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Orbits determine:

 Where do | see the Earth
* How often

* Resolution in space

* What space-time pattern

Important parameters: inclination, height,
repeat period, swath width.






Satellite

Orbital
Plane

Equatorial
Plane

X
(Vernal Equinox)

Apogee Ascending Node
FIGURE 38 The elements of an elliptical orbit: semimajor axis a, incli-
nation i, longitude (or right ascension) of the ascending node €2, argument
of perigee . and true anomaly v. The eccentricity e reldtes lhe %mlmdjor
axis ¢ to the semiminor axis b through the expression e? = (a® — b? )/a"
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The Meridional Overturning Circulation

\ Intermediate
Waters
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Near-surface Circulation of the global Ocean:
Continents are responsible for meridional component of mean circulation.
Asymmetry in temperature and currents western <---> eastern sides
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Deep circulation brings Atlantic surface water into Pacific.
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TOPEX/POSEIDON 10- Day Repea1 Ground Track
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¥ind Scatterometelx N

Antennae \\

GOME (since 1995 on ERS-2) @

ERS-1/2 Payload

AMI (C-Band, 5.3 GHz)
-all weather, day and night

SAR image mode (High rate)
SAR wave mode (Low Rate)

Wind Scatterometer (Low rate)

3 ATSR-Microwave Sounder °all Weather; compared to Ku-
- 8 ATSR-Infra-red band scatterometers no rain

Rediometer contamination
Radar Altimeter (Microwave sounder)

ATSR (ATSR-2 ERS2) Along Track
Scanning Radiometer

*SST measurement precision: 0.1 K
Laser Retro-reflector

Laser Retro-refiector

PRARE (Precise Range and Rate
Equipment)



Europe’s expanding EO
Capability

Continuity & Evolution

Océéns
Sea lce + Global Ozone —
Cryosphere |—®* enhanced ATSR —> . Ocean Colour

Land Surface (3 visible channels) + Atmospheric Constituents
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to provide for continuity ENVISAT

of the observations
started with the ERS = ,
satellites, including S, N #

& «_-"i ~‘\
~

those obtained from T @
radar-based s & » g

. \ " AR
observations, 4 L3N
to provide for | gzl : -

enhancement of the
ERS missions, notably
the ocean and ice
mission,

to extend the range of parameters observed, to meet the need to increase
knowledge of the factors determining the environment,

to make a significant contribution to environmental studies, notably in the
areas of atmospheric chemistry and ocean studies (including marine biology).



% Largest Earth Observation satellite ever
% Flagship of ESA Earth Observation

4
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% 10 sensors to monitor the Earth systemg¢
% 77 types of data products Tg?
% 140 GB data generated per day y
% Launched 1st March, 2002




-Launch by ARIANE 5 on 1st March
2002 i ENVISAT

-Injection on perfect orbit

-Launch configuration
%length 10.5 m
s envelope diameter 4.6 m

-In-Orbit configuration
#%26m x 10m x 5m

- Mass
% Total satellite 8140 Kg (ERS1 2384

kg)
% Payload 2050 Kg

-Solar array power
% 6.5 kW (EOL)

- Orbit
% sun synchronous, 800 km as ERS,
10:00, i.e. 30 minutes before ERS-2
% 14 11/35 orbits per day
% repeat cycle of 35 days (501 orbits)




AATSR
MIPAS
MERIS SCIAMACHY
MWR
Ka-band

. Antenna
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Antenna

! ASAR
Antenna

* Dimensions
Launch configuration:
length 10.5 m
envelope diameter 4.6 m
In-Orbit configuration:
26m x 10m x 5m

* Mass

Total satellite 8140 Kg
Payload 2050 Kg

* Power
Solar array power:
6.5 kW (EOL)
Average power demand:
Sun Eclipse
(watts) (watts)
Payload 1700 1750
Satellite 3275 2870
* Orbit

800 km as ERS, sun synchronous
10:00, i.e. 30 minutes before ERS-2



RA-2 [Radar Altimeter 2]

DORIS [Doppler Orbitography and Radio-
positioning Integrated by Satellite]

[Advanced Synthetic Aperture Radar] MWR [Microwave Radiometer]



GOMOS, MIPAS and SCIAMACHY are building a three-
dimensional profile of ozone concentrations in the atmosphere.

