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GOCE successfully launched on 17 March 2009, 
lift-off at 15:21:13 CET

GOCE



GOCE Satellite Status and Performance



GOCE Satellite Status and Performance
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GOCE Satellite Status and Performance

Satellite performs excellently meeting all design requirements

All subsystems and units except for the main onboard computer
CDMU-A operate in their nominal chains

Science operations started in end Sept 2009

No data loss on the satellite during nominal operations

No degradation of power subsystem, about 1300 W available

Ion propulsion system now 1.4 year in operation without any sign 
of degradation

Almost no “clanks” visible to the gradiometer observed, the 
microvibration control program during satellite development phase 
was very successful



GOCE Satellite Status and Performance

Drag free control is extremely stable

Fine tuning manoeuvres for altitude maintenance in the 
order of < 10 meters done on 1 -2 months basis

3 interruptions of science operations since Sept 2009

spurious reboots of ion propulsion and gradiometer in 
Oct 2009 and March 2010 respectively

Anomaly with main computer in Feb 2010

Very fruitful interactions with the science community of the 
vigilant HPF team  



GOCE Mission Concept and Outlook

was originally based on two 7 - months operational phases 
separated by a 135 days hibernation phase due to long 
eclipses

low solar activity, good power situation and excellent 
suppression of micro disturbances allow all year round 
science operations

drag remains low no need for altitude raise during long 
eclipse season from April – August 2010

continue uninterrupted science operations at same altitude 
till end of nominal mission April 2011

preparation for mission extension

consumables would allow operations till late 
2013 (including increase of solar flux, max 
is estimated in 2013)



GOCE Mission Concept and Outlook

predicted 10.7 cm solar flux June 2010 Marshall SFC



GOCE - On the Observations

– 5 cycles of 61 days nearly completed (979/61 repeat)

– No data gaps in TM data stream from EGG and SSTI

– Level 1b data come in two classes (OPER and CONS); the 
latter has a latency of about 1 week before delivery to Level 
2 processing system and is used for final gravity field 
retrieval

– Single epoch outliers or “random” measurements occur a 
couple of times per month, due to limit cases in orbit-wise 
ground processing

– Extremely quiet satellite environment, near-perfect for 
gravity field sensing



GOCE - Clanks and Beam-outs

5 clanks (or “twangs”) and 6 
beam-outs in 61 days

Duration 2 seconds, no 
resonance

Determined from 1 Hz science 
data and 10 Hz DFACS data

Largest observed amplitude 
touches ADC2 saturation 
threshold

Extremely stable 
platform/instrument 
ensemble (!)



GOCE - Satellite-to-Satellite Tracking Instrument

– Top class orbits: current POD consistency is at 
1-2 cm level in each of the three orthogonal 
directions

– In most cases better than 2 cm 3D RMS

– Rapid science orbits (<1 day latency) are at 
around 6-7 cm

– Validated by Satellite Laser Ranging to within 
absolute differences of approximately 2 cm

– Slightly increased orbit errors near the poles



GOCE - Orbits



GOCE - Orbits



GOCE - Orbit Overlaps



GOCE - Data Release

– Level 1b: since 7 May 2009

– 2 months of Level 1b: EGG_NOM_1b, SST_NOM_1b, 
SST_RIN_1b

– Covers November+December 2009

– Level 2: today

– 3 different gravity field solutions based on 
independent processing strategies (all presented 
today!)

– Data available from EO User Services (by ordering) and for 
direct download from the “cloud” through a virtual on-line 
archive

http://eo-virtual-archive1.esa.int/Index.html

– Staggered delivery from now onwards

http://eo-virtual-archive1.esa.int/Index.html


GOCE - Level 2: from gravity gradients to gravity models

Central Processing Facility
rolling archive, de- and encoding, XML, aux. data archive, data distribution

Scientific Pre-Processing and External Calibration
external calibration // temporal gravity // data screening and gaps

Orbit Determination - kinematic and reduced-dynamic
rapid science orbits, precise science orbits

Gravity Modeling   DIR
SST: orbit perturbation
SSG: normal equations

combination by normal equations

Gravity Modeling   TIM
quick-look and precise solutions:

