent
opportunity to test our new Vertical Microstructure Profiler. Deployed
at 14:35 local time, it pops up half an hour later, and is easily localized
by both VHF and captain’s eyes. After a very smooth approach, the
VMP is recovered with the starboard crane without difficulty. 3
hydrological stations close this very active day.

Vertical Microstructure Profiler deployment of the on May 25.

i g A e
May 26: Night station work begins, and we are now more than 3000m deep. In the middle of the
night, a failure occurs in the steering gear of a pumpjet, preventing any dynamical positioning. After a
discussion with the scientists, the captain decides to come back to land to be delivered a spare part the
following day. Meanwhile, we keep on working, until midnight, achieving five hydrological stations
held manually at the bridge.
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May 27: Figuera da Foz looks nice from the sea, but we will not have a chance to visit it: the spare
part is delivered by the pilot at 12:00, and we “immediately” return to the last station. By the time we
reach it, the pumpjet is repaired. After measuring this profile again to check its variability, we resume
our course a little before midnight. This day is also special. Franck Riedel finally discovered why the
75 kHz ship ADCP signal showed interferences: the Dol og is pinging at 78... and cannot be legally
switched off. A short test in station confirms the diagnosis, and shows the remarkable potential of this
ADCP. Even with the DoLog pinging, we can get some information on the currents, but the calculated
errors are big.

May 28: The influence of Mediterranean Water decreases slowly as we are steaming westward; but at
station 15, a relative maximum of salinity at 1000 meters surprises us. Immediately warned by
Nathalie, 1 make a careful comparison with the last 2 profiles and decide to launch a profiling float
that is programmed to drift at 2000m depth. Following stations tend to confirm that we were dealing
with a Meddy. Let’s hope we will be able to follow its path with the float in the following months.

Salinity

o __ S BPResp
o gE
— 3

0

0 50 100 150 200 250
distance (km)

Salinity section showing the Meddy at station 15 and the Mediterranean vein flowing northward along
the Portuguese west coast, centered around 1000 meter depth.

May 29: CTD measurements show a noisy signal, usually attributed to a
default in the CTD-wire connection. However, a more serious issue stops
our progression: the steering gear of the yellow winch breaks, while the
CTD is hanging 4000 meters under our feet (upcast of station 19). After the
replacement of the broken piece, we can slowly come back to the surface
and recover all the equipment. The time for repairing is used for instrument
trials: the VMP is sent down to 5300m depth, while a new type of free-fall
CTD (SBE 19, on the left) is tried twice on 500m deep profiles. All the
instruments behave as expected, and the 3 recoveries are perfectly
performed.

Meanwhile, the CTD is connected to the violet winch that we will use now
on.

The free-fall CTD (SBE 19) conceived by P. Le Grand, O. Peden, O.
Ménage and S. Leizour.

May 30: Five stations and one Provor deployment. Despite the increasing swell and wind, we keep on
working hard, and the winch and cable too. Due to the important rolling of the ship, the cable endures
several chocks at deployment and recovery of the CTD. We must also interrupt the up-cast several
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times to correct the spooling on the winch. But data are collected, saved, calibrated, compared. The
DoLog is finally switched off and the SADCP data get immediately better in range and precision.

week, consequence of 5m waves and force 7 to 8
winds. We occasionally oscillate on more than 20°
on each side. Sometimes, despite our efforts to fix
it, the 1-ton rosette jumps on the deck. The
Posidonia system cannot locate the rosette while
profiling. Meal times are not especially relaxing.
The scientists working in the containers located on
the outside deck take the closest indoor corridor to
avoid the salty shower. But it is quite sunny
though ...

At station 25, the end of the CTD upcast profile is
missing: 2 bulbs show the damage of the bad
weather on the last 20 meters of the wire. The
cable is cut, and the connection rebuilt. Next
station is fine. Alles klar.

We all clearly observe that the Merian rolling
behaves as if she was resonating at a period of
about 10s. When she begins to roll at this rhythm,
the movement slowly builds up for several periods
before decaying suddenly.

Only 3 CTD stations today ... fortunately, the
weather forecasts bring hope of better days.

May 31: Rolling speaking, the worse day of the ‘

June 1: 5 CTD stations and a Provor deployment. A sane routine finally settles down despite the 3
meter swell. Chemical analysis are performed in real time, with no major failure or delay.

June 2: better meteorological conditions. 4 CTD stations and a Provor deployment today. We pass
46°N and 19°W. From station 37, we decide to start to collect data before immerging the CTD, so that
we won’t be obliged to replay the stations after the cruise.

June 3: In the afternoon of this beautiful day, the BB150kHz LADCP refuses to wake up for station
38. To make a long story short: we will have to rely on a smaller, but less efficient, 300kHz LADCP
for stations 38 and 39, while the old fellow is repaired in the night, after blowing up 3 fuses... 4 CTD
casts were performed today.

June 4: Early morning, the chain of the violet winch breaks during the down-cast of station 40, at
3200m. One and a half hour later, the winch is repaired and the cast resumed, but interrupted several
times until the bottom. After some work on the data, we should be able to recover a correct profile of
temperature, salinity and oxygen. Later in the evening, alarming messages oblige the crew to stop one
of the two pods. Transit speed between stations is reduced from 12 to 9 knots, while engineers and
electricians are working hard on the problem. We still gather 4 more profiles of 28 bottles each, and
as usual, a Provor is deployed. At the end of the day, we pass north of Brest latitude: 49°N.

June 5: Work progresses well. No diagnostic for the pod is given yet, so we keep a speed of 9-10
knots between the stations. At 8 p.m., a group of pilot whales is observed during station 46. Jean-
Pierre celebrated his 60" birthday.

June 6: The sky is grey but wind and sea are quiet. While the VMP is profiling, the cable of the
yellow winch is deployed with a weight at the back of the ship and rolled back up properly so that it
can be used again. During this operation, we cover a distance of 8nm to the NNW along the section,
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and when it’s over, we come back to recover the VMP at 1:15pm. The instrument signals are well
received both on radio and Argos.

Some problems arise on nutrients experiment (instability in electric power?). We also note difficulties
with the pump that provides the water for Gaspar (pCO2) and surface alkalinity analysis.

At 7:30pm, an unfortunate hit on the C key lauches the recalibration of the compass of the glider
Spray 010, which now shows unacceptable values and cannot be deployed.

June 7: since the weather is freshening, we decide delay station 53 and to perform a calibration of the
Spray 010 in the zodiac (which is mostly magnetic). After two tries, each implying the zodiac
performing a full circle in a not so quiet sea at half a _ I

mile from the Merian, we finally get some acceptable
values from the glider’s software, and decide to come
back aboard. We take this opportunity to calibrate also
the zero of the goniometer case (for Argos reception).

June 8: still no diagnostic on the port pod. Weak wind,

turning from north to west. Work is progressing well in
the Iceland Basin.

A PROVOR profiling float is deployed.

June 9: a bright blue sky for a terrible day. At 0:30am, winches don’t answer to commands. The
solution is found one hour later. Then, the worse verdict is pronounced in the morning: the port pod is
definitely dead. It is decided to pursue the mission, but we won’t try anything in the ice and the speed
will not exceed 10 kn.

Finally, the last but not the least, the VMP does not come back from its 3km-deep profile after station
61. We wait for 2 hours 2nm north of the deployment position with no result. We finally proceed to
station 62 with a 3 hour delay. Since all safety procedures (chemical and electronical) are supposed to
release the VMP weight within the next 24 hours, | decide to double the spatial sampling (to slow us
down) so that the VMP could be recovered if a signal is received.

June 10: on land, Herlé is watching closely any Argos signal that would come from the VMP. Stations
63, 65 and 67 were added at mid distance from the 2002 station positions.

June 11: the weather is freshening (force 7, NNW), leading to a difficult progression at 6kn. The
forecast is worse. Since the VMP did not emit, we decide to proceed. In the evening, the wind slows
down unexpectedly.

June 12: moderate sea and wind. We enter the Irminger realm. As usual, LADCP on Reykjanes Ridge
are well sheared. It would be nice to perform a 24h repeated station here to determine the exact nature
of the internal waves here, although internal tide is probably the best candidate. Too bad that we don’t
have the VMP anymore to estimate the mixing there. The ballast in the bow of the ship are cleaned
during station 77. During this 3-hour operation, the ship ADCP is at 6.3m under the surface, instead of
m.

June 13: a strong crossed swell adds to 30kn winds (ESE). From station 79 to 82, many spur data are
noticed in the oxygen profiles, resulting from the important rolling. At station 83, the cable jumps out
from the pulley.

June 14: the 35kn wind slow us down, but we keep working. And we are not in a hurry, since these
westerlies push the ice off of the Greenland coast, blocking our progression in a near future. 9pm: the
forecast gives force 8+ after midnight, so we decide to stop working until the next morning after
station 88 since we have only one pod. Actually, the last recovery of the rosette proves how wise this
decision is ...
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June 15: work resumes at 9am. Still 30 knots of South Westerlies the whole day, but the sea is not too
rough. Only 4 CTD stations today.