MIPAS and SCIAMACHY are detecting low levels of
gases from industry, power generation and agriculture.

obtains an image in which the
clouds you see are but a part of a complex map of the
concentration of water vapour.

ASAR and RA-2 create
an accurate digital map
of your surroundings,
with height contours as
accurate as 10 m.

Ground level: ASAR, AATSR and MERIS map the
vegetation and land use around you.

Sea level: AATSR measures sea surface temperature to 0.3 °C accuracy.
MERIS precisely maps ocean colour, plankton and chlorophyll
distributions. ASAR and RA-2 measure ocean currents, average wave-
heights and wind velocities.

Underwater: RA-2 and DORIS combine to produce a detailed map of local gravitational
strength, detecting the distribution of denser and less dense rock in the Earth crust
beneath the oceans.




Environmental Ir)formation
from Envisat

Stratospheric Ozone

Industrial Emissions

Atmospheric profiles

Topography & Motion

Land cover & vegetation




<«— Ice elevation, ice thickness
Launch 2004

Gravity field and geoid —
CryoSAT-II Launch 2006

GOCE

<+— Soil moisture and ocean salinity
Launch 2007

Direction to sun

wmction

Wind speed vectors — > R
Launch 2008 1 |

SMOS

ADM-Aeolus



ESA’s E.O. programme

1980 1990 2000 2005 2010
METEOSAT > METEOSAT > METEOSAT SECOND
M-1,2,3,4,5,6 TRANSITION M-7 GENERATION MSG-1, 2,3

» METOP1,2,3

-~ CryoSa
Earth ~» SMOS

> ~» GOCE
i Explorers — ADM
=P SWAR
ENVISAT S=—PaEarthCar

e

Earth
Watch

MODIS, ALOS, ADEOS...)

Meteo
in cooperation
with EUMETSAT

Science

Earthnet: European access to non-ESA missions (JERS, LANDSAT, SeaWifs, ——p»

Applications

Services



Variables:
SSH, SST, Color, Eis, Wind, SWH.
Systems:

Passive: VIS, IR, MW.
Aktiv: ALT, SCAT, SAR, Laser

Remote sensing of the ocean is hampered by
atmosphere, but less so in MW band.

Data assimilation is important element of remote
sensing.
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Latitude (deg N)

Sea Surface Temperature
(October 2002)

0
Longitude {deg E)



End August 2002




Sea level: AATSRmeasures sea surface temperature to 0.3 °C accuracy (with <0.1 K/ decade

[PBLY PAY
uriiy)

Mean Sea Surface Temperature Sea Surface Temperature Anomaly



SST danomaly (°C)

'Y Tini .
£] University of

'Leicester

AVHRR data
trend: 0.09°K / decade

1286

1920

ERS-1/2 ATSR data
trend: 0.13°K / decade

Time (years)



Sea Surface Temperature, 11-13 June 2002
AMSR Reynolds Analysis
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MW SST from AMSR-E

TIME 1 19=JUN=2004 12:00 DATA SET: rss_tmi_amsre_sst. 12
RSS TMI_AMRSE 55T doily

45°N

LATITUBE

T

25°N

SO Q% S0°W 309 10%W

LONGITUDE




FSSTS5.5°N

0 PR S 0L G O ey
~ AR

RE R RN e
AN
2000 ’S“*'_' f:‘ S%Q\’%

e Y
=

o

8
o
-y A
g

G

:fa ey [ .
W,M' |
# )

SET 25.5°N

V {T

l'u‘u'r[".u
!

