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transmitter in June 2001 and is still sending

information about her position.

The results of scientific research show that

leatherback turtles swim great distances 

during migration and do not migrate in any

particular direction. Now, we need to analyze

these results by comparing them with the 

turtle’s feeding maps, bathymetry data,

marine currents, and deep and surface ocean

fields (CNES-CEPE partnership).

Our primary educational objective is to

get pupils working like researchers with

real data. They track the migrating

leatherback turtles by downloading 

location data over the Internet and then

plotting their positions on maps. They make

comparisons by overlaying trajectories on

bathymetry charts or surface temperature,

salinity, and sea surface height outputs

from the Mercator ocean model. In 2002,

we produced temperature, salinity, 

surface current, and sea surface height

maps in Maëlie’s migration zone from six

months of observations between June and

December.

Pupils will adopt a scientific approach to

their work, observing, defining a problem,

formulating hypotheses to solve it, 

establishing an experimental procedure,

recording results, reaching conclusions, and

repeating the process until the problem has

been solved.

For example, a question we might seek to

answer is: “What relationships are there

between leatherback turtles and the

ocean?” This will involve studying each

ocean map and dataset separately, 

understanding spatial and temporal 

variations, and overlaying trajectories on

maps of physical parameters.

Other example questions:

- Does bathymetry influence the leatherback

turtle’s migration routes?

- Do surface currents influence the trajectory

and direction of movement of the

leatherback turtle in the Atlantic Ocean?

- How does surface temperature vary from

one month of observation to another?

- Since surface temperature varies according

to the season, could it be a key element

determining the leatherback turtle’s 

migration routes?

- Does surface salinity vary in space and time?

- Could salinity throughout the year be a key

element determining the leatherback turtle’s

migration routes and feeding strategies?

From a scientific and experimental point of

view, pupils will perform experiments in an

aquarium to highlight specific physical ocean

conditions. They will learn about modeling

concepts used to understand phenomena and

to study how they respond when a single

parameter is varied at a time.
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Using satellite 
altimetry   

to identify regions of hurricane intensification

Altimeter data are 

used here to investigate

the relationship

between hurricane 

intensification and

upper ocean thermal

structure under the

storm track. Preliminary

results show that the

intensification of most

hurricanes in the 

tropical Atlantic and

Gulf of Mexico during

the period 1993-2000

are linked to the 

variability of the 

integrated vertical 

temperature under the

storm track.

The role of the ocean in hurricane formation is

largely recognized and accepted. The 

formation of hurricanes has been linked to the

sea surface temperature and values of this

parameter higher than 26°C or so have been

shown to be a necessary but insufficient 

condition for hurricane cyclogenesis.

Additionally, the intensification of hurricanes

involves a combination of favorable 

atmospheric conditions such as trough 

interactions and vertical shear. In this 

scenario, the upper ocean thermal structure

was thought to play only a marginal role in

hurricane intensification. However, after a

series of events where the sudden 

intensification of hurricanes occurred when

their path passed over oceanic warm 

features, it is now being hypothesized that

the upper ocean plays an important role in

this process.

A warm ring has been linked to the 

intensification of hurricane Opal in the Gulf

of Mexico during October 1995 [Shay et 

al., 2000]. During this month, the sea 

surface temperature was homogeneous

throughout the region, as revealed by

AVHRR imagery (not shown here). On the

other hand, the sea height field derived

from satellite altimetry revealed that the

Loop Current and a warm ring were located

right under the track of this storm when it

suddenly intensified. A detailed study of the

oceanic and atmospheric conditions

revealed that the integrated vertical 

temperature area under the track of 

this hurricane was at least partially 

responsible for its rapid intensification.

Model studies [Hong et al., 2000] also

showed that there could have been a 

possible link between the intensification of

this storm and the same warm features.

Although sea surface temperature provides

a measure of the surface ocean conditions,

it tells us nothing about the subsurface

ocean thermal structure in the first tens of

meters. It is known that the oceanic skin

temperature drops when the sea surface is

affected by strong winds, creating a 

well-mixed layer to depths of several tens

of meters. At the end, the tropical storm

will be traveling above the water, with a

mixed layer temperature similar to the skin

sea surface temperature. Quantifying these

effects on the intensification of hurricanes

is important for advance warning in coastal

communities. The above studies and

hypothesis provide the basis and motivation

to investigate and monitor the upper ocean

thermal structure, which has become a key

element in the study of hurricane-ocean

interaction with a view to predicting

sudden hurricane intensification. These

Operations during 2002/2003

Argo-Banquise
Schoolchildren are taking part in analysis
of data gathered by the drifting buoys
released in the transpolar drift by 
Jean-Louis Etienne at the end of his
Arctic polar ice cap mission. The buoys’
are being tracked by the Argos system.

Argo-luth
Classes are studying the migration of
leatherback turtles in the Atlantic Ocean
from French Guiana, comparing migration
routes with temperature, salinity, current,
and sea surface height outputs from the
Mercator numerical ocean model.

Argo-pôle
Pupils will study marine wildlife and ocean
and atmospheric variations measured by
satellite in the Antarctic, using animal
tracking data (albatross and penguins)
and drifting buoy data.