SST: energy conservation
SGG: semi-anal. & normal equations

combination by normal equations

Gravity Modeling    SPW
SST: energy conservation

SGG: Wiener filtering
combination by fast collocation

Product Validation of Final Products
QL-validation of gravity models

precise validation of gravity field models and orbits

External Data
IGS // ILRS // IERS 

ECMWF, others

Long Term Archive 

Calibration & Monitoring  Facility Payload Data System
level-1 processing



GOCE - Level 2: from gravity gradients to gravity models

Central Processing Facility
rolling archive, de- and encoding, XML, aux. data archive, data distribution

Scientific Pre-Processing and External Calibration
external calibration // temporal gravity // data screening and gaps

Orbit Determination - kinematic and reduced-dynamic
rapid science orbits, precise science orbits

Gravity Modeling   DIR
SST: orbit perturbation
SSG: normal equations

combination by normal equations

Gravity Modeling   TIM
quick-look and precise solutions:

SST: energy conservation
SGG: semi-anal. & normal equations

combination by normal equations

Gravity Modeling    SPW
SST: energy conservation

SGG: Wiener filtering
combination by fast collocation

Product Validation of Final Products
QL-validation of gravity models

precise validation of gravity field models and orbits

External Data
IGS // ILRS // IERS 

ECMWF, others

Long Term Archive 

Calibration & Monitoring  Facility Payload Data System
level-1 processing

Bouman et al.

Visser et al.

Bruinsma et al. Pail et al. Migliaccio et al.

Gruber et al.

Bock et al.

Mayrhofer et al. Schuh et al.

Frommknecht et al.

Bouman et al.



GOCE - First Gravity Field Models

geoid heights in [m] based on data from Nov/Dec 2009



GOCE - First Gravity Field Models

differences
between GOCE and  a combined satellite + terrestrial gravity model



GOCE - First Gravity Field Models

differences
between GOCE and  a combined satellite + terrestrial gravity model

Small model 
defect due to 
YY data

High quality 
Terrestrial data: 

Low quality



GOCE Versus GRACE

GOCE: maximum 
resolution (s= 100 km)

GRACE: maximum 
precision (geoid < μm)



GOCE - First Gravity Field Models - VCM
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⇒ Compute   σ2 (q) at any point P, or  cov (q1 , q2 )  for two points P1, P2

q is any geodetic function such as :

- geoid heights                     - free-air gravity anomalies  Δg
- gravity disturbances         - radial gravity gradient
- vertical gradient of  Δg     - equivalent water height (with load effect),

... represented by a SH series :

Clm, Slm are the coefficients of a global geopotential model, of 
variance-covariance matrix                         (N : normal matrix
of the least squares adjustment of the coef. from observations)

12 −=Γ Noσ

The flm's depend on the type of q, and may include spectral filtering
(or tapering) coefficients, λ -smoothing factors for mean values 
- in such case Plm is replaced by its integral IPlm over a cell.



GOCE - First Gravity Field Models - VCM

Solution  EIGEN-GOCE-14p
Geoid height error [cm] from the var/cov matrix to d/o 240

ERRORS  IN  SPACE  DOMAIN

5 6 7 8 9 10cm →
(1° x 1° grid)



GOCE - First Gravity Field Models - VCM

Ex : error covariances between central point and surrounding points
(geoid height, gravity anomaly, eq. water height, ...)

σ2 (q) , cov (q1 , q2 )   ⇒ study and use of error patterns

- geographic distribution of variances not sufficient 
for some applications

- cross (co)- variances give finer information on anisotropies 

the dream !



GOCE - First Gravity Field ModelsEXAMPLES OF COVARIANCES IN TEST AREA : 3 WINDOWS
Solution EIGEN-GOCE-14p (to d/o 240)

Geoid heights covariances - unit = cm2
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GOCE - First Gravity Field Models
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(ii) Covariances of the geoid model induced error
on the geostrophic currents (Balmino; 2000, 2009)
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GOCE - First Gravity Field Models - VCM
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GOCE - First Gravity Field Models

A Happy HPF team!
And Happy GOCE Mission Manager and Lead Scientist!



GOCE - Newsletter



GOCE USER TOOLBOX

Version 1.1 just released!

http://earth.esa.int/gut



BASIC RADAR ALTIMETRY  TOOLBOX
RADAR ALTIMETRY TUTORIAL

http://earth.esa.int/brat



GOCE - Conclusion

• Science data are continuously delivered to ground (1 Hz data rate); 
no gaps in gradiometer or satellite-to-satellite tracking instrument data 
stream 

• Excellent Gradiometric Observing System (satellite + instrument)

• Precise orbit product is top-notch!

