The surface of the oceans is bumpy!

= The Earth is not a per-
fect sphere. Among
other things, it’s a little
flatter at the poles and
a little fatter at the
equator.

¢ Moreover, the Earth’s
crust (wether it's on dry land
or under water) is not
< smooth. It is made up of
mountains and valleys that
an be several kilometers
high or deep. The composition
of the subsoil is not uniform,
either. In some places the material

is denser, and in others there are deep gorges. That ;
means that gravity varies from one region to another, ~ On the face of it, It might seem impossible jo take very vcorsie measuroments
of levels in on environment as stormy s he ecean.

However, scientists have heen able to mup the surfuce of the ocean, o define
stahle reference levels fsee pages 17 ond 30} ond S0 monitor thelr veriutions
over fime,

Thus we can observe that on a small scale, between 10 and
500 kilometers, the surface of the ocean “copies” the mountains
and valleys of the ocean floor, although it smoothes them out to
some extent. The surface of the water has a large dome above
an underwater volcano (where the excess of matter causes an
increase in the gravity) and depressions above large underwater
gorges (where the absence of material creates a decrease in the
gravity).

_ Under these conditions, the surface of the oceans cannot be
THIS IS ) smooth like the surface of a mirror. The ocean is bumpy, covered
WHAT THE EARTH | with bumps and depressions that can reach heights - or depths

WOULD LOOK LIKE.. - of up to 100 meters over a distance of several thousand kilo-
IF IT WERE meters.
COVERED
WITH WATER.
if the surface of the ocean is “bumpy”, it's because the Earth’s aust is
ulso bumpy.
lin the drawing, the size of the bumps ond depressions has been deliberntely
sxuggerotad.

... 01 an fmaginary Earth vhot does wof rotafe arosnd ifs polar axis. - ofi the real Earth that rofotes wound its oxis,

The oceon would be of rest. The surfacs, which would be shaped only by vhe Earih’s Obviously, the occans are in metion. They dreulate, driven by
graviiy ~ which varies from ore aren to another =, would be irregular but still. It euprents, whirlpools, fides ond other forces. The waier lovsi is
could therefore be used s o velerence fo monitor the variations I the real lovel of therefore not The sume as the {sHll) surface Mustrated in the firsi
the oreans, drawing. 1t is o series of wide domes and wide depressions
Tuke a close look of the scale of the drowings. I has been esmated thet an under- ahove und below the referente surfnce.

water volcono 1,000 meters high creotes o bump only ahout 1 meter high on the The differeace betwaen the two, colled dymumic fopography (DT in
surfoce. But becuuse the “bump” is spread over severn! hundred kilometers, suilors the drawing), is variable but remains on the order of 1 meter.

con't see H.

e |f the Earth did not rotate on its axis, if the atmosphere
stopped moving, if the tides and the currents came to a
standstill - hypothetically of course, because none of that is
ever going to happen -, the surface of the oceans would still
be bumpy, but it could be used as a reference surface becau-
se it would have stopped moving.

But the Earth rotates around its axis, and this rotation,
along with the tides, the whirlpools and the ocean currents
change this reference level by a small amount (approximate-
ly 1 meter), which is called the dynamic topography® of the
oceans.

* The adjective “dynamic” indicates that this uneven surface (or topo-
graphy) is caused by the movement of the Farth, water and air,




The two alfimeters instolled on the TOPEX /Puseidon
sateliife are rodar oltimeters that operate day and
night, in auy weather, vuiike satellite survelllonce
cameras, which “see” only during the day and

comnot “see” through clouds.

A L e,

TOPEX/Poseidon in action

The job of the TOPEX/Poseidon satellite is to take measurements and trans-
mit them to the ground, where they are analyzed to determine distances
very accurately.

 An unusual orbit

The satellite has been placed in a rather unusual circular orbit 1,336 kilome-
ters above the Farth and inclined at 66° above the equator. This choice is a com-
promise among various considerations: the performance of the instruments, the
accuracy of the orbital calculation, the area to be observed (90% of the oceans),
the rhythm of the tides, an orbit that regularly takes it over two sites (one in

Italy and the other in the United States) that are used to cali-
brate the instruments at the beginning of the mission, etc.

Every ten days (every 9 days and 22 hours to be exact),
after circling the Earth 127 times, the satellite passes
over the same points (to within one kilometer), thereby
describing a regular grid of tracks above the ground (see
page 23} along which it travels. And then the cycle begins
all over again.

