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http://earth.esa.int/GOCE

= The GOCE portal is the

single and comprehensive
access point for all GOCE-
related information,
resources, data access,
software, Mission News.

Visit us 11

For any enquiry or
request, send an e-mail to
eohelp@esa.int

GOCE single access point

Meed Help? Contact here

Data Access Missions Earth Topics ~ | PlCommunity ~

You are here  Home » Missions s ESA Operational EO Missions s GOCE

hat is GOCE?

ESA's dart-like Gravity field and Ocean Circulation Explorer (GOCE) Earth Explorer orbits

Earth's gravity field.

Launched in 2009, GOCE's state-of-the-art gradiometer is mapping Earth's geoid to an
unprecedented level of accuracy, opening a window into Earth’s interior structure as well
as the currents circulating within the depths of it's oceans

- Latest Mission Operations News

GOCE Mass Properties File
12 April 2012

GOCE Mass property file has been updated with data up to 12/04/2012.

© Read more

GOCE EOLI Archive: Invalid EGG products for day 01/11/2009
28 January 2012

Eight invalid products had been found on 01/11/2009 which were available the GOCE EOLI-SAsince 14/09/2011
© Read more

Proceedings of the 4th International GOCE User Workshop, 2011, now available on-line
18 January 2012

Waorkshop's presentations and posters (ESApublication CD SP-536), can now be downloaded from the GOCE
main page under 'Key Resources”

© Read more
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- Latest Mission Results News

Mapping the Moho with GOCE
08 March 2012

The first global high-resolution map of the boundary between Earth’s crust and mantle -

as close to Earth as possible - jJust 260 km up - to maximise its sensitivity to variations in
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Key Resources

GOCE User Toolbox (GUT)

GOCE Data Overview

GOCE Data Access

GOCE High Level Processing Facility - GOCE
Standards (pdf)

GOCE Level 1 Product Data Handbook (pdf)
GOCE Level 2 Product Data Handbook (pdf)
GOCE L1b-L2 XML Parser

GOCE Level-1b Matlab Readers

Earth Explorer Ground Segment File Format
Standard (pdf)

GOCE instruments positioning (pdf)
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GOCE Data Levels and Available
Products

Level-1b
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GOCE L1b Products {zesa

Orbit-wise products, dated.
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SSTI Data Processing

Nominal product contains position solution using
code observations (SST_NOM _1b)
Conversion into engineering units

Correction of phase and code observations for
instrument specific effects (IFB and ICB)
Corrected observations form RINEX product
(SST_RIN_1b)

Position solution used to derive correlation between
OBT and GPS time

In case of single frequency measurements effect of
lonosphere is corrected using lonosphere maps



Star tracker processing

« Conversion into engineering units

 Transform datation from On Board Time to GPS time and
UTC

« Correction for orbital relativistic aberration
(annual relativistic aberration is corrected on-board)

* Resolve sign ambiguity to get continuous quaternion
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Products Documentation

Comprehensive GOCE Products documentation is

available through the GOCE Portal.

All GOCE Dataset are fully described in the related

Product Data Handbooks
- http://earth.esa.int/GOCE.

- Key Resources

S C@SA Earthnet online

Data Access

Need Help? Contact here

Missions Earth Topics ~ | PlCommunity ~

You are here

Home » Missions » ESA Operational EO Missions » GOCE

t is GOCE

ESA’'s dartlike Gravity field and Ocean Circulation Explorer (GOCE) Earth Explorer orbits
as close to Earth as possible - just 260 km up - to maximise its sensitivity to variations in
Earth’s gravity field.

Launched in 2009, GOCE's state-of-the-art gradiometer is mapping Earth's geoid to an
unprecedented level of accuracy, opening a window into Earth's interior structure as well
as the currents circulating within the depths of it's oceans.

- Latest Mission Operations News

GOCE Mass Properties File
12 April 2012

GOCE Mass property file has been updated with data up to 12/04/2012.

© Read more

GOCE EOLI Archive: Invalid EGG products for day 0111172009
26 January 2012

Eight invalid products had been found on 01/11/2008 which were available the GOCE EOL-SAsince 14/09/2011

© Read more

Py di of the 4th | 1 GOCE User Worksh

2011, now available on.-line
18 January 2012

and posters (E:

P CD SP-696), can now be downloaded from the GOCE
main page under Key Resources'

® Read more
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- Latest Mission Results News

Mapping the Moho with GOCE
05 barch 201

1 The first global high-resolution map of the boundary between Earth's crust and mantle -
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GOCE L1b Products Quality Control

€

» All L1b products delivered by ESA are quality-verified.
» Systematic data quality assessment is performed for:

* Gradiometer Instrument (EGG),

« Satellite-to-Satellite Tracking (SSTI),

» Drag-Free and Attitude Control (DFACS),

« Star Tracker (STR)

earthnet online
= GOCE dalr orts EGG News
+  Reporting on EGG and G R .
: . L me e
SSTI data quality (daily T e

and Monthly), is made S

available through the
GOCE Portal.

ESA/EUMETSAT
Mizzions

Owerview
Current Missions
Histarical Missions

Potential Missions

Site Map

Frequently asked
questions

Gloszary
Credits
Terms of use
Contactus

Advanced Search
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GOCE Data Owverview
GOCE High Level
Processing Facility -
GOCE Standards (pdf)
GOCE Level 2 Product
Data Handbook (pdf)
GOCE instruments
positioning [pdf]
Gravity in detail

Geoid Applications
GOCE S5TI-A ANTER

GOCE L1b QC

ESA's low-flying grauity-
detector was weighty
tachnology challenge
Building ESA's gravity
mapping mission posed
hi-tech challenge

Thiles Alenla Space

L



GOCE Level-2 Products

GG’s with corrections for temporal
gravity variations and validated against

» Precise Science Orbits (PSO)
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 GOCE Gravity solution

* Variance/covariance matrices
associated to the Gravity solutions

« Gravity Coefficients (ICGEM format)

<~OCE



Main GOCE Reference Frames

IRF = Inertial Reference Frame

Z IRF EFRF= Earth Fixed Reference Frame
A LORF = Local Orbital Reference Frame

Z GRF = Gradiometer Reference Frame

EFRF
el / YErRE
GAST
X IR Y RF
X EFRF

See the GOCE
Standards

or the
GLOCE L2

Products
Handbook

All available
through GOCE
Website

earth.esa.int/GOCE
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“‘Real-time” release - Monthly

(latency = 6w)

GOCE Monthly Statistics L

COwverview

The main objective of the GOCE Manthly Statistics is to give, on a ez Besgn
regular basis, the status of EGG and S5TI data quality. Instruments

Fesources
Click the linke belovs to downiosd the Statisti
i e lin 'ow to downloa & Statistics report P ——
Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct (GUT)
2012 1 _h - ~ I_ S GOCE Data Ovarview
2011 Jan Feb Mar Apr I‘la\! Jun Jul C GOCE High Level
2010 Jan Feb Mar Apr Hay Jun ]ul Aug Sep Oct Nov Dec Processing Facility -
2009 lan Feb Mar Apr May Jun Jul Aug Sep Oct [[iiH HEE GOCE Standards (pdf)

Gravity Field Releases - Yearly

Third Generation released Nov 2011
Fourth Generation - 2013 (ahead of EGU).

Based on re-processed gradiometer data. %
Fifth Generation all data, till end of Missiorﬁs;

COCE




EGG L1b and L2 Release

Jan-12 Feb-12 Mar-12 Apr-12 May-12 Jun-12 Jul-12  Aug-12 Sep-12

Shk #14 Shk #15 Shk #16 Shk #17 Orbit Shk #18
Lowering

&

Next batch processing
Complete by Oct 2012> Sby AGU 2012

B e
E

Next batch

“Batch-wise” release w/QC
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GOCE Gravity Solutions

Three generations of GOCE global Gravity solutions have been
distributed so far. The latest one was released on November 2011,
based on the data available between November 2009 to June 2011.

Three different solutions are available, accounting for three different
processing paradigms:

« Direct solution (DIR)

* Time-wise (TIM)

« Space-wise (SPW)

SPW2 6 months|  240|Pure GOCE; uses kinematic orbits & gradiometry

DIR3 12 months| 240|Uses satellite-only normals + GOCE gradiometry

TIM3 12 months| 250|Pure GOCE; uses kinematic orbits & gradiometry

COCE



ESA Data Policy

Access to GOCE data is
Open a nd free Of 3 esa Earthnet Online |
C h a r g e Need Help? Contact here European Space Agency

Google™ Custom Saarch ‘m

Data Access Missions ~ Earth Topics ~  PlCommunity ~ Explore more... -

You are here  Home » Data Access Share | ] # |2

Abo

Data Access

U S e rs a re re q u e Ste d This section provides full details of the Earth observation data products available for each ESA and Third Party Data Access Home

mission. You can browse products by mission and instrument, or by Earth topic, typology and processing level. Browse Data Products
Alternatively, you can select a data product directly from the tables atthe base ofthe page Latest Data Products
- Products Typology
to e r O rl I l a s I m e The ‘From Delivery to Acquisition’ sub-pages (on the right-hand navigation bar) provide detailed information on the Data Product News
planning, acquisition, processing and the delivery specific to each instrument. Impartant information on how to Online Archives

access and apply for Earth Observation products is available from the PI Community section, accessible via the Catalogue Access

registration et

How ESA plans Data
- How to access EO data - Browse Data Products

How ESA acquires Data
How ESA processes Data
How ESA delivers Data
How to Access EO Data

S =] How to Access EO Campaign Data
Mission [=] Helpdesk
d
Instrument [=]
EO data distributed by ESA Typology |z| Open Opportu n ities fOr
How to access EO data online Pracessing Level =

Apply for data as a researcher Researchers
How to access GES data E3

List of free datasets

® o 8 © ©

© Read more international collaborations are

highly encouraged. The

— 3 radiometer will be made
0y available to the selected team
- Table Of |nStrUrnentS in winter 2012/ spring 2013 for
aloan period to be agreed,
initially one year and with possibility of renewal

ESA MISSIONS dependant upon accomplishments.
o G-POD

ESAis offering all scientists

y g-pod with the possibility to perform %

Radar Imagery Radar Altinetry Optical / i i i ¥ ic Data il Y

bulk processing exploiting

Low/Med Res. Med/High Res. the large ESA earth-
observation archive together with ESA available GRID
computing and dynamic storage resources

-
COCE
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The GOCE Virtual On-line Archive (VOA)

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

archivel .esa.int/Index.html \'H" c 'g." lanzarote ,O

= The GOCE =
Virtual On-line Ny
Archive (Cloud B
service) ESA GOCE Virtual Archive

9 The mOSt Home Available Global GOCE Gravity Models
d GOCE Level 1b products Product Description
Com p I ete a n = s EGM GOC 2 GOCE Gravity solution. Solutions are available up to Third Generation, with three different processing techniques:
updated data

EGG Quality Overview - =" | direct numerical solution, time-wise and space-wise solutions.
hive

EGM_GVC_2 | Variance/covariance matrices associated to the Gravity solutions. Available only through the Virtual Online Archive.

EGM_GCF_2 | Gravity Coefficients (ICGEM format)

SSTI Quality Overview

Monthly Quality Reports

9 AcceSSI ble GOCE Level 2 products Available L1b and L2 GOCE single Products

Instrument | Level Product Description

th rou g h SI m p I e SOCE Gravily MOESIS L1b  |EGG_MNOM_1b |Mominal Gradiometer Instrument data

EGG_NOM_2 | Calibrated and corrected gravity gradients in the gradiometer reference frame

2 t t' Changelog EGG
reg IS ra IO n L2 EGG_TRF_2 Calibrated and corrected gravity gradients in the terrestrial reference frame

EGG_QLK_2i | Gradiometer error Power Spectral Density estimated from Quick-Look gravity solutions

s
COCE




Obtaining data: User registration

http://eopi.esa.int/Registration

Users shall perform a

“Fast Registration”
through ESA’'s PI
Community portal.

An account with ordering
privileges shall be obtained
in order to access the GOCE
Virtual Online Archive

Users may also contact the
ESA’s Help and Order Desk,
EOHelp@esa.int, for
guidance on the registration
process.

<§§:— esa Earthnet Online

Data Access ~ | Missions

~ | Earth Topics ~ Ralef.0 1114 S

You are here  Home » Pl Community » Apply for Data » Fast Registration

- Fast Registration

Welcome to the free dataset registration area.

There are no deadlines for registration

® Guidelines for Registration

® Terms and Conditions for the utilization of ESAData

® Terms and conditions for the utilization of ESAThird Party Missions Data
® Listoffree dataset available via registration

© Register

Registration in this area is allowed only to those users requiring exclusively access to data
systematically available on Internet

If you are uncertain whether the product you pian 1o request falis in this category,
please consult the list of products available or comact the ESA ESRIN EOHelp.

Should you need to request products belonging to the "Restrained datasef”, please access
the Project proposal page

Data access guides: ESA TR

Explore Earthnet

Data access

Search data products | La products | Data news

|G crm [a]

Need Help? Contact here European Space Agency

Explore more... -

A share | [J @[S

Pl Community

Pl Community Home
Results
Search Results and Projects
Apply for Data
Fast Registration
Full Proposal
Campaigns
AO's
3rd Party
Focus on P
Toolboxes
Training
Proceedings
Events
News
MyEarthnet

- Related Content

® Listof free datasets
© ESATEC

© ESAdata Policy

® TPM data cost

2 TPMT&C

® EOLI-SA Catalogue
© Other Catalogues

Earth topics




GOCE Len

EGG Qua
S5TI Qu:
Monthly |
GOCE Len
GOCE Gr:

Changeloy

GOCE Gravity Field Model

Direct Solution - Third generation

Model Characteristics

GOCE Input Data:

— Gradients: EGG_NOM 2

— Orbits: S5T PEI (kinematic orbits)

- Attitude: EGG IAD 2C

— Data pericod: 200591101TOQ0000-20110419T235559

The full list of input data to this direct-approach model is provided in the IHD file.

A-priori Information used: I
—priorl graviLy Lie or e processing of the GOCE gravity radients:

The GOCE-model Znd realease from the direct approach GO CONS GCF 2 DIR R2
to degreeforder 240

Procedures:
The GOCE gravity gradients are processed without applyving the calibration factors.

The observation equations are filtered with a 10-125 mHz bandpass filter, and
subsequently "SG5" normal equations to dfo 240 are computed individually for the
gradient components Txx, Tyy and Tzz.

The Txx, Tyy and Tzz 5GG normal eguations are accumulated with the relative weight 1.0
To overcome the numerical instability of the GOCE-5GG normal equations due to the

polar gaps and to compensate for the poor sensitivity of the GOCE measurements in

the low degrees the following stabilizations were applied:

1) The GOCE-5GG normal equation was fully combined with a GRACE normal equation.

Details about this GRACE contribution are given below.

2} A spherical cap regularization in accordance to Metzler and Pail (2005) was
iteratively computed to dfo 240 using the GRACE data mentioned below to dfo 130.

3) Additionally a Kaula regularization was applied to all coefficients beyond degree 200

Details of the GRACE contribution:
GRACE normal equations to dfo 160 for the period 24 February 2003 through 30 June 20083,
based on the improved data editing and =olution regularization procedure of the




GOCE Data Tools

* (oce Level-1b and Level-2 data are plain-text xml.
* They can be processed by user-written routines.

« Basic tools are made available through the GOCE
website, free of charge

—> XML Parser, Matlab routines.

Besides these, GUT (GOCE User Toolbox) is a
comprehensive application for Level-2 data, supporting
applications in Geodesy, Oceanography and Solid Earth ¢
Physics. ‘;?

COCE




GUT: The GOCE User Toolbox

Release 2.1 includes the third GOCE Gravity 2 GUT
Field Solutions (TIM and DIR) and the 2011 Sl I
CNES-CLS Mean Sea Surface (in addition to ; ' :

DTU 2010 Mean Sea Surface).

It includes a tool for handling the GOCE
variance/covariance matrices and for
computing the Geoid height error variance and
covariance functions.




GUT: The GOCE User Toolbox

h~=
®
n
Q

Multi-platform, cmmd-oriented tool
Integrated with BRAT (Basic Radar Altimetry Toolbox)

9:12AM X alberto {i

(10f115)  FitPageWidth v

. Refers GUT-AD-001
= Ve 121 nage
User Guide and Algorithm Descriptions  pare :01un2011 10136

gut spatialmdt_gf

E e

GO_CONS_EGM_GOC_2__ 26091101T000000_20100630T235959_0002.DBL
MSS_CNES_CLS_11_2M.nc

B mE (<) alberto@mela: ~/GUT/MDT
f
-Ellipse TOPEX \

TOPEX R\
R -180:179.5,-89.5:90 \

. . -1 08.5:08.5 \

-OutFile \
SpatialMdt_fhan32_0.5-0.5_180_90.nc

S C R

Spatialmdt_fhan3z2.
#BratDisplay SpatialmMdt_fhan32.nc

alberto@mela:~/GUT/MDTS ~C

alberto@mela:~/GUT/MDTS ~C

alberto@mela:~/GUT/MDTS 1s

mdt-180_02.sh SpatialMdt_fhan32_0.2-0.2_180.nc
mdt-180_05.sh spatialMdt_fhan32_0.2-0.2.nc
mdt-1.sh spatialMdt_fhan32_0.2-0.5.nc
mdt-2.sh SpatialMdt_fhan32_0.5-0.5_180_90.nc
mdt-3.sh SpatialMmdt_fhan32_0.5-0.5_180.nc
mdt-demo.sh SpatialMdt_fhan32_0.5-8.5.nc
mdt.sh SpatialMdt_fhan32.0.5.nc
mdt.sh.save Spatialmdt_fhan32.nc
SpatialMdt_demo_0.5.nc Spatialmdt_fhan32_vi.nc
SpatialMdt_demo_1.nc SpatialMdt_fhan32_v2.nc
SpatialmMdt_fhan32_0.2-06.2 180 _96.nc

alberto@mela:~/GUT/MDTS r

(o] I

[}

F: Alberto Bigazzi




GUT: Main Documentation

« User Guide and Algoritm Description

.
« The GUT Tutorial
e u O rl a Reference : ESA/XGCE-DTEX-EQPS-SW-07-0001
u t Ut Version 6.1
| Tutorial Date =24 June 2011
[Goce usex TouLaox Page :10f 80
—— e —e— e |
=
[
Reference : ESA-GUT-AD-001
GUT !
g ut User Guide and Algorithm Deseriptions | g™ (ot o S
24 June 2011
GUT
User Guide and Algorithm Descriptions
Document change record
Version Date Prepared by Change description
10 31 March 2008 MH Rio Initial version
11 30 September 2008 MH Rio Beta version
2 24 March 2009 MH Rio Final version
3 9 April 2009 MH Rio Final version after
ESA review
4 14 March 2011 MH Rio Initial  version of
GUT v2.0 tutorial
4 7 March NA14 KA Din Final vareinm. nf

826x11.60in ¢ | 1 | »

Desktop B Libraries

COCE



Sample GUT: Geoid heights

geoid_height (geoid_height) - Unit: m
-106.827 -59.0239 -11.2213 36.5813 84.3839




Sample GUT: Mean Dynamic
Topography




GUT and BRAT integration

Multi-platform, cmmd-oriented tool
Integrated with BRAT (Basic Radar Altimetry Toolbox)

e Brat Interface - brat_ws_geotiff EI E

Workspace Datasets Operations Views Help

Operations |vViews | Loas

QOperation Name Convert MOT_to_geotiff - Execute [ Mew ][ Duplicate ][ Delete ] [ Export... Edit Ascii export
’ Delay execution Hm

Insert expression Insert field Insert function ... Insert formula... Save as formula... Insert algorithm. .. Delete expression
1 DIR_02 Product: NETCDF_CF/Generic NetCdf )
1 GOCE_DIR_1 Dataset: GOCE_MOT_2 y Unit Type .
| GOCE_MDT .
- Expression -

GOCE_MCT_2 i
Data expressions:

Fields

crs (count) =~k Data
crs_dimatology_bounds {seconds sir! 7 mdt
crs_earth_gravity_constant i Selection criteria (optional)
crs_earth_rotation_rate
crs_inverse_flattening
rs_semi_major_axis

lat {degrees_narth)

lon (degrees_east)

mdt (m)

P00 W

Data Computation | MEAN - Check syntax Show info. || Title / Comment

Resolution and filter information
X Resolution {(expression: lon’' unit: degrees_east)

Min.: -180 Max.: 180  Step: 13 MNumber of intervals: 1080
Y Resolution (expression: 'lat’ unit: degrees_north)

Min.: -390 Max.: 90  Step: 1/3 Number of intervals: 540

Set Resolution / Filter...
o n 3

wUCE
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GUT and BRAT integration

BRAT Display Output Tiff, Kml, etc..
NET CDF input data format

& eATWorld Plot- 0 T e A e

File View

mean_dynamic_topography (mdt) - Unit: m
-0.837481 -0.0729611 0.691558




GOCE single access point

http://earth.esa.int/GOCE

= The GOCE portal is the
single and comprehensive
access point for all GOCE-
related information,
resources, data access,
software, Mission News.

= Please, visit us I!

. | o o [a]

esa Earthnet Online

Data Access

Meed Help? Contact here European Space Agency

Missions Earth Topics ~ | PlCommunity ~ Explore more... -
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You are here  Home » Missions s ESA Operational EO Missions s GOCE

hat is GOCE?

ESA's dart-like Gravity field and Ocean Circulation Explorer (GOCE) Earth Explorer orbits
as close to Earth as possidle - just 260 km up - to maximise its sensitivity to variations in

Missions

Missions Home
ESA Operational EO Missions

Earth's gravity field. CryoSat
: : SMOS
Launched in 2009, GOCE's state-of-the-art gradiometer is mapping Earth's geoid to an GOCE
unprecedented level of accuracy, opening a window into Earth’s interior structure as well '_
as the currents circulating within the depths of it's oceans Science
Objectives
Applications
Satellite
. - - Instruments
- Latest Mission Operations News Nows
Envisat
GOCE Mass Properties File ERS
12 April 2012

Proba
GOCE Mass property file has been updated with data up to 12/04/2012. ESA Future Missions
3rd Party Missions

ESA Earth Observation Campaigns Data
ESA/EUMET SAT

ESA Mission Continuity

ESA Mission News

ESA User Services News

© Read more

GOCE EOLI Archive: Invalid EGG products for day 01/11/2009
28 January 2012

Eight invalid products had been found on 01/11/2009 which were available the GOCE EOLI-SAsince 14/09/2011

© Read more

Key Resources

Proceedings of the 4th International GOCE User Workshop, 2011, now available on-line

18 January 2012

Waorkshop's presentations and posters (ESApublication CD SP-536), can now be downloaded from the GOCE
main page under 'Key Resources”

GOCE User Toolbox (GUT)

GOCE Data Overview

GOCE Data Access

GOCE High Level Processing Facility - GOCE

Next © Standards (pdf)
GOCE Level 1 Product Data Handbook (pdf)
GOCE Level 2 Product Data Handbook (pdf)
- Latest Mission Results News GOCE L1042 X1l Parser
Mapping the Moho with GOCE
08 March 2012

© Read more
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GOCE Level-1b Matlab Readers

Earth Explorer Ground Segment File Format
Standard (pdf)

GOCE instruments positioning (pdf)
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The first global high-resolution map of the boundary between Earth’s crust and mantle -
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