June 16: Wonderful weather: 8kn W-SW winds and flat sea. 6 hopeful stations until a sea-ice wall 35
miles from the Greenland coast. Neither sea-ice charts nor weather forecasts allow some optimism.
We call the Greenland station, we radio the fishermen nearby : it seems to be a quite exceptional
situation compared to last years, but maybe not so exceptional 20 years ago ... good to know. We seek
a path through the ice more to the north to reach at least the shelf. No way. At 63°N, we learn that
everything is blocked down to the 1000m isobath. Operations there are really compromised. We have
a week ahead of us.

e

Spray 004 deployment: last verifications and mission
launching (up left), crane lifting (up right), smooth
immersion behind the ship (bottom left), and last “au
revoir’” (bottom right).
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June 17: we arrive near mooring A (the most offshore mooring) at 5 am. It is covered by sea-ice! So
we come back on station 96 to do it again (station 98) since CFC could not be sampled. The ice front
moved 1/2nm within 1 hour, so we retreat to former station 95 to measure it again (station 99) and
deploy the Spray glider (#004). The deployment is easy and nominal at 11:25. We are in contact with
Thierry Terre on shore to verify the data status. At 2pm, after 2 dives at 100m and 200m depth, we
leave the glider to Thierry’s control and try to penetrate into the ice pack (more or less loose) with
much cautiousness, but it turns out that it would have been faster to skirt the edge to the north-west.
After exiting the pack, we head towards mooring A that is finally in an area free of ice. It is released at
8pm. At least we suppose so, but we’ll learn later from the data that it was actually accidentally
released during our first visit. That is why we have to run after it for 1 hour helped with our Argos
beacon, to finally discover it nearly embedded in a growler (fortunately not under it). We recover a
pack of knots and all our instruments (5 RCM8 and a Seacat). A CTD near mooring A position is
performed, and we escape further offshore for the night since the weather is supposed to freshen again.

Mooring A recovery: the mooring A is finally seen, embedded in
a big growler (up left). The first currentmeter to come is the
deepest one (up center), quickly followed by a mass of cables
(right) and a huge ball of steel cable (up right).

June 18: 50kn of South-Westerlies. Nothing we can do, and sea ice expands. Fortunately, the glider
goes faster. Everybody relax a little while the ship goes back and forth. Trying to hold a station is
hopeless. A new CTD section along the NOCS mooring line is defined. The winds pushed the Kap
Farvel ice tongue south of our position. Today is Sunday. Weather forecast indicate possibly weak
North-Easterlies for Tuesday. By performing the new 13 stations from offshore, we should arrive on
mooring B position by Tuesday. And if it is free of ice, we push as far as we can on the shelf to finish
the section.

June 19: was yesterday just a bad dream? No wind, no wave. We begin the new section by station 101
at 8am. The journalist from Thalassa, who was planning to come aboard by helicopter, is very
disappointed: the small helicopter has only a 10nm autonomy, and the big one is too expensive. He is
in Narsassuaq and tries to find good pictures there while waiting. But if we can get as close as 15nm
from the coast, | consider that we will be lucky.

8pm: 30kn westerlies slow us again. The captain changed the attitude of the ship with the ballasts: she
is now at 6.6m under the water at the bow, and 6.8m at the stern. The ADCP (near the bow) is at a
depth of 6.5m.

June 20: lam: parse growlers appear, half way between stations 104 and 105. Slaloming among the
growlers, we finally reach station 105, that we perform non conventionally with port to the wind so
that the reinforced bow of the ship could face the ice drift. At this latitude, the night of the Summer
solstice is not totally dark and it helps the monitoring.
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3am: an accident occurs. At the end of the CTD profile, while he is trying to close the heavy sliding
door on starboard side, Ronald Kuhn, alias Kuhno, has his right index tip crushed. The electric
command of this door (for the CTD) is broken, and it has been opened and closed manually for a few
days. The captain immediately called for help and a frigate is on her way from Reykjavick to transfer
Kuhno to a hospital asap. We steam in its direction as fast as we can, hoping that Kuhno could recover
his finger. 10pm: Kuhno is transferred by helicopter (lifted). He seems to be alright. A depression is
passing south of Greenland, that should create the expected easterlies. Since the situation is not so
clear at 63°N, we decide to come back to the mooring site at 60°N.

June 21 : a long day. We decide not to deploy the Spray glider #010, since our last try for calibration
in the main shelter is not satisfying (although other compasses show that the magnetic field is quite
good there, probably because the hangar is so big).

In the evening, it is a patience game for all of us. Ice backed off, but not enough for mooring B. A
CTD station help us to wait. Then, we can finally recover mooring B, but we loose the Seacat near the
head of the mooring: the collar was obviously weakened with some corrosion, and a shock with the
shell at the recovery broke it: we literally saw it sink. The 5 currentmeters are fine, and we did not
have to run after the mooring after release. Then we proceed to mooring D position: no ice, but a thick
fog that prevent us to see what’s ahead. Helped with the radar, we keep going to the NW, and
miraculously end up on the shelf.

June 22: 1am: CTDs 107 and 108 on the shelf (near the shelf break). The fog disappears suddenly
with the dawn, and suddenly the sharp white peaks of Greenland appears under a bright orange sky, so
close that it surprises us (still 23nm away ...). We recover mooring D. And finally C. Relief sighs. All
the instruments are aboard. It is 7:20am. We use 4 hours to get a bathymetric map of the mooring site
with the EM120 multibeam sounder. And finally, we finish the secondary hydrological section, hoping
that both segments connect well enough.

June 23: the section is finished at 3am. It’s too late to go to
deploy the pipe moorings on the shelf at 63°N: due to the
missing pod, the transit time is uncertain, as are the winds
that begin to turn to the west again. We have to go back to
the Faeroes, and if the weather is favorable, we will sample
the ISOW with 5 stations south of Iceland. While turning off
the Aanderaa ADCP of the pipe mooring, we realize that
batteries are empty. We inform Stephen Dye immediately in
case he deploys the mooring during the following cruise.
During the transit to Thorshavn, an 700m XBT is launched
every other hour (i.e. 20nm apart approx.). Helped with the
ADCP, we may be able to calculate sub surface heat fluxes.

June 24: we cross Reykjanes Ridge at 62°N. Just before, aligned on the 200nm Islandic EEZ line, we
cross an impressive fleet of large trawlers. On the radar, we can count 28 of them dispatched on 12
miles. Knowing that each has a 1km deep net that is dragged 1/2nm behind the ship, | wonder how a
fish could survive. A Red Fish to be precise. The captain explains that they are here the whole year
long. We have to remember to absolutely avoid this area for autonomous platforms ...

June 25: First look at the whole dataset during a scientific meeting aboard. TA, pH, Cant, Nitrates,
Phosphates, Silicates, and even CCl, sections are shown, in addition to the classical T, S, O, data. The
harvest is promising.

June 26: Our day is filled with 5 CTD stations south of Iceland (probably the last stations of our 20
year-old Neil-Brown CTD), + 2 test stations for our new Seabird CTD system. The ISOW is well
sampled.

June 28: we arrive in Thorshavn at 3am local time, in time for the final ASOF meeting.
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1.4.0bservations, Analysis Methods and Preliminary results
1.4.1. Water masses and variability compared to previous years
1.4.1.1.Calibrations and data quality of CTD and oxygen measurements

The CTD used on all hydrographic stations on this cruise leg (MSMO02/1) was a Neil-Brown
Mark 111 B (#2782), in conjunction with a 28 (8-liter) bottle carousel PASH 6000. The CTD was
systematically lowered at less than 15m from the bottom, as attested by the signal of a contacter. The
Neil-Brown temperature and pressure sensors were calibrated on March 30, 2006 and January 18,
2007. 2738 salinity bottle samples were drawn from the whole water column of the 120 stations. A
PORTASAL salinometer (serial number: 62302) was standardized using standard seawater batch
P146 (K15=0.99979, labelled S=34.992, bottles filled in May 2005). No mentionable drift in the
salinometer was observed during the calibration work which was performed during the cruise. After
calibration, the accuracy for conductivity (respective salinity) is better than 0.003 (see Figure 2),
consistently with the statistics calculated of 59 duplicates. The median filter used for calibration
discarded 273 samples that are not shown on Figure 2.

The oxygen was measured with a SeaBird SBE43 probes (#526). The calibration is presently quite
crude and data should not be used before a more precise processing based on the 98 duplicates and
2793 samples. First results show that we can expect an accuracy better than 3 pmol.kg™.
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Figure 2: Differences between sample and probe conductivity measurements in mmho/cm, as a
function of station number or pressure, after calibration. The standard deviation of 0.0021 is plotted.



Cruise MSMO02, Leg 1, May 24 — June 28, 2006 15

1.4.1.2.Hydrological sections from Greenland to Portugal
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Figure 3 : Hydrological sections. From top to bottom : potential temperature (°C), salinity, potential density
anomaly referenced to 1000m, oxygen (ml/I).

All the hydrological sections are plotted on Figure 3 (temperature, salinity, potential density and
oxygen). Main topographic features also shown on Figure 1 are localized: Reykjanes Ridge (RR),
Eriador Sea Mount (ESM), Azores-Biscay Rise (ABR).

Main water masses are shown on the salinity section:
PW: Polar Water (PW),

ULSW & cLSW: upper and classical Labrador Sea Water,
SPMW: SubPolar Mode Water,

DSOW: Denmark Strait Overflow Water,

ISOW: Iceland-Scotland Overflow Water,

NACW: North Atlantic Central Water,

MOW: Mediterranean Overflow Water,

NEADW: North-East Atlantic Deep Water,

AABW: Antarctic Bottom Water.

Main currents are shown on the density section

EGC: East Greenland Current,

DWBC: Deep Western Boundary Current,

IrC: Irminger Current (the part that circulates around the Reykjanes Ridge),

NAC: North Atlantic Current (at least 2 branches embedded in eddies cross the section),
EBC: Eastern Boundary Current.
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1.4.1.3. 6-S plots of the different basins: comparison with 2002 and 2004

The Antarctic Bottom Water is seen in the Iberian Abyssal Plain and presents a remarkable linear
relation between temperature and salinity documented by Saunders (1986), as shown on the different
0-S diagrams on Figure 4. A freshening of 0.003 in 2004 could not be explained after calibration and
is considered as potentially real, although 0-S characteristics are back on the Saunders line in 2006.

