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“What exactly do we know about Climate change?
What will be its impact on our planet?

Over the past fifty years, scientists have accumulated knowledge
about how marine ecosystems work and react to climate
modifications.

It is now essential to gain a better understanding of the current
changes, and to try to predict what might happen over the next half-
century.

Researchers from more than 20 nations have joined forces to tackle

this major issue through the EUR-OCEANS project, supported by the
European Commission.”

Part 1: how the system works

The Earth is a thermal machine that receives energy from the Sun.
Over an annual cycle, the Earth’s surface releases all this energy
back into space; however, this re- emission is not evenly distributed.
The equatorial regions receive more heat than they release, whilst in
the polar regions the situation is reversed.

Similar to a central heating system, heat that accumulates in the lower




latitudes around the equator, moves towards the North Atlantic carried
by surface oceanic currents and winds.

M. VISBECK: ‘ The ocean circulation is largely driven by the
winds, for example here in the Atlantic we have westerly winds
crossing from the United States to Europe, and it sort of drags the
ocean with it, and you get what we call the wind driven circulation.
The most prominent example of that is the Gulf Stream that goes
more or less from Florida, crosses the Atlantic as North Atlantic
current goes towards Norway and the ArcticO.

The Gulf Stream and the North Atlantic drift are part of a giant ocean
circulation pattern. They move huge amounts of water, representing
several tens of times the flow rate of all the rivers in the world. The
flow of these water masses around the globe can take 1000 to 2000
years. It is often compared to a ‘conveyor belt’ where warm oceanic
currents circulate at the surface and cold currents move at depth.

R. LAMPITT: @s far as the North Atlantic is concerned, the most
important process is the sinking of water in the northern seas
between Norway and Greenland, and the flowing of this water into
the deep Atlantic.O

Along its path towards the polar regions, the heat from surface waters
is released into the atmosphere, through evaporation as the water
cools.

As a result, the cold water becomes saltier, denser and thus heavier,




sinking to depths of more than 3000 m.

An important process accompanies this sinking movement. 50% of
the atmospheric carbon dioxide absorbed by the ocean is also carried
down and stored in the bottom of the ocean for thousands of years.

Everything is then a matter of density.

However, with global warming, the melting of the ice in the polar
regions is accelerated. As a consequence, the melting ice creates an
additional input of freshwater which could affect the rate of sinking of
the waters in the Norwegian, Greenland and Labrador seas. This
could lead to a weakening of the currents that regulate the North
Atlantic circulation.

Are we moving towards a major disturbance?

R. Lampitt: “In order to understand these changes one has to have
observing systems which are on the right temporal scale. That is we
need to observe things at the right frequency in order to understand
how they change. And frequently in the past this is not been
possibleO.

Every day, scientists set up new means to observe and understand
the ocean in all its dimensions. They use satellites, commercial ships,
research vessels and a wide variety of underwater vehicles (some of
which are autonomous).

Mooring systems and ocean observatories fixed at key points in the
ocean are also crucial tools.

R. LAMPITT: ‘Some of the observatories observe just the water




movement and there is an array which moves right across the
tropical Atlantic at the moment, measuring the movement of the
NA current. There are other observatories which are
multidisciplinary and they measure not only the physical
properties of the water and the way it is moving but also the
concentration of carbon dioxide, the nutrients that are required
for plantOgrowth and the concentration of this microscopic
plants, the so called phytoplanktonO.

All these various technologies, used around the world oceans, should
allow scientists to better understand the interactions and coupling
between the oceans and the atmosphere.

M. Visbeck:” Some times we read in the press quite dramatic
scenarios about climate change in Europe, we hear about ice ages
and so on and they are often linked to a change in the Gulf Stream
circulation. That's not quite correct. In fact what happens is that not
just the ocean brings warm water towards Europe but what is most
important is that the ocean stores the heat from the summer and
makes it available to the atmosphere in the winter seasonE. Then
the atmosphere really carries the warm air towards Europe and
warms Europe with atmospheric winds. It's really together the
atmosphere and the ocean, which influence the Climate and make
Europe a more pleasant place than let's say Canada or
Newfoundland®.

At our latitudes, between Portugal and Scotland, only 20% of this
heat transfer is due to marine currents. Most of the heat, the
remaining 80% is actually transported by the atmosphere.