• Very promising first gravity field results:
• The GRACE satellite-only models are very accurate up to d/o 

120-140;
• The 71-day GOCE solution is significantly more accurate at high 

degrees than the best GRACE satellite-only model, which is 
based on 30x more data, ITG10S. 

• Assimilation of more GOCE data will increase accuracy and 
allow higher resolution models (> degree 240);

• The full potential of the GOCE data can only be realized through 
combination with GRACE data.



GOCE - Conclusion

• With only 71 days of GOCE data, it has been possible to  
characterize the errors associated with the spherical 
harmonic coefficients of a  global gravity model (EIGEN-
GOCE-14p) derived from these data.

• In particular the mapping of the covariances in the 
space domain  exhibits a remarkable isotropy, and the 
prospects for oceanographic applications look very 
promising.



GOCE - Conclusion

• Data access open to all users free of charge and based 
on fast registration

• Data from non drag-free periods (commissioning phase, 
April – September 2009) will also be made available (use 
with care!)

• For all information: http://earth.esa.int/goce



CryoSat

Launched by DNEPR 
[SS-18 Satan] 
on 08-APR-2010 14:57:00z



CryoSat
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CryoSat - On-going Cal/val



Surface tracking is robust and coverage near complete

SIRAL performance meets or exceeds specification

L1b instrument corrections neither applied nor validated; 
Geo-corrections not validated. Anticipate range and phase offsets.

An Initial Look at CryoSat-2 Ice Sheet Data.

Beam-formation, slant range and orbit correction, multi-looking,
echo power, phase difference and coherence are nominal

Premature to determine performance at mission goal level.

CryoSat



CryoSat

– Commissioning Results Review 
on 22 October 2010 

– Handover to the Mission Manager and his team in 
ESRIN 25 October

– The release of data to all users will start with 
acquisitions on 1 December 2010

– Users will receive data after 1 January 2011 
(30 days to produce precise orbits).



CryoSat - Sentinel-3 SAMOSA Prototype 
SAR Altimeter Ocean Retracker

– Single-look Delay-Doppler 
Altimeter model and multi-
looking implemented as 
prototype SAR Alt ocean 
re-tracker

– Applied to CRYMPS

– Good fit between 
theoretical and CRYMPS 
waveforms

– Multi-looking & noise being 
optimised



CryoSat - Sentinel-3 SAMOSA Prototype 
SAR Altimeter Ocean Retracker

From Gommenginger et al. Poster, OSTST 2010

CryoSat-2



CryoSat



CryoSat

– First CryoSat Validation Workshop:  
1-3 February 2011 at ESA-ESRIN, Frascati,Italy 

– The workshop is open to all scientists
(with an interest in the CryoSat mission and its data products.)

– Objectives of the workshop are to provide a forum 
for information exchange on the mission.

www.cryosat2011.org



SMOS - Ocean Salinity

Launch: 2 November 2009 from Plesetsk, Russia, 
injection orbit very close to target, good pointing and stability



SMOS - Radio Frequency Interference

First image: March, 

Second image: 25 May after switch-
off of several sources

Identification and characterisation of RFI
sources and their elimination working
closely with SETSI
Some sources have been switched off!
In particular strong point source switched
off mid March (illegal local TV radiolink)
SETSI confirmed that the majority of the
RFIs in Spain are not coming from
military radars. No radar in Spain has
shown any strong out-of-band emission.
Additional in-situ measurements
commissioned to identify RFI sources in
Valencia and Bilbao region.