=mm | N¢ on-board instruments

To do its job, the satellite carries various instruments. In
particular, as in the imaginary experiment described on
page 15, several of these instrtuments measure the two
distances required (A and B in the diagram on page 21).

- Three instruments, each independent of the others,
indicate the exact location of the satellite when it took
this or that measurement. There is a laser reflector (which
measures a distance with reference to the ground sta-
tions), a GPS receiver (which measures a distance with
reference to satellites) and a Doris receiver (which indica-
tes the speed at which the satellite is moving toward or
away from the ground stations).

By combining their results, we get the exact position
of the satellite to within 3 centimeters, even though it is
more than 1,300 kilometers above the Earth. (That cor-
responds to its distance from the reference ellipsoid, or
the equivaltent of B in the drawing.)

- Two altimeters measure the distance between the satellite and the sur-
face of the water (A in the diagram). These altimeters function like radar sys-
tems. They emit radio waves that are reflected by the water surface and return
to the satellite. A very complex device measures the time it takes the signal to
travel out and back, which gives us the distance we are looking for (because the
speed of propagation of the signal is known, i.e. the speed of light, almost
300,000 kilometers per second). After numerous corrections (see sidebar), the
instantaneous accuracy of the distance measurement is 3 centimeters!

The first altimeter, TOPEX, is American and operates 90% of the time. The second
altimeter, Poseidon, is French. Poseidon was instalied experimentally and operates
the remaining 10% of the time (actually ten days in a row every one hundred days).

Since the satellite was launched, one of these two altimeters has been in ope-
ration 24 hours a day. The raw measurements are first stored on board and then
transmitted to the ground by satellites. The data are then sent to two processing
centers, one in Pasadena, California (USA), and the other in Toulouse {France).

After processing and formatting, all the data are distributed to a number of
different users (see page 24).

Essential
corrections

The radic waves emitted and
then received by the instruments
travel through a medium that is
not a vacuum. For example, the
moisture in the atmosphere
slows them down and distorts
the distance measurements.

Considering the extreme accu-
facy required, all potential forms
of interference must be identi-
fied to evaluate their influence
and to make the appropriate cor-
rections. Some of these types of
interference are:

* the electrons present in the &

upper atmosphere (the ionized
part of which is called the iono-
sphere) in large quantities at alti-
tudes of approximately 400 kilo-
meters. They cause an error of 2

to 40 centimeters in the measu- 2

rement of the distance between
the ocean and the satellite;

* the dry air of the atmosphe-
fe - meteorologists measure the
atmospheric pressure every day,
which makes it possible to cor-
rect for this effect, which cause
measurements to vary by as
much as 2 meters;

* the water vapor in the atmo-
sphere, the concentration of
which is systematically measured
by a radiometer specially instal-
led on the satellite for this task.
The correction varies from 5 to
40 cenfimeters.

o
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The TOPEX /Poseidan satellife meusures the heigh
of the oeenns compored 1o o reforonce surface or
the tenter of the Earth.
The altimeter gives the distance & and the orbito-
graphy system gives the distunce B. The difterence
hetween these iwe distances gives us the helght
we ure looking for.




Mapping ocean currents

The measurements made by
OPEX/Poseidon are  accurate
'nough that they can be used to
Iraw maps of the ocean currents for
he entire globe. But why are such
naps useful and even necessary?

On one hand, they answer scien-
its's questions. They help us to
inderstand the Earth’s climate and
‘nvironment.

on the other hand, they help us e ———

rotect economic activity. Fifty percent of the world’s population lives
ewer than 100 kilometers from a coast, fishing supplies 10 to 15%
if the world’s protein requirements and 98% of world trade is by sea.

Thanks to satellites, we can map the major currents (and moni-
or their seasonal variations) such as the Guif Stream, the Kuroshio
urrent and the Antarctic Circumpolar Current, the most powerful in
he world, which was previously practically impossible to observe.

Sailors also need to have forecasts of conditions at sea and
urrents, for fishing, navigation and naval operations.

Ocean currents do not flow like long, peaceful rivers in the
ceans. We have detected innumerable instabilities, meanders
nd whirlpools. These whirlpools, which can be as wide as 100 or
00 kilometers in diameter, can
survive” for several weeks or
ven months. They are to the
«ceans what thunderstorms are to
he atmosphere. Scientists have
liscovered their importance in the
lissipation of energy in the cur-
ents, in the vertical mixing of
«cean water and in the dispersion
f dissolved substances.