SST 35.5°N

FSST 85.5°N

il S



May 28, 2002
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Remote Sensing of Coral Reefs:

A Prototype Web-based Tool for
Coral Reef Researchers

Priméarproduktion, Absorption







Animation Chl_a from SeaWIFS

Chlorophyll_a-Konzentration, 01/ 1998  [mg/m’]
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MERIS: high revisit capability

MERIS imaging the world
15 to 30 April 2003




e © ESA-2003

MERIS image of the world

March & April 2003




ittany (France)
15 June 2003
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MERIS Full Resolution

Where is it ?
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Cloud vortexes
Canary Islands

26 May 2003

© ESA 2003




Italy
29 August 2003
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source: GKSS



O2-Saturation (Ferrybox)
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Wind stress measurements




Woiceshyn &t al. (1989)
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Altimeter Hg (m)
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Wave height (metres), January

* The biggest
signal in the
wave climate is
of course
seasonal. T ——_

longitude

latitude

vvave heignt (metres), July

latitude

350

0 50 100 200 250 300
longitude

150




* |In a similar way to
wave height wave

period relates to the
NAO

nao B value, Tm. 1993 - 2004

PCA - 1st North Atlantic Tm EOF: Explaining 26.0779 %, smoothed. 1993 - 2004

60 %
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0 g
-100 -80 -60 -40 -20 0

The above shows the
first EOF of period.
On the left we have a
regression of Tm on
the NAO
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Observations of SSH Anomalies

TOPEX POSEIDON SSH anom 9yr. (cm) Jan 1, 1997
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Annual Averages of SSH from 10 Years of TOPEX/POSEIDON Data
(Courtesy of L.-L. Fu)
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ERS-2 ALT SSH

North Atl 34°N

® s O
Jul 96 : \ \ . ~ TOPEX/POSEIDON SSH Juigs

ERS-1 ATSR SST

SR
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30W 10W

Zonal SST gradient {millidegC/km) Zonal Sea Surface Slope (micreradians) Zonal Sea Surface Slope {microradians)

Cipollini etal 1997 (North Atlantic): Hughes et al 1998 ( Southern Ocean)
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Westward

Merged T/P+ERS ooy,

cm/s

75—

*Chelton et al 2006

*Made possible by both
remarkable improvement in ERS
orbits (Scharroo et al 1998, 45
2000), and careful
intercalibration + optimal
interpolation techniques (Le
Traon et al 1998, Ducet et al
2000)

*Good example of synergy
between different altimeters

60

30

15

Latitude

XBT and MBT Observations
A White (1977)

A Meyers (1979)

¥¢ Bernstein and White (1981)
* White (1982)

White (1983)

White et al. (1985)

Kessler (1990)

Shriver et al. (1991), 40°N

> O ® 0 O

Miller et al. (1997), 37.5°N
B Jacobsen and Spiesberger (1998)
V¥ Mitchum and Lukas (1990)

<€ Yu and McPhaden (1999)

| GEOSAT Observations

O White (1990)

® Van Woert and Price (1993)

O Tokmakian and Challenor (1993)
B Le Traon and Minster (1993)

A Aoki et al. (1995)

TOPEX/POSEIDON Observations
@ Pacific

O Atlantic and Indian



May 29, 2002

TMI

FSST westward; 35.5°N
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Sea level trends from Topex-Poseidon (1993-2005)

LEGOS/CNES (Jan 2006) (chamberptmr hnbi 11a460 ppalixkdm)
180° 270° 360° 90°

-20.0 -17.5-15.0 -125 -10.0 -7.5 -50 -20 10 00 10 20 50 75 100 125 15.0 175 20.0
mm/yr




Procassas czlsing saz) laval ezl as

- Change in sea water density

"\

Temperature Salinity

- Change in ocean mass

Water mass exchange with

terrestrial reservoirs, mountain glaciers
and ice sheets




Maps of steric sea level trends
and Topex/Poseidon trends (1993-2003)

Steric sea level

Topex/Poseidon
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altimeter measurements initiated in the early 1990

