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HOAA SAYS EL NIRO's DEPARTURE LEAVES SOME WESTERN
DROUGHT THIS SPRING, AND FLOODING IN THE SOUTH AND
EAST POSSIBLE

U B Santanal Besuphd Sutiesd  piarch 20, 2003 —

2003, (Click NOAA image for larger
wiew of NOAA seasonal drought
Gl eumwk through June 2003,

Click here
solution version, which is a

or
\n-ry I.rg- file, Please cndnt “HOAA."} [Audio sound bites

Ax & nves conference held today in Washington, D.C.. NOAA officials
sald B 1iino’s influence on the nation's fall and winter precipitation
patterns was not enough to allevists the multi-year drought and
sarious waber supply shortages over much of the Western United
States (Including parts of Gregon, Tdaho, Hontana, the Dakotas,
levada, Utah, Wyaming, Colorada, Nebraska, Arizenn, and liew
Hexico). Howaver, winter precipitation from El Nido helped wips out
abnormally dry conditions in the East.

“Wia can say goadbye to B Hiio in the
et month or 50,” sak retired Navy Vice
Adm. Conrad C, Lautenbacher, Ph.D.
undersecretary of commerce for oceans
and atmosphere and NOAA administrator,
“Dapending on where you live or play,
you'ne either thankful for the
drowght-busting Eastern rains and snow,
or disappointed by the lack of Western
snow pack,” (Click NDAA imags for larger view of El Nifio
w-aum pattern ror 2001 to 2003, .Cllik.h.ln for high
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Pregunta:

Que parametros oceanicos conoce
usted que estan siendo actualmente
medidos por satelites ?

Temperatura de superficie, nivel del mar, color, turbidez,
vientos......



OBJETIVOS DEL CURSO

Maximizar el tiempo disponible en el curso

para tener una 1dea minima y decente de:

Que es la altimetria
Aplicaciones, Que mide

Que limitaciones tienen los datos
Usos operacionales

Donde se pueden obtener datos
altimetricos

6. Futuro de la altimetria

AN

Launched: Aug 10, 1992
Arianne rocket
USA-French mission



FIRST TELEVISION PICTURE FROM SPACE
TIROS | SATELLITE APRIL 1. 1960

APR-10-2003 GOOS/CoastWatch  NOAA/ADML
Altimeter/GTS Interface

NASA/JPL

NOAA/AOML
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Pregunta:

Hay alguna relacion entre la varicion del nivel del mar
NO relacionada con las mareas, presion atmosferica,
olas, y el transporte del agua en el oceano ?




EN TERMINOS MUY GENERALES 1 cm de diferencia de
nivel del mar en una distancia de 500 km significa un
transporte de agua de aproximadamente 1 millon de metros
cubicos por segundo !!

Pregunta:

Cuales son las corrientes marinas mas importante que
uds conocen ?



Que sucede en los oceanos que
justifique tanto gasto de tiempo,
esfuerzo y dinero para tener
altimetros ?



Circulacion Oceanica: la cinta transportadora y
la circulacion meridional (global conveyor belt,
meridional overturning circulation MOC)

CONVEYOR BELT

@ Aguas calidas en superficie
O Aguas frias en profundidad



Pregunta:

Cuanto tiempo Uds creen que tarda en completarse un
ciclo de la cinta transportadora ?

APROX MIL ANIOS



i

Warm
surfars
ncean
curranks

0% Afw st™w oo'w 16°E

80°W

ACC Weddel Gyre Boundary
60°'W 40°'W 200w 0 20°E

Adapted from Peterson and Stramma, 1991

20°F




Pregunta:

Que corrientes oceanicas superficiales
conoce usted que sean calidas.....frias ?

Idenfica Ud a esta region ?




Pregunta:

Que es la termoclina ?

Como es un pertile tipico de temperatura en
areas frias y en areas tropicales ?
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Convergencia Divergencia
! ‘Tm Y

Cortesia J. Trinanes



* Frentes
Gradientes térmicos y/o salinos horizontales = . &
Tipos: Shallow front, afloramiento, plataforma, . |
Asociados a convergencias 3
Gran importancia pesquera =

e Caso particular: Indico Oeste
Régimen monzonico .
Afloramiento de Somalia
Pesca sobre CL y OF




Pregunta:

Que areas Uds conocen que sean de
convergencia o divergencia ?