Geostrophic transports are calculated with a box inverse model that includes additional constraints
derived from the SADCP (Ship Acoustic Doppler Current Profiler) plus a net mass transport of 1+/-
3Sv flowing to the north through the section. The method and results for Fourex 1997 and Ovide 2002
are detailed in Lherminier et al. (2007). On Figure 4, transports are binned with a resolution of 0.02 in
salinity and 0.2°C in temperature. As expected, about 1 Sv of AABW flows systematically to the north
in the Iberian Abyssal Plain.
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Figure 4 : Potential temperature versus salinity in the Iberian Abbyssal Plain as measured in 1997 (FourEx
cruise led by S. Bacon), 2002 (Ovide cruise led by H. Mercier), 2004 (Ovide cruise led by T. Huck) and 2006
(this cruise).lsopycnal lines referenced to 4000m are drawn. Color square indicate binned transports.
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The same plotting exercise is done in the whole Western European Basin, from Reykjanes Ridge to
Portugal (Figure 5). Surface water in 2006 show a better agreement with 2002. It is not surprising
since 2004 cruise was slightly later in the year (finishing on July 18) and followed a particularly warm
Spring.

Another striking feature is the progressive appearance of the upper Labrador Sea Water west of
Reykjanes Ridge (the warmest deep minimum in salinity).

In 2006, the Mediterranean Water show a peak in salinity that is intermediate between 2002 and 2004
(when it reached 36.3).

In the Irminger Sea, the characteristics are this time plotted against oxygen (Figure 6). While 2002
and 2004 showed quite scattered properties in the deep waters, 2006 data show a surprising “purity” of
the Denmark Strait Overflow Water, with quite salty and warm properties. This contrasts with the very
fresh and scattered values of 2004. First inversions suggest that the Deep Western Boundary Current
would be only about 6 Sv in 2006, while it was 11 Sv in 2004. Such a weak value would suggest a
much weaker entrainment in 2006 and would then partly explain the observed differences.

We observed also a sensible erosion of the elbow that marked the cLSW, while the uLSW is very well
sampled for all 3 sections. This observations corroborates the formation and export of the 2000s
shallower vintage of LSW in the Labrador Sea.

Studying the possible ventilation of the uLSW in the Irminger Basin requires other tracers.
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Figure 6 : Potential temperature versus salinity in the Irminger Basin as measured in June 2002, 2004 and
2006 (from left to right). Isopycnal lines referenced to 2000m are drawn. Profiles were decimated with a 10-
meter resolution and colored by oxygen measurements.

1.4.2. Current profiling sections
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Figure 7 : SADCP raw and processed data. On the left, the result of one ping that shows interferences. 80% of
the raw profiles looked like this before May 30 when the78kHz DoLog was finally switched off. On the right, the
velocities after processing. The ship is progressing eastward. The weather deteriorates at about 14°W. At
14°35’W, the DoLog is switched off.



Cruise MSMO02, Leg 1, May 24 — June 28, 2006 20

The Ship ADCP is a RDI Ocean Surveyor 75kHz. The configuration was chosen based on our
experience on the Pourquoi pas? and also helped by Andreas Lehmann experience. These data
are very important for Ovide cruises since they are used to determine the velocity at the
reference level (indirectly) and allow a quite precise determination of the western boundary
currents.

Until we reached the longitude of 14°30°W, interferences were observed on the SADCP raw
data (Figure 7). Although less precise, we chose the Narrow Band mode since the signal was
better recovered despite the numerous holes in the raw data. After realizing that the DoLog
(78kHz) was responsible for this default, the Captain took the responsibility to shut it off
although it gives the official speed of the ship.

The dataset is remarkable, with validated velocities down to more than 800m most of the
time. It was processed using our Cascade Software written in Matlab language. A complete
report was written, in which details on the configuration and the processing can be found
(Gourcuff et al., 2006).

60N

55N

50N

45N

Figure 8 : Mean current between 100 and 400m depth as measured by the SADCP. Colors indicate the
temperature interpolated from CTD data in the same layer.
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1.4.2.2.LADCP

The rosette is equipped with a downward-looking RDI BB150kHz (Broad Band), one of the
last of its generation. Its 200m range is enough to get a good profile without additional
information from another LADCP. However, a 300kHz Work-Horse was mounted on the
rosette, looking upwards, to be combined with the BB150 in the processing, but it was not
possible to synchronize both ADCP and using both of them does not always lead to a more
accurate result.

The data were processed with the LDEO software version 7e (Visbeck, 2002), and compare
well with the SADCP data in the first 800m (Gourcuff et al., 2006). Stations 38 and 39 were
performed with only one down-looking 300kHz (the 150kHz blew a fuse twice in a row on its
comm. card), and as anticipated, the profiles are less reliable. The whole Ovide section is
plotted on Figure 9.
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Figure 9 : the LADCP section with salinity contours.
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1.4.3. Nutrients, Chlorofluorocarbon (CFC), and carbon measurements

1.4.3.1.Nutrients

Nutrients were sampled in 125ml polyethylene bottles and analyzed following the protocols given in
Aminot et Chaussepied (1983) and using a Auto Analyser Il Bran et Luebbe. Procedures and results
for this cruise are described in details in Morin et al. (2007). 2722 samples were analysed, leading to
10888 measurements of nitrates, nitrites, silicates and phosphates.

[NO37] : uncertainty on nitrates measurements is less than 0.11 and 0.25 pumol I-1 at 2500m and 4600m
respectively (0.54 et 1.09% relatively to the measured concentrations). Relatively to the scale defined
by the WHP (1991), resulting precisions (0.24 et 0.54%) are well below the limit value defined by the
WHP (0.9%).

[Si(OH)4] : uncertainty on silicates measurements is less than 0.32 et 0.33 pmol I at 2500m and
4600m respectively (0.67 et 0.97% relatively to the measured concentrations). Relatively to the scale
defined by the WHP (1991), resulting precision (0.13%) is well below the limit value defined by the
WHP (0.20%).

[PO,*] : uncertainty on phosphates measurements is less than 0.02 pmol I"* (1.59 et 1.31% relatively
to the measured concentrations). Relatively to the scale defined by the WHP (1991), resulting
precision (0.36%) is below the limit value accepted by the WHP (0.40%).

Nutrients can contribute to identify the origin of specific watermasses, or even to constrain deep
circulation patterns. Silicates are for example an excellent tracer of the AABW (Figure 10).
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Figure 10 : Silicate vertical section (umol.I™).
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1.43.2.CFC

Dissolved chlorofluorocarbons CFC-11, CFC-12, CFC-113 and CCl, were measured by by purge-and-
trap gas chromatography following the protocol described in Connan et al. (1996). As CFC
concentrations are much higher in the air than in most of the analysed water masses, this tracer is
sampled first and suitable techniques (described in Morin et al., 2007) are used to avoid any contact
between the sampled water and the air.
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Figure 13 : CFC-11 and CFC-12 vertical sections (pmol.I™%).
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During the cruise, repeatability obtained on several duplicates (2 samples from the same bottle) led to
the following precisions:
CFC-12: £ 4.45%, CFC-11: £5.41%, CFC-113 : £ 6.25% and CCl, : = 5.20%.

Freons are conservatives tracers that could be used to estimate the “age” of a watermass, i.e. the last
time when it was in contact with the atmosphere. In Ovide, they are particularly valuable to trace the
different vintages of LSW and their possible sites of ventilation.
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Figure 14 : CFC-113 and CCl4 vertical sections (pmol.I™).
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1.4.3.3.pH, alkalinity and anthropogenic carbon

The carbonic system measurement:

The total carbon (Cror DIC) and the total alkalinity (At) are two independent variables of temperature
and pressure.
Cr=CO02 + HCO;3 + CO”
A7 =HCO;y + 2 -CO5* + B(OH)s + Asiorys + Anzpos + OH - H*
fCO2 = Solu(T,S).CO, and pHr2s (H = 10™,5) are dependent on temperature and pressure :
Cr is determined from At and pH+ys

(L+H /ky(S,T) +k,(S,T)/H)

Qr2kTyHy O TPA)

Cr=~A

The alkalinity was measured with a accuracy about 1 pmol-kg™
The pH was determined with a accuracy better than 0.002.
The Ct was calculated from At and pH with an error of 2 pmol-kg™

The alkalinity measurements:

Total Alkalinity (Af) fumotkg-1]

Figure 15 : Total
Alkalinity vertical
section (umol.kg™)
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At was measured by single point potentiometric titration:
1123 samples were collected and measured over 58 stations. At profiles were usually sampled and
analyzed every two stations. 24 samples were taken at each station. Seawater samples were collected
after pH samples in 600 ml glass bottles.
Potentiometric titrations were performed with HCI (0.1 N) to an endpoint of pH=4.40 using an
automatic titrator "Titrino Metrohm" and a pH-glass electrode. The electrode was standardised with a
pH 4.41 buffer solution. The 0.1 N HCI was prepared with 0.5 mol of HCI (Riedel-deHaén® with
mili-Q water into a graduated 5-L beaker at a known temperature).
Stations 1 through 20: samples were taken for accuracy estimation + 1.1pmol.kg™
23 duplicates show an average reproducibility of 0.7 + 1.0pmol.kg™
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The pH measurements:

pH was measured spectrophotometrically (Clayton and Byrne;1993). On average, 2575 samples
collected in 114 stations. Samples were collected after oxygen sampling, using cylindrical optical
glass cells of 10 cm path-length. These were filled to overflowing to avoid bubbles and immediately
closed after. Then, they were placed in a 25°C isotherm bath.