SMOS - Ocean Salinity

L2 accuracy estimated during algorithm validation
- 1-2 psu range 
- function of distance to track

- depending on environmental variables



SMOS - Ocean Salinity

Weekly global salinity map, April-May 2010: weighted averaging + discarding flagged data

by R. Sabia, SMOS-BEC, Barcelona (now at ESA-ESRIN)



SMOS - Ocean Salinity

Preliminary global validation: 

– March 2010: comparison of SMOS data 
composite with 7296 in situ salinity values 
(Argo floats)

– ~0.5 psu accuracy @ 0.25° resolution

by N. Reul, IFREMER, Brest



SMOS - Ocean Salinity

Level 1

- L1c and NRT processors are working very well
- Continuous and consistent multi-months Level 1 data sets are needed

- Geolocation and radiometric accuracies are within expectations
- RFI is a challenge in some areas ...
- But has been addressed successfully in Europe
- NRT data dissemination constantly improving, operational status reached

Level 2

- Level 2 SM and OS processors continuously improving, ongoing calibration and   
validation activities support the ESL

- For SM: preliminary results over Australia show encouraging results
- For OS: preliminary results show an accuracy of 0.5 psu at 25 km resolution for 

March 2010



SMOS - Where to Get Information

SMOS webpage
earth.esa.int/smos

Information on

- Data quality, products and release dates
- Processors and relevant documentation
- Instrument configuration (commissioning and routine)
- Mission planning
- Events (SVRT workshop etc)
- Available tools (Toolbox, Data viewer and others)
- link to CESBIO SMOS blog

Data access

eopi.esa.int (proposal or registration)
http://earth.esa.int/EOLi/EOLi.html (catalogue)

Campaign data

earth.esa.int/campaigns

http://earth.esa.int/EOLi/EOLi.html


ENVISAT

Launch: 1 April 2002 from Kourou, French Guyana



ENVISAT

– ESA’s first Earth Observation missions, ERS and Envisat, are continuously 
providing EO data to users since 1991.

2007 2008 2009 2010 2011 2012 2013 201420061991  

New orbital 
parameters

Envisat operations should end
in 2010, but Member States agreed 

to fund a 3-year extension

2002
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– On-board hydrazine allows Envisat operations until 2010 (nominal lifetime 
ended in Feb. 2007).

– Extending the Envisat mission can be achieved only through a change in the 
orbit control ensuring a reduction in hydrazine consumption



ENVISAT - Fuel Budget

– Major constraint for extension: limited fuel quantity.

– ~ 80 kg left from initial 314 kg loaded fuel.

– Fuel used for regular orbit maintenance manoeuvres:

– Out-of-plane inclination correction every 70 days requiring 
about 5 kg.

– Fuel required to de-orbit: ~ 2 kg per km.

– Solution for mission extension: abandon inclination 
control

– Only altitude control (in-plane manoeuvres) will be used 
after July 2010.



ENVISAT - Mission Extension Scenario



ENVISAT - Mission Extension Scenario



ENVISAT - Mission Extension Scenario

Altitude: 782.4 Km (-17.4 km)
Semi-major axis: 7,142,047 m
Eccentricity: 0.001158
Inclination: 98.476°
Repeat cycle: 30 days / 431 orbits

Delta nodal period: -0.087 s/year

ADOPTED APPROACH:
• Constant orbital period within a 

single repeat cycle
• Generation of N Reference 

Orbits, one per cycle
• Orbit propagation available only 

within a cycle



ENVISAT - Mission Extension Scenario

– The orbit inclination will drift at apogee of about 20 Km in 3.5 years.

– The MLST will first drift eastbound (22:00 to 22:07) then westbound (from 22:07 to 
21:50) with different average rates.

– The nodal period will decrease of 0.3 s over 3.5 years.

– The repeat cycle will not have a fixed duration, as the orbit will depend on the MLST 
drift.

– Only within a cycle, the orbit duration can be assumed as constant.

– Only within a cycle, there will be a constant correlation between UTC and ANX time.



ENVISAT - Mission Extension Scenario

Cycle n

Cycle n+1

After Oct. 2010, the Envisat orbit 
inclination will not be maintained:

no more out-of-plane
manoeuvres

the orbit inclination 
will (slowly) drift

The descending node 
will be located 

at latitude 38 deg. North

Orbit drift



ENVISAT - Mission Extension Schedule

Suspended service

(No data to users)

Quasi-nominal service
(Data to users

with quality disclaimer)

Nominal service

(Data to users)

Nominal service

(Data to users)