Mo of anomalies in the level of

the Mediterronenn sea in the summer of
1996 over a period of 3 months, hosed on
messurements from FOPEY /Poseidon ond
the Europeen safellite ERS-2,

A L
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Werld ocenn-relief mon deawn on the bosis of measure-
ments made by TOPEX/Paseidon belween Gctober 1992
onel July 1993,

The map shows most of the permonent dreulation,

The seale is indicuied in centimeters. Durk colors correspond
i “depressions” in the surface of the oceun ond fighter
colors o “humps”. Note in particuler the relotively high
spot {abowi | meter higher than averuge) in the Western
Pacific. This phenomenon resulls from the wcovmulotion of
werm weier driven by the trade winds,

The red arrows show the princpal correats. In the Northern
Hemisphere, they dreulate docowise urovnd the bumps and
in the oppostie direction oround the depressions, The direc-
tions are veversed i the Seuthern Hemisphiere.
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Studying the oceanic seasons
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There are seasons in the ocean, just like
there are seasons in the atmosphere,

In the Northern Hernisphere, for exam-
ple, the ocean receives more heat from the
Sun in the summer, which causes it to
expand. But because it takes about two
months for the heat to diffuse down
through the top thousand meters of water,
the height of the ocean reaches its maxi-
mum, which is about 5 centimeters above
its average level, only in the autumn.

And for the same reason, the ocean rea-
ches its lowest level in the spring, about
two months after it begins to cool in winter.

TOPEX/Poseidon has made it possible for
us to determine the actual amplitude of
these variations, which were previously
thought to be no more than one or two
centimeters.

These seasonal variations can be detec-
ted and measured® by instruments on the
satellite. Knowledge of these variations is
very useful to cimatologists to improve
their models and their ability to predict cli-
mate trends.

The contraction {top} and expunsion {hottom}
of the North Atluntic as a function of the season,
us “seen” by TOPEX /Poseidon.

Euch color represents o difference from the average level.

B The seale runs froin —20 am {light purple) to +20 em

-20-18-16-14-1210 -8 -6 -4 2 0 2 & 6 8 101214 16 18 2 G (orange).

The seale runs from -8 am 1o +8 om.
Compared io the averaye level, the nreos
in yellow or red ore higher and the oreas
in blue or purpie are lowes.

Note the abundance of smell whirlpuols
(severul tens of kilumeters in diameter).

" Thanks to TOPEX/Poseidon and 1o the European £RS sateliites, we can
also observe, for the first time - using altimetry - the circufation and
seasonal variations in the Mediterranean (see page 26).
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Some years, an unexplained and
very intense climatic event occurs in
the Pacific off the coast of Peru. Over
the course of several months, the
normally “cold” water (18 to 22°C) is
replaced by warmer water (up to
25°C or even 29°C). For fishermen -
and there are lots of them who make
their living in this region, which is the
world’s largest fishing ground - it is a
catastrophe. For example, fish such as
anchovies, which are ordinarily abun-
dant, disappear because the plank-
ton” they feed on thrives only in cold
waters that are rich in nutrients. At its
peak, the phenomenon extends over
more than 10,000 kilometers and
covers an area larger than the United
States. Before the era of satellites, no
one even suspectetJ it covered such a
wide area.
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This climatic anornaly, which is still
not fully understood, originates with
the weakening of the trade winds™
which normally keep the warm water
to the west of this basin, closer to the
Philippines.

The phenomenon itself has been
known for thousands of years, and it
oceurs at irreqular intervals of two to
seven years. It normally peaks in
December, which is why it is called &l
Nifio which, in Spanish, refers to the
Baby Jesus whose birth is celebrated
on December 25. Its effects continue
for more than a year.

But its consequences are not limited
to fishing. The climate of the entire
planet is affected. Droughts, floods,

storms and tornadoes are observed

all over the world. Areas that are
usually arid (such as Eastern Africa)
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become wet, and conversely rainy
regions (Australia and Indonesia,
among others) experience drought
and forest fires.

Because of its size, the 1997-1998 El
Nifio was one of the most devastating
of the 20M century. it caused the
death of thousands of people and
damage estimated in the billions of
dollars.

Beginning in  March 1997,
TOPEX /Poseidon “saw” the early evi-
dence of the phenomenon. It obser-
ved the propagation of a “dome” of
warm water (20 to 30 centimeters
higher than the rest of the ocean)
crossing the Pacific from west to east.
Scientists hope that - thanks to satel-
lite altimetry and modeling - they
will soon be able to predict its appea-
rances a year in advance.