Once a baseline is determined, an m-cresol purple indicator dye solution is added to the seawater
sample. After homogenisation, a SHIMADZU UV-2401PC spectrophotometer is used to measure the
ratio (R) between the absorbencies at two different wavelengths at 25+0.2 °C.
pH,=1245.69/T+3.8275+(2.11.10°%)(35-S)+log((R-0.0069)/(2.222-R*0.133)) The replication, using 77
samples taken along the cruise, was 0.0015+0.0016 for pH. This is the equivalent to a replication in C;
of 0.6+0.7 umol-kg™.
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Figure 16 : pH and DIC (umol.kg™) vertical sections
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The anthropogenic Carbon

The method to derive anthropogenic carbon is detailed in Vazquez-Rodriguez et al. (subm. DSR).
The resulting C,; evolution is shown on Figure 17. A remarkable variability is found, particularly in
the Irminger Basin and the Iberian Abyssal Plain, where values are the lowest in 2002 and 2006. It is
presently investigated.

Anthropogenic €02 (Cant - phi-CE* method) fumotg-1] Anthropogenic CO2 (Cant - phi-CE* method] fumotkg-1]

Anthropogenic COZ (Cant - phi-CF metbod) fumobhy-1]

Figure 17 : the evolution of Anthropogenic Carbon contents on the A25/Ovide line (umol.kg™).
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1.4.4. Mooring operations

The 4 moorings could be recovered at the following positions. Moorings A, B and D had been in the
water for 2 years. Cb was maintained in Sept. 2005 on the Discovery cruise D298 (Bacon 2006).
Mooring A gave us some difficulties since it appeared that it was released during our first visit in the
surroundings, i.e. several hours before the actual recovery. That is why it took nearly an hour to find it.
Did the EM120 send the release signal to the mooring? Although it seems unlikely, this is the only
hypothesis we have now.

LATITUDE |LONGITUDE | DEPTH | LENGTH | HEAD ON DECK (UTC)
N59°39.223" | W41°47.596' 1894m 1718m| -176m 2006/06/17 22:23

B |N59°45.215" |W42°07.454' 1732m 1517m| -215m 2006/06/22 02:23
Cb|N59°47.620" |W42°15.922' 1112m 810m| -301Im 2006/06/22 07:21
D |N59°48.949'" |W42°19.122' 490m 332m| -158m 2006/06/22 04:59

Recovered instruments:

Mooring A
Seacat #2345, RCM8 #9940, #10229, #10230, #10231 and #10234, Argos Beacon #11261,
acoustic release #445.

Mooring B
RCM8 #10238, #10240, #10243, #10244 and #10245, Argos #11262, acoustic release #446.

Mooring Cb
Microcat #4008, ADCP 75kHz #881, RCM8 #10743, #10233and #10232, RCM11 #454,
Aquadopp #1337, Argos #11263, acoustic releases #294 and #447.

Mooring D
Seacat #4611, RCM8 #12678 and #12679, Argos #11264, acoustic release #375.

Lost instruments: Seacat #4609 on mooring B

Apart from the Aquadopp that did not start (configuration issue), all the instruments show the correct
amount of data in their memory. A first look at ADCP and Seacat data is satisfying.
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A precise bathymetric chart could be drawn with the multibeam sounder EM120 of the Merian
(Figure 18).

Figure 18 : the bathymetry of the mooring area. Moorings A, B, C and D are represented with black stars.

1.4.5. Float Deployments

16 profiling floats were deployed on the way at positions shown by green dots on Figure 1 (Provor
CTS3). The serial number of each float and the position and date of deployment are indicated in
section 1.6. They were programmed as indicated on the table below:

Choice Choice

Nomber of cycles 255 Aquisition period during drift 24h
Depth of drift 1000 dbar Measurem.: upcast +1% downcast |yes
Cycle periodicity 10 days Depth of the surface layer 500 dbar
Max depth of the upcast | 2000 dbar Sampling in the surface layer 50 dbar
Stalling mode Stays at the bottom | Sampling below 60 dbar

The deployment is a participation to the ARGO program via the Coriolis project at Ifremer. In
addition, floats are expected to sample the formation and advection of the SPMW, although a mistake
in the parameters (50 dbars instead of 20 in the surface layer) may complicate this study.

All floats were deployed nominally and their first profiles were checked.
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1.4.6. XBT section

XBT section
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Figure 19 : Temperature section from Greenland to Faeroe Islands. RR: Reykjanes Ridge. IS: Iceland Shelf.

During the transit back to Thorshavn, Expandable BathyThermographs (XBT) were launched every 2
hours, i.e. about 20nm (Figure 1). CTD stations 116 to 120 were used off the Icelandic shelf to sample
the ISOW, which is more clearly seen cascading off the Faeroes on the shallow section of Figure 19.

1.5.The web site

During the whole mission, a French web site was maintained on shore and updated every 3 days:
http://www.ifremer.fr/Ipo/ovide/ovide06/index.htm

Further results on the Ovide project can be found on

http://www.ifremer.fr/lpo/ovide/

All the data collected by the PROVOR floats, the glider, the XBT and a vertically subsampled CTD
dataset have been sent to the Coriolis Regional Data Center [http://www.coriolis.eu.org/] in real time.



jkappa
Text Box
1.5.The web site


2SS 10 S 6¢ alpuonels| 6e¢ |6v¢ |IS:€ [O¥€ES  |860°CT- [98L°0F [88'S €T 9T LY ov 8T ®Bls| T-8.E/ZNSIN
TC:€c |I€6T ] 8¢ aLouonels; 1gig '€ |0S:€ |0TES 979'¢T- [IGS'0v¥ |92°'8€ et 90°'€C ov LT eS| T-LLE/CNSIN
6G:9T |TT'€T S 8¢ aLouonels; y1:¢ [2°0¢ [87:€ [€9¢S 0¢C'Cl- [€EE0V |¢CET 4’ 00'0¢ ov 9T ®ls| T-9LE/CNSIN
LO:TT  |LG:0T ] 8¢ Koidep Jonoid| 00:0 |00 [0T:0 [2TTS 6LLTT- |SEEOF |TL9V 1T 60°0C (017 0€SAd| <C-SLE/CINSIN
LG0T [ET:L ] 8¢ airouonels €1:¢ |00C [Ev-€ |9TTS 6LLTT- [EEEOV |CL' 9V 1T 00°0¢ (017 GT els| T-GLE/CINSIN
00:G LTT ] 8¢ airouonels ¢1:¢ |00C [eEv-€ |POTS veETT- [€EE0OF |SP'0C 17 00°0¢ (017 vT els| T-v.LE/CNSIN
v0:€C  |6C:6T 9 X4 alo uonels| 60:8 [T'€6 |PE€ [€S8F  [V06'0T- [€EEOV |SC'VS 0T 00°0¢ ot €T eS| T-€LE/CNSIN

0¢:TT |0Z:8 9 Yx4 ued aieds axe) 0T:8 [€°€6 [00:€ |09 G88'8- cvT0r |0T°€ES 8 05'8 oy ep m._msN%m__
60:0 GE.0C ] 9¢ airouonels g1 |0ST [PEE€ |0G8Y 706°'0T- |€EEEOV |SCVS 0T 00°0¢ (017 cr els| T-CLECNSIN
6V:81 |0€:GT S 9¢ alouonelg) ¢eT |9¢T [8T:€ [I9ey  [9.9°0T- [€€EEOV |VSVE 0T 00°0¢ ot TT eS| T-TLE/CNSIN
LS €T |PS:0T S 9¢ alouonelg| 0€T [CCT [CO€ [868E  |00€0T- [€EEOV |L6'LT 0T 00°0¢ ot 0T ®l1s| T-0LE/CNSIN
vZ-6 v1:9 S 9¢ alouonelg| 9v:0 ([T’ |60:€ |[6YSE  [CEO'OT- [€EEOV [V6'T 0T 00°0¢ ot 6 ®els| T-69E/CINSN
8¢S Zv0 S 92 alLouonels| ov:0 |0'€ |9V |66EE  |EV6'6- €EC0F 99799 6 00°0¢ o 8 ®els| T-89E/CINSN
T0:0 Ze1¢ S S¢ alouonelg) ¢v:0 '€ |62:'C¢ [¢S€C  [9.8'6- €ECOV (9GS 6 00°0¢ (0)4 Lels| T-L9€/CNSIN
67:0¢ |€9:8T S S¢ alouonelg) €g:0 |L'T [99T [89€T  [¢08'6- €EC0r  60°8Y 6 00°0¢ o 9els| T-99€/CINSN
6T-8T |9€:9T S 14 alpuonels) Sg.0 (T2 [EVT (916 78.°6- €EE0F [00°L¥ 6 00°0¢ ov gels| T-S9E€/ZINSN
00:9T [9p-¥T S 14 dNA uonels; 60:0 8T [PT:T (861 GG/.'6- S0E0F  |62°SY 6 0€'8T ov T-v dWA  T-¥9E/ZNS
9t ¥T |9T-€T S 14 aiouonels ¥S:0 |9°S  |6T-T (308 79.°6- vEE'0y |G8'GY 6 90°0¢ ov v els| T-€9€/2INSIN
¢¢¢t ST TT ] 14 airouonels| 60T '8 |LO0:T |L2V EV9°6- €EE0Y |LG'8E 6 00°0¢ oy € els| T-29E/CNSIN
9G-8 8G:9 ] 14 airo uonels) 8G:.TT |€°2ZT [8G:T |0ST 6516~ €EE0Y |9G°/L¢ 6 00°0¢ oy ¢ els| T-TI9E/CNSIN
00-6T |0€:CT ] ve umoigiisN 1sal| 00:0 [0°'0 |0€:9 |00SY 00L°0T- |EEV'BE  |00°CY 0T 00°9¢ 8¢ Tels| T-09€/CNSIN
00:9 S ve pligessisall 8T:L |0'9. |0€:S [00Sy  [00L°0T- [€EV'8E  |00°¢CY 0T 00°9¢ 8¢ 0®els| T-6SE/CINSN