Sea level rise

Trend: +3 mm/yr

Global mean sea level [mm]
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Global mean sea level [mm]

Sea Level rise

30 e o b o by by by by by by by b by 1
4 o]
Linear trend = 3.13 mm/yr
20 Annual (4.22 mm) removed
1 ERS-1:
1 Linear trend = 3.29 mm/yr
{ Annual (2.85 mm) removed
10
0
_10 4
B gt ERS-2:
{ 0 odh o Linear trend = 2.64 mm/yr
& o Annual (6.37 mm) removed
B T

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Altimetry measurements
Trend +3 mm/yr

| Courtesy of Remko Scharroo, NOAA,US '

Sea Surface temperature rise

AATSR Dual SST Mar 2003

Latitude

—100 100

o
Longitude

ATSR/AATSR measurements

Trend 0.13+0.03°C/decade

310.00

300.00

-~ 290.00

280.00

270,00

| Courtesy of David Llewellyn Jones, Univ. Leicester, UK '

Temperature / K
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SST during Hurricane Danielle

<2 TMI views cold wake from Hurricane Bonnie

< AVHRR misses it due to cloud cover
< Reynolds (weekly SST) lacks temporal resolution

Remote Sensing Systems §

www.remss.com
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Gravity Anomaly (mGal)






Studies in:

Solid Earth Physics - anomalous density
structure of lithosphere and upper mantle

Oceanography - dynamic ocean topography
and absolute ocean circulation

Ice Sheet Dynamics - ice sheet mass balance
Geodesy - unified height systems

Sea Level change

Gravity
Anomalies

Determine Earth’s gravity field and its
geoid (equipotential surface for a
hypothetical ocean at rest):

high accuracy (1 mgal and 1 cm)

fine spatial resolution (~ 100 km)
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Reaktion des Gronlandeises auf

globale Erwarmung

7x105 Eggogadloppepsisloper e B it g

5 Trend: 0.7% / year T M

Maximum melt extent (km?)

2x105 Ill'llllllllllllllllilll
1980 1985 1990 1995 2000

5 Melt

2000 M Contour - 2000 M Contour

Greenland ice sheet melt area increased on average by 16% from 1979 to 2002.
The smallest melt extent was observed after the Mt. Pinatubo eruption in 1992

T

University of
?;;’E,’f;‘g’f Konrad Steffen and Russell Huff, University of Colorado at Boulder



Melt Zone

Jun® 14,2001
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Melt Zone

June 13,2002

<«—— Melt Zone

June 17,2003




New mechanisms of increased 1ce shield sensitivity

to global warming
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ERS / Envisat SAR
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Envisat MERIS
22 January 2004




C-19 iceberg monitoring in Antarctica
(from May to October 2002)

July 2002
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Arctic Sea Ice Monitoring

<)
o

Sep 01 2003

ASl ver. 5.2, AMSR-E, Grid: 6.25 km

S

Daily ice concentration
maps using passive
microwave sensors
show strong seasonal
and interannual
variations in sea ice
extent between 1.9.
2003 and 31. 8. 2005.

(S. Kern und G.
Spreen, IFM)



ESA’s CryoSat-Il Mission

 Research goals:

— Study of mass imbalances of
Antarctic and Greenland ice
sheets

— Investigate the influence of the
Cryosphere on global sea level
rise

— Use of sea ice thickness
information for advances in
Arctic and global climate
studies

Payload: SIRAL altimeter, conventional
pulse limited operation, synthetic aperture
along track, interferometer across track

« Measures variations in the
thickness of the polar ice sheets
and thickness of floating sea ice



CryoSat: First observations of regional,
seasonal, and interannnual sea ice variability

P, hp,

o . -p)



lceSat

Principle: F = b, = Dy Ny Ab

Ah: Ocean dynamic topography

Sea Surface (Ah)
Geoid (Myeqig )

Ellipsoid



To demonstrate the use of L-
band 2-D interferometry to
observe:
salinity over oceans,
soil moisture over land
ice characteristics

To advance the development of
climatological, hydrological
and meteorological models.