Topex Poseidon
El Nino 97

- Topex Poseidon
* El Nino 97

April 2, 189

Thauks %ﬁ.ﬂ;e TOPEX /Puseidon sutellite, it Is now possible = for the first time — %o momitor
the evelution of the El Nifio phenoinenon continsously and comprehensively.

On these maps, fE@e anomely takes the form of the expansion towsrds South Americu
of  red zone which is more then 20 centimeiers highor hen the rest of the Paciiic,

The map from October 1998 shows o drop fin other werds, « cooiing) of the water ot
the surface of the Eustern Pueific, This phenoimanon, which s called Lu Nifia, seems to be

the reverse of E Nifio. It ssems to accenfuate certain mefeorolugical events such as the
monsoons, for example. '

Ve following chort expluins the colors used in these maps.
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But, you will say, what good is
predicting such anomalies when we
can’t do anything about them? The
answer is that it would then be pos-
sible to limit their impact by infor-
ming the population in time so that
preparations could be made to
confront a natural disaster. Dikes
and levees could be constructed,
drainage ditches and sewer systems
could be cleaned and repaired, hou-
ses could be rebuiit, food and clo-
thing stored, and a host of other
precautions could be taken.

The ability to predict such pheno-
mena would also have major politi-
cal, social and economic consequen-
ces. Stockpiles of food could be
increased, harvests couid be timed
more efficiently and cultivation
could be selected on the basis of the
weather. Measures could also be
taken to prevent the development
and spread of certains ilinesses or
epidernics, among other things.

* Plankton : A group of microsco
animal plankton (

pic organisms that live in the ocean, including
zooplankton) and plant plankton {phytoplankton)

** Trade winds : Regular east winds that blow in tropical areas.




The Caspiar Sea Is o londiocked sea aliwost as lorge as France und is located
iorth of Iren. Depending on variutions in the local dimote ond the flow of
the Velga River which feeds it, its level varies o greaf deai.

Between Junuery 1993 and July 1995, measurements by TOPEX/Poseidon
showed an average rise of approximetely 19 cm/year.

But since 1995, the frend has been reversed {see graph belowl.
The level is currently dropping by obout 25 «m/year, which risks creufing
major economic problems in fhe area.

Monitoring the average
level of the oceans

The measurements made by tide recorders seem
to indicate that the level of the oceans has risen by
about fifteen centimeters since the beginning of
the 20% century, which means an average rise of
1.5 to 2 millimeters a year.

This rise in sea level, the cause of which is not
fully understood, could be explained by the war-
ming of the planet which is accompanied by an
expansion of the liquid mass of the ocean, by the
melting of mountain glaciers and by variations in
the weight and volume of the polar icecaps.

The TOPEX/Poseidon satellite can measure these
variations in level aver the entire planet and can
repeat its measurements at reqular intervals. One
of its most remarkable achievements is the mea-
surement of variations (called interannual varia-
tions) in the level of the sea, from one year to the
another, with an accuracy of better than
1 mm/year.

Satellite altimetry not only gives us a single num-
ber for the variation of the water level on a plane-
tary scale, it also lets us determine this variation on
a regional scale, something that was previously
impossible.

Thus we find that the greatest rise in ocean levels
occurred in the tropical Pacific, on account of the
expansion due to the 1997-1998 tl Nifio. On the
other hand, the average effect in the Indian Ocean,
and in the North and South Atlantic, was only
1.4 mm/year.

But only by continuing these series of satellite
measurements for many years in a row and com-
paring the measurements will we be able to have
total confidence in the results.

Learning more about the tides

Contrary to what you might think,
we don’t really know a lot about the
tides. We know what causes them
{the attraction of the Moon and the
Sun), but we don't know the precise
scope of their effects.

Off, the average height of the tide is
approximately 50 centimeters, but on
certain coasts, the fide frequently
reaches heights of several meters.
These variations in the water level
are accompanied by major currents
(called tidal currents). It is essential
to be able to predict, to within a few
centimeters, the height to which the
tide will raise or lower the surface of
the water if we want to study geo-
physical and oceanographic pheno-
mena such as ocean currents in
detail.

‘This forecasting ability is also neces-
sary to protect access to

ports and coastal naviga- 30
tion (sometimes the hull =
of a ship clears the bot-
tom by no more than
thirty centimeters) as
well as for the construc-
tion of major civil engi-
neering and infrastruc-
ture projects near the
water’s edge.