1-o1n 00ze | 5| €z uod 00 ZeT6-  [ETL8E  YEL 6 |SLev| st uogsr

al (U)] (wu) ) uiw uiw
2oualajal nuredap [eAnse | | [eALe — payoeal T-u uol (w) wva:m:oq wu.E:m._ M Bap N Bap ssel aweu

awll Jo awiL joawit j0 feq o mrmm ,Htwﬁ_v% reing yidag BETe %aQ apnyBuoT apnine’ uolrels WS

€e

T/CONSIN 3SITT UOREIS' 9T

9002 ‘8z 3un( — g AeNl ‘T 697 ‘ZOINSIN 8sINID




c¢evT |60:TT 9 € airouonels| 9g:g |9'GC |¢Z€ |TehY 696'61- (9169 |FT1'8G 6T 96'vS 1% LE €S| T-86E/CINSIN

c€8 80-G 9 € airouonels 9gg [€'GC |PZE€ |LESY v/9'6T- |CVS9V VPOV 6T 2G'CE 1% 9€ Bls| T-L6E/CNSIN

434 S0:€¢ 9 c dalouonelg| /g |9'G¢ (9¢:€ [¢09y  |SBE'6T- [0LT9Y |0T'€C 6T 0c'0T 514 SE BlS| T-96E/CNSIN

82:0¢ [ET:0¢C 9 4 Koidap Jonoid| 00:0 |00 |ST:0 [TTSY T60'6T- |(S6L°'Gy |9V'S 6T 0L'LY 14 TEGAd| Z-S6E/CINSIN

€T:0¢ 6991 9 4 aLo uonelsy /[g¢ |§'S¢ [ET€ |TTSY T60'6T- |(S6L°'Gy |9¥'S 6T 0L’V 1% Ve els| T-G6E/CINSIN

¢c¢vT  |L0TT 9 4 aLo uonelsy /gi¢ (9'GZ |ST€ |99SY 16/,°8T- [¢ev'Sy  [C8'LY 8T 2€'GC 514 €e els| T-v6E/CINSIN

0€:8 o] 9 Z alouonelg| /g2 (9'sZ [9T:€ [€ET9¥  |FOS'8T- |6¥0'SY |PZ'0€ 8T v6'C 14 ce els| T-€6E/CNSIN

SE-C TT:€¢ 9 T alpuonelg| geg |9ve pgie |98y  |CTZ'8T-  |SL9VY  [2LCT 8T 05'0% 144 TE Bls| T-26E/CNSIN

6€:0¢ |[C0LT 9 T dalLo uonelsy ¢ei¢ (9'vC [9€€ |668Y L18LT-  |LLEVY |06V LT 29'¢c 144 0€ ®ls| T-T6E/CNSIN

0EvT |CETT 9 T aLouonels) ¢eig¢ (L'v¢ |8S¢ |9LE 9cv'LT- |[LLOVY |99°'GC LT 297 144 62 ®lS| T-06E/CNSIN

658 2SS 9 T alpuonelg| €gZ¢ |L'v¢ [90:€ [0TO¥  [CE0'LT- [8LL'EY [C6'T LT 39'9% 74 8c ®ls| T-68E/CNSIN

6T-€ 70-€ 9 T Koidep Jonoid| 00:0 [00 [ST:0 [€LTV 6€99T- |6LV'EV |PE'BE 9T v.'8¢ 1317 GEGAd| ¢-8BE/CINSIN

70-€ L0:0 9 T aiLouonels| /g2 8ve |LSC |ELTY 6€99T- |6LV'EV |PE'BE 9T v.'8¢ 1317 L2 els| T-8BE/CINSIN

6€-TC |9GLT ] T€ aiLouonels ov-¢ 6'vec |Pr-€ |CETS ovZ'9T- |08T'Er [9LVT 9T 08°0T 1317 9¢ els| T-L8E/CINSIN

GT:GT |C0CT <] € aLo uonelsy /2:s [6'v¢ [ET:€ |TOCY 0G8'GT- [188°¢y |00'TS qT 98'CS v G2 ®ls| T-98E/CNSIN

€9 [A4T4 S € alrouonels ov:¢ 0S¢ |TT-v |950S 8GV'GT- |I8SCy [8F'L¢C aT 98¢ v v els| T-GBE/CINSIN

cviee  |¢SeT S o€ alouonelg| ov:¢ |0'SZ |0S:€ [TTES  |S90°ST- |I8ZCF |06°€ ST 98'9T v €cels| T-¥8e/ZNSIN

TT:LT |0C:ET S (01 aiouonelg) Ty |[T'SC |0S:€ [LEES  [CL9VT- [¢86'Ty [CEOF 7T 0689 114 ccels| T-€8E/ZNSIN

67:0T |6€:0T S 0€ ojdep Jonoid| 00:0 [0°0 [0T:O |LPES G/ZVT-  [989'Ty |0G°9T Vi ST'TY 1474 €EAAd| ¢-ZBE/CINSIN

6€:0T 819 S 0€ aLouonels; ov:¢ [0 (TS € |LPES LLZ2VT-  |€89TYF  [C9°9T VT 8601 v TZ®ls| T-Z¢8E/CNSIN

30-1 97-0 S (015 alpuonels| gv¢ |p'S¢ |IS:€ |SG€S  |688'ET-  [FBE'TY  |I€'€ES €T TO'€C 114 0c ®els| T-T8E/ZNSIN

LT:0C [|Z¥-8T 9 6¢ P10 ey-8alf 00:0 |00 |S€:0 [T9ES [96V'ET- [¢8O0'TY |EL°'6C €T 68" 114 ¢-P10-931)  €-08E/CNSIN

LS9T  |22:9T S 6¢ P10 |ey-8alf 00:0 |00 |S€:0 ([T9ES  [¢6V'ET- [FBO'TY |IS6C €1 90°S 114 T-p10-931) 2-08E/CNSN

V€ 1C¢ |L0:9T ] 6¢ dNA Uollels) 00:0 |00 |LZ:G |09€S T6V'€ET- [¥8O'TF |9¥'6< €T v0'S 1474 Z-6T dwn| T-08E/ZNSIN

L0:9T |STCT ] 6¢ aiLouonels €29 |¢'S¢ |TS:€ |PPES T6v'€ET- [¥8O'TF  |9¥'6< €T v0'S 1474 6T BlS| T-6LE/CINSIN

al ()] (wu) W uiw Ui
aoualajal niredep feAue | o | [eAle — payoeal T-u uol (w) wuﬂ_mco._ mnsu_um._ M bBap N Bap ssel aweu
awi| 10 oWl jo 8wl J0 AeQ ag| wouy RIng yidag 29Q 29Q apnibuo apnieT uoirels WSI
o1awnf 1sig
ve 9002 ‘8z aunr — vz AeN ‘T 6371 ‘2OINSIA 8sInID




v0'ZT 826 9 8 alouonels| GET [T [9€:C [0GZE  [88E€°GC-  [8C8'ES  |GTET Gz |oL6v | €S ogeis| T-LT/ZNSI
€5:.  |80'S 9 8 alouonels| SSz SvZ |Sie [9TSE  |Ov2'Se-  [OV9'ES  |0vvT Gz |ov'se| €S GG eis| T-9T/ZNSIN
Zte  |lzez | 9 L alouonels| vT:e 6'vZ |2 [6TSE  [0S6'F2-  |69Z°ES  |00°LS vz  [pT9T| €S vseis| T-STy/ZNSI
eroe et | 9| L o P wriv vz |evz |Tee  feseve-  esTs |oree| bz [esEs| s g5 eS| T-vTH/ZNSIN
6€CT  |62CT | 9 L ojdep Jonoid| 00:0 |00 [0T:0 [V6SE  [€9€¥Z- [T2S2S  [8L'TC vz |9¢TE| €S 62SAd| C-ETY/CNSIN
62:2T [I¥6 9 L alouonels| /S [8¥Z |L¥iZ [¥6SE  [€9€¥e-  [TeSeS  [8L'TC vz |92TE| ¢S zseis| T-€TV/ZNSIN
779 |9vE 9 L alouonels| 85z [6'vz |LSC |L68€  [TL0Ve-  |L¥TZS  |9CF vZ  [¢88 s TG @S| T-ZTV/ZNSIN
870  [8€0 9 L ojdep Jonoid| 00:0 |00 [0T:0 [IS8E  |LLL°€2- [€LLTS  [29°9F €z [ge9v| 1§ LESAd| T-TTY/ZASIN
8e0  [I¥'TZ | 9 9 alouonels| 8yiz [8'vz [95:C [1S8E  |LLL°€2- [€LLTS  [29°9¥ €z [ge9v| 1S os®eis| T-TTV/ZNSI
€G:8T [929T | 9 9 alouonels| 8Sz [6'vZ (92:2 [¢S2€  (a8F'€Z-  [TOV'IS  |0T'62 €z |ovz| 1S 67 Bis| T-0T/ZNSI
8z:8  [ET'8 9 9 ojdep Jonoid| 00:0 |00 [ST:O [v26E  [v6T'€2- |L20TS  [F9'TT €z [291 18 82GAd| €-607/2ZNSI
8Z:€T 808 9 9 dWA UORelS| 00:0 |00 [02'S [p2ee  |[veT'€Z-  [L20°TS  [P9'TT € [2971 15 €-87 dwA  Z-607/2ZNSI
80:8  [60'G 9 9 alouonels| zo€ (9'6Z [85:C |rg6e  [W6T'€Z- |L20'TS  [V9'TT € [e9T 15 gy eis| T-60v/ZINSIN
90'z  |TiEC | 9 S alouonels| §Sz Gvz [I1S2 [€TZE€  [106'22- [2¥9°0S  [90°VS 2z [ze8e| 0§ Ly eis| T-80v/ZNSI
6T:0¢ [FT:LT | 9 S aLouonels| 85z (0'GZ |GO'€ [62T¥  [909'CZ- |6L20S  [9€°9€ 2z [pL9T| 0§ op eis| T-20v/ZNSI
STvT  [PT:TT | 9 S alouonels| 657 [¢'SZ [TO'€ [€66€  |YTE€CC- |906'67  [78'8T Zz  |9EvS | 6v G eis| T-90v/ZNSIN