Payload:

L-band radiometer, synthetic aperture, exploiting
interferometry, multi-polarisation, varying
incidence angle



SMOS und AQUARIUS







Atmosphere:
Atmospheric Water Vapour Transport

Land: Ocean:
Precipitation; Net evaporation;
snow, ice;

surface salinity
fresh water/sea ice
transports

soil moisture.

Ground water, run-off



« Use remote sensing data, in-
situ data and models for an
improved description and
forecast of the ocean state.

* Required for operational
oceanography applications
and to develop an improved
understanding of ocean
circulation.



Infrastructure Required for Operational Oceanography

O

Earth observing
satellites™

Model simulations and
assimilation on super computers

Autonomous in situ
observing systems
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Tide Gauge Network 58 % complete

3°x3° Argo Profiling Float Array 52% complete

5°x5° Surface Drifting Buoy Array 79 % complete

Moored Buoy m Existing Planned
Ocean Reference Station + Existing Planned
High Resolution XBT and Flux Line mmm Existing == Planned
Frequently Repeated XBT Line mm Existing = Planned
Carbon Inventory & Deep Ocean Line m m Global Survey @ 10 years




Data assimilation

Method:
Synthesis of all available

Observations to obtain
dynamically consitent
description of ocean
circulation. Used to

estimate climate change;

estimate oceans uptake of
CO2; initialize coupled
models; now-casting of

Ocean currents.




ECCO | degree WOCE Synthesis, 1992 - 2002
Example: : - (MIT, JPL, SIO)

Drifter 1 5m mean velocity

WOCE and pre-WOCE hydrographic Sections

TOGA TAO Teperature Profiles

Global XBT Data Set

P-ALACE and ARGO Temperator and Salinity Profiles

SSS QOlservations

Monthly mean wind stress fielck from ERS/NSCAT/QSCAT
ERS-1 SSH’ ERS-2 SSH’
claily TP SSH’
mean TP SSH - EGM9%
Merged  monthly ReynoldsTMLSST Fields

prata Lvonsraincts

tan_ncep

Ha_ncep

Hs_ncep

monthly T_lev

monthly  S_lev

1992 1993 1994 1995 19%6 1997 1998 1999 2000 0l 2002

10,50
{au(l)

Hq(t

Hs(1)

Controls



Safety and efficiency of marine
operations

Control and mitigate the effects of
natural hazards

Detect and predict the effects of
climate change

Reduce public health risks

Protect and restore healthy
ecosystems

Restore and sustain living marine
resources

Post EPS



Operational Oceanography Applications

Fisheries and fishery
management

Maritime security

Navies

R Iy it SN Y, P Ocean and ecosystem research
Coastal applications others...
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Oil Spill detection

B Image downlink Rapid processing &
oil spill identification

AlS transponder
Oil spill
alert
notification

_Vessel position
& destination -

Integrated vessel .
traffic information™ "\ oy
SV




Service Examples: Spain &

F ousid
W “11 U G o ,
a GMES Services Network

satélite se muestran a continuacidn.

Fecha de adquisicidn
2310412006 22:22:23

27/04/2006 10:38:5

052006 10:56:00

09/05/2006 22:19:32

13/05/2006 10:35:56

Informe de deteccién de vertido
Ver / Descargar Imagen
Ver / Descargar Imagen
Ver / Descargar Imagen

Fallo en transmisién Envisat

Ver / Descargar Imagen

I Descargar Imagen
proceso ENVISAT

+ créditos

+ Definicién del Servicio Red de Servicio Marcoast: Servicio espafiol de monitorizacién de manchas de hidrocarburos. La adquisicion de datos de

Vertido + Deteccién de barcos
Ver/ Descargar Imagen
Ver / Descargar Imagen
Ver/ Descargar Imagen

Fallo en transmisién Envisat
Ver/ Descargar Imagen
Ver/ Descargar Imagen

Fallo en proceso ENVISAT

+ ciNtactar + Last update 16/5/2006

A KSAT

102021

100350
171625
100943
06:05:29
10:1527
17:44:40
A0:2059
06:01:18
06:14:20
055707
172223
06:0%36
055255
1516

ESA MarCoast

M4 GMT * Friday * 2006:04-21 * doy111 * week16 * Local time 08:!