Como se deriva la altura del mar ?

Se mide la distancia entre la
antena del satelite y la
superficie del mar.

Se computa la posicion y altura
del satelite

La altura de la superficie del
mar se computa referida a un
elipsoide.




JFBL TOPEX/POSEIDON
ALTIMETER RANGE MEASUREMENT AND CORRECTIONS
THE ALTIMETER RANGE MEASUREMENT AND CORRECTIONS ARE ILLUSTRATED
SCHEMATICALLY TO SHOW THE GEOMETRY OF THE MEASUREMENT

NASA/JPL



Punto sobresaliente:

Un altimetro ‘mide’ una altura de
nivel del mar ~ cm desde 1500 km
con un error maximo de 5 cm



La senal y el SWH:

El pulso es generado por un
oscilador de ~15GHz, I ———

transmitiendo a 1000 Hz
and promediados en 1 seg.

El pulso de retorno depende
de:

Distancia e e e
Rugosidad de superficie
Altura de ola significativa



La forma de onda: [ e




MEDICIONES DEL SATELITE - GEOIDE

S1 se conoce la media (no variante) de la superficie del mar y la
posicion del satelite, entonces se puede estimar las corrientes oceanicas
de la pendiente de la superficie del mar.

La media del nivel del mar en ausencia de corrientes marinas da la
forma del GEOIDE. Este geoide GEOIDE con sus cimas y valles
representa al campo gravitacional de la tierra debido a su densidad y
forma.



Satelite

Lanzamiento

Alt (km)/Incl

Status

Skylab

1973

1974

GEOS 3

1974

840/115

1978

SeaSat

1978

800/108

1978

GEOSAT

1984

800/108

1989

ERS-1

1991

780/98.5

1996 stand-by

TOPEX/POSEIDON

1992

1115/66.04

cont

ERS-2

1995

780/98.5

cont

GEOSAT - GFO

1998

800/108

cont

JASON-1

2002

1116/66.05

cont

ENVISAT

2001

JASON-2

2004 ?

1116/66.05

n/a




ERS-1 ERS-2

TOPEX/Poseidon

JASON-1




miento
GFO 17 days | 163 km




Muestreo de la superficie del mar

cada 7-9 km a lo largo de la traza, hace promedios de 1
segundo de mediciones. Cada traza se repite dentro de
lkm de la traza anterior.

Signaficont Yove Hewght
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Muestreo — TOPEX/Poseidon

El numero de trazas depende del periodo de
repeticion (T/P=10 dias).

La covertura depende de la inclinacion del plano
de orbita.

Swpnificani Wove Hewght

I ‘ I | I | I I
APl 0.0 1.0 7.0 3.0 4.0 5.0 8.0

heters
Mon Bog 21 04:12:52 2000



Flying at 1300 km height
Spacing: 315 km between parallel tracks at the equator

(3.5 days)

Groundtrack velocity: 5.8 m/s

Acute (slope) angle at the equator is 39.5 deg
Alongtrack measurements

Repeat groundtracks every 9.9156 days after 127 rev
Begin: September 23, 1992

Data: Near-real time




..... Mide tiempos.
Los tiempos son convertidos en distancias

Las distancias son convertidas en alturas del nivel
del mar

Las alturas del nivel del mar son convertidas en
anomalias.
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POR QUE MEDICIONES EN
GROUNDTRACKS COLINEALES ?

POR QUE ANOMALIAS ?



DE ALTURAS A LO LARGO DE LAS TRAZAS A
MAPAS DIARIOS DE ALTURAS DE SUPERFICIE
DEL MAR....

... ES UN PROBLEMA...

1. Se pueden usar los datos de un periodo de N dias.
Efectuar una interpolacion (lineal, gaussiana, ....)
2. Analisis objetivo, Analisis Optimo.....



Pregunta:

Aproximadamente cuanto tarde el altimetro en

completar un ciclo (dar una vuelta alrededor
del mundo) ?