H%memﬁnw G0'S 9 S alouonels| eyiz [z’Sz [80'€ [€zzy  |020'ZZ-  [ees6y  |02'T zz  [g61E| 6V v eis| T-GOv/ZNSI
zze  |0T0 9 S alouonels| Tyiz [T'SZ [gT:€ [9€€v  [L2L'Te- [8ST6V  [29°Ev 12 [8v'6 6v ey eis| T-vOv/ZNSIN
62:T¢ [S€8T | 9 4 alouonels| €z:z [¢SZ [vS'C [080F  [€E¥Te-  |98L8F  [86°GE e [OTLiv| 8v Zveis| T-€0v/ZNSIN
TT:I9T  [90:19T | 9 4 ojdep Jonoid| 00:0 |00 |SO0 |L2Ev  [ebT'TZ-  [eT¥'8y  [258 12 [eLve| 8y vESA| 2-20V/ZNSIN
90:9T |6¥'2T | 9 14 alouonels| gez €Sz |LT:€ |l2ey  [evT'Te-  [2Tv8y  [258 12 [eLve| 8y Ty eis| T-20v/ZNSIN
ET:0T 259 9 4 alouonels| 9giz [€'Sz [TZ€ |Lvby  [1S8°02- [880'87  [90°TS 0z 822 8 ov eis| T-TOV/ZNSI
oT:¥ 850 9 14 alouonels| 9giz [€'6z |LT:'€ [Ivey [9GG°02- |S99°Lv  [9g'€E 0z |o66E| L¥ 6€ Bis| T-00v/ZINSI
zzize |60LT | 9 € alouonels| /€z (§'SZ [ET:S |[L0SY  [€92°02- [¢62Z°Llv  [|8L'ST 0z [eSLT| Ly ge Bis| T-66E/ZINSN

o1 () (wu) |y urw ulw
ERIVEIETEY] nuredap [eAue | | [eALe — payoeal T-u uol (w) mcou_mco._ mm::%._ M bBap N Bap o aweu
BUIL || gy [YOPWIL j0 Req@ Smcwm ﬁﬁ_m_v, ®Ing yrdaq 28@ 937 apnibuo apnieT uoirels WSIN

St

900¢ ‘8z aung — 7z AeN ‘T B9 ‘ZOINSIA 8sInID




LV-ET |0C:CT 9 et aiLouonels| e |T'6T |L&T |P8YT 89¢'Te- |[¥¥889 B09T T€ 79°0G 89 9L els| T-LEVICNSIN

GV-6 £0-8 9 et aiLouonels| €0:¢ B8Vl |Tv:T |ESPT 969°0€- |LZL'8S 9L°TV (013 C9'EY 89 GLels| T-9EV/CINSIN

00:9 0TV 9 4 alouonels| ov:T [8'TT |67:T [COLT |S9€°0€- |0S5'85 |06°T¢C oc 00°€E 89 v, els| T-GEV/CNSIN

o€ SC:0 9 4 alouonelg| /g |0°LT |S0:¢ [9.TC  [¢OT'0E- [0T¥'8S [CT'9 oc 09't¢ 89 €L els| T-vEr/CZNSIN

LV TZ  |€0:0C 9 TT alouonels) /.T:€ |00¢ |PVT (Pgec  |[y¢l'6C- [80C'8S  |VVEV 6¢ 8¢t 85 cLels| T-€EV/CNSIN

97:9T [9€:9T 9 TT Koidap Jlonoid| 00:0 |00 |0T:0 [92TC  |Ll2'62- [TL6°LG [29°9T 6¢ 9289 LS 8EGAd| C-CEV/CINSIN

9€9T |SS VT 9 TT alpuonelg| 6v:y |0°S¢ |0V:T [92TC  |LL2'6C- [TL6°.S [29'9T 6¢ 9¢'89 LS TLe1s| T-CEV/ZINSIN

GO:0T |[ET'8 9 1T aLouonels) €ge [2'G¢ |¢ST |09ve 9¢.'8¢- [WL9°LS |9S°EV 8¢ vy oy LS 0Lels| T-TEV/CINSIN

ov-v 1444 9 1T aLouonels) €T1:e [Z'v¢ (99T |6S<C ¢L1'8¢- |LLELS [¢E0T 8¢ 29'¢c LS 69 ®ls| T-0EV/CINSIN

0€:€C |0C:€C 9 0T Koidap Jonoid| 00:0 |00 |0T:0 |LPlZ |68l |GOO'LS [vL'2S X4 0€°0 LS 9€GAd| ¢-6ZV/CNSIN

0C:€C |00:T¢C 9 0T aLouonels) geT ¢l |6T'¢ |LV.lC 6.8°,¢- |S00°LS |rL'CS Ll 0€0 LS 89 ®lS| T-6ZV/CNSIN

96T |VO:LT 9 ot aiLouonels T [€CT [T ¢ |ET8C 0€L’LC- |LT89S |LL'EV yx4 c0'6Y 99 L9 Els| T-8ZV/CINSIN

0€:GT |CT€T 9 ot airouonels geT |€¢T [8T-¢ |TdLe 08G°.Z- |6€999 |08'VE yx4 |ZAVAS 99 99 Bls| T-LZV/CINSIN

8€TT |6T:6 9 ot airouonels €eT |¢¢T [8T-¢ |9¢L¢ GEV'LC-  |Tvv'9S |0T°9¢C yx4 9%'9¢ 99 GO Bls| T-9¢v/CINSIN

oL LES 9 0T aLouonels; 8¢'T ([T°¢T |60:C¢ ([EELC 06¢'L¢- VG295 |OV'LT Lc vZ'GT 99 V9 els| T-GZv/CINSIN

8G.€ 70 9 0T airouonels €e1 (¢l [EST |¢T18¢ vvy1'/Z- 69099 [V9'8 x4 vi'v 98 €9 ®ls| T-vZv/CINSIN

1€:0 L0:¢¢ 9 6 alouonels| 9S¢ |L'v¢ |€Cic [618C [866'9¢- [€88'GS 886G 9¢ 86°CS o] Z9 ®els| T-€ZV/CNSIN

6G:9T |VC¥T 9 6 aiouonelg $2:0 [€'T |S€C¢ [FECE  |90L'9Z- [90S'SS |9gCh 9C 9€'0€ o1} T els| T-2ZV/ZNSIN

0T:8T |6S:ET 9 6 diNA Uonels) /g |6'€C [IT:S [y€CE  |§L9'9¢- [8TS'SS  |LV'OF 9C 90°'T€ SS 7-19 dWA  Z-22P/ZNS

¢e.0T |[¢c.0T 9 6 ojdap Jonoid| 00:0 [0°0 [0T:0 [GL€€  [TTV'92- |6VT'SS  |99'¥2 9¢ 768 S5 CEGAd| C-TZP/ZINSIN

[AA10) 1% 2V 9 6 alouonelsi 00:€ ('S¢ |0V |SLEE TTv'9¢- |6VT'SS [99'7¢C 9¢ 768 it 09 ®ls| T-TZV/CNSIN

v €GT 9 6 aLouonels; 80 (L'¥¢ (8¥:¢ |0T9€ €¢1'9¢- [2¢9LvS 8L 9¢ CL'SY %] 65 ®lS| T-0ZV/CNSIN

vv.1C¢  |PT:61 9 8 alouonels) G§S¢ Sv¢ |6 |LVOE 8¢8'G¢c- [L8EVS  |89'6V 14 (A4 Y4 %] 85 ®lS| T-6TV/CNSIN

6T-9T |6V-€T 9 8 airouonels €T |r'¢l |0€:¢ |890€ GEG'GZ- 9T0vS |0T'¢CE 14 96°0 1] LG els| T-8Tv/CINSIN

v1:¢T |V0-CT 9 8 oidep Jonoid| 00:0 [00 [0T:0 [TS2€E 88E€'G¢- |BCBES |SC'€EC 14 0L'6Y €9 LZ2SAd| C-LTVICINSIN

al (W) (wu) ) uiw uiw
aoualIajal niredep feAuse | o | [eAle sseL payoeal T-u uol (w) wua:m:o._ mu.:u:m._ M bBap N Bap ssel aweu
awl] 10 oWl joawil J0 AeQ ag| wouy RIng yidag 29Q %29@ apnibuo apnineT uoirels WSI
o1awnl 1sig
9¢ 9002 ‘8z aunr — vz AeN ‘T 6371 ‘2OINSIA 8sInID




oT-¥T |9T:TT 9 LT Koidep JopID| 00:0 |00  |00:€0 |02 00€'TY- |TLL'6S |L6°LT 1474 929 659 700 48plIB| Z-09%7/ZNSN

OT-TT |6T:6 9 LT airouonels 12T |S0T [99:T |PP0C 00€'TY- |TLL'6S |L6°LT 144 929 659 66 ®Bls| T-091/CINSIN

8G:L LT:9 9 LT aLouonelsi €2:8 (0T |0v:T |088T Gv9'Ty- /8.6 |TL'8E 14% [AAVA% 659 86 ®BlS| T-6SV/CINSIN

