
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
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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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ADEOS: Advanced Earth Observing Satellite

AGU: American Geophysical Union

AOML: Atlantic Oceanographic and
Meteorological Laborator

AVHRR: Advanced Very High Resolution
Radiometer

AVISO: Archiving, Validation and Interpretation
of Satellites Oceanographic data

CD Rom: Compact Disk Read Only Memory

ECMWF: European Centre for Medium-range
Weather Forecasting

CLS: Collecte Localisation Satellites

CNES: Centre National d’Études Spatiales

Co-I: Co-Investigator

CorSSH: CORrected Sea Surface Height

Cospar: Committee On Space Research

DIODE: Détermination Immédiate d'Orbite
par Doris Embarqué

DORIS: Doppler Orbitography and
Radiopositioning Integrated by Satellite

DUACS: Developing Use of Altimetry for Climate
Studies

DVD Rom: Digital Versatil Disc Read-Only Memory

ECCO: Estimating the Circulation and Climate
of the Ocean

ENVISAT: ENVIronmental SATellite

ERS: Environmental Remote Sensing satellite

EUMETSAT: European Organisation for
the Exploitation of METeorological 
SATellites

FOAM: Forecasting Ocean–Atmosphere Model

GDR: Geophysical Data Records

GFO: Geosat Follow-On

GODAE: Global Ocean Data Assimilation

Experiment

GOOS: Global Ocean Observation System

GPS: Global positionning System

IERS: International Earth Rotation Service

IGDR: Interim Geophysical Data Record

ISLA: Interim Sea Level Anomalies

JMR: Jason Microwave Radiometer

JPL: Jet Propulsion Laboratory

LAS: Live Access Server

LRA: Laser Retroreflector Array

LSB: Least Significant Bit

MGDR: Merged Geophysical Data Records

MSLA: Maps of Sea Level Anomalies

NASA: National Aeronautics and Space 
Administration

NOAA: National Oceanic and Atmospheric
Administration

NRL: Naval Research Laboratory

OCCAM: Ocean Circulation and Climate 
Advanced Modelling

OSCAR: Ocean Surface Current Analysis - Real time

OSDR: Operational Sensor Data Record(s)

PI: Principal Investigator

PO-DAAC: Physical Oceanography – Distributed 
Active Archive Center

PROTEUS: Plateforme Réutilisable pour 
l'Observation, les Télécommunications
et les Usages Scientifiques

RMS: Root Mean Square

SGDR: Sensor Geophysical Data Record(s)

SHA: Sea Height Anomalies

SLA: Sea Level Anomalies

GTS: Global Telecommunication System

Spot: Satellite Pour l'Observation de la Terre

SSALTO: Segment Sol multi-mission d'ALTimétrie, 
d'Orbitographie et de localisation précise

SSH: Sea Surface Height

SSMI: Special Sensor Microwave Imager

SST: Sea Surface Temperature

SWH: Significant Wave Height

SWT: Science Working Team 

TAI: International Atomic Time

TMI: TRMM Microwave Imager

Topex: TOPography EXperiment 

T/P: Topex/Poséidon

Topex/
Poséidon: Altimetric satellite (Nasa/Cnes)

TRSR: Turbo Rogue Space Receiver

XBT: eXpendable BathyThermograph

CEPE: Centre d'Écologie et Physiologie 
Énergétiques
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and graphic formats are available, and

efforts are currently underway to expand

the output range to include other public

domain formats. SHA maps are created by 

interpolating a ten-day period ending on

the selected date, using a self-adjusting

Gaussian filter that scales to best 

represent the main features on the 

selected area. The zonal and meridional

components of the geostrophic current

(Figure 1) are estimated from the gradients

of the sea height using the SHA fields 

and three different mean dynamic 

topographies: a) three-year 0.25º OCCAM

run with ECMWF winds, b) four-year 0.25º

OCCAM run with ECMWF winds and

assimilated XBT data, and c) 1° Levitus

topography relative to 1,000 meters.

We plan to incorporate the Ekman 

component to produce a better estimate 

of the surface current field using an 

operational database of winds from

QuikSCAT, SSMI, and TMI also maintained

at the CW Caribbean node and 

distributed by NOAA/NESDIS, and from

drifters gathered through the Global

Telecommunications System (GTS). 

The wind data are accessible at

http://cwcaribbean.aoml.noaa.gov/java2/

java.html. The proposed methodology to

compute the Ekman component follows

Lagerloef et al [1999] and performs 

multiple regression on dynamic height 

gradients and wind stress to fit the

observed surface drifter velocities.

In cooperation with the Global Ocean

Observing System (GOOS) Center at AOML,

historical and near-real-time field data

including XBTs, ARGO floats, and drifters 

are available to external users at

http://www.aoml.noaa.gov/phod/trinanes/

xbt.html. The drifter dataset is used to 

compare the velocity estimates from 

altimeter and scatterometer data, with

drifter velocities computed using a kriging 

interpolation method [Hansen and Poulain,

1996]. Presently, the altimeter interface

allows users to overlay drifter paths on SHA

or geostrophic maps (Figure 3) to easily

check the agreement between both 

estimates, which will be improved once the

Ekman component is added. Users can also

view the areas with the highest geostrophic

velocities (Figure 4).

We plan to extend the system’s capabilities

by completing the altimeter archive with

historical data. In addition, users will be

able to generate and download animations

showing the SHA or current field 

evolution between any two dates. Other 

improvements will include track analysis,

space-time diagrams, and sea height RMS

variability.

I   Figure 4. Map of absolute values of
geostrophic velocity generated using
the CW Web interface  I
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I  Figure 3. Map showing the estimated
geostrophic currents and drifter paths
obtained from GTS data. The yellow
square denotes the drifter’s initial
position  I
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