Argo-expé
Classes will help to build a drifting buoy
that will be released at sea from an
ocean research vessel and tracked by
Argos.
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I  Leatherback turtle Maëlie’s trajectory overlayed on bathymetry charts (a) surface temperature (b), salinity (c),and surface currents (d) outputs from the Mercator
ocean model, here for October 24, 2001  I

a) b) c) d)

Bathymetry Sea surface temperature Salinity Current velocity

g of salt /
kg of water
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I  Figure 1. Altimeter-derived sea height anomaly (SHA) and
hurricane heat potential (Q) during October 1995.The track
of hurricane Opal is superimposed, indicating its evolving 
intensity from tropical depression (TD) to tropical storm
(TS) and hurricane 1 through 4 (H1-H4)  I

I  Figure 2. Altimeter-derived sea height anomaly (SHA) and
hurricane heat potential (Q) during August 1999.The track
of hurricane Bret is superimposed, indicating its evolving
intensity from tropical depression (TD) to tropical storm
(TS) and hurricane 1 through 4 (H1-H4)  I
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A web application    
to distribute and visualize

altimeter-related 

The CoastWatch node at

AOML has developed a

Web interface to visualize

and distribute operational

altimeter-derived data,

including estimates of

geostrophic currents. We

present here a description

of the system and of future

improvements.

The CoastWatch (CW) Project promotes the

operational distribution of ocean-related

satellite-derived products. The CW

Caribbean node, located at the Atlantic

Oceanographic and Meteorological

Laboratory (AOML) in Miami, collects and

delivers data focusing on the Caribbean and

Gulf of Mexico regions. The capabilities of

this node also have been expanded to 

manage additional datasets at regional and

basin scales and resolutions, while 

providing an easy-to-use interface for users

to access and visualize satellite and field

data. An interface has been developed

(Figure 2) to graphically display historical

and near-real-time sea height anomaly

(SHA) and significant wave height (SWH)

data, processed by Navoceano and hosted

at the GODAE site in Monterey and the NRL

site at the Stennis Space Center. New data

files from the Topex/Poseidon, Jason-1,

ERS-2, and GFO altimeters are downloaded

on a daily basis from these servers and

made accessible to users in near-real time.

This system allows users to access SHA

observations, display altimeter ground

tracks, dynamic height fields and 

geostrophic current vectors, and to overlay

contours, mask depths, and so on. The 

coverage is global and the region of interest

can be selected interactively along with the

desired period of time. This process is done

in real time with the parameters entered by

the user through the Java interface (time,

geographic area, altimeter ground tracks,

contours, depth masks, etc.). Several data

I Figure 1. Geostrophic currents estimated for October 8, 2002, in the Agulhas
retroflection region I

I   Figure 2. The opening Web page
shows an SHA map generated for the
tropical and North Atlantic regions. I

SHA (cm) Q (kJ/cm2)

warm features, mainly anticyclonic rings and

eddies, are characterized by a deepening of

the isotherms towards their centers with a

markedly different temperature and salinity

structure than the surrounding water mass.

The objective of this effort is to apply a

methodology that uses climatological and

satellite altimetry data to a) monitor the

hurricane heat potential field, and b)

investigate any possible link between 

this parameter and the intensification of

hurricanes during the period 1993-2000.

Hurricane heat potential

Merged data from three altimeters

(Topex/Poseidon since 1993, ERS-2 since

1995 and GFO since 1998) are used to 

generate sea height anomaly (SHA) fields.

The depth of the 26°C isotherm is estimated

using a two-layer model reduced-gravity

approximation [Goni et al, 1996]. This value,

together with the sea surface temperature

and the climatological values of the mixed

layer depth, is also used to construct 

synthetic vertical temperature profiles. The

hurricane heat potential, a parameter 

introduced by Leipper and Volgenau [1972],

is proportional to the integrated vertical 

temperature from the sea surface to the

depth of the 26°C isotherm. Consequently,

regions of higher sea surface temperature

and the 26°C isotherm have higher hurri-

cane heat potential than their surrounding

waters. The tropical North Atlantic Ocean,

the Caribbean Sea and the Gulf of Mexico

are regions where hurricanes build and

intensify. Here, the ocean dynamics are 

highly variable in space and time and 

characterized by the presence of warm 

currents, meanders and eddy formation,

often with very high hurricane heat 

potential values during the summer months.

This study links the intensification of 

several major hurricanes in the tropical

Atlantic, Caribbean Sea and Gulf of Mexico

to regions with high hurricane heat 

potential. Data from hurricanes with

strength 2 or more in the tropical North

Atlantic, Caribbean Sea and Gulf of Mexico

between 1993 and 2000 were analyzed.

Results indicate that in 31 out of 36 cases

hurricane intensification can be linked to an

increase in the values of hurricane heat

potential of approximately 30 kJ/cm2 under

the storm track. Two typical examples were

hurricanes Opal and Bret in the Gulf of

Mexico, where storms suddenly intensified

when traveling into areas of higher hurricane

heat potential (see Figures 1 and 2).

This work emphasizes the investigation of

the upper ocean thermal structure using

satellite altimetry. However, a thorough

investigation is still needed, using in-situ

data and theoretical models, to better 

evaluate the relative importance of the

ocean in the hurricane intensification

process. Hurricane heat potential is 

estimated in near-real time during each 

hurricane season and posted on the

NOAA/AOML website at:

http://www.aoml.noaa.gov/phod/cyclone/data/
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