Up to now, these perio-
dic variations have been
measured by tide recor-
ders, instruments that —180
are installed along the
coasts. But the geogra-
phic distribution of these 0.00

tide recorders is not sufficient at all to
reflect the complexity of the ocean
tide over the entire planet, and it tells
us nothing about the height of the
tides in the open ocean. This com-
plexity is due, among other things, to
the fluidity of the ocean, the irreqular
shape of the coasts, the variable
depth of the water and the deforma-
tion of the sea floor under the varia-
bie weight of the ocean.

Of course, mathematical models
have been developed, but the quality
of their predictions is still inconsis-
tent. A satellite as accurate as
TOPEX/Poseidon is equivalent to
thousands of tide recorders distribu-
ted almost uniformly over all the
oceans and seas of the world. Thanks
to its measurements, we have impro-
ved the numerical models used to

5.00 7.50 10,00  13.00 20.00 25.00

predict the height of the tides t
within 2 or 3 centimeters for the dee
ocean {(more than 1,000 meter
deep).

Research is under way to attempt t
adapt these models to coast:
regions, where predictions are not ye
as accurate as necessary.

This medel can be used to predict

the height {(in contimeters)

of ocean tides for the whole Earth,

it takes info consideration some of
the ohservations mude by TOPEX /Poseidon,
The quality of its predictions

hes been verified using dato from
tide recorders located af 80 locations
around ihe world.

Predictions ure accurate to within 2
io A cenfimeters,

Nofe the very stromg tides {shown in red}
along the Atlautic esnst of Furope.
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Altimetry: Radar system used to mea-
sure the distance between the satellite
that carries it and the surface of the
ocean.

Coriofis (Gaspard Gustave de): French
engineer and mathematician (1792
1843) who was the first te demonstra-
te {and describe mathematically) the
deviation experienced by any object
that moves on the surface of the Earth
on account of the Earth’s rotation.

DORIS (acronym for Détermination
d'Orbite et Radiopositionnement
Intégrés par Satellite - in English, Doppler
Orbitography  and
Integrated by Satellite): French system
that makes it possible to determine the
position of "a satellite in Earth orbit to
within a few centimeters.

Dynamic topograph?: Elevation by seve-

ral centimeters to several decimeters of

the level of the oceans under the action
of aceanic circulation. This effect is super-
imposed on the static effect of the mari-
ne geoid {from several decimeters to
several meters).

The actual sea level is the combination of

these two effects (see diagram on
page 21).

44°N
Ei Mifio (from the Spanish for “the
Baby .Jesus”. Christians celebrate
the birth of Jesus at Christmas,
which is generally when the phe-
nomenon reaches its maximum s
intensity). A climatic phenomenon
ohserved in the Pacific Ocean. It
consists of an unusual warming of &%
the surface water along the
American coastline by 4 to 6°C.

This phenomencn, which affects
the ocean and the atmosphers,
can last more than one year. 1t is 254
repeated with variable intensity at

irregular intervals of from two fo seven

42°N

36°N

Radiopositioning

© Since 1777, mops of the Gulf Stream have been
- aveilable fo moke it easier To cross the Atloatie, |

~ Qaiis woy, the temperatures of the Gull Stream |
- drops from 25°C 1o 2°, heating the water and -
- the atmosghere s It passes ond aiving vp mols-
. ture to the akmosphere. This warm current, like
. the Kuroshio (its equivalent in the Padfic), isu
. western boundary corrent formed by the East
- winds. It incledes strong twrbulence ond very
. strony variations of direction, speed and fempe-
- rature. :

Thermol mop of the Gulf Stream,
© neur the US East Coust.

65°

years. The mast recent El Nifio events
occuered in 1976, 1982-83, 1991-92,
1994 and 1997-98. The causes of the
phenomenon remain uncertain.

Greenhouse effect: The warming of a
planet’s atmosphere when it absorbs
more energy than it loses. The green-
house effect is due to the behavior of
the gases in the atmosphere.

On Earth, for example, these gases are
primarily water vapor, carbon dioxide
and methane - although in very low
concentrations - which cause this rise in
temperature. Without them, there
would be no greenhouse effect, and

the temperature on the surface of the
Earth would be 33°C colder.

The greenhouse effect varies from
planet to plaret: +6°C on Mars, +500°C
on Venus, etc.