Customer
ESA MarCoast

ESA MarCoast
ESA MarCoast
ESA MarCoast

ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast

| ESAMarCoast

ESA MarCoast

| ESAMarCoast

ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast
ESA MarCoast

26| Search

ESA MarCoast

[%) Own data v -t

134 (GMT+0200)

Kongsberg Satellite Services

[ Grow dats
S N | (i

Slesponse courtry  Sotus. Fies




MarCoast Drift Forecasting

Date : 06/10/00 Hour:11:00 UTC

ﬂ.f, ~ -~ Qil slick
&@ location
ne “\*? & extent

In-situ % 51
Ocean — _ z
forecast | & - |

7 ﬁ(\wﬁa Oil slick
W drift

forecast
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SAR Sea Eloor Immage
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Structure of the sea flor can be
detected in SAR immages due
to their inpact on the surface
roughness

SAR immages can be used to
monitor changes in the

~ sediements.

ERS-1 SAR Immage,
100 km x 100 km,
Chinese Coast Line.
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W }Atmospheric convection
.~ cellsoriginating from land-sea
breze.

" ERS-1 SAR immage
« 100 km x 100 km,
Messina (ltaly)
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Highest waves in dataset
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Geographic coverage — baseline service

Oil pollution Water Quality & Algal Bloom

"ﬂ Epill detection
J




- Algae Bloom (red)

vy
e . : 2 e P




MERIS Water Constituents
for the Baltic Sea

Water Transparency (m)
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Compositing Period

Scene Start:  2005-07-09 10:07:17
Scene End:  2005-07-11 10:55:20
Avg. Start:  2005-07-09

Avg. Period: 10

Projection:  Lambert

P ™ el Kilometers
0 200

N

Data acquisition and processing by DFD

under ESA-project GEMEL-3, ID 1413

MERIS Application Product Project

DLR-GKSS-FUB-BC DLR




Ocean Environmental Monitoring

19 Sep. 2000
SeaWiFS RI image

'In-situ observation ofCoch
lodiniump bloom

00 0.3 06 0.9 .k 1.8 1.8 3.9 24 27 3.0 60 9.0 120 24.0 0.0 (Mg / ma)

Chlorophyll Concentration

Detecting and monitoring red tide algal blooms
around Korean and neighboring waters
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Cyanobacteria
bloom forecast
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Water Quality Indlctors for EEA |

» Service content (b
annual)

— Water Quality Indicators:

» Chlorophyll concentration = S 4
(2km) = &
« Water transparency (2 —
» Algal Bloom occurrenc.~ S, .
climatology , R

— Number & location

— Indication of type and " —— "~
harmfulness

— Water Quality Trends
Assessment

|



Ice monitoring and forecast system

ENVISAT /TERRASAR‘

e Ml

¥ Wind forecast

\  Drift forecast
Actual wind
Actual drift

34 ship position

= Ship track
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GMES
SERVICES

Global Monitoring
for Environment and Security







Chlorophyll concentration is a measure of abundance of phytoplankton biomass, which has an
important role in fixing CO2 through photosynthesis.

ENVISAT - MERIS
Chlorophyll-a case 1 - Global coverage - Monthly average - January 2003
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Envisat monitors Ice-Sea Ice in Antarctica

LARSEN B collapse observed in 2002 by
ERS /Envisat

A

Envisat Radar monitoring Antarctica Ice
and Sea-lce extent (April-to June 2004)

N e
3 o

Courtesy of H.Rott, Univ Innsbruck, AU

APRIL 2004
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