Para manana: estimar la velocidad a lo largo de
una traza. Ayuda: Rrierra approx 6300 km



Muestreo

Una revolucion del altimetro lleva aproximadamente de 100 a 115
minutos, dependiendo de la altura del satelite (800-1350 km).

Un altimetro completa 13-14 revoluciones por dia.






SHA, Olas, Vientos durante 1994

TOFPEX/Poseidon SeaSurface Variability JFL




TOFPEX/Poseidon Significant Wave Height SRl




TOPEX/Poseidon Wind Speed

— L. meters per second 1,033
2 4 & 8 1012 14
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rms de SH o de SHA ?
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Variabilidad de altura de superficie




Altimetria versus AVHRR y Seawifts

Septiembre 9, 2001 Septiembre 1-10, 2001




AVHRR y ALTIMETRIA

Brazil-Malvinas Confluence Region
Sea Surface Temperature (°C) and Sea Height Anomaly (m)
Aug 1-5 1988
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Preguntas:

Cual es el rango de la variacion del nivel del mar:

1.
Vi
3.

A

a traves de una corriente oceanica
debido al fenomeno de El Nino

debido al calentamiento/enfriamiento del
agua

por el paso de un huracan

por las mareas

por la surgiente debido a una tormenta



Preguntas:

Son los altimetros suficientemente buenos para medir por
si solos variaciones del nivel del mar en zonas costeras ?

Son los mareografos suficientemente buenos para por si
solos medir las variaciones del nivel del mar en zonas
costeras ?



Preguntas:

Son los altimetros suficientemente buenos para medir por
si solos variaciones del nivel del mar para estudios climaticos ?

Son los mareografos suficientemente buenos para por si

solos medir las variaciones del nivel del mar para estudios
de cambios climaticos ?

L.a respuesta es mas bien politica que cientifica.
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Preguntas:

Que fenomenos causan variaciones

1 Periodicas
2 No periodicas

del nivel del mar ?



Usos y aplicationes de Altimetria

Tiempo rastreo
(weather)
clima <. = corales
ER v S -
Dinamica
huracanes Oceanica

m industria

http://topex-www.jpl.nasa.gov/science/applications.html



Aplicaciones

Nivel del mar:

-Para investigar variabilidad periodica y no
periodicas: estacional (ciclo annual), interanual
(anillos, frentes...), decadal (NA), otros
periodos (EI Nino),... con 10 anos de datos.
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Pregunta :

Que es la termoclina estacional ?
Que es la termoclina permanenete ?



Se puede estimar la temperatura subsuperficial
con datos altimetricos ?

Los cambios en la altura (dinamica) del oceano se deben en
parte a la variacion de la estructura termica de los primeros
cientos de metros (en profundidad) en el mar.

En general, y como una primera aproximacion, los cambios en
la profundidad de la termoclina son proporcionales a los
cambios de altura de superficie.



Metodologia

1. Two-layer reduced gravity approximation,
2. Upper layer thickness and location of the BC front, and
3. Baroclinic transport.

O’ = sea height anomal

time

h2 = upper layer thickness

D:

\L/\Dz 10°C

depth

v ocean bottom



Approximacion de modelo de dos capas

Nﬂ height anomaly

: time

h2 = upper layer thickness
D:
" \ /\ 1()0C
o Y D>
Q
o
ocean bottom

h2 (x,y,t) = ha(x,y) +[1/,(x,y)] O’(x,y,t) + B’(x,y)
L (x,y)=[D2(x,y)-Di(x,y)] / D2(x,y)
Baroclinic Transport =[g’(x.y)/2f(y)]* Ah3 (x.y.t)
g'(x,y) = e(x,y) * g(x,y)



Variabilidad del nivel del mar
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Pregunta:

Cuales son las componentes principales de Mareas ?

Que pueden decir que mediciones de M2 y K1 fuera
de areas costeras ?
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Annual Cycle of Sea Level Height (TOPEX/POSEIDON, cy:1-157)
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El Nino - 2003

MAR 14 2003




Sea level trends from TOPEX/POSEID ON altimetry

.l...