Heat engine: The term used for a system
that “transports” enerqy, for example one
that “absorbs” heat in one location and
gives it up in another location.

The ocean, which transparts heat from the
equatorial regions toward the poles, can
be considered a heat engine.

~e0mw

La Nifia: Climatic phenomenon obser-
ved in the Pacific Ocean after certain
El Nifio events, with reverse manifes-

" fations: a drop in ocean levels and
cooling of the surface water.

Mercator (from the name of a
16" century Flemish geographer and
mathematician). French project to
promote the establishment on a
worldwide level of operational ocea-
nography which will consist of rapidly
providing users with a three-dimen-
sional description of the ocean {past
and present) - sea conditions, cur-
rents, whirlpoals, etc. - as well as its
predicted evolution for one month in

advance.

Model: In the modern world, a
model is an object (or a person) we
want to imitate or reproduce.

Scientists also use models - called
mathematical or numerical models -
that are created to represent, in
mathematical language, the princi-
pal characteristics of a particular phe-
nomenon: weather trends in a
region, the exchange of energy bet-
ween the atmosphere and the
oceans, oceanic circulation, etc.

Ocean current: Movement of a mass
of water within a large expanse of water
(ocean or sea). Ocean currents can be
cold or warm, and can flow on the surfa-
ce or beneath the surface,

The major surface currents are very turbu-
lent and consist of meanders and whirl-
pools. They are comparable to gigantic
rivers several tens of kilometers wide, the
influence of which extends several hund-
red meters and sometimes several kilo-
meters deep.

For example, the Gulf Stream - a warm
current which circulates at a speed of
100 km/day from Central America to
Europe - moves up to 100 million cubic
meters of water per second, or the equi-
valent of 300 () times the flow of the
Amazon, the mightiest river in the world.

Oceanic circulation: A system of large-
scale movements on a planetary scale
that affect the oceans and seas. The
ocean is set in motion by the action of
the wind and the distribution of the
sun’s heat, which varies from one
region to another.

The rotation of the Earth also affects
this worldwide circulation, which occurs
both on the surface and underwater.

Orbitography: Technique that consists
of determining the orbit of a satellite,

- The Corfolis force nffects the movement of air
- musses ln the aimosphere and the movement of |
- orean currents, It couses them to turn fowaid |
~ the right of the wind in the MNorthern °
- Hemisphere and toward the left in the Southern
© Hemisgnere. The intensity of the Coriohis foree is
- zero at the equator and Increases the doser we
© get 1o the poles. ‘

- The Europeun coastline If oll the continenial ice
- meited and the weter level rose by 80 meters.

- & wermer climate has an effect on the ocean by
. raising the woter level {us u result of the mel- -
: ting of glaciers and the fuct thet water expands
. s ii becomes wurmer). Such o rise in oceon |
 levels would have catasirophic consequentes for
* o lorge part of the world’s population (50% of
* which lives less than 100 km from the twast), in
. partictler In Padfic atolls or in Bongladesh, -
~ which are only slightly higher than the currest .
- level of the vtenns.

Satellite altimetry. Technique
measure and map, to an accuracy of
few centimeters, the topography
the surface of the oceans. It alse pr
vides information on wave height ar
wind speed at the surface.

Sverdrup (Harald Uirik): Norwegi:
meteorologist and oceanograph
(1888-1957). His name has bec
used to designate the unit of meas
rement of water transport in fl
ocean. A sverdrup (abbreviation §
equals one million cubic meters p.
second. A current 100 km wide ar
500 m thick moving at 50 cm,
transporis 20 Sv.

A few examples: All of the rivers of tt
world carry a flow of 1 Sv. Along the coa
of Florida, the Gulf Streamn carries 80
The Antarctic Circumpolar Current - th
most powerful in the world - transpor
an average of 130 Sv south of Tierra d
Fuego. The flow of water on the surfa
of the Atlantic Ocean toward ftf
Mediterranean sea is 1 Sv, etc.

Tide: Continuous oscillating movement
the surface of the oceans. This period
rise and fall are due to the attraction
this mass of fluid by the Moon and tt
Sun. The height of this daily oscillatic
averages about 50 centimeters, but it ce
reach up to 10m on certain coas
(Canada, among others) as a result ¢
resonance effects.

We know much less about earth tide
than about the ocean tides. The caus
of Earth tides is the same, but th
effects are not as spectacular. For exan
ple, at the level of Europe, the grour
rises and falls by about 30 cm daily.