Satellite manoeuvres

22 Oct

#1 and #2

Phase E2

35 days cycle
orbit incl. control

Phase E3

30 days cycle  
no orbit inclination control

Transition Phase

Altitude decrease 
-17.4 km

22 Oct 2 Nov26 Oct End 20102002 2014

Satellite manoeuvres

26 Oct

#3 and #4

22 Oct 2 Nov26 Oct End 20102002 2014

Start Operations

26 Oct

Phase
Start Commissioning

2 Nov

Phase



ENVISAT - Mission Extension Commissioning

– Calibrate and validate all Envisat product types acquired 
after the orbit modification by end 2010

– Release data products as from the start of the 
Commissioning Phase (2nd November 2010)

– Data products will initially be tagged with a disclaimer

– The disclaimer will be progressively removed from each 
product type as Cal/Val activities progress

– Full nominal operations will start in January 2011 



ENVISAT - Conclusion

– The Envisat orbit change is a major modification of the mission.  The change 
is needed to ensure a longer mission lifetime, well beyond the limits 
imposed by the amount of hydrazine available on-board in the current 
orbital configuration.  

– With this change, all Envisat ground segment components (designed 10+ 
years ago to support a polar orbit based mission) are bent to work with an 
inclination-drift orbit, which in some cases has turned not to be trivial.  

– As in a new mission, all the tests are done with a very limited set of test 
data, therefore a proper commissioning phase is needed after the orbit 
change to calibrate the data products as well as to validate both the flight 
and ground segments.

– The cost of all the implemented changes have been absorbed by the 
nominal operations budget, with no additional cost. 

– We have made all possible efforts to reduce the impact of the change to 
users to a minimum.



ESA Climate Change Initiative 



Realize the full potential of the long-term global EO
archives that ESA, together with its Member states,
has established over the last thirty years.....

….. as a significant and timely contribution to the
ECV databases required by the United Nations
Framework Convention on Climate Change

6 Years / 75 M

Climate Change Initiative 



Two climate action paths

CEOS IP for GEOSS in 2007GEOSS 10-year plan in 2005

CEOS response 2006GCOS-107 in 2006GCOS-92 in 2004GCOS-82 in 2003

GCOS requirements <=> CEOS response



Copenhagen COP15 

“
Encourages CEOS to continue coordinating and supporting 
the implementation of the satellite component of GCOS

Urges Parties that support space agencies involved in global
observations to enable these agencies to continue to
implement, in coordinated manner through CEOS, the actions
identified in the updated CEOS report, in order to meet the
relevant needs of the Convention, in particular by ensuring
long-term continuity of observations and data availability

”





CCI starts with 11 ECVs  

CCI First Steps (11 ECVs) :  Later in CCI (10 ECVs)  : Not in CCI (24 ECVs)



Sea Level ECV

GCOS Requirement Current Status

Accuracy 

Stability

1 cm

0.5 mm/decade

2 cm

10 mm/decade 
(1 mm/yr)
(or less?)

(not that much!)  

a major scientific challenge



Main External Partners:

CCI: International Coordination

• UNFCCC which coordinates the interests and decisions of its Parties on
Climate Policy,

• GCOS which represents the scientific and technical requirements of the
Global Climate Observing System on behalf of UNFCCC,

• CEOS which serves as a focal point for Earth Observation related activities
of Space Agencies (e.g NOAA, NASA, JAXA, EUMETSAT)

• Individual Partner Space Agencies with whom ESA cooperates bilaterally
(e.g. EUMETSAT)

• International Climate Research Programmes, which represent the collective
interests and priorities of the worldwide climate research,

• EC and National Research Programmes which establish research priorities
and provide resources for climate research community within Europe (e.g.
DG Research, DG-JRC)

• GMES Partners: DG Enterprise and Industry, user DGs ENV, EEA…



• Climate modeling user group (CMUG)

• Hadley Centre; Meteo-F; MPI; ECMWF
• gateway to international community
• focal point for all ECV teams

CMUG



CCI: phased programme implementation 

Phase 1: (3 yr)
- Scientific user consultation, detailed specifications

Phase 2: (3 yr)
- Operational Systems implementation, production

Phase 3: ( 6 yr! )
- User assessment,  assimilation



CCI projects x 11

`2010 `2011 `2012 `2013

requirements 

algo dev, inter-comp,  selection 

system & product proto-typing

product validation & User assessment

Operational system specification

open

open

open

open

open



• error-characterization

• openness, traceability, repeatability

• scientific cooperation

key issues



• integrated
and consistent
approach

• to generating
space-based
climate records







thank you…
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