5 g

270 315 360

2.0 cm per year




Servicios de distribucion de datos

Las siguientes agencias tienen datos de
altimetro disponibles en forma pubica:

_ ESA =
— NASA, CNES, T -
_ U.S.-Navy —

Otras agencias tienen datos procesados o con
adicional valor disponibles:

1. Space agencies ( NASA/JPL, CNES/CLS)

2. Research institutions ( CSR, DEOS, KMS,
GFZ)



AVHRR
Sept 27-28, 1995 Oct 5-8, 1995

A
TOPEX/Poseidon SHA
SEPT 28 - OCT 8 1995
Hurricane Opal track
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ALTIMETRY DATA DISTRIBUTION

— National Environmental Satellite,
@ Data, and Information Service




http://podaac.jpl.nasa.gov:2031/
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- http://www7320.nrlssc.navy.mil/altimetry/index.html
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http://ibis.grdl.noaa.gov/SAT/SAT.html
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Near-Real Analyses
NOAA Satellites and Information \,VV Office of Research
National Environmental Satellite, Data, and Information Service and Applications

Oceanic Research and
Applications Division

Laboratory for
Satellite
Altimetry

LSA specializes in the analysis of satellite
altimeter data related to problems in
physical oceanography and marine
geophysics.

The following projects are presently active
in our group.

@ Near-Real Time Analyses - Altimeter
data, processed daily within 1-2 days of
acquisition, are used operationally for
determining ocean currents, monitoring sea
level, and are assimilated in models to
improve forecasts of El Nino and hurricane
intensity.

@ Topex/Poseidon Historical Sea Level -
Altimeter analyses from the NASA/CNES
Topex/Poseidon altimeter missio

PPN J I P -
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Caribbean Regional Node

Satellite Data

Caribbean Regienal Noge

The Caribbean Regional Mode web site is designed to supply users with satellite data files and previews in
The Coastialch Caribbean Regicnal Node Is parl of the U.S, Deparimen! of Commerce, Malional Oceante and Almespherls near-reaktime. Image data is available for a number of different regions and product data types. Access to
. Mational Environmental Satellite, Data, and Information Servce. ConstWatch Program - f ¢ -
Administration i CoastWatch satelite data is free and unrestricted.

WSUB“[ Imgaired people, please, follow this link! CoastWatch users can download data files for use with one of the CoastWatch software packages. plot data
using the web site online preview, or convert data to other data formats for use in GIS or scientific plotting

9 E packages.
“

Gal Information on ihe Access CoastWaich
CoasiWaich Caribbean node  Caribbean satoliite data,

and web site.

Visual Catalog: Look through the most Database Query: Submit a
recent CoastWatch satelite data query to the C,

passes using a catalog of color images. web server to find specific dates.
High reschution sea surface regions, and types of data, The
temperatures can be immediately query generates a table of the

1 i . viewed by clicking on cloud-free areas CoastWatch data files online
&Q % lﬂ of the coast.

matehing your criteria.
Download CoastWaleh Vish othér satellite and Glve fesdback on Ihé web sile

55T Anomalies: View 5-day
Soltiare PR Ssmagrphy sos, e the CoastiWatch data archive manually (pentad) SST anomaly maps for the

by nanvigating through a directory tree of Caribbean Region. Spatial resohstion
sateliite passes. Be sure to read the is 9.28 km.

README file for the directory and file

naming conventions.

‘ Processed Data Directory: Browse

Copyright® 1838 Caastvatch Canbbean Regonal Node Privacy Notice
\Web desagn and maintenance by Jajoun & Tritings

Lot madfad Tue Jun 10927 51 60T 2001

Altimeter and GTS Data: Here you
can get information about Sea Height
Anomalies (SHA) and geostrophic
currents. as well as other data from

/ Mear Real Time Wind Data: Display
% and retrieve surface wind data from a
variety of sensors{QuikSCAT, SSMI,
TMI, ERS-2, TOPEX. GFO and
3 A 2 CR | Cooument: ore (020 wcs)

(7 Bl Ede Yww Smach G Boomaks Tada  bel

12-.2- 208 e
¥ | 4} o “m Cl, Smarcn, | il Boskrarks
g s e R graphic and M rological Laboratory
TT— =

naming comventions,

Near Real Time Wind Data: Display
and retrieve surface wind data from a
variety of sensors{QuikSCAT, SSMI,
TMI, ERS-2, TOPEX, GFO and
Drifters), wind Data from alimelers
(TOPEX, GFO and ERS-2) have been
added on Mar 05 2002