€9 T¢  |LT:0¢C 9 9T airouonels| ¢ST |00T |S€T |SELT vv6'Ty- |998'69 (199G 144 G6'TS 659 16 ®lS| T-8GV/CINSIN

GZ:8T |PP9T 9 9T airouonels| ¢¢:1 90T |Tv-T |068T 0S9°'Ty- [/8.°6S |00°6€ 14% [AAVA% 659 96 Bls| T-LS¥/CINSIN

TZ'ST |GE€ET 9 9T alrouonels ¢¢:1 90T [97:T |590¢2 TOS'Ty- |TLL'6G [€0°8T 141% VAA14 65 G6 ®BlS| T-9G¥/CINSIN

¢T:¢T |0C0T 9 9T alrouonels ¢¢:1 90T |9 T |S¢cc TG6°'07- [9G2°6G [90°LS ov [29Re17 65 ¥6 €ls| T-GG1/CINSIN

LS8 GG-9 9 9T alouonelg) ¢g:T |9'0T ([T0O:C¢ [0TSC  [¢09'0t- [O¥L'6G |60°9€ or 6E v 6S €6 ®ls| T-¥Sh/CNSIN

€€ 9¢:€ 9 9T aLouonels) 6¢T [C'€T [90:¢ |679¢ ¢SC’ov-  |Pel'6S  [cT°GT ov I4A 14 65 26 ®ls| T-ESV/CNSIN

v T LEEC 9 ST aLouonels) ygi¢ €T |60:C¢ |0ELC TZ8'6E- [169'6S |9C'6V 6€ 14444 65 16 ®lS| T-C¢SV/CNSIN

€1-1¢ |[TO6T 9 ST alouonelg| g2 |C’€T |CT:¢ |[0€8C  |06E'6E- [LG9'6G |OV'EC 6¢ Y7’ 6€ 6S 06 ®els| T-TSP/ZNSIN

LEIT  |ECVT 9 ST airouonels y¢:¢ |C€T |PT-¢ |688¢ 6G96'8E- V296G  |VS'LS 8¢ vy LE 659 68 BlS| T-0GV/CINSIN

6S-TT |TV:6 9 ST aio uonels) $e:ST €T [8T-¢ |000€ £€G'8E- 08969 [96°T€ 8¢ 08'v€ 659 88 BlS| T-6¥V/CINSIN

90:8T |SP:GT 9 4 alrouonels 9g:g |C'€T |[TZ:¢ |060€ 90T'8E- |9€S'69 [8E'9 8¢ 9T°¢c€ 659 /8 €ls| T-8vv/CINSIN

60:€T |LV:0T 9 T alouonels 6v:¢ |00¢ (T¢'c [LOTE |089',E- [¢6V'6S |08'0F VA CS'6¢ 69 9g ®ls| T-Lvv/ZNSIN

8G:L 9€:G 9 T alouonels| /vi¢ |6'6T (¢¢i¢ [0CTE  |LEO'LE- 8CV'6S [CCC VA 89°G¢ 69 S8 Bls| T-9vV/CNSIN

6v:¢ 3¢:0 9 T dalouonelg| TE€C |8'6T |0C'C¢ [680C  [96€9E- [V9E€'6G |9L°€C 9€ v8'1¢ 6S v8 ®ls| T-G¥i/CNSIN

9G:T¢ |S0:6T 9 €1 alouonelg €2 [Z°0¢ (IS¢ [€60€  [¢9L'GE- |66C'6S |CL'SY =13 v6'LT 6S €g eS| T-vvi/CNSIN

0€:9T [ETVT 9 €1 alo uonelg| ¢v:i¢ |00¢ |LT:¢ |S86C  |STT'GE- [CEC'6S  |06'9 =13 C6'ET 6S Z¢g8 eS| T-evv/CNSIN

0€:IT |[€T6 9 €1 alouonelg| €v¥:i¢ |'0¢ |LT:'¢ [8€SC  [9.¥'¥E- |S9T'6G |99°8C ve 06'6 6S T8 ®els| T-ZvV/CNSIN

0€-9 0¢-9 9 €T Kojdap Jonoid| 00:0 (00 |0T:0 [€/2Z [T€8'€E- [E0T'6S  |98'6Y €e 3819 65 92SAd| C-TvVICNSIN

0¢-9 1484 9 €T alpuonelg €g¢ |00¢ |S¥-T [€LcC  [1€8'EE-  [E0T'6S  |98°'6% €e 319 6S 08 ®els| T-T¥v/CNSIN

00:¢ v1-0 9 €T alouonelg| 92:¢ [€'0¢ |Sv-T |6L¢C |€6T°€E- |6EO'6S [8S'TT €e 1£X4 6S 6. ®els| T-Ov¥/CNSIN

8V.1¢ |9T:0¢ 9 et airouonels| 9¢:¢ |¢'0C¢ |cET |EL8T £GG'¢e- |¢L6'89 BT'EE [43 €89 89 8L €ls| T-6EV/CINSIN

6v-LT |€COT 9 et airouonels| GggZ¢ [€0C (9¢:T |689T TT6'TE- (01685 [|99'VS T€ 09'vS 89 L, els| T-8EV/CINSIN

al (W) (wu) ) uiw uiw
aoualIajal niredep feAuse | o | [eAle sseL payoeal T-u uol (w) wua:m:o._ mu.:u:m._ M bBap N Bap ssel aweu
awl] 10 oWl joawil J0 AeQ ag| wouy RIng yidag 29Q %29@ apnibuo apnineT uoirels WSI
o1awnl 1sig
LE 9002 ‘8z aunr — vz AeN ‘T 6371 ‘2OINSIA 8sInID




00-¥ Lv-C 9 9¢ airouonels| Gg:i¢ |0¢¢ |¢T-T |0SPT €€8'9T- |000°€9 |00°0S 9T 00°0 €9 9TT els| T-T8YV/CINSIN
¢¢:0 (44l 9 14 anos abueys| 0T |6°G92 [00:0 |L96 L9T°LT- [€EE'E9 |00°0T LT 00°0Z €9
Lg€C  |leEee 9 ve anos abueyd| €€:zg (T'LEZ |00:0 |GLL £85°9¢- |000C9 |00°SE 9¢ 000 29
750 Y0 9 ve Wo(dap Jonoid| T¥:zz [T'vE€C [0T:0 [0/82  |000°GE- [00029 [00°0 =13 000 29 O0¥SAd| T-087/CINSIN
20 9€:0 9 €e alouonelg| 9eT |6°0T |S¢:T [8¢T¢  |S8Y'Ty- |099'6S |0T°6C 194 09°€E 69 STT eS| T-6.%/CNSIN
00:€¢ |LCT¢ 9 [44 aiouonelg 1T |€L [C€T [088T  [€6L'Tv- [€G9'6G |09°LY 114 0C'6€ 6S YIT el1s| 2¢-8.v/CINSN
v1:0¢ |8€:8T 9 [44 aiouoneig| 0¢T |99 |S€T |0€LT  |000CY- |LTL'6S |00°0 44 00°EY 6S €11 eIs| T-8.YV/CINSN
80:LT |L€GT 9 (44 alouonels| 0S50 |£L'¢ |TET |06ST ¢6T'¢y- |04L'6G |0S'TT [4%4 0C'9v 659 ¢t es| T-LLV/ZINSIN
Ly vl |TVET 9 (44 aLouonelsi 8¢T [T'¢ |S0:T |STTT 99¢'¢h- [V6L'6S |S6°ST [474 v9'Ly 65 TTT BlS| T-9.v/CINSIN
¢0:¢T  BT'TT 9 (44 aLouonelsi vv:0 (L'0 |pv:0 |00S 8TECYy- [L18'6S |L0'6T [474 €061 65 OTT ®©l§| T-v.V/CNSIN
7E€:0T |ET6 9 (44 aLouonelsi €01 [F'T  |0C'T 028 c0e¢y- |608'6S [TT1°8T [474 9G'8Y 65 60T ®BlS| T-¢.P/CINSIN
0T-8 0€:G 9 Zz |Kienooal Buuoo| ¥2:0 [T'Z  |0¥20 [ETTT G9C'¢v- V6.6 [C6°ST [474 c9'LY 69 g0 Buuoow| T-TZ¥/ZNSIN
G0-G GO-¥ 9 Zz |Aienoda1 BuuooW| /¥:0 |6'S  |00:TO [T6¥ 6TECY- [918'69 [CT'6T [474 G6°8Y 69 @ Buuoow| T-0L¥/ZNSIN
8T-€ GY-¢ 9 (44 aiLouonels| v¥¥.0 €S9 |0 |62 86E¢CY- |S06'69 |S8°EC [474 TEVS 69 80T ®ls| T-691/CINSIN
10:C 6C-T 9 [44 alouonelg| 80T |9°L [C€0 |9L€ GEECh-  |¢e86S  [TT°0C [474 TE 67 6S L0T eS| T-89¥/CNSIN
0¢:0 0v:1¢ 9 Tz |f1enodai BuuooN| 8€:0 (2’2 |0vi20 [EELT  |82T'2h- [PSL'6S  [0L'L [A%4 414 65 g Buioow| z-29%/2INSIN
TO:T¢ |9¢6T 9 T aldo uonels| 0T-T¢ |¢'8T¢ |9€:T |9G.LT LS0°¢y- (9vL'6S |IV'E (474 122 4% 65 90T ®els| T-L91/CINSIN
v1:¢¢ |6G:T¢C 9 (014 'do andosay| €T:6T |0°96T [ST:0 £82'GE-  |000°'T9 |00°LT S€ 000 T9
G- 377:0 9 (014 aiouonelg| TSI [0T (9GT |98  [€EC'TV- |L9¥'6S |00'VT 147 00°8¢ 63 SOT e1s| T-99%/ZINSN
1S:¢¢ |1S:0¢ 9 6T alouonelg 85T |€0T |S0:C¢ [T€9C  [2¥6'0F- [€BE'6S  |0S°9G or 00°€e 6S yOoT e1s| T-S9/CINSIN
€G-:8T P97 9 6T alpuonels) ¢S T |T'ST (80:¢ |[LZLC [8G9'0t- [¢6C2'6G |0S'6€ or 05T 6S €0T BIs| T-Y9r/ZINSN
TS¥T  |PECT 9 67T alouonelg| €G:T [€'ST |LT:C |G86C |€ECOP- [€9T'6S |00'VT or 08'6 6S coT &1s| T-€97/CNSIN
07-:0T |90:8 9 67T aipuonelg TEL |6'TL |PEC [EEOE  |LT8'6E- |GZ0'6S  |00°6% 6€ 0S'T 6S TOT &S| T-Z9/CNSIN
€0 £G:¢¢C 9 LT airouonels| G2.0 |T'0 |ov-T |188T L6LTY- V996G |I8'LY 144 GZ'6€ 659 00T ®els| Z-TI9V/CINSIN
82:¢¢ |8G:LT 9 LT |f18nooal Buuoon| zy:€ 59T |0€0 (V68T €6LTy- [¥S9°6G |09°LY 144 22'6€ 69 v Bunoow| T-T9/ZNSIN
al (W) (wu) ) uiw uiw
aoualIajal niredep feAuse | o | [eAle sseL payoeal T-u uol (w) wua:m:o._ mu.:u:m._ M bBap N Bap ssel aweu
BUIL )6 gy [H0 WL jo Aeq o mhm ,mﬁ_v% reing| Yded %8@ %8@ apnibuoT apniyeT uolels WS

8¢

9002 ‘8z aung — 'z AeN ‘T B9 ‘ZOINSIA 8sInID




T-01n

:abueyo 00:-€ 9 8¢ [eAlly| €0°'T [€°9PC 0 €8.°9- 00029 [00°LY 9 000 29 uneysioyl
awn
cC T (43 9 LC 1Aojdep Jonoid| 00:0 [00 |0T:0 [ovEZ 00S'ST- |L99'T9 |00°0€ a1 00°0v 19 Nd| V-G8V/CINSN
1T 77.€2 9 9¢ pigessisal|l 00:0 |00 [8¢:T [0¥EC  |[00S'ST- [L99'T9 |00°0E ST 00°0% 19 ccrels| €-987/¢INSIN
vv:€C |ST:€C 9 9¢ pligessisal) #¢:0 |00 |8¢:0 |00T 00S'ST- |/99°'T9 |00°0E ST 00°0% 19 TCT eS| ¢-S87/CNSIN
TG.¢C [9G6-0¢ 9 14 alouonelg| 9¢¢ [T'¢¢ 98T |[oPEC  |[00S'ST- [L99'T9 |00°0€ ST 00°0% T9 oct els| T-S8%/CINSIN
ST:8T |01:9T 9 9¢ alouonels evig (T'¢¢ [8€:T |0FZC  |€€8'ST- |000C9 |00°0S ST 000 29 6TT els| T-¥8¥/CNSIN
9G:€T |9P:ET 9 9¢ ojdep Jonoid| 00:0 [0°0 [0T:0 [00TZ  |Z9T'9T- [€€€29 |00°0T 9T 00°0C 29 TVSAd| 2-€81/CNSIN
ov:e€T [CTCT 9 9¢ alouonelg| 9g¢ [T'¢¢ [peT |[00TC  |[L9T9T- [€€€C9 |00°0T 91 00°02 29 8TT Bls| T-£81/CINSIN
9€6 7G:.L 9 9¢ P e}-saly 00:0 |00 ([T |0OT6T  |00S9T- (L9929 |00°0E 91 00°0% 29 €-p10-93l) 2-Z8Y/CINSIN
7S:L 9¢-9 9 9 alo uonels| 9¢:¢ |0¢¢ |LZ'T |0T6T 00S'9T- [L99C9 |00°0€ 9T 00°0v 29 LTT els| T-Z8V/CINSIN
ol (Y| (wu) ) uiw uiw
ERIETEIET] nuredep [euse | | [eAle — payoeal T-u uol (w) m_uﬂ_mco._ mnB:m._ M Bap N Bap — aweu
awil Jo awil Jo AeQ aq| wouy yidag 29Q 29Q apnibuo] apnieT uoineis NSIN
Jo awil 1eing
o1awiy 1sI1q
6 9002 ‘8¢ aunt — ¢ AN ‘T 637 ‘2OINSIA 8sInID




Cruise MSMO02, Leg 1, May 24 — June 28, 2006 40

1.7.Concluding remarks

Several technical issues mainly due to the ship youth delayed the work by 6 days. An accident was
deplored. However, tenacity and competence of the crew led by Captain von Staa was determinant in
the achievement of this cruise. The only unperformed work was the mooring deployment planned on
the shelf at 63°N for our German colleagues. Reasons were both difficult sea-ice conditions and a
broken pod. The thermosalinograph data may also be difficult to use, due to intermittent pump
problems. Despite this, the Spanish GASPAR system, used to measure surface pCO, along the route,
could provide relatively good data.

We gathered an impressive harvest of good quality data, including CTD, tracers and direct current
measurements. In terms of transports, first estimates show a MOC that is 40% weaker than 1997
estimate. This quite striking result goes with a weakening of all the main currents of the North Atlantic
that are crossed by Ovide section (NAC, EGC, DWBC). This result needs to be explained by a more
detailed analysis of the Subpolar Gyre dynamics. Particularly, the disagreement with some recent data
synthesis assessing a relatively stability of the MOC needs to be thoroughly discussed in terms of the
time scale of the anomalies for example.

The situation near Greenland was quite unusual. After a decade of sea-ice retreat at this latitude, a
large pack of multiyear ice drifted through Fram Strait at the beginning of the year (seen by satellite
images) and was found a few month later along the south-east coast of Greenland. Recovering the four
moorings turned out to be a patience game, followed by an intensive day of work, when easterlies
finally pushed the ice against the coast for a few hours. All four moorings were recovered, with a 90%
data return. First estimates of the current near Greenland indicate an unusually weak East Greenland
Current while we were on site, and the EGCC could not be sampled at all unfortunately.

During the cruise, several instruments were tested: an autonomous CTD performed 2 profiles, a brand
new Vertical Micro Profiler performed 3 profiles, including one at more than 5-km depth. The VMP
was lost at the fourth profile east of Reykjanes Ridge, and different elements let us think that it stayed
stuck at the bottom, despite several safeties to release the lest. A specific report was written.

Along the Ovide section and on our way to the Faeroe Islands, 16 profiling floats (PROVOR) were
deployed in the frame of the ARGO program. They are programmed to drift at 2000m depth and
collect temperature and salinity profiles from 2000m and surface every 10 days. They should be active
for about 4 years. The passage near the Central Irminger Sea mooring was also the occasion to deploy
a Spray glider from the European MERSEA project in order to complement the mooring
measurements. The glider was recovered by the Discovery 2 months later. Finally, on our way back,
48 Expendable BathyThermographs (XBT) were launched. All the data collected by the PROVOR, the
glider, the XBT and a vertically subsampled CTD dataset have been sent to the Coriolis Regional Data
Center [http://www.coriolis.eu.org/] in real time.
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CCHDO Data Processing Notes

Date
2013-05-14

2013-05-14
2013-05-29

2013-07-08

2013-07-17

2013-07-24

Person Data Type Action Summary
Key, Bob BTL Submitted to go online
I've corrected the MM vs M2 error that was mentioned in an earlier e-mail regarding 1st attempt to upload.

I do not know what is in the netcdf file, but hopefully it is the CTD data.
Key, Bob CrsRpt Submitted full note

Staff, CCHDO CTD/BTL/CrsRpt Website Update  Available under 'Files as received'
The following files are now available online under 'Files as received', unprocessed by the CCHDO.

06MM20060524 exc.csv

Ovide06_ctd .pdf

ovid06_dep.nc

Cruise_Report_ MSMO02_1 .pdf
Ovide06_and_Cfer2005_nutrients_and_cfcs.pdf

06MM20060524 exc.csv replaced with emailed file from Bob Key 2013-05-15 to cchdo@googlegroups.com
correcting expocode.

Shen, Matt ExpoCode Website Update  ExpoCode changed

06MM20060523 processing

2013-07-08
M Shen
contents:: :depth: 2

Process

ExpoCode changed from 06MM20060524 to 06MM20060523. 06MM20060524 added as
an alias for the cruise.
Directories

:working directory:

/data/co2clivar/atlantic/ovide/ovide6 06MM20060523/0riginal/2013.07.08 ex
pocode correction MYS
:cruise directory:

/data/co2clivar/atlantic/ovide/ovide6 06MM20060523

Updated Files Manifest

Key, Bob BTL Submitted data update, to go online

Shortly after I uploaded the last version, A. Rios provided new "final" data for this cruise. Most parameters
have changed and new data have been QCed by me. 6 bottom depths were approximated from global
topography.

Staff, CCHDO BTL Website Update  Available under 'Files as received'

The following files are now available online under 'Files as received', unprocessed by the CCHDO.

06MM?20060523 exc.csv



2013-09-25 Kappa, Jerry CrsRpt Website Update  Final PDF version online
I've placed a new PDF version of the cruise report: ovide6_06MM20060523do.pdf
into the directory: co2clivar/atlantic/ovide/ovide6_06MM20060523/ .

It includes all the reports provided by the cruise PIs, summary pages and CCHDO data processing notes, as
well as a linked Table of Contents and links to figures, tables and appendices.
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