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AD
ADIR

AO
AR
ARF
CCN
CDAF

CDR
CFlI
CMF
CPF
CTRS

DFACS

DPA

Abbreviations and Acronyms

Applicable Docunent

Architectural Design and Interface
Review

Announcement of Opportunity
Acceptance Review
Accelerometer Reference Frame
Contract Change Notice
Command and Data Acquisition
Facility

Critical Design Review

Customer Frnished Item
Calibration and Monitoring Facility
Central Processing Facility
Conventional Terrestrial Reference
System

DragFree and Attitude Control
System

Data Processing Archive

ECMWEF European Centre for Mediunange

ECP
ECSS

EFRF
EGG
EGGC
EOQ
ESA
FOS
GG
GOCE

GPS
GRACE

GRF

Weather Feecast

External Calibration Products
European Cooperation for Space
Standardization

Earth Fixed Reference Frame
Electrostatic Gravity Gradiometer

European GOCE Gravity Consortium

Earth Orientation Quaternions
European Bace Agency

Flight Operations Segment
Gravity Gradients

Gravity field and steadgtate Ocean
Circulation Explorer

Global Positioning System

Gravity Recovery And Climate
Experiment

Gradiometer Reference Frame

GRS80
GS
HPF
ICD
IERS

IGS
ILRS
IRF
LEOP
LORF
LRR
LTA
MBW
MPH
PDS
POD
PSO
QL
RD
RERF

RMS
SF
SGG
SLR
SOwW
SPH
SRD
SST
SSTI

uTC
WGS84
WP
XML

Geodetic Redrence System 1980
Ground Segment

High level Processing Facility
Interface Control Document
International Earth Rotation and
Reference Systems Service
International ®ISS Service
International Laser Ranging Service
Inertial Reference Frame
Launch and Early Orbit Phase
Local Orbital Reference Frame
Laser RetreReflector

Long-Term Archive
Measurement BandWidth

Main Product Header

Payload Data Segment

Precise Orbit Determination
Preci® Science Orbit
Quick-Look

Reference Document

Radial Earthpointing Reference
Frame

RootMean Square

Scale Factor

Satellite Gravity Gradiometer
Satellite Laser Ranging
Statement Of Work

Specific Product Header
System Requirements Document
Satelliteto-Satellite Tracking
Satelliteto-Satellite Tracking
Instrument

Universal Time Coordinated
World Geodetic System 1984
Work Package

eXtensible Markup Language
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1. INTRODUCTION
1.1 PURPOSE

The purpose of this document is poovide a detailed description of t@OCE level 2
products geerated by the High Level Processing Faciihd distributed to the GOCE users
These products includ8OCE gravity gradientS3OCE orbit solutions as well as the GOCE
gravity field models including supporting information. The documentrdeesc everythig
required to make use of the level 2 products fohimrprocessing or application.

1.2 APPLICABILITY

This document is part of the Deliverable Items List [BD The first issue iglelivered at
CDR and classifies foreview by the Agency. An update of tltmcument shall be delivered
a AR-1 and AR2 for approval by the AgencyThe document applies to the development
phase and to the actual implementation and operational phases of the HPF.

1.3 DEFINITIONS

The term AContracto i s entatiendkcontrast. i ndi cat e t he
The term fithe Contractoro is used to indica
The term AAgencyo is used to indicate the Eu

EGG-C is composed by 10 European institutions. Institutions ama te@nbers contributing
to the HPFRorojectare defined imablel-1.
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Table 1-1: EGG-C Team Members in Alphabetical Order
Acronym Institution Function Team Members
AlUB Astronomgtal Institute, University of | WP4000 Partner G. Beutler
Bern, Switzerland H. Bock
CNES Centre National WP5000 Manager G. Balmino
Groupe de Recherche de Géodésig S. Bruinsma
Spatiale, Toulouse, France
FAE/A&S | Faculty of Aerospace Engiagng, WP 4000 Manager P. Visser
Astrodynamics Satellite systems, | WP 3000 Partner
Delft University of Technology, WP 8000 Partner
Delft, The Netherlands WP 6000 Consultant
GFz GeoForschungsZentrum Potsdam, | WP 5000 Partner Ch. Forste
Department 1 Geodesy and Remot
Sensing, Potsaa, Germany
IAPG Institute of Astronomical and Principal Investigator R. Rummel
Physical Geodesy, Technical Management Th. Gruber
University Munich, Germany WP 3000Manager U. Hugentobler
WP 4000 Partner J. Bouman
WP 6000 Partner
WP 8000 Manager
ITG Institute of Theoretical Geodesy, | WP 6000 Partner W.D. Schuh
University Bonn, Germany
POLIMI | DIIAR i Sezione Rilevamento, WP 7000 Manager F. Sanso
Politecnico di Milano, Italy F. Migliaccio
SRON SRON National Institute for Space | Management R.van Hees
Research , Utrecht, The Netherland WP3000Partner S. Rispens
TUG Institute ofNavigation and Satellite | WP 6000 Manager H. Stinkel
Geodesy, Graz University of R. Pall
Technology E. Hock
UCPH Department of Geophysics, WP 3000 Partner Ch. Tscherning

University of Cpenhagen, Denmark

WP 7000 Partner
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2. APPLICABLE AND REFERENCE DOCUMENTS
2.1 APPLICABLE DOCUMENTS

[AD-1]
[AD-2]
[AD-3]
[AD-4]
[AD-5]
[AD-6]

[AD-7]
[AD-8]

[AD-9]

[AD-10]
[AD-11]

[AD-12]
[AD-13]

[AD-14]

[AD-15]

GO-SW-ESA-GS0079: GOCE High LevdProcessing Facility, Statement of
Work, Issue2.0, 4. May 2004

GO-RSESA-GS 0080 GOCE High LeveProcessing Facility, Statement of Work
Appendix 1, Management Requirements, I1sa0e4. May 2004
GO-LI-ESA-GS0081: GOCE High Level Processing Facility, Statement of Work
Appendix 2, Deliverable Items List, Iss@€, 4. May 2004

GO-RSESA-GS0082: GOCE High Level Processing Facility, Statement of Work
Appendix 3, Technical Requirements Specification, 150e4. May 2004
GO-LI-ESA-GS0087: GOCE High Level Processing Facility, Statement of Work
Appendix 4, List ofCFl, Issue 1.0, 5. December 2003

GO-TN-ESA-GS-0085: GOCE High Level Processing Facility, Statement of
Work Appendix 5, Tailoring of ECSS Standards, Issue 1.0, 5. December 2003
ECSSE-40B: Space Engineering, Software Standards, Draft IssuduB82000
ECSSQ-80B: Space Product Assurance, Software Product Assurance, Issue 3.
April 2000

PETN-ESA-GS-0001: Earth Explorer Ground Segment File Format Standard
Issue 1.4, 13.6.2003

GO-ID-ACS-GS0109:L1B Product Specificatiobocumentissue 33, 30.7.2007
GO-ID-HPFRGS-0041: Product Specification for L2 Products and Auxiliary Data
Products, Issu6.1, 30. April 2009

GO-TN-HPFGS0111: GOCE Standards, Iss@el, 30. April 2000
GO-RSESA-GS0158: HPF Bridghg Phase (HPBP) Statement of Work, Issue
1.0, 2.10.2006

GO-SW-ESA-GS0194: HPF Bridging Phase 2 (HBP2) Statement of Work,
Issue 1.0, 30.10.2007

GO-SW-ESA-GS-0251: HPF Bridging Phase 3 (HP3) Statement of Work,
Issue 1.0, 5.120(8

2.2 REFERENCE DOCUMENTS

[RD-1]
[RD-2]
[RD-3]
[RD-4]
[RD-5]
[RD-6]
[RD-7]
[RD-8]
[RD-9]
[RD-10]

ESA-SP-1233(1): Gravity Field and Stea@tate Ocean Circulation Mission
GO-RSESA-SY-0001: GOCE Mission requirements Document
GO-TN-ESA-GS0017: GOCE Ground Segment Concept and Architecture
GO-SP-AI-0004:GPS Receiver Ground Processing Algorithms Specification
GO-SRAI-0003: Gradiometer Ground Processing Algorithms Specification
GO-TN-AI-0067: Gradiometer Ground Processing Algorithms Documentation
GO-TN-AI-0068: Gradiometer Ground praseng Analysis

GO-PL-AI-0039: Gradiometer Calibration Plan

GO-TN-AI-0069: Gradiometer O@rbit Calibration Procedure Analysis
GO-RP-AI-0014: Mission Analysis Report
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[RD-11]
[RD-12]
[RD-13]

[RD-14]
[RD-15]
[RD-16]
[RD-17]
[RD-18]
[RD-19]
[RD-20]
[RD-21]
[RD-22]
[RD-23]
[RD-24]
[RD-25]
[RD-26]
[RD-27]
[RD-28]
[RD-29]

[RD-30]

[RD-31]
[RD-32]

CSMA-DMS-GS0001: Earth Explorer Mission Conventions Docuinen
GOMA-AI-0002: GOCE User 6s Manual
GO-TN-AI-0027: Performance Requirements and Budgets for the Gradiometric
Mission

GO-TN-IAPG-0001: Detailed Processing Model for EGG
GO-TN-IAPG-0002: Detailed Processing Model for SSTI
GO-ID-ESGFS5070: FOS/PD$ PDS/SLR: Predicted Orbit File
GO-RSESA-GS0052: Product Requirement Document

ECSSM-00A: Policy Principles

ECSSM-10A: Project Breakdown and Structures

ECSSM-20A: Project Organization

ECSSM-30A: Project Phasing and Planning

ECSSM-40A: Configuration Management

ECSSM-50A: Information / Documentation Management
ECSSM-60A : Cost Schedule Management

ECSSM-70A: Integrated Logistics Support

GO-MI-ESA-0101: Minutes of the HPF Negotiation Meeting
GO-Al-HPFGS-0008: Action Item Reply of HPF Negotiation Meeting
GO-AI-HPFRGS-0013: Action Item Reply of HPF Negotiation Meeting
GO-ID-ESGFS5070: FOS/FDS to PDS/SLR: Predicted ®fble Interface
Control Document

DTOSFDOSFDIS-ICD-0250 TOS-GFM: Flight Dynamics Infrastructure
Software Napeos Interface Control Document

PETN-ESA-GS0001: Earth Explorer Ground Segment File Format Standard
GO-ID-ESA-GS0037: GACE Ground Segment Master ICD

As a general rule it holds that the latest approved issue of the document is applicable, except
if the issue number and the document date is specified.
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3. GOCE GROUND SEGMENT
3.1 OVERVIEW GOCE GROUND SEGMENT

The GOCE ground segmeconcept and architecture is described in {§DThe following
gives a brief summary of all ground segment elements, depickegure3-1.

Figure 3-1: GOCE Ground Sysm

' Space Segment '
RTTM
TC | Rec.TM
Science Data
Ops.Flans S/AW Images N
R;;er::r;ce *FESCC HK TM Data Satellite Prime
£ ning Reports - W Cantr. (SPC
g Facilit * CDAF Predicted Orbit - (8PC)
& * LEQP Stations Pointing Dala
bl
5| Calibr. Science Data
2| Rules rec. HKTM Data
8 Reports Aux. Data ux Data Provider
i lanning Data
2= - Products I 3 9 Laser Data Laser
w aIubrah_onf PDS
§ Monitoring Aux. Data . Prﬂ.cessing LOL1b GPS Data Community
Facility Products - DPA ' |
— IGS
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E Ao Aux [
| LongTerm | Products ) |2 |ae ECMWF o
i Archive - £ ECP &
GPS MNetwork =
% v g — Other Aux. g
frr eteo Data 1] Data
& User Service |g| !Nventory Data 2 HFF - |- ;
8| Faciiy » g
@ ] S g
v 7
User Community

3.2 HIGH-LEVEL PROCESSING FACILITY

Within the GOCE GS the HPF is one of the Core GS Elements-@®8tolled), and it is
charged with the generation of L2 products and acquisition of the external (auxiliary) data
needed to generate these products, theedg of these products (auxiliary, intermediate and
final) to the PDS/DPA and/or the LTA and the generation afck3Look Productsand
ExternalCalibrationProductsfor the purpose of the activities of the CMF.
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4. MISSION AND PRODUCTS OVERVIEW
4.1 THE GOCE MISSION

Mission Goals

GOCE is the acronym f orstateA@ean \Circulgth Ekploeed d an c
mi ssi ontih.e Ifti risgd core satellite mission of
programme. The objective of GOCE is the determination ofthtonary part of the Earth

gravity field and geoid with highest possible spatial detail ancliracy The gravity and

geoid model derived from the GOCE misswitl serve science and application in the fields

of solid earth physics, oceanography, gegdmsd glaciology, compare (Johannessen et al,

2003; Rummel et al, 2002).

Two main uses can be distinguished. Firstly, the spatial variations of gravity and geoid are
directly related to density anomalies in lithosphere and upper mantle, respectively, and
consequently to interior stresses and ultimately to mass motion. In this respect GOCE
provides important new information to studies of continental and oceanic lithosphere and
upper mantle. Its information is complementary to that of seismic tomograpggetiafield
models,geokinematicstudies and laboratory results. Secondly, a detailed geoid surface when
combined with satellite altimetry yield®a surfacéopography, the quastationary deviation

of the ocean surface from its hypothetical surfaceraedt. Under the assumption of
geostrophic balance ocean topography can be directly translated into a global suepoaf

ocean circulation. Thus, ocean surface circulation becomes directly measurable, globally and
uninterruptedly. In conjunction with Higr resolution ocean models and ocean measurements,
GOCE is expected to improve significantly estimates of global mass and heat transport in the
oceans Furthermore the global geoid will permit height systems to be connected globally
with almost craprecison. Sea level variations in Australia, or East Asia will become directly
comparable with those measured in Europe or America. These and other expected scientific
benefits from GOCE gravity and geoid models demonstrate that this mission represents an
important element of global observation of mass anomalies, mass transport and mass
exchange. The science goals and the requirements on the mission performance are
summarized imable 4-1.

The science goals as summarized able 4-1 can be reached on tlwendition that GOCE

can determine gravity and geoid with a precision ot (correspondi2ng t o
cm, respectively, with a spatial resolution of better of 100 km half wavelength and that these
results are achieved free of long wavelength systematic errors. The mission performance
depends on the gravity sensor systerboard GOCE.
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Table 4-1: Science Goals of the GOCE Mission (ESA, 1999)
Accuracy Spatial Resolution
Application Geoid Gravity (half wavelengthi D in
[cm] [mgal] km)
SOLID EARTH
Lithosphere andpper mantle density structure 1-2 100
Continental lithosphere:
A Sedimentary basins 1-2 50-100
A Rifts 1-2 20-100
A Tectonic motions 1-2 100-500
Seismic hazards 1 100
Ocean lithosphere and interaction with asthenospher 0.5-1 100-200
OCEANOGRAPHY
A Short scale 1-2 100
0.2 200
A Basin scale a0. 1000
ICE SHEETS
A Rock basement 1-5 50-100
A Ice vertical movements 2 100-1000
GEODESY
A Levelling by GPS 1 100-1000
A Unification of worldwide height systems 1 10020000
A Inertial navigation syem 1-5 100-1000
A Orbits 1-3 100-1000
SEA LEVEL CHANGE Many of the above applications, with their specific
requirements, are relant to studies of sekevel
change.

GOCE Sensor System

The GOCE satellite and its instruments are showhiguire 4-1. Core instrument is three
axis gravity gradiometer. It consists of three pairs of orthogonally mountaxlis3
accelerometers.e. an orthogonal arrangement of three-axis gradiometers with the x
axis nominally inthe along track direction, theaxis cross track and theaxis roughly in the
radial direction The gradiometer baseline of eggdir is about 50 cm. The accelerometer

precision is10**ms? /4 Hz along two axes with théhird axis less sensitiveFrom the
measured gravitational acceleration differences the three main diagonal terms of the
gravitational tensof , .0 z)las well asthe offl i a g o n aJdcantbedetermified with

high precision whereas the offii a g o n a I,y amn e mige adower precisionThe
extremely high performance of thgradiometerinstrument is confined tahe so-called
measurment bandwidth (MBW). In addition, the gradiometer yields the required information
of the angular acceleration about the-ofiplane axis of the gradiometer. This information in
combination with the angular rates as derived from the star sensor readirsggds control
signalfor angular control of the spacecraft. The satellite has to be guided well controlled and
smoothly around the Earth an Earth pointing nate, i.e. withone full revolution per orbit
revolution. Angular control is attained via magmtorquers. This implies thactiveangular
motion is possible onlyover part of each orbit revolution. In order to prevent-non

gravitational forcess o fisneako into the measured diffe
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effect, t he s aftredrdalong érack dsrectiorbypnieansi af a pagr of ion
thrusters. The necessary <control smgdead IS
accelerations (=mean accelerations) along the three orthogonal axes of the accelerometer pairs
of the gradiometer.The gradiometric and angular signphrt of the common mode
acceleration is a result of the imperfect symmetry of the gradiometer relative to the spacecraft
centre of masandhas to be modelled.

The second gravity sensor device is a newly developedr&fe®er. From its measurements
the orbit trajectory is computed to within a few centimetres, either purely geometrically, a so
called kinematic orbit, or by the method of reduced dynamic orbit determination. As the
spacecraft is kept in an almost difage mode (at leastlong track the orbit motion is purely
gravitational. The observations from the GPS recearercomplemerdry to thoseof the
gravity gradiometerThey provide high quality information about the long wavelength gravity
field, which is otside the measurement bandwidth of the gradiometer. By a joint analysis of
data from both gravity field sensors the final GOCE gravity field models are determined.

Figure 4-1:. The GOCE Satellite and itastruments

In summary, GOCE is a technologically very complex and demanding mission. The
gravitational field sensor system consists dhi@eaxis gravitational gradiometer and GPS
receiver as core instruments. Orientation in inertial space is defived star sensorn
combination with gradiometer observatioBommon mode mode accelerations from the
gradiometer and orbit positions from GPS are used together with ion thrusters fhredrag




GOCE Level 2 Product Data Handbog

//% Doc. Nr: GO-MA-HPFGS-0110
- Issue: 5.0
\ @‘/ Date: 04.08.2014

Page: 17 of 84

GCOCE

control and with magnettwrquers for angular control. Theipciple of the system is shown
in Figure4-2 and the system elements are summarizetahble 4-2.

Table 4-2: Elements of the Gravitgensor System of GOCE

Element Purpose

Measuresliagonalgr avi ty gryadandaofds agonal gr gy ixd
lyz ininstrumentsystem Di agonal g r ay iare highlg acaumtim MBW 9
3-axis gravity (measurement bandwidth)

gradiometer Measures angular accelerations (lhyghccurate around-gxis, which is the satellite spin
axis andess accurate around X, z axes)

Measures common mode accelerations

Star sensors Measure high rate and high precision inertial orientation

GPS receiver Measures orbit trajectory with eprecision

Laser retro Used for orbit validation.

reflector

lon thrusters Used for drag controfControl signal froncommon mode accelerations from gradioenet

Magneob-torques | Angular control lased on angular rates from star sensors and gradiometer

Cold gas thrusters| Gradiometeis calibrated irflight with cold gas thrusters generating random pulses. Th
quadratic factors (nehinearities in accelerometer control system) are determined with
sinusoidal motion of test masses of the accelerometers.

Input Signals

Derived
Signals

Satellite
System
and
Sensors

On Board Signal-
Processing and
Regulators

Down Link

Data Processing

GPS post
processing

(DQQ r('()M r[)l" X

Figure 4-2: The GOCE Sensor System
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4.2 GOCE DATA PROCESSING OVERVIEW

Operational Ground Segment Elements

The European Space Agency has defined a ground system, which will prepare and process the
GOCE observations up to-salled level 2oroducts. Level 2 products will be precise orbits
gravity gradientand GOCE gravity field models as well as qualitglicatorsassociated to

them. These level 2 products will be available to the users in solid Earth physics,
oceanography, geodesy anthars.Figure3-1 shows the structure of the ESA GOCE ground
system elements and their interrelations.

FOS: The Flight Operation System controls the satellite and receives thelemetrydata
on ground.

PDS: The Pajoad Data System processigsm raw observations (level 0) corrected and
internally calibrated instrumental data sets with physical meaning (e.g. GPS range and
phase observations, gravity gradients)( levgl 1

CMF: The Calibration and Monitoring Facilifyermanently monitors the quality of the level
1b data by applying dedicated test algorithms.

HPF: The High level Processing Facility generates from lebeldta the final GOCE orlst
and gravity field products (level 2).

Supporting elements to these fdarnel elements are the satellite prime contractor providing
support on the instrument performance analysis, the auxiliary data providers providing
supporting data sets to perform the processing tasks and théetongarchive and user
service facility poviding finally the GOCE products to the user community.

The GOCE High Level Pocessing Facility (HPF)

The HPF is as a distributed systeleveloped and operated by the European GOCE Gravity
Consortim (EGGC). In order to fulfil the mission objectives, dedicated scientific data
analyss and processing systeim implementedRummel et al, 2004)The major processing
tasks ofthe HPF are as follows:

1 The generation of calibrated GOCE gravity gradient products (external calibration of
gradiometer data, dnsformation to terrestrial reference frame): The level 1b
gradiometer products are already internally calibrated. This means on the hand that the
nortlinearity in the accelerometers feedback loop has been determined and physically
adjusted to zero. On thether hand calibration parameters are applied to the
accelerations. The calibration parameters and-linearities are derived from a
dedicated data analysis of observations taken during satellite and electronic shaking
manoeuvres. However, at this pottie relationship between the observed gravity
gradients and real gravity field is still to be established. In order to do so an external
scientific calibration of the gravity gradients is performed by comparison with existing
gravity information. In additn, these level 2 gravity gradients in the gradiometer
reference frame are transformed to a terrestrial reference frame.
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1 The generation of GOCE validation products (qumbk gravity field and orbit
solutions for data validation): Level 1b products froothbsensors, SSTI and SGG,
have to be validated in order to warrant a continuously high quality data flow, which is
required to meet the mission objectives. For this reason the HPF implements several
validation tools, which permanently monitor the quabfythe level 1b products by
derivation of secalled quicklook or rapid products on a level 2 basis. This means
orbit and gravity field solutions are systematically generated from partial data sets of
new GOCE observations with latencies of a few dayssédhsolutions are further
evaluated in order to find out whether the mission performance requirements are met.

1 The generation of orbits and gravity fields from levelgtbductsgenerated by the
PDS (nominal and calibrated producterh the gradiometer anthe GPSreceiver):

The level 1b products consist mainly of gravity gradients in the gradiometer reference
frame gradiometer attitude quaternioasd pseudsanges and phases from the GPS
receiver. They require a comprehensive scientific data procesdmg lleey can be

used to computsatellite positionsndvelocities and gravity information in terms of a

set of spherical harmonic coefficients (including their estimated full varance
covariance matrix), geoid heights, geoid height errors, geoid slapesgiavity
anomalies.

1 The acquisition of auxiliary data needed for level 2 products generation: The most
important are Earth rotation parameters from the International Earth Rogattbn
Reference Systenfervice (IERS), GPS orbit, clock and ground statiata from the
International BISS Service (IGS), satellite laser ranging data from the International
Laser Ranging Service (ILRS) and atmospheric parameters from the European Centre
for Medium Range Weather Forecast (ECMWF). Apart from this a variety of
supporting data like planetary ephendges, solar flux, geomagnetic indices, tide
models, digital terrain models, external gravity field information and others have to be
acquired. The HPF will acquire all ancillary data, check their quality and stordrihem
a local HPF processing archive as well as in the long term GOCE archive, in case they
are required for reprocessing purposes.

In summary one can state that the HPF represents the interface between the pure satellite
system (which is represented by tre-processed level 1b products) and the science level 3
users. It applies scientific analysis techniques to the satellite observations in order to derive
guantities adequate for level 3 an&sThis enables the exploitation of the mission in a
multi-disciplinary approach.

4.3 GOCE LEVEL 2 PRODUCTS SUMMARY

During the level 2 processing various intermediate level 2 products are generated. They
contain intermediate results necessary for the next processing step in sequence. These
products are not foreseem lbe provided as standard GOCE products to the users. Final level

2 products, which will beailable tothe GOCE user community alistedin Table 4-3. Pre
processed and calibrated gradiometer data and precise soréitsewill be available with a
latency of two weekand precise orbits with a latency of four weeReth products represent

the main input to the gravity field processors. The final gravity field solution will be available
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about6 months after completionf each measurement operations phase. The transformed
gravity gradients in an Earth fixed frame will be available after approximhtalgnth.

All GOCE level 2 productsre available tothe user community via the ESA GOCE user
service interface. The pradtsareprovided in XML format in order to enhance the products
readability and the Hfile data definitiongsee chaptes.3).

Table 4-3: List of GOCELevel2 End UseData Roducts.

Product Name Product Definition Remarks
Gravity Gradients
EGG_NOM_2_ L2 gravity gradients in GREsee chapter 4.4.1With Latency 2 weeks

corrections

9 Externally calibrated and corrected gravity gradient

9 Corrections to gravity gradients due to temporal
grawty variations

9 Flags for outliers, filin gravity gradients for data gap
with flags

1 Gravity gradient error estimates

EGG_TRF_2_ L2 gravity gradients in LNOF (see chapted.l) with Latencyl month

corrections:

1 Externally céibrated gravity gradients in local north
oriented frame including corrections to gravity
gradients due to temporal gravity variations

9 Flags for outliers, filin gravity gradients for data gap

with flags
9 Gravity gradient error estimates
GRD_SPW_2 Grids of gravity gradientst satellite altitude from the Latency 1 year
spacewise approach
GRC_SPW_2 Combined grids of vertical gravity gradients and gravit] Latency 1 yea

anomalies at ground level (10 km altitude) from space
wise approach.

GOCE Orbits

SST _PSO 2 Precise science orbits Latency 4 weeks

1 Reduceddynamic and kinematic precise science orh

9 Rotation matrices between IRF and EFRF (see cha
4.4.1)

9 Variancecovariance information for kinematic
positions

9 Quality report for precise orbits

GOCE Gravity Fields

EGM_GOC_2_ Final GOCE gravity field model Latency 6 months

9 Spherical harmonic series including error estimates|

9 Grids of geoid heights, gravity anomalies and
deflections of the vertical

1 Propagated error estimates in terms of geoidhtsi

1 Quality report for GOCE gravity field model

EGM_GVC_2_ Variancecovariance matrix for the final gravity field in | Latency 6 months,
terms of spherical harmonic series Only on physical
media
SST _AUX 2 Time variable gravity field duto nontidal mass Latency 2 weeks

variations. éhourly time series of gravity field spherical
harmonic series.
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4.4 GENERAL DEFINITIONS AND CONVENTIONS

All details about general definitions and conventions applied for level 2 data processing are
specified in [AD-12]. In the following a short summary desandp the most essential
definitions and conventions is provided.

4.4.1 Reference Frames and Time System

GRF - Gradiometer Reference Frame & ARF Accelerometer Reference Frame

GRF is the coordinate system imhich the components of the gravity gradient teraer
measured by GOCEHKsee Figure 4-3). The GRF represents the Thikeis Gradiometer
common reference for the mutual positioning and alignment of the three One Axis
Gradiometers and for the positioning and orientation of the whole instrument with respect to
external reference frames. Nominally the origins obakt-axis gradiometer reference frames
(OAGRP coincide in one intersection point. The corresponding axesaoh ®f the 3
OAGRFb6s are parallel and point i atcelérdmeters a me
reference framesARF) are parallel and point in the same direction.

Xere

YGH: e
Ya

Figure 4-3: : Notationand locatbn of the 6 accelerometers of the GOCE gradiometer in the GRF and véth all
ARF6s. The axes of the ARF shown by solid arr ow:
accelerometer. The axes of the ARF shown by dashed arrows are aligned to thesithgs ares
of the accelerometer. Each colour represents aagisegradiometer. The shadowed surfaces
represent the locations of the lower plates (and the sole plates).
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LORF 1 Local Orbital Reference Frame

The aigin O orris located at the actuahtelite centre of mass; Yrr axis (roll)is parallel to
instantaneous direction of the orbital velocity vectd) (ith the same sign as this vector.
Y Lorr axis (pitch)is parallel to instantaneous direction of the orbital angular mome{m (
with the samesign asN (V andN are orthogonal by definition, sindé= R 3 V, whereR is
the vector from the Earth centre to the origie Z, orr (yaw) axisis parallel toV3 N, with
the same sign ag® N

Orientation of GRF/LORF in Space

Figure4-4 shows how the fundamental reference framegeleded toeach otherThe GRF

does not fully coincide with the LORF. In science mode the satellite will operate Hirdeag
mode for the flight direction only with platform attitude taied by the magnettorquers

over the poles. Since the magmtorquers canonly operateclose to the pole, the yaw
steering mode allowshe roll angleto accumulate at the equator by a few degrébs
maximumyaw anglevalue of 3.5° igeachedat theequator due tout-of-planeforcescaused

by Earth rotation. Thus the satellite will be yaw steered to within £3.5° (with respect to the
LORF) in order to minimise lateral forces and torques.

<

IRF = Inertial Reference Frame

Z IRF EFRF= Earth Fixed Reference Frame
A ZLORF 3 LORF = Local Orbital Reference Frame

A Z GRF = Gradiometer Reference Frame

4 y EFRF
Xore  YoRF &
X OR
YoRF
u
I Yerrr
GAST
X |RF Y RF
X EFRF

Figure 4-4: Definition of fundamental Reference Systems for GOCE
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Inertial Reference Frame (IRF)

The inertial reference frame (IRF) is a spatial reference system, which is fixed in space. The
IRF is an orthogonal, right anded syst em. | t s oeriogmass i s a
(geocenter), the orientation is equatorial, where thgig is the direction of the celestial pole.

The xaxis is fixed in the equatorial plane in direction to the vernal equinox. A detailed
description of the inertial reference system and tfamsformation between the inertial
(celestial) and terrestrial (Eartixed) reference system is provided in [AL2].

Earth-Fixed Reference Frame (EFRF)

The EarthFixed Reference System (EFRF) is a spatial reference systeotatiog with the

Earth inits diurnal motion in space. The EFRF is an orthogonal, -hghded system. lIts
origin is at the Earthoés center odaxisnsadhes (ge
direction of the pole). The-axis is fixed in the equatorial plane in ditiea to the Greenwich

meridian. The angle between thexis of the inertial reference frame (defined by the vernal
equinox) and the Greenwich meridian is the Greenwich Apparent Sideral Time (GAST).

Local North Oriented Frame(LNOF)

The Local North Orieted Frame (LNOF) is a rigtitanded NorthiNVestUp frame with the X
axis pointing North, the Maxis pointing West and the-akis Up. The calibrated gravity
gradients of the EGG_TRF_2 products are provided in this system.
1 The originOnor is located at theominal satellite centre of mass
1 Z.noris defined as the vector from the geocenter to the d@giar, pointing radially
outward,
1 Ywvoris parallel to the normal vector to the plane of the geocentric meridian of the
satellite center of mass, pointing weatd,
1 Xunoris parallel to the normal vector to the plane defined s andZ, nor

With respect to thgeocentric latitude and East longitude,() of#he GOCE center of mass
in the CTRYConventional Terrestrial Reference System, see- 12D the 3 xes are defined
as follows:

acos/ cos/ 6 d&n/ 0 - sSi fos

Fs NI 0. _ 0 _ .
Z nor = 809 sin/ ok Yhor = 208 / ’Q)ISNOF = S@ /sin

E s ¢ ® 9 =Y

Time System

All GOCE products are timtagged in GPSme. This time will be derived by correlating the
on-board time with the GPS time. In case no GPS time is available (due to receiver outage)
the GPS timeis automaticallydetermined by correlating the -@oard time with UTC and
applying the constant and leap second time shift.
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4.4.2 Mathematical Conventions

4.4.2.1 Earth Orientation Quaternions

The rotation matrix provided together with the precise sciemb# is defined in terms of
quaternions. Earth Orientation QuatersdiEOQ) define therotation betweerthe Earth

Fixed Reference Frame (EFRF) and Inertial Reference Frame (IRF). Quaternions are used in
the following way e.g. for a rotation of a vectoom EFRF to IRF.

The quaterniom is defined in terms of Euler symmetric parametgrsl,, gz, da:

q=0q, #q, {0, ke (4.2)
= sinﬁ sinf sinf GOS-/
0,=¢ 5 Q =% 5 q = 5 q 5

wheree, e,,e, are components of the Euler axis afidis the corresponding rotation angle
(the angle of the &me rotation around the axis defined by the unit veatpre(,g)). The
quantity s is the real or scalar part of the quaternion &pd- jg, *ais the imaginary or
vector part. The, j, k are the hyperimaginary numbesatisfying the conditions:

i2 - J 2 :k 2 :1
1= e (4.2)
k=¥ =
ki= ik F
The ransformation of the orbgosition and velocity given in tHeFRF Earth-Fixed
Reference Frame) intbe IRF (nertial Reference Frame) is defined as:
Xire = R Xepge (4.3
XIRF = R ><EFRF +R )%FRF
XIRF = R XEFRF +M/R )%FRF
where the rotation matrix R is computed by:
&f- ¢ -6 & 2(qq ag) 2099 gg)@ (4.4)

R=gz(qq-qq) 4 & & 4+ 2@, 9%)3
82(q0+%9) 299-99) G4 § G G

The skewsymmetric matrixl#/ can be approximataaith sufficient accuracyy:




GOCE Level 2 Product Data Handbog

’ Doc. Nr: GO-MA-HPFGS0110
f% Issue: 5.0

‘\!\‘"/ Date: 04.08.2014
' Page: 250f 84
GCOCE

e 0 w -wge ® wo

_€ u e
W=g-w 0wy °gw0 O
ew, -w 0 g @ 00

w,= 7.2921151567-10 rad/s

(4.5)

Where (W, w, k) are components of the instantaneous Earth rotation velodhg IRF.

Using quaternions, computation of the rotation mate be avoided and the transformation
can be replaced by the multiplication:

X IRF: q* XEFRFq (46)

whereq* denotes the conjugate or inverse quatergionlefined as
g =q, 49, 9, kg, (4.7)

and X.rtheposition vector written in the form of a quaternion (scalar part is ZEne).
transformation from the EFRF intbe IRF can be then computed as follows:

€0 gédq, ¢ G G g4-G G G @&

gleF ; g' *] a, & -G 3 qz G G 9 *%RF (4.8)
Ve UG, 4 o g UGS & G q Ve

6, ué u _é %

eleF uég; 07 G, 4d 0% 4 g g, RF

The Earth orientation quatern®( E O Q 0 psoYyidedafor every integer secontj X of GPS

time together with the orbit product. To get quaternion information for the actual epoch time

tor Kinematic equation can be used to propagate quaternion information from the nearest

integer secondy,, (t,) :

s 1(tepo) = Sgsala a(to)

o=t 4, [d w =7292115.1567-10 [ rad]s
gcos%wa 8- sin E"geW\‘D 8 0 0 g
é . 3 0 : 0 u '
ésm%wm 8 cos —12eWtD 8 0 0 D,

83 :é (; - 2(} - U

vhoe & 5 .13 U
é 0 0 cose%WDt 6- Sin—gWw
é ¢ T 2%
é 3 5 3 u
é 0 0 sing%wa 8 coslgewDu
é ¢ * 2¢° 0
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4.4.2.2 Interpolation of Quaternions

Givenaretwo arbitrarynormalizedquaterniongy, andq, defined in(4.1) referring to epochs

ta and t,. Linear interpolation to an arbitrary epothmay then be performedith the
following algorithm. Due to the sign ambiguity and assuming that the angle between the two
rotation axes described loy andq, is smaller than 90°, the sign of all components of one of
the quaternions has in a first step to be flipped if theasgaibduct of the vector parts of the

two quaternions is negative:

d, =-0Q, if Oa10py + Ga20pz + UazOps <O (4.10

The quaternion describing the differential rotation between the rotaijpasd g, (rotation
from epochg, to tp) can be written by

ap = 920 (4.12)
or in components

Oaps = OaaGhs 0Oy €,0, GG
Ot = s Oy "4 G €50, GG

(4.12
Oz = Gas B "A2Ge €05 Gs Gy
Qo = GasBbs "Wt ®2Gn G G
If q,, =1, interpolation is not necessary, the two quaternigrsdg, are equal.
The rotation angle corresponding to the rotation describeg,liy
F ., =2arccosq,, (4.13
This angle may be linearly interpolated
t-1
F.=F = 414
at ab tb _ ta ( )

The quaternion corresponding to timserpolatedrotation (rotation from epochs, to t) may
be written as

. F . F . F
= sm7 Sln7 sm7
qat4 =COos = ! qatl = qabl ! qatz = qabz ' qat3 = qab3 (415)
2 - Fa - Fa N
SIn—— SII’]T Sln7

Thequaterniorg; interpolating thequaternios g, andq, to epocht can then be written as
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0 = 0.0 (4.16)

or in components

s = halis "Glu 942G GG
O = %aln "aGis GGz &G
Go = Galhee oG GGz EGu
Gs= Ghalis slisa GoGu GG

(4.17)

4.4.2.3 Spherical Harmonic Series

The GOCE gravity field modeland the nottidal time variable gravity field correctiorsse
provided in terms o& set of dimensionlesoefficients of a spherical harmonic series up to a
maximum egreeof the gravity potential. These coefficients #ne result othe gravity field
determination process. All other quantities delivered together witlyrdnaty field models
are derived from these coefficients. The variao@eariance matrix produaonsists of the
variances and covariancesand betweeall individual coefficients of the spherical harmonic
series.

The graviationalpotential spherical harmonic sesiis defined by (semg.Torge, 2001p. 70
or HeiskanefMoritz, 1967, p59):

V(r.g, h=W(r, g)/Z(r, , y=/

GM =32

__aa?— Oa(C cos i +§m Sinnf)_rﬁ]( Co§¢ (4.18)

where: V gravitationalpotential at computation point
wW Ea t h 6 s paental\(inctiding thecentrifugal potentigl
Z centrifugal potential
GM gravitationalconstant timesotal mass of Earth (solidarth,

atmospherepcean)Note: The factor GM is provided together with
the spherical harmonic series)
a equatorial radiusf the Eartrellipsoidusedfor the determination of

the harmonic coefficientsd, , S,.); (Note: This value is provided

together with the spherical harmonic series)
n degree of spherical harmonic coefficient
Nmax maximum degree of spherical harmonic series
m order of spherical harmonic coefficient
r radial distance of computation poinbm geocenter
d geocentricco-latitude of computation point
o (geocentrig longitude of computation point
R

normalizedassociated Legendfenctionsof degree n and order m
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C...S,, coefficients ofthe spherical armonic seriegnormalized and

dimensionless

The coefficients of the spherical hasnic series are normalize@ihe following conventions
used(HeiskanehMoritz, 1967, p.32; Torge, 2001, p)i2

= 1

Cnozmcno' PnO(CO$7 )=/ 2n 4 E% (cogy ),
éc.. 0 (n+m)! £Cm 0 5 J2(2n +1)(n-m)! .
S Ly'*\/2(2n+1><n-m)! (g § PO Ty (s
(4.19

where: C,,,S,, unnormalized coefficients of spherical harmonic series
P unnormalized associated Legendre functions of degree n and order m

The set of coefficient€, , S, or C_ S together with the chosen val@M anda form the

spherical harmonic set.

4.4.2.4 Error Propagation

Together with the coefficients of the spherical harmonic series the vateamagance matrix
for the estimated coefficients is available. Error propagation from the spherical harmonic
coefficients varianceovariance matrix to that of the observatiemperformed by:

Q =AQA (4.20)

with Q, Variancecovariance matrix of the observations

A Coefficient matrix (partial derivatives of observation
equation) connecting trmefficientswith the observations
Q,, Variancecovariance matriof thespherical harmonic series

4.4.3 Gravity Field Conventions

The gravity potentiaéxpressedby the spherical harmonic seriepresentshe total effect of

the solid Earth masghe atmospheriand the oceanic masses. The constants of the spherical
harmonc seriesGM (gravitationalconstant times mass) aadequatorialradius of theEarth

are provided together with the model coefficienthe atmosphere is assumed to be
condensed at the surface of the sphere with raaliddl ti me variable mass variains are
subtracted by modelduring the estimation procedure. This includes direct tides from Sun,
Moon and planets, solid Earth tides, ocean tides and Balith pole tidesThe product
information includes an indicatavhetherpermanent tideare included in the model (zero
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tide) or not (tide free)Also nontidal mass variations in the atmosphere and the oceans are
taken into account by using an atmospheric and oceanic r@asaetll as by applying a recent
GRACE gravity field time series Details aboutthe correction models and how they are
applied are described in [AD2].

From the gravity potential derivegtavity quantitiessuchas geoid heights, gravity anomalies
and deflections of the vertical are directly compuisthgthe spherical harmonic sesand
subtracting the spherical harmonic coefficients of dldeptedreference potentialBefore
subtractionthe gravity field spherical haronic series has to be scatedheconstants of the

reference potentigsee(4.21)). This includes the coefficient,, representing the zemrder

part of the gravitational potentialhe name ofthe adoptedreference potentiaé providedin
the headeof the productfiles. When computing the derivagravity quantities the following
pre-computationgand assumptions are made:

1. In order to take into account tiseale differencéetween th&sOCE derivedandthe
reference potentiall coefficients are trsformed to the constants of theference
potential. Equation(4.21) is based on the assumption that at any point above the
Earthdés sur f ace tshcenstantraad dods yot ghangeedud to thd
coefficients transformatior. T h e s u RER mdicatés @ tcondianaken fran
theadoptedr e f er e n c eGOLBt enmetainasl ,t ibfeart of chagsavitg n t
potential spherical harmonic solutipn

L= ~ o - n =
\eCr:ErtL y_aGMGOCE QagOCE OCE

:, _EnI1_L ?/ EBGM REF (_J agﬁlz nr(:;(:E (4.21)
with GMFREF Factor GM for the referencalipsoid potential
GM®°F Factor GM for the GOCE gravity spherical harmonic
series
att" Equatorial radius for the reference ellipsoid
ac®°cF Equatorial radius for the GOQffavity spherical

harmonic series

CE, S Normalizedspherical harmonic coefficients referring to
the constants of the reference ellipsoid

CCOCF, SSOCF Normalized spherical harmonic coefficients referring to

the constants of the GOCE gravity spherical harmonic
series

2. After rescaihg the spherical harmonic coefficients to thet of constants of the
reference potential the disturbing potenaala point Pcan be computed by (see for
example Torge, 2001, p12 Heiskanen/Moritz, 1967, p.82

TP :WP - UP (4.22

with W, gravity potential at point P (including centrifugal
potential)
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U, normal potential of reference ellipsoid at point P
(including centrifugal potential)
T, disturbing potetial at point P

3. By subtracting the normapotential from the gravitypotential the centrifugal
potential drops out As the gravitational potential (s€d.18)) also the normal
potential can be expanded into a spherical harmonic series (cofgrges 2001, p.
107):

M REF a_ 8 8gREF 5
Ued . &) - 20 B B — 6 £ 6 ) @29
& n=2(2)C +

with CF®  normalized coefficient of spherical harmonic series of
the reference ellipsoid alegeen and order 0
CREF — 1
0
P nomalizedLegendre polynomial of degree

n

4. The normalized coefficients of the spherical harmonic series of the reference
ellipsoid are computed kyHeiskanen/Moritz, 1967, equ-22 and page 78 top)
REF |2 N o
_ e a m
CZRKEF:(']-)k ( ) Z _Ek%_ ga
3E =«

(2k +3)( 2 +])J4k_ﬂ:gl

REF

(4.24)

-1-CM: O

The seriess rapidly convergent and in practical computatiorcait be truncated at
k=4 without loosing accuracy.

with  n=2k (k=1,2,3,4)
™" as defined ir{4.26)
ei"™™", m, g as defined irf4.34) and follow-on equations

5. The spherical harmonic series of the disturbing potefutidhe point P with the
coordinates , thendecomes:

REF Ny § o REF LI . _
T(r;d ) r_ a & 0 a( nm CpC CRS m)ar%(qjs) (425)
n=0 G -m=0
with  DC,, 3, residual coefficients of the spherical harmonic

series aftesubtracting the coefficieés of the
normal potential from the gravitational potential.

Employing an ellipsoidal reference fielthis means for all residual coefficients
except for degrees 0,2,4,6,8 and zero order that the following relation holds:
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II:_ ZCELL . E?, _éLL

For the coefficients of degree=2,4,6,8 and zero order the residual coefficients are

defined by:
DC . =CE‘t. (—::?EF

n0 n0

And for the degree 0 term the residual coefficient is defined by:

Déoo =c_:§cl)_l_ -1

4.4.3.1 Approximations for Derived Quantities

The series expansion of the normal potential (see equ@id®) is truncated ah=8. This
means that for the normal potential only the spherical harmonic icesfs

CSFF, CI5F, C5F, G, G,F¥ are taken into accoufvith CI&F =1).

In order toobtaingravity field quantitiedike geoid heights, gravity anomalies and deflections

of the vertical from the GOCE gravity potential harmonic Ses@me approximations are
introduced This isdonein order to avoid any dependency on a topography datdnstte
following it is described how these derived products are computed and what approximations
are appliedFor a rigorous formulation see chapt.4.3.2

a
(o)
b P
r
7 J '
k 0 : |
Figure 4-5: Geometry othe ellipsoid(the ellipsoidal ongi t ude &6 andargideaticadltnt ri ¢ | or

holds for all points Pa-= & 6 )

Note: the coordinas of the grid data files described in chafe} are given as geodetic
(ellipsoidal) latitude and longitude.

The computation point8 for the derived quantities are located on theresgfce ellipsoidsee
Figure 4-5). Each point on the ellipsoid is defined by the set of geodetic (ellipsoidal)
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coordinates {{ E ,r)a(dee Figure 4-5). The radial distance from the geocenter to the
computation point s computed for eachiven geocentridatitude (i (or colatituded). First
the geodetic (ellipsoidal) latitudé@” is transfomedto the corresponding geocentric valile
applying formula(4.27)(see Torge, 200kguatiors 4.1b and4.11a)

REF)2 _[\REF)?
ta);j; _ ’1_(eREF)2 . gFEF _\/(a ZlRESb ) (4.26)

tan/ :(1(eREF)2) tan/ (4.27)
where: /' geodetic (ellipsoidaliatitude
/ geocentridatitude
a™"  semi major axi®f the reference ellipsoid

b*™ " semi minor axis of the reference ellipsoid
REF

e first eccentricity of the reference ellipsoid
The geocentric distance of the computatipoint P on the reference ellipsoid cdre

calculated as a function of the geodetic latitude byfeewing formulas (compare Torge,
2001, equations 4.6, 4.8, 4.9):

e (aREF)2 cog 'cosi
\/(aREF)Z COSZj' ._'_( bREF)2 sinzj'
_ (aREF)2 COg 'Sird;
Y=
\/(aREF)Z COSZj' ._'_( bREF)2 sinzj'
_ (7" siy
- REF |2 - WREF\Z i 2 o
\/(a ) cosy 4{b ) sin®j/

(4.29)

(4.29)

Alternatively one can compute it as a function of the geocentric latitude as:

1_(eREF)2

1-(eREF coy )2

r= a.REF

(4.30)

For evaluating equatiof#.25) the geocentric ctatituded, the longitudea-and the geoceric
distancer is used.As the geocetric distancer( is always equal or less than the semi major
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axis of the reference ellipsoid™" formula (4.25) is evaluatecbn orinside tle sphere with

radius a*". Over the oceans the computation points P are always close to the real ocean
surface, while over continental araghgy refer to points that are reality located inside the
continental masses. They have he regarded as downward continued (to the ellipsoid)
mathematical values$:or any geophysical interpretation of these derived quantitissfact

must be taken into accouiiiNote: in case of evaluation of equati@®25) for an equiangular

grid on the reference ellipsoid the degree dependent term as well as the associated Legendre
polynomials only have to be recomputed once for each parallel).

The geoid height islefined as the distance between the ellipsoid and the geoid. The geoid is
defined by the condition that its potential equalsthe constant normal potentiaf the
corresponding point othe reference ellipsoidy applying Bruns formuléo equation(4.25)

we get the relation between geoid heights and the disturbing potérgkanen / Moritz,
1967, p. 85Torge, 2001, p. 258

N=— (4.3
%
where: N geoid height
T disturbing potentiabn the geoid
9 normal gravity at reference ellipsoid

The normal gravity at the reference ellipsoid is computetthéyormula of Somiglianésee
Torge, 2001, p. 106, equatidm1b):

1+ksirt/ bREF
w(N= .¢ ) (4.32)
1-(eREF) sin’/ a G
with: A normal gravity at the equator
g normal gravity at the pole

The normal gravityat the equator and at the poles are computed by (see Heiskanen / Moritz,
1967, p. 69, equationsZ3 and 274):

GM REF é m elREF
9. REF REFeé_mg — A
a™b™ ¢ 6
GMFEF & m eREF G ) (4.33)
9% = REF Zaé = 0
(a ) ¢ 3 Qo -
(WREF)Z (aREF)2 b REF
with m = (4.34)

g GM REF
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W™= rotational velocity of reference ellipsoid (provided together
with ellipsoid parameters)

o) (o)

€i HTEF second eccentricity of ellipsoid
€4 0
1g 3 3
——€xR nt gREF
qO 2 é}m (eIREF)Z Ega & eiREF
é. O -1 :REF
_ L1 tan-ej 0
Qs = 3? I(eiREF)Z % e 91

By applying equatior(4.31) to equation(4.25) the geoid heights asefined above can be
written as a spherical harmonic series.

REF 2 ~REF "xp
N(g, D=SM 558 8H( @ucosm # §psnm) A oy (439

0 n:O(; r -m=0

Gravity anomaliesarederived fromthe fundamental equation of physical geodesyducing
the derivativesalong the plumb linef the disturbing potential and the normal gragge
Heiskanen / Moritz, 1967, p.86).

T 1
Pg 3 9 %h& =00—3h (4.36)

with O magnitude ofjravity at the geoid

In spherical appraration (by approximating theeal plumb line with the geocentric vector)
it becomes (Heiskanen / Moritz, 1967, p):88

ur 2
_LII‘_ aREF

P9 (4.37)

By applying the spherical approximation @.37) to equation(4.25) we get the spherical
harmonic sries for the gravity anomalies:

G REF N 8 oREF ”6 n _ B _
Pg (1 ,~a""—aar2 (= )ae—ar sal- 1., m®C) GHs (439
n=0 g -=m=0

The above formulas are given in spherical approximation.
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In a similar way the deflecti@nof the vertical are defined spherical approximation asee
Heiskanen / Moritz, 1967, p. 112quation2-204, note: Formulas have been updated by
inserting the cdatitude:

1 pN 1 N
= , = 4.39
aREF g S3FEF sin g ( )

where 3 North-South deflection of the vertical at computation point
positive towards North
d EastWest deflection of the vertical at computation point
positive towards East

By applying the formula§4.39) to (4.35) we get the spherical harmonic series expansions for
both components of the vertical deflections.

REF N § oREF ny n o B . P (co
x(r, g )= GR'\E/'F aa ga( Cpcosm +/S Bin m)M (4.40)
a rg, n=0G r “m = nqg

GMFREF N 3aREF §n, _ _ —
A m CRsinm fh [ros co
a"rg, sin =0‘ée r 33( ¥ ”) H cop

h(r, q y=
(4.47)

The derivative of thassociated Legendre functiocen be computed with the following
formula (see Kautzleben, 1965):

_ & -\2n(n +1)R, (cog ) (m =0) |
2RlCO). | i 138, (05 ) (0 D0 298 (com ) (m B
pJ(n¥m)(n-m £)p,,, (cog )y-(n m)(n mr DR, (cap ) (m

(4.42)

4.4.3.2 More Accurate Formulations for Derived Quantities

In order to avoid downward contiation inside the masseto the reference ellipsoid,
Molodensky introduced the Earth surfaa® boundary surface, where the spherical harmonic
series is evaluated. This implies that several approximations introduced before are not
applicable anymore araimore rigorous formulation has to be applied
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diadcé oan

Figure4-6:.Geometry 1]
ds for al

e hEaet hd pso
ical . 't hol

for a on .t
geocentric longitude & are ident

The computation points P for the derived qu
Figure4-6). As far the case when P is located on the ellipsoid the radial distance r from the
geocenteto the computation point P computed for each given geocentric latituider co

latituded) and for the height of the point above the ellipso{distance point €P).

First, thenormalradius of the curvaturel™ (distance point €))is computed by (see Torge,
2001, p. 96equation 415) (with €5 defined by equatioty.26)):

REF
REF _ a

'n
\/1_ (eREF)2 Sil’12j i

The geocentric latitude and thedial dstance are computed by (Ber, 2001, p. 100, equation
4-27):

(4.43
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X =(rf 4)coy i cos/ i
Y =(tf¥ 4h)cog i sin/ i

z{f1 (&) ) 0= Wiy
7 (4.44)

é ; (73300 -,
JX2+Y?

J/ =arctan

/ =arctani_
X
r=JX? ¥ F

I n order to compute the di sdquatioh(426) ¢ evaloateéd nt i a l
using the geocentric datitude d, the longitudes-and the geocentric distanceas they are
defined in equation4.44). Thi s means that for each point o

dependentdrmin equation(4.25) (aREF/ r)n as well as themormalizedassociated Legendre

polynomials P, (cosg ) have to be recomputed, becausG@ and r are dependen

of each point. (Note: in case of evaluation of equafib®5) for anequiangular grid on the
reference ellipsoid the degrdependent term as well as the associated Legendre polynomials
only have to be recomputexhly once for each parallel).

Before gravity quantitiederivedfrom the disturbing potential can be computibe different
height systems have to be introdu¢set Figure4-7).

/_\‘h
A

Orthometric Height H

B [ N

Ellipsoidal Height h P Telluroid
P g Normal Height H*

v |
e ~/'\
GeoidHeight N

Height Anomaly, Earth Surface

/wuu'—\eeoid
Ellipsoid
Figure 4-7: Definition of Height Systems
The height anomaly is defined as the distan

The telluroid isdefined by the condition th#te normalpotentialat the telluroid poinequals
to the gravity potentab f t he corresponding point on the
formula to equation(4.25) f o r the disturbing potenti al on
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relation between height anomalies and the disturbing potential ((Heiskanen / Moritz, 1967, p.
293 equation 8L0).

|/=I (4.45)
g
where: V height anomaly
T di sturbing potential on the Ear
g normal gravityacceleratiorat telluroid

By applying equatior(4.45) to equation(4.25) the height anomalieas defined abovare
written as a spherical harmonic series:

REF N 8 oREF "xp _ B _
Ur, g )F G'\r/'g aiar ga( Cjrosm +/§, Binm) P(/ cog  (4.46)
n=0C =m0

wherer now is the distance from the geocenter to the point on the&arttface (compare
Figure4-6) andwheredis computed at topographic heigHt (see Heiskanen / Moritz, p. 79,
equation 2123):

8
2 o Nk 3 \2
g= % T (1 fi-REF rng_ 2 fREF girf )/H —RE-ll-:—z(H ) (447)
: (")
with 9 normal gravity on the reference ellipsoid (see equdé3®))
REF _ |yREF
fREF flattering of the ellipsoid f R = —
a
m, centrifugalforceat equatodivided bygravitational
acceleration at the equai@ee equatio@.34))
H* normal height

In order to compute height anomalies from a spherical harmonic series of the disturbing
potential we have to knothe normal heiglst of the telluroid pointsSincenot for all areas in

the world normal heights are akadble (depending on the height system used in each country)
they could be approximated by orthometric heighthich are also often used as height
system The difference &étween the normal and orthometric heights is equal to the difference
between heightanomalies and geoid heights (see Heiskanen / Moritz, 1967, page 327,
equation 8102). It can reach up to a few decimetersmorein mountainous aregg.g. 0.5
meters for Mont Blanc wh an elevation of 4807 meters)

Freeair gavity anomalieqreferring to ground level)are defined bythe difference of the
scalar gravity on the surface of the Earth and the normal gravity on the tell{seid
Heiskanen / Moritz, 1967, p.293jwation 87).
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Do =9, g (4.48)
with O magnitude of gravitydE ar t hé sur f ace
) magnitude of normal gravity &lluroid

In order to avoidspherical approximatioifas in equation4.37)) the magnitudes of both
vectors are computedylihe gradients of the gravitanal potenial and the normal potential
respectively,applying the followinglocal right handed rectangulaoordinate systemx
positive towards the North, y positive towards iNest z from geocenter to local origin
pointing radially outward (compare LNOF systedefined in4.4.1).

Ik

s =|grad W| :J
¢ : (4.49)
v T

¢
=|grad U| =J 0 & *al

U
M
from (4.18), after transformation of the coefficients to the constants of the reference ellipsoid
applying equation(4.21) and from (4.23) and (4.24), after somerearrangementand
introduction of geocentric spherical coordinatég, gravityand normal potentialare defined
as spherical harmonic series including the centrifugal potentialsbg Torge, 2001, p. 55,
equation 3.38 for the centrifugal potential)

Yool

HE
Yool

4

L]

-

O
5]
-O: O
Q)o

o)
|- O
1-O:On

GM REF Nuw 8 REF ' nkl

W(rg, /= - 0 a( Bl cosm 4+ St smn’)/ﬁ( co3 g( REF) 2r din

nzog - m=H
(4.50
REF & 8§ oREF nal o _
U(r,q, /):G;\/IT 3 e 6 CX5°P,(cos )qgizl( Rﬁ/ﬁ)z r? sirf (4.51)

3%—0( ¢ I =+

The derivatives of theyravity potential, after introducing spherical coordinatesre then
computed by (compare to equatiqd<iO) and(4.41)):
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REF Npo 8 REF &1 n _ P (co
MW OSSN S Bch cosn g sinn %)
HX r ﬂ ra n:O(; r = m9 g

+(MEF)erin qQcos q

W W _GMT hg.ﬂé i} na.( mcot sinnd - mE- cosm) " K cok
Wy rsing W rsin &= nzo‘ée r 2.9 " "
REF Ny s REF &1 , _ _
W_ W _ GV a(n+1)2§‘— 6 &(Co-cosm +&" sinnd "B coyg +

REF m

uz p. ra n=0 (; r - m9
+(|/|/*EF)2rsin2 q

(@)

(452
In analogy the derivatives of the nornpaltential can beomputed.
REF 8 §  REF &1 P (co
Wy C_;MREF 3 ia g CReF an( Sq) (WREF)Z r sin gos
oorg ra n=22)¢ I = g7
R N (4.53)
Wy rsing W

2 REF Nkl

W g _ GM™E 8 aa™ 0 —per= A2
K = e— & P i it
Lz n raREr n:?fz)(n o r 9@1 n( COW) ( ) rsi ¢

The deflection of the verticalor a point on the Earth surfacedefinedas the angle between
the real plumb line direction and the ellipsoidal normal vecidre two components of the
deflection of the vertical areomputedby the following formulas(seeHeiskanen / Moritz,
1967, p. 83, equation240):

x=F-/; h(= Leaebs ' (4.54)
where 3 North-South deflection of the vertical at computation point
positive towards North
d EastWest deflection of the vertical at computation point

positive towards East
0, s Astronomical coordinates representing the real plumb line
a ' , oEllipsoidd coordinates representing the ellipsoid normal

The astronomical coordinates are related taqgtia@ity potential at the surface of the Earth by
the relations(4.55) and (4.56) (see Heiskanen / Moritz, 1967, p. 57, equation 2.2Bgse
relations are applicable to derivatives of the gravity and normtdnpal in geocentric
rectangular system (X parallel to Greenwich meridian plane, Y orthogonal to X in equatorial
plane, Z orthogonal to equatorial plgmanting Nortl).
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a 0 .
& MWW s a W
o o
F :arctani 2“2 : % L :arctarﬁ (4.55)
®/@alW 6 B @
® G X

Agix & F

In andogy the ellipsoidal coordinaseare related to the normal potential by the following
formulas:

a
& _W

Ji= arctanz 2“Z (4.56)
=/apu o Iﬁ

In order to apply4.55) and(4.56) the derivatives of thactualand normalravity potential
computed withequationg4.52) and(4.53) have to be transformed from tharal orhogonal
right handed coordinate systamtroduced abovéx positive towards the North, y positive
towards theWest z: from geocenter to local origin pointing radially outwpar the
geocentric rectangular system applying the following equdtapplying the 3D rotational

matrx Ry(- NR,( JIRg( )).

ki & W
éx U -
é“\i(\/ (& sin jcos | sin | cos dos @H‘l
W 0€ g sin 1 cos  dos sinj W (4.57)
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eV ae g, $in | cos dos sin] &4, (4.58)
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The deivatives of theactual potential and the normajravity potential are computed by
equations(4.52) and (4.53). After applying the transformations with equatior4.57) and
(4.58) and sdving equations(4.55) and (4.56), finally the deflectios of the vertical =
computed by equatior{g4.54).
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5. LEVEL-2 PRODUCT DEFINITIONS

5.1 PRODUCT IDENTIFIER

The product file names within the GOCE project follow the Earth Explorer sthidar9].

Each product file name is compos#dhe following components:

MM_CCCC_TTTTTTTTTT_yyyymmddThhmmss_YYYYMMDDTHHMMSS_vvvv.XXX

The meaning of these components is:

MM Mission identifier: GO for GOCE

CCcCcC File class:CONS for final products

TTTTTTTTTT File type (sedable 4-3): e.g.EGG_NOM_2_, EGM_GOC_2_, SST_PSO_2_
VWV Version number

XXX File extension: e.g. HDR for XML header file, DBL for XML data block

yyyymmddThhmmss Productvalidity start time in year, month, day and time in hours, minutes, seconds

[UTC]

YYYYMMDDTHHMMSS Product validity stop time in year, month, day and time in hours, minutes, seconds

[UTC]
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5.2 PRODUCT DESCRIPTIONS
5.2.1 EGG_NOM_2_

Calibrated and correstl gravity gradients in the GRF are provided in daily files in the
product EGG_NOM_2_with a latency of 2 weeks. These gravity gradients (GG) are a level 2
product by themselves and they are used in the gravity field analysis to produce
EGM_GOC_2 (see bal). They are also provided in a Local North Oriented Frame in the
product EGG_TRF_2 (see below). A summary of EGG_NOM_2 is given in the table
below.

Input

As input for EGG_NOM_2_the internally calibrated GOCE GG are used (EGG_NOM_1b)
as well as the GR to IRF attitude quaternions (EGG_IAQ_1b) and the reduced dynamic
precise science orbit SST_PSO_2, which also include€EBRF to IRF quaternions. In
addition, a statef-the-art priori global gravity field model is used.

Output

The EGG_NOM_2_ productoatains gravity gradients in the GRF with corrections for
temporal gravity variations and validated against external gravity data. In addition, potential
outliers are flagged and data gaps are filled in.

The temporal corrections are provided for the follm effects: direct tide, Earth tide, ocean
tide, pole tide and netidal gravity field variations. They are provided at each epoch for all 6
GG (gravity gradient) components.

Furthermore data screening is applied which:
1 Detects and flags potential oetls and data gaps.
1 Provides a filin value in case of a data gap if the data gap lasts less than 5
consecutive seconds.

Moreover a validation against external gravity data is performed which:

1 Calculates calibration parameters, that is, scale factorebetthie internal calibrated,
temporal corrected GGs free of outliers and modeled GGs derived from-afdsfage
art gravity field model.

1 Determines if the calibration parameters should be applied to the GGs.

Flags in the EGG_NOM_2 product indicate wleettemporal corrections and/or external
calibration were applied and whether outliers or data gaps were flagged and filled in. The
flags are given in columns 14 to 19 and have the following meaning:

Flag O0: Original Level 1b GGs

The original Level 1b graty gradients are given and all columns with corrections contain
zeros. In the nominal situation this does not occur.
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Flag 1: GGs with temporal corrections applied and validated with external gravity data

Temporal gravity variations
Data screening

External calibration
Provided gravity gradients

Temporal corrections

External calibration corrections

Temporal correctins have been applied to the Level 1b GGs.

The data screening was performed but did not detect the epoch
outlier nor a data gap.

The GGs corrected for temporal gravity have been calibrated

external gravig data, but the calibration corrections were not appliec
Columns 2 to 7 contain the temporal corrected GGs.

The temporal corrections, defined as the temporal corrected

subtracted from Level 1b GGare given in columns 20 to 49 for ea
of the 6 GG components.

The calibration corrections columns, from 50 to 55, are filled v
A0. 00000.

Flag 2: GG with temporal corrections applied and external validation pedorand

calibration parameters applied

Temporal gravity variations
Data screening

External calibrdon
Provided gravity gradients

Temporal corections

External calibration corrections

Temporal corrections have been applied to the Level 1b GGs.

The data screening was performed but did not detect the epoch
outlier nor a data gap.

The GGs corrected for temporal gravity have been calibrated

external gravity data. And the calibration corrections were applied.

Columns 2 to 7 contain the temporal corrected, external calibrated

The temporal corrections, defined as the temporal corrected
subtracted from Level 1b GGs, are given in columns 20 to 49 for

of the 6 GG components.

The calibration corrections, defined as the tempooatected, externa
calibrated GGs subtracted from the temporal corrected GGs, are

in columns 50 to 55 for each of the 6 GG components.
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Flag 3: GG with temporal corrections, external validation performed, outlier suspected and
fill -in value prowviled

Temporal gravity variations :  Temporal corrections have been applied to the Level 1b GGs.

Data screening . The data screening was performed and suspected the epoch to
outlier. A fill-in value, which is determined by a cubic spli
interpolationof the temporal corrected GG data at neighboring epc
is provided (columns 2 to 7). The interpolation corrections issued
the data screening are not provided.

External calibration . The GGs corrected for temporal gravity have been validated
external gravity data. The external calibration corrections may |
been applied or not. The user must consult the calibration corre
columns (50 to 55) to know if the calibration corrections were apf
or not . | f t he | at t éen tha rcadibratiorn
corrections were not applied. Otherwise they were.

Provided gravity gradients : Columns 2 to 7 contain the filh value of the temporal corrected GC
with or without external calibration corrections, according to the vi
in the exernal calibration columns, 50 to 55.

Temporal corrections . The temporal corrections, defined as the temporal corrected
subtracted from Level 1b GGs, are given in columns 20 to 49 for
of the 6 GG components.

External calibration corrections : The calibration corrections, defined as the temporal corrected, ext
calibrated GGs subtracted from the temporal corrected GGs, are
in columns 50 to 55 for each of the 6 GG components if the ext
calibration corrections were applied. Otherwisese columns are filles
with fA0.00000.

Flag 4: GG with temporal corrections applied, external calibration performed, outlier
suspected, fitin value not provided

Temporal gravity variations . Temporal corrections have been applied to the Level 1b GGs.

Data screening . The data screening was performed and suspected the epoch to
outlier. But no filkin value is provided.

External calibration . The GGs corrected for temporal gravity have been validated

external gravity data. The external cadition corrections may hav
been applied or not. The user must consult the calibration corre
columns (50 to 55) to know if the calibration corrections were apg

or not . | f t he |l atter ar e fi
corrections were napplied. Otherwise they were.
Provided gravity gradients : Columns 2 to 7 contain the temporal corrected GGs, with or witl

external calibration corrections, according to the value in the ext
calibration columns, 50 to 55.

Temporal corrections . The temporal corrections, defined as the temporal corrected
subtracted from Level 1b GGs, are given in columns 20 to 49 for
of the 6 GG components.

External calibration corrections : The calibration corrections, defined as the temporal correeiternal
calibrated GGs subtracted from the temporal corrected GGs, are
in columns 50 to 55 for each of the 6 GG components.
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Flag 5: GG with temporal corrections applied, external calibration performed, data gap
suspected, filin value provided

This flag points out that at this epoch the Level 1b GG was missing, andravdlue is
provided. The processing and the output for such an epoch is the same as for detected outliers
with a fill-in value provided. Please see flag 3.

Flag 6: GG with temporal corrections applied, external calibration performed, data gap
suspected but no filh value provided

This flag points out that at this epoch the Level 1b GG was missing, but thatinoséille is
provided for this epoch. The reason is thatdhe was longer than 5 consecutive seconds.

The processing and the output for such an epoch is the same as for outliers detected but no
fill -in value provided. Please see flag 4.

Remarks

Ouitlier detection

The definition of what is an outlier and what mady be problematic. In addition, the optimal
way to provide a fillin value may differ from user to user. It was therefore decided not to
provide fill-ins anymore for outliers. All EGG_NOM_2_products produced after November
2010 will not contain a Flag. Buspected outliers remain to be flagged, but will be flagged
with a 4.

Data gaps
Fill-in values are provided for data gaps shorter than 5 consecutive epochs.

External calibration

Originally the calibration parameters were applied if the GG trace dvomprove after
external calibration. Due to the high quality of theflight calibration gravity gradients, it

was decided not to apply the external calibration corrections in the current external calibration
process. However the test on the trace Ismiformed and provides a warning that goes to
ESA via the HPF.

How to apply corrections?

Due to the definition of each correction, one maddt these latter to the provided GGs in

columns 2 to 7 to recover the previous step of the process. As mplexaf one wants to
recover the XX component of the original Lev
the corrections in columns 20, 26, 32, 38 and 44 must be added to the GG in columns 2. That

is:

Vxx Level 1b = Vxx EGG_NOM_2_(column 2) + column 20 + column 26 + column 32 + column 38 + column 44

Algorithm
qFirst, temporal corrections are computed for all GGs.
1Then outliers and data gaps are searched for and flagged if detected.
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TNext, gravity gradient calibration parameters (scale factors)eiegndined using global
gravity field models and the GG error is assessed. A validation test checks if the GG
trace (Mx + Vyy + Vzz) in the MBW is smaller after external calibration than before
and provide a warning if so.

1ln case of a data gap shorterrita consecutive epochs filh values are provided for
these epochs.

q9ln addition, the GG calibration is validated using GOCE SST data and terrestrial gravity
data.

Summary Table

Product Name EGG_NOM 2

Product Description Gravity Gradients in the Gradiweter Reference Frame (GRF) (see 4.4.1) correcte
temporal gravity field variations. Outliers and data gaps are identified and extern
calibration is performed.

Representation Time series

Reference Frame GRF (HPF GOCE standards apply, see chaptei).

Time System GPS time (HPF GOCE standards apply, see chapter 4.4.1)
Spatial Coverage N/A

Temporal Coverage | 1 day

Spatial Resolution a4 8 kmnragkl ong

Temporal Resolution | 1's

Input Data 1. Internally calibrated gravity gradients from the PDS (EGGM@b product)

2. GRF to IRF rotation matrix (from EGG_NOM_1b, EGG_IAQ_1b measureme
data set)

GOCE precise science orbit & EFRF to IRF rotation matrix (SST_PSO_2 )
Spherical harmonic series for temporal corrections (SST_AUX_2_ )

A priori gravity gradient ernomodel

A priori gravity field model which is used in the outlier detection and the exte
calibration (external)

Indirectly: GOCE SST, terrestrial gravity data

o0Aw

|~

Output Data . Externally calibrated gravity gradients in GRF

2. Corrections to gravity gdeents due to temporal gravity field variations
3. Flags for outliers, fitin gravity gradients for data gaps with flags

4. Gravity gradient error estimates

5. Gravity gradient external calibration corrections

6. Inertial attitude quaternions from L1B piect EGG_NOM_1B (EGG_IAQ).

Units S.1. (1/s2 for the gravity gradients and the corrections)
Data Format See chapter 5.3
Latency 2 weeks

Volume 230 MB uncompressed, 22 MB compressed
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5.2.2 EGG_TRF 2_

Calibrated gravity gradients in the LNOF are providedmonthly files in the product
EGG_TRF_2_ with a latency of 1 month after each MOP. A summary of EGG_TRF_2_is
given in the table below.

Input

As input for EGG_TRF_2_ the externally calibrated GOCE GG are used (EGG_NOM_2 ) as
well as the GRF to IRF attitedquaternions (EGG_IAQ_1b) and the reduced dynamic precise
science orbit SST_PSO_2which also includes the EFRF to IRF quaternjassused. In
addition, a statef-the-art a priori global gravity field model and a GOCE QL global gravity
field model is sed.

Output

The product EGG_TRF_2_ consists of calibrated gravity gradients in the LNOF. Besides the
gravity gradients, GG error estimates are given and flags for data expected to be an outlier or
when a data gap has been filled by interpolation. The @RSof each epoch as well as the
geocentric coordinates (latitude, longitude, r) are also given.

The flags in the data records have the following meaning:

Original GGs rotated;

As 0. with temporal corrections added;

As 1., externally calibrated GGs;

Outlier suspected, fiin provided,;

Outlier suspected, no fill in; Value is calibrated original value;
Data gap, fillin provided;

. Data gap, no filin.

In the nominal case, the flag is 2 for each GG.

SOgahwWNEO

Algorithm
The gravity gradients in the LNOF are obtaifgda direct pointvise rotation. However, 4 of
the GOCE gravity gradients have high accuracy in the MBW, whereas the other 2 are less
accurate. A direct poifwise rotation without any additional processing would project the
largererror of the less accumGGs nto the accurate GGs in the LNOF, which is undesirable.
The GQ@m digradients are therefore not used but replaced by GGs computed from a
GOCE QL gravity field model. Furthermore, the 1/f error of the GOCE GGs, that is, the
increasing errofor long wavelengths, may leak into the MBW due to the paise rotation.
In order to prevent this leakage, all six gravity gradients (4 directly from GOCE and 2 from a
GOCE QL model) are higpass filtered such that the signal in and above the MBVeéps. k
The GG signal below the MBW is replaced by model GG using a-chdke-art a priori
global gravity model which is expected to be accurate at long wavelengths. In short, the
algorithm is as follows:

1 Compute modeGG componentsyy a n g, uding a GOCE QL gravity field model.

1 High-pass filter the four accurate GOCE GGs (EGG_NOM_2 ) and the two model

GGs.
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1 Replace the signal below the MBW with GG signal franstateof-the-art gravity
field model.
1 Rotate from GRF to LNOF.

Note

TheEGG_TRF_2_ gravity gradientsalid be used for local applicatiorBecause of the use
of (external) gravity field models to computee long wavelength part dhese gravity
gradients, they should not be used for global gravity field analysis. Or tatHeagsults from
such an analysis should be interpreted with care.

Summary Table

Product Name EGG_TRF_2_

Product Description Gravity Gradients iocal NorthOriented reference Bme(LNOF) (see chapter
4.4.7) corrected ér temporal gravity field variation®utliersanddata gapsre
identifiedand external calibradn is applied.

Representation Time series

Reference Frame LNOF: Local northoriented reference frame (HPF GOCE standards appty
chapterd.4.])

Time System GPS time (HPF GOCE standards apply)

Spatial Coverage Global corage without polar caps (depends on inclination of GOCE orbit)

Temporal Coverage 1 month

Spatial Resolution a4 8 kntragkl ong

Temporal Resolution | 1s

Input Data 1. GRF to IRF rotation matrix§GG_IAQ_1h
2. Externally calibrated gravity gradients in GRF (EGG_NOM_2 )

3. GOCE precise science orbit & EFRF to IRF rotation maB®T _PSO_2)
4. GOCE QL gravity field model.
5. A priori gravity field model

Output Data 1. Externally calibrated gravity gradientsliNOF
2. Geocentric coordinates (latitude, longitude, radial distance)

3. Flags for outliers, filin gravity gradients for data gaps with flags
4. Gravity gradient error estimates

Units S.I. (1/8 for the gravity gradients)

Data Format See chpter5.3

Latency 1 month

Volume 2.3 GB uncompressed, 140 MB compressed
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5.2.3 GRD_SPW_2_

Gravity gradient grids at satellite altitude from the spais® approachAll six gravity
gradients are computexhly from GOCEdatafor the available the span (as indicated in the
product) and providedn a 0.2 degregrid.

Input

As input the externally calibrated GOCE GG are used (EGG_NOM_2 ) as well as the GRF to
IRF atitude quaternions (EGG_IAQ_1b) and theecise science orbit SST_PSQ which

also includes the EFRF to IRF quaternioAsstateof-the-art a priori global gravity field
model is used for covariance modelling. Finally several ancillary products aresusgdita

Output
The productGRD_SPW 2 _ consists of calibrated gravity gradieatsatellite altitude at grid
point locations. Besideabe gravity gradientalsoerror estimates are given.

Algorithm

1 An SST model is derived by first estimating the alaagk gravitational potential by
applying the energy conservation approach to kinematic orbits. Then a spherical grid
of potential values is computed at mean satellite altitude by local collocation and the
spherical harmonic coefficients are derived by nucaé integration from the grid
values.

1 SGG data are reduced by the SST model and processed by applyingnastnfidter
to reduce the strongly time correlated noise of the gradiometer and avwgpadecal
collocation to estimate spherical grids of \gha gradients at mean satellite altitude.
The whole procedure is iterated by using the spherical harmonic coefficients derived
from the estimated grids in order to recover the signal frequencies cancelled out by the
time-wise filter and to improve the tation from gradiometer to local orbital reference
frames.

1 Error estimates are based on Monte Carlo simulations.
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Summary Table

Product Name
Product Description

GRD_SPW 2
Gravity Gradientgrid at satellite altitude from spa@dse approach.

Represerdtion
Reference Frame
Time System

Grid
EFRF
n/a

Spatial Coverage
Temporal Coverage
Spatial Resolution

Global coverag
Indicated data spavf GOCE
0.2 degree in latitude and longitude direction

Temporal Resolution
Input Data

Output Data

n/a

1. GRF to IRF rotation mtrix (EGG_IAQ_1b)

2. Externally calibrated gravity gradients in GRF (EGG_NOM_2_)
3. GOCE precise science orbit & EFRF to IRF rotation matrix (SST_PSO_2
4. Ancillary data (tide model, ephreris, Earth rotation parameters

5. A priori gravity field modeffor signal @variance modelling

Gravity gradientaind estimated errors at satellite altitude for a global &y
East, EasNorth, EastRadial, NortANorth, NorthRadid, Radid-Radia)

Units E6tvos (0% for the gravity gradients
Data Format See chapteb.5

Latency 1lyear

Volume 300MB uncompressed
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5.2.4 GRC_SPW _2_

Combined data grids at ground level (10 km). Gravity anomalies and radial gravity gradients
are computed from GOCE data, a GRACE global model and airlgooned gravity data

over polar areafor the available time span (as indicated in the product) and provided on a 1/6
degree grid.

Input

As input the externally calibrated GOCE GG are used (EGG_NOM_2 ) as well as the GRF to
IRF attitude quaternions (EGGA® _1b) and theprecise science orbit SST_PSOwhich

also includes the EFRF to IRF quaternions. In addition, a-statee-art a priori global
gravity field modelincluding GRACE data, terrestrial and airborne gravity datar polar
areasand several allary products are used as input

Output

The productGRC_SPW 2_ consists ofyravity anomalies and radigravity gradientsat
ground level (10 km altitudegt the grid point locations. Besides tlggavity anandies and
gravity gradients alserror estinates are given.

Algorithm

Remove from GOCE and external gravity data the contribution of a GRACE model.
Divide data into equahrea patches of 24°x 24° with a 2° overlap.

Compute empirical covariance functions by EMPCOV and determine an analytic
represerdtion by COVFIT.

Compute grid values and error estimates of the output functionals by least squares
collocation using GEOCOL with a resolution of 1/6 degree at an altitude of 10 km.

To T I o
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Summary Table

Product Name
Product Description

GRC_SPW 2 _
Gravity Anomalies and radial Gravit@radientgyrid at10 kmaltitude from space
wise approach.

Representation Grid
Reference Frame EFRF
Time System n/a

Spatial Coverage

Global coverage

Temporal Coverage
Spatial Resolution

Indicated data span of GOCE
1/6 degredn latitude and longitude direction

Temporal Resolution

n/a

Input Data

1. GRF to IRF rotation matrix (EGG_IAQ_1b)

2. Externally calibrated gravity gradients in GRF (EGG_NOM_2_)
3. GOCE precise science orbit & EFRF to IRF rotation matrix (SST_PSO_2
4. Ancillary dat (tide model, ephemeris, Earth rotation parameters

5. A priori gravity field modelincluding GRACE data

6. Terrestrial and airborne gravity dateinly over polar areas

Output Data
Units

Data Format

Gravity anomalies and radiatayity gradients and estimated errorgatund
level (10 km)for a global grid

mgal (10° m/<) for gravity anomalies, E6tvos for gravity gradie(®e/s” for the
gravity gradients)

See chaptes.5

Latency
Volume

1lyear
200 MB uncompressed




7 GOCE Level 2 Product Data Handbog
/ Doc. Nr: GO-MA-HPFGS-0110
\\% Issue: 5.0
"‘ > Date: 04.08.2014
COCE Page: 54 of 84

5.2.5 SST PSO 2

The SST_PSO_2product consists of two different orbits (reduabehamic and kinematic)

in the EFRF. They are generated using a tailored HPF version of the Bernese GPS Software
(see Dach et al., 2007). The determination of both orbit solutiondlizecean one processing
scheme using undifferenced ddiquency carrier phase observations from thebaerd

GPS receiver. The GPS orbit and Earth orientation parameter information is taken from the
final orbit solution of the CODE (Center for Orbit Detenation in Europe, located at AIUB)
analysis center of the IGS. The higite GPS clock corrections (5 sec) are based on the
CODE final clock solution (30 sec) and are generated in a separate procedure within the HPF.
Both orbit solutions are based o thame set of screened carrier phase observations.

Thedaily reduceddynamic orbit solution (10 sec sampling) is parameterized as follows:
- six initial osculating elements,
- three constant empirical accelerations in radial, atoack, and crostrack direstion,
and
- additional (constrained) piesgise constant accelerations over six minutes in radial,
alongtrack, and crosgrack direction.

The kinematic orbit solution (1 sec sampling) is represented by unconstrained position
estimates for each obsenati epoch.The variancecovariance information for the position
estimates is included for a moving window covering nine consecutive epochs.

In order to supporthe use otthe orbit solutions in the IRF, a rotation matrix between the
EFRF and the IRF is iheded into the PSO product.

Finally, the quality report gives information about the accuracy of the PSO solutions. It also
includes an independent quality assessment of the orbits using the SLR measurements to the
GOCE satelliteas well as a comparison thi independently derived quidkok orbit
solutions, referred to as Rapid Science orbits (RSO).

More details about the generation of the SST_PSO_2_ can be fo(Bathet al., 200yand
(Visser et al., 2006
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Summary Table

Product Name

SST_PSO_2_

Product Description

Precise science orbits from reduahghamic approach (positions and velocities
and kinematic approach (positions), both in EFRF (see section 4.4.1). Additi
included is varianceovariance information for the kinematic orbigsr{oving
window is used for the covariances with a length of 9 consecutive §muhshe
rotation matrix for each epoch from the EFRF to the IRF in terms of quaterni
according to sectioA.4.2.1 Furthermore guality report based on the daily orbi
solutions is included in the product.

Representation

Orbits, variancecovariance matrices and rotation matrices are provided as tin
series, the quality report in PDF format.

Reference Frame

EFRF

Time System

GPStime

Reference System

Not applicable

Spatial Coverage

Global along satellite tracks

Temporal Coverage 1day
Spatial Resolution Not applicable
Temporal Resolution | 1 sec

Input Data GPS dataancillary data from several sources (e.g. Earth rotatisarmaters)
Output Data Several sulproduct files to be combingd one product

Units Positions [m], velocities [m/s], rotation angles [dimensionless]

Data Format See chapteb.3

Latency 4 weeks

Volume 480 MB uncompressed12VIB compressed
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5.2.6 EGM_GOC 2_

The EGM_GOC_2 products contain GOCE gravity field solutions in different
representations. The elementary-gubduct is a spherical harmonic series of the gravitational
potential of the Earth up to a specific degree and qEéM_GCF_2 ). These coefficients

and theirstandard deviations (computed from error varianegs) estimated from GOCE

SSTI and gradiometer observations taken within a specific period. For each measurement
operational phase (MOP) as well as for the cotepieission data set one gravity field model

is computed.

The coefficients data set is accompanied by several derived gravity field quantities. These are
geoid heights, gravity anomalies and deflections of the vertical. Alpsadiucts are provided
oneqi-angul ar grids with a spatial resol ution

orbit (x82 latitude). They are computed by spherical harmonic synthesis from the complete

series and refer to the chosen reference ellipsoid as specified ihJABeechapterd.4.3for
formulas and their application In order to avoid any dependency on external surface
elevation data sets, which often have significant uncertainties, all derived quantities are
computed by applying the appimations as explained in chaptdr4.3.1 For highest
accuracy requirements a precise digital elevation model for the computation area is required
and the formulas as described in chagtér3.2have to be applied. In this case the provided
grids of derived gravity field quantities shall not be used and all computations shall start from
theset ofspherical Armonic coefficients.

For quality analysis of the gravity field solution additional infotiovais provided. Standard
deviations for the spherical harmonic coefficients are provided together with the series.
Furtheron the full variance coariance matrix is provided in a separate product (see chapter
5.2.7. By full error propagation geoid height errors (standard deviations) are computed from
the coefficient variance eeariance matrix. These errors are provided on the same grid as the
derived gravity field quantitieas described abové-inally, in order toassesghe overall
internal and external quality of the model a quality report is attached to the product. This
report contains results of comparisons to independently derived gravity field nitvdets
various data and missiora$ well as tan-situ observationsf gravity field quantities.
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Summary Table
Product Name EGM_GOC_2_

Product Description

GOCE gravity field model

The coefficients of thepherical harmonic seried the gravitational potential are
provided as defined in equati¢18) (subproduct EGM_GCF_2.)

As derived quantities grids of geoid heights, gravity anomalies and deflectior|
the vertical are additionally includexa the productThese quarties are defined
as follows:

Geoid heights are defined equation(4.35) (subproduct EGM_GEO 2.)
Gravity anomalies are definéalequation(4.38) (subproduct EGM_GAN_2 ).
Deflections of the vertical are definedequationg4.40) and(4.41) (subproducts
EGM_GVE_2_and EGM_GVN_2.)

Errors are provided asriances and covariancefthe coefficients of the
spherical harmonic series the gravitatioal potential Variances are included in
the spherical harmonic series while the full varianceariance matrix is provide
in product EGM_GVC_2. The full variangmvariance matrix of the coefficients
is propagated to geoid height errors on a gpglying equatior(4.20) (sub
product EGM_GER_2.)

Furtheron a quality report based on an extensive product validation is includ
the produc(subproduct EGM_GRP_2.)

Representation

The gravity field is provided as spherical harmonic series up to a specific de(
and order. Derived quantities are provided on-@agjular grids. The quality
report is provided in PDF format.

Reference Frame

EFRF

Time System

Not appicable

Reference System

GRS80reference ellipsoid for geoid heighind errors)gravity anomalies and
deflections of the vertical.

Spatial Coverage

Spherical harmonic series: glotiml definition
Gridsin the area +83° latituddimited by GOCE inclintion (96,7°).

Temporal Coverage

At least 1 measuremeaperational phase. It is plagghto release one GOCE
gravity field model for each measurement operational phase and the final mq
based on all GOCE data.

Spatial Resolution

Spherical harmonic serseare provided up to a maximum degree and order, wh
depends on the data coverage (approximately degree and orddd@5@3d
guantitiesareprovided agoint values oi8 0 6 x 3 Gaagular grids.

Temporal Resolution

Not applicable

Input Data GOCE gadiometer and GPS data; Ancillatgita from different sources.
Output Data Several sulproduct files to be combined to one product
Units Spherical harmonic coefficients are dimensionless, Geoid heigtittandard

deviationsin [m], gravity anomaliesn [m/s?], deflections of the vertical in [arc
sec].

Data Format

See chapteb.3

Latency

6 months after completion of each measurement operational phase

Volume

144 MB uncompressed, 33 MB compressed
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5.2.7 EGM_GVC 2_

The GOCE aavity field models (EGM_GOC _2 ) are estimated by an adjustment process.
Apart from the solution the full variana®-variance matrix is estimated within this process.
This matrix on one hand provides the error variances of the estimated coefficients of the
spherical harmonic series and on the other hanalso provides the caariances (or
correlations) betweethe estimated coefficients. By further analyzing and processing this
matrix a complete error analysis for the GOCE gravity field models can mmed. It shall

be noted that the error variances and/anances represent an internal error measure, which
cannot always be regarded as a realistic absolute error. But, during computation of the GOCE
gravity field models it will be taken care that thevided errors are at least close to realistic
absolute errors. As GOCE provides completely new information in the mid frequency range
of the gravity field also comparisons to independent gravity field observations cannot provide
a full picture of the alidute errors of the GOCE gravity field solutior&uch analyses are
provided in the quality report of the EGM_GOC_2_product (see cha2t€y.

Summary Table

Product Name
Product Description

EGM_GVC_2_

Variancecovariarte matrix for the coefficients of the spherical harmonic serie
the GOCE gravity field model EGM_GOC_2_. The product contains the full
variance and covariance information fbe model.

The matrix is provided for the complete sphericairhonic series.

EFRF

Not applicable

Not applicable

Representation
Reference Frame
Time System
Reference System

Spatial Coverage

Spherical harmonic series: glotml definition

Temporal Coverage

At least 1 measurement operational phase. The var@n@iance matriis
released each time a new GOCE gravity field product is finalized.

Spatial Resolution

Varianceco-varoiance matrix is provided up to a maximum degree and order
which depends on the EGM_GOC 2 product..

Temporal Resolution

Not applicable

Input Data GOCE gradiometer and GPS dagarillary data from different sources.

Output Data Full variancecovariance matrix

Units Variances and coariances of spherical harmonic coefficients are dimensianlg
Data Format See chapteb.4

Latency 6 months after completion of each measurement operational phase

Volume

Several GB
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5.2.8 SST AUX_2_

The goal of th&OCEmission is to determiniie statigpart of the Earth gravity field. Due to

the space time sampling of the GOCE orbits tinrgalde mass variations in the system Earth
have to be taken into account during data analysis in order to eliminate them. For the final
GOCE gravity field solutions (EGM_GOC_2 ) the complete set of tidal andtic@in
variationsis taken into account. Faidal effects the models as specified in [AR] are
applied in data analysis and are provided as corrections to the gravity gradients (see
EGG_NOM 2 in chaptes.2.]). For nontidal effects atmospheric, oceanic and remaining
long wavelengttannualmass variations are considered. They are computed from atmospheric
data from the ECMWF operational analysis, from bottom pressure estimates from the OMCT
model(Thomas, 2002) and from a GRACE monthly gravity fiihde series.

6-hourly atmospheric mass variations are estimated from surface pressure-@nd 3
temperature and specific humidity fields all referenced to a-terrg mean field, which
represents the static atmosphere contribution. The ocean model is driven by atmospheric
paameters from the same model and providé®@rly estimates of ocean bottom pressure
also referenced to a lorigrm mean field. Both sets are combined over the oceans and a
spherical harmonic analysis is performed, such that residual gravity field sphenimonic

series are computed. Finally, from the GRACE gravity field time series annual amplitudes
and phases are estimated for the long wavelength coefficients. As the same atmospheric and
oceanic mass variations are eliminated in the GRACE fields,répgsent remaining mass
variation effects due to hydrology, ice mass variations and others. For-bacilgtime step

the annual GRACE variations are interpolated and added to the atmosphere/ocean
coefficients.

In the SST_AUX 2 product every 6 houasset of residual gravity potential spherical
harmonic series is provided. This series can be regarded as a correction to the static gravity
field. In the EGG_NOM_2 product the ntidal corrections for all 6 gravity gradients are
computed based on thespherical harmonic serieBor the analysis othe SSTI data for
gravity field determination the SST_AUX 2 product shall be asetbrrection
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Summary Table

Product Name

SST AUX 2_

Product Description

Non-tidal time variable gravity field potentialith respect to a mean value in
terms of a spherical harmonic series determined from atmospheric and ocea
mass variations as well as from a GRACE monthly gravity field time series.

Representation

The nontidal time variable gravity field is providess spherical harmonic serieg
up to a specific degree and order.

Reference Frame

EFRF

Time System

uTtC

Reference System

Not applicable

Spatial Coverage

Spherical harmonic series: gloliml definition

Temporal Coverage

All mission operation phases.

Spatal Resolution

Spherical harmonic series are provided up to a maximum degree and order
sufficient to take into account all relevant time variable signals (e.g. 100).

Temporal Resolution

6 hours

Input Data

ECMWF atmospheric model data.
Ocean bottom presire from OMCT model.

Output Data

Gravity potential spherical harmonic series

Units Spherical harmonic coefficients are dimensionless,
Data Format See chapteb.3

Latency 2 weeks

Volume 1 MB
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5.3 XML PRODUCT FORMATS

This dhapter contains the description of the XML format of all level 2 prodtasare
generated by the HPF for the GOCE missiercept for the varianeeovariance matrix
product EGM_GVC_2The description of the EGM_GVC_2 format is provided in chapter
5.4. The purpose of the chapter is to define the product structure and content of each level 2
product generated in the HPF identifying for each data section and field the meaning and the
format to be used for its representation

5.3.1 File Structure

The file structure of any Level 2 file produced by the HPF must follow the requirements of
the [AD-9].

Each level 2 product is composed by two files:
T XML Header fil e, with extension A. HDRO
T XML Product fil e, with extension fA.DBLO.

Bothfilesar e packed wusing tar/gzip for distributi

All Level 2 files produced by the HPiR XML format begin with the following XML
declaration:
<?xmlversion= 01. 00 encodi-Ag§ECIOIUB? >

The XML Header file is an auxiliary ASCII filen XML format) that users can easily access
for identifying the product without needs to look inside the XML Product file.

The XML Product file is the real product containing meaningful instrumentodat@aused
by ad hoc development standard toolsfosipect i ng t he productds con

5.3.2 XML Header File

The XML Header file contains information identifying the product and is easy to read as
based on a standard syntax accessed by common tools available for visualizing its content.
The XML header file consis of:

1 Afixed header

1 A variable header

The Fixed Header (hereafter called Standard GOCE Header) is the common header for all
files produced by the HPF. The Variable Header (hereafter called Product Header) is the
header with the format and content depegan the file type and kind of product.

Standard GOCE Headeffixed Headej)
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The standard GOCE header is completely ASCII

proposed in [ADR9].

The fixed header fields are specified in the following table:

and based on XML and conventions

Tag Name Type Comment

File_Name string file name without extension

File_Description string restricted number of possible values

Notes string reserved for future use

Mission string shall always be AGOCEAN®

File_Class string

File_Type string

Validity Period structue

+ Validity_Start string UTC=yyyy-mm-ddThh:mm:ss

+ Validity _Stop string UTC=yyyy-mm-ddThh:mm:ss

File_Version integer

Source structure

+ System string A GOCE High Level Proce

+ Creator string AHPF6s Centr al \(GEPIF)wsimg Ss
cpf eef createo

+ Creator_Version string version of the creator tool

+ Creation_Date string UTC=yyyy-mm-ddThh:mm:ss

Product Header(Variable Headey

The Product Header for level 2 products is composed by:
1 a XML Main Product Header (MPH)

1 a XML Specific Product Header (SPH) which includes Data Set Descriptors for

reference to external input files and Measurement Data of the Product.

XML Main Product Header (MPH

Tag Name Type Comment

Product string file name without extension

Ref Doc string shal l al wbh-fIRFGB@0 4 G

Acquisition_Station empty

Processor structure

+ Proc_Stage character |[ENUM( 606, 6 T6, 6 R6, 6 C0)

+ Proc_Center string AHPFA for L2, el se Wo

+ Proc_Time string UTC=yyyy-mm-ddThh:mm:ss

+ Software Ver string Processorname/VV.rr

Time_Information structure

+ Sensing structure
UTC=yyyy-mm-ddThh:mm:ss.uuuuuu

++ Start string Can contain a énot ap
UTC=000600-00T00:00:00.000000
UTC=yyyy-mm-ddThh:mm:ss.uuuuuu

++ Stop string Can contain a énot ap
UTC=999999-99T99:99:99.999999

+ Abs_Orhbit struture

++ Start integer
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++ Stop integer
Phase character [not wused, set to 0X©0
Cycle integer not used, set to zero
Rel_Orbit integer not used, set to zero
Abs_Orbit integer not used, set to zero
State_Vector_Time empty
X_Position float not used, set to 60.0
Y_Position float not used, set to 60.0
Z_Position float not used, set to 60.0
X_Velocity float not used, set to 60.0
Y_Velocity float not used, set to 60.0
Z_Velocity float not used, set to 60.0
Vector_Source empty
Product_Err integer 0: no errors; 1 errors have been reported
DBL_Size integer format =6(013d) 6
HDR_Size integer format=6(011d) 6
Num_DSD integer
Num_Data Sets integer number of DSDs with D
CRC integer not usetld set to O
XML Specific Header (SPH)
Tag Name Type Comment
SPH_descriptor string equal to File_Type (see fixed header)
Original_Source structure
+ Product string Prod. name obrig. src. in HPF format
Time_Information structure
+ GPS Time structure
++ Start string format =6( %20. 9f) 6
++ Stop string format =6( %20. 9f) 6
+ Abs_Orbit structure
++ Start integer
++ Stop integer
<productID> structure | (main) product identifier
Product Specific tags are included here (see paragai®.1till 5.3.2.5 for details)
DSDs structure
+ List_of DSDs structure |at tri but e: 6count o
++ Data_Set_Descriptor structure |[r epeabedt 6 ti mes
+++ Data_Set Name string
+++ Data_Set Type character |[ENUM( 61 6, 6 06, 6 S06)
+++ File_Name string name of Reference File
+++ Num_Epochs integer
+++ MD5 string
5.3.2.1 SPH product specific tags: EGG_NOM_2
Tag Name Type Comment
Original_Source stiucture
+ Format structure
+ + Name string 06GG _ti mebd
+ + Version string
Product Type string Aquick | ookA or Afi
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Input structure
+L1 string AfastfAi, Aconsolidat
+1L2 string Aguick_ | ooki or dApr
Reference_System string shall always be AGR
Tide System string Afzero_ tiden, Aiti de
Gravity Model string reference gravity model used
Errors string Af ormal A or #dAcalibr
5.3.2.2 SPH product specific tags: EGG_TRF_2
Tag Name Type Comment
Original_Source strudure
+ Format structure
+ + Name string 0GG _spatial b
+ + Version string
Product_Type string shall al ways be Afi
Input structure
+L1 string fifconsolidatedin, or
+ L2 string shall al ways be Apr
Reference_System string shallal ways be ATRFAN
Tide_System string ifzero tideh, itide_
Gravity Model string reference gravity model used
Errors string Aiformal i or dAcalibr
5.3.2.3 SPH product specific tags: SST_PSO 2
Tag Name Type Comment
SST PRP_2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string OPDF®
+ + + Version string
SST PKI 2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string 6Sp3cbd
+ + + Version string
++ + Type chaacter
+ Pos_or Vel character |[APO or OVO
+ Time_Information structure
+ + System structure
++ GPS Time structure
+ + + Start structure
++++ GPS structure
++ + + + Week integer
+ + + + + Seconds_of week float
+ + + + Mod_Jul_day structue
+ + + + + Day integer
+ + + + + Fractional_Day float
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+ + + + Gregorian structure | Gregorian representation
+++++ Year integer
+ + + + + Month integer
+ + + + + Day of Month integer
+ + + + + Hour integer
+ + + + + Minute integer
+ ++ + + Second float
+ Epoch_Information structure
+ + Num_Epochs integer
+ + Interval float
+ Data_Used string
+ Coordinate_Sys string
+ Orbit_Type string
+ Agency string
+ List_of Satellite_Descriptors structure [at tri but e: 6count (
+ + Saellite_Descriptor structure [r epeated O6countd
+ + + Satellite_ID string
+ + + Accuracy string
+ Base for_Pos_or Vel float
+ Base for_CIlk_or_Rate float
+ Comments string
SST PCV_2 structure | subproduct
+ Original_Source structure
+ + Sysem string
+ + Creator string
+ + Creator_Version string
+ + Creation_Date string yyyy-mmdd hh:mm:ss
+ + Format structure
+ + + Name string 6Covariancebd
+ + + Version string
+ Var_Cov_Matrix structure
+ + File_Name string
+ Corresponding_Kiematic_Orbit | structure
+ + File_Name string
+ Time_Information structure
+ + System string
+