Hurricane Heat Potential: Know more
aboat the upper ocean thermal structure
that can expdain hurricane intensification,
\Updated daily during the hurricane
Season (from June | through November
o)1

Hurricane Array Buoys: DIsplaym
tracks of the Hurricane Array,

databases available are: XG‘I’ADHL
Near Real Time GTS, XET NCEP, |
Graphics, GIF, ASCI| and PDF ms.
‘Historical Kriged Drifter Data have besn
added on Mar 18 2002

VRML Wind Page: Explore Global
Wind data using VRML Technology.

Altimeter and GTS Data: Here you
«can get information about Sea Height
Anomalies (SHA) and geostrophic
currents, as well as other data from
GTS (drifters, XBT, ...}. Sigriscant
Wave Helght has besn sdded on Mar 04
2002,

* Atlantic $5T maps: Display and

retrieve dady and pentad Sea
Surface Temperature maps for the
Atlantic Ocean, These maps are
‘extracted from NOAA-16 data and.
since December 11th 2001, also
from NOAA-15 data.

Climatologies: Access to
Fathfinder+Ercsion Monthly and
E-day Sea Surface Temperature

Color Data: The CoastWatch
Search Interface provides access to
MODIS and SeaWiFs eolnr data for
a selected geographic rey

Besides Ocean Color, GOES and
PODES S5T products are also
avallable here,

A& Backis msin pass
& 3 A of B ot Lorw 081wt}

USDOC | NORA | NESDIS | Coasitiaich

sPublications|

Ocean & Climate Coastsl & Regional Hurricanes

Site Map Stall  Data Sets

Data Sets

The ACHL Environmental Data Server (ENVIDS) provides
interactive, en-line acoess to various oceancgraphic and
atmospharic datasets residing at AQML, The in-house
datasets include Atantic Expendable Bathythermograph
{XBT), Global Lagranglan Drifting Buoy, Hurricane Flight
Level, and Atlantic Hurricane Tracks {North Atlantic Bast
Track and Synoptic), Other available datasets include
Pacific Conductivitly/Temperature/Depth Recorder (CTD)
and World Ocean Atlas 1998.

This profect was made possible in part by the support of
the Environmental Services Data and Imformation
Management [ESDIM).

SEAKEYS and CREWS marine anvirenmantal moniboring
stabions

provide near real-time In situ hourly measurements for
many

and mnmﬂﬂc paramaetars including wind speed,
wind direction, wind

gusts, alr temp. . b kric p sea
temparature, saliniky,

Uv-g, pt activa . tide,
l'luoromlry and

transmissometry. These data are screened by a suite of
expert systems to
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JASON- 1, TOPEX, ERS-2 and GFO Sea Meight Anamaly (SMA) and Signiicant Wave Height data are avalable here on
near-real time basis with 2 2-day average delay. These data have been processed by Navoceans and hosted at the
GODAE site in Monterey and the NRL s-te at the Stennis Space Center. The maps shown here are generated by
data to @ 10-day period endng on the selected date. As an additional product,
qu?vophc currents are 5o estmated using the SHA vakies and a cimatological mesn dynamic hexght feld, More
information here

GOOS Home | CoastiWatch Caribbean Home | Disclaimer | Help

Altimeter Page

Geostrophic Currents

and GTS
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JASON-1, TOPEX, ERS-2 and GFO Sea Height Anomaly (5HA) and Significant Wave Height data are available here on a
near-real tme basis with 8 2-day average delay. These data have been processed by Navoceans and hosted at the
GOOAE site in Monterey and the MEL site at the Sternis Space Center. The maps shown here are generated by
interpclating SHA data comespondng to a 10-day period endng on the selected date. As an addiional product,
qu?vophc currents are also estmated using the SHA values and a cimatological mean dynamic height field, More
information here

GOOS Home | CoastiWatch Caribbean Home | Disclaimer | Help

Altimeter Page

Geostrophic Currents

and GTS
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JASON-1, TOPEX, ERS-2 and GFD Sea Height Anomaly (SHA) and Sigrificant Wave Height data are avalable here on a
Pese-resl ime basis with 8 2-day average delay. Thase data have baen peecsssed by Navaceans and hosted ot the
GODAE site -\meer and the NELL 5ite ot the Sterees Space Canter, The maps shown here are ganerated by

% to 8 10-day endh the selected date. As an addmonal product,
eostrophic mnn are also estimated using the SHA values anda dimatological mean dynamic height field. More
nformation here

Altimeter Page
Geostrophic Currents
and GTS

BOOS Home | Coastiatch Carlbbean Home | Disclaimer | Help
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JASON-1, TOFEX, ERS-2 and GFO Gea Height Anamaly (SHA) and Significant Wave Height dats are avaishis here on
near-resl time bass with a 2-day average delay, These data have been processed by Navoceans and hosted at the Altimeter Page
GODAE site in Monterey and the NRL sita at the Stenrs Space Canter. The mags shown here are generated by
Interpolating SHA data cormespondng 1o 8 10-day penicd ending on the selected date, A5 an phic Currents
geostrophic crrents are also estimsted usng the SHA values and & cimatcbogcal mean dynamic height field, More and GTS

nformaton here
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This page displays vector and wind speed data from QuikSCAT, ERS-2, S5M/I, THMI and drifter
platforms. Recently, altimeter-derived winds have also been made avallable through the same
interface. You can also ct the wind data as ASCII or binary files. You can move to the MNear-Real Time

preferred area using the main graphical zone or the smaller map, Data feeds our databases .
hourly and are made available through this page. Altimeter-derived winds have a 1-day Wind Data
average delay, Due to disk space limitations, only six months of measurements from
current date are guaranteed. More information here
|G
CoastWatch Caribbean Home | Information | Data | Software | Sites | Education | Feedback

news | Help
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This page displays vector and wind speed data from QuikSCAT, ERS-2, S5M/I, THMI and drifter
platforms. Recently, altimeter-derived winds have also been made avallable through the same
interface. You can also extract the wind data as ASCII or binary files. You can move to the MNear-Real Time
preferred area using the main graphical zone or the smaller map, Data feeds our databases .
hourly and are made available through this page. Altimeter-derived winds have a 1-day Wind Data
average delay, Due to disk space limitations, only six months of measurements from
current date are guaranteed. More information here
| GOOS Home |

CoastWatch Caribbean Home | Information | Data | Software | Sites | Education | Feedback | Mews | Help
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Altimetry and Hurricane Intensification - Microzoft Internet Explorer

J File Edit “iew Favortesr Tools Help
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www.aoml.noaa.gov/phod/cyclone/data

° Altimetry and Hurricane
Intensification

@ 2001 Hurricane Season

Huwiricane Advisories
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DAC Data Products
HRED Home

Links

Altimetry
MNOAAMESDIS
MNaSAMIPL

ANIS0

Univ. Colorado
Huwrricanes
MNOAAADMLHRD
FAQ: Hurricanes

M OAATWS

Univ. kdiarni
Unisys Weather
Altimetry & Hurricanes
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Sea Height Anomaly

Sea Surface Temperaiure
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Hands on Training

Estimar las condiciones oceanicas
(anomalias de altura, temperatura de
superficie, corrientes geostroficas) en el
Oceano Pacifico Este afuera de Chile.

Observar la evolucion de las anomalias de
altura de superficie del mar en el
Oceano Pacifico ecuatorial y
relacionarla con el fenomeno de El
Nino.



	Pregunta:Que parametros oceanicos conoce usted que estan siendo actualmente medidos por satelites ?
	Conceptos Oceanográficos
	La señal y el SWH:
	La señal:
	Altimetros
	Parámetros de órbita
	Muestreo de la superficie del marcada 7-9 km a lo largo de la traza, hace promedios de 1 segundo de mediciones.  Cada traza
	Muestreo – TOPEX/Poseidon
	Muestreo
	Aplicaciones
	Variabilidad del nivel del mar
	(AVISO)
	Seasonal Cycle
	El Niño - 1997
	La Niña - 2000
	El Niño - 2003
	Servicios de distribucion de datos
	Servicios de distribucion de datos