M. Visbeck: For the future there are some concerns that the
circulation system of the Atlantic will change. Most likely weOlsee
a reduction of the warm water going northwards that will cause
this climate to become a little colder. What we have to remember:
this is caused by global warming. So at the same time while the
currents might have a little less heat transport coming towards
Europe, weOlhave a much warmer climate to be worried aboutO.

M. Visbeck:@nd current models suggests that these effects
might at best cancel, meaning there will never be a dramatic
cooling in Europe but maybe not so much warming because the
Gulf Stream and itOsurrents are reducedO.

M. Visbeck: @t is a little different when you think about the
northern North, the Arctic and Norway. There, we expect much
more dramatic consequences: still the warming will be very
pronounced but if the Gulf Stream gets much more reduced we
might have a slight advance of sea ice again; although we are not
100% sure about that.

M. Visbeck: ‘However, one thing we should not forget for Europe:
a reduction in the GS also causes the sea level to be influenced
by that. And if the GS was really dramatically reduced we will
expect the sea level rise of something like up to half a meter in
Europe, and that would be a dramatic consequence for usO.
ORyht now, one has to say that the changes we see in most of
the ocean are subtleO.

OSwmne of the challenges for us as scientists is to work out the
differences between the natural ups and downs of a system, and
the projected change that we are expecting much more




dramatically in the next 50 or 100 yearsO.

Even subtle disturbances are enough to endanger fragile balances.
At the end of the 80’s, a dramatic increase in the North Atlantic
water temperatures was observed. The marine ecosystem reacted
strongly to this, with effects felt at various levels of the food chain
from the phyto and zooplankton to certain fish species.

GrZgory Beaugrand: @lankton like fish, are animals than do not
control their internal temperature and are thus really sensitive to
that parameter. Most of the time, we see that these organisms
amplify the temperature fluctuations. An increase of a few tenths
of degrees can strongly influence the abundance of some
planktonic organisms or fishes, and this can perturb the balance
of the food chainsO.

And if only those microscopic organisms could help us to better

understand these changes at a global scale?
Is plankton, the indicator of the health of the ocean?

In 1929, Sir Alister Hardy invented the “Continuous Plankton
Recorder”. Since the early 30’s, this system has been towed behind
a diverse range of ships to track marine plankton across the

Atlantic ocean.
These biological archives, collected and deciphered in Plymouth for
more than 70 years, allow us to study the evolution of plankton over

a long period of time.

Thanks to this precious data, scientists have discovered a major




reorganization in zooplankton diversity over the last decades.

We are witnessing a northwards progression of certain zooplankton
species, typical of warm waters, while temperate and sub polar
species show signs of decreasing.

Some fish, which are direct predators of the zooplankton, are also
affected by this movement.

GrZgory Beaugrand: ®lence, changes in the composition of the
plankton community strongly influence the Cod in the northE The
preys have a smaller sizeEP lankton arrives late, at a time when
the species do not need it anymore. Actually, those changes
became unfavourable for the survival of the CodOdarvae. All this,
combined with the effects of over fishing, led to a reduction in the
recruitment of cod in the north seal.

It is likely that in time, ecosystems will be able to adapt to a warmer
regime. But at what cost?

R. Lampitt: QVe are getting an increasing understanding of the way
the oceans work. But one of the great things now is that we are
heading towards a period of much better integration both between the
disciplines and between the nations of Europe®

Scientists are often asked about the impact of the possible slowing
down of the Gulf Stream on Europe’s climate, They are generally
quite cautious when replying.

M. Visbeck: ‘If you think that we will see a dramatic shift or B
coconuts in Brittany or tropical fruits in Kiel, That's very unlikelyO.




If the slowing down scenario in the North Atlantic is confirmed, we
may well witness a reduction in the mechanism that ensures the
storage of excess carbon dioxide -generated to some extent by
human activities-,in the oceans depths.

The oceans are closely involved in the global disorder linked to
climate change, either directly or indirectly.

M. Visbeck ‘The challenge for the future it's to not just look at
climate change over Europe but to understand it world wideE

We are very interested in drought in China, in the hurricane activity
in the tropics or say diseases in India.

E all of this is linked in our economies so we have to keep a
global perspective®

IR curoceans 3/12/06 10:52
Mis en forme: Police :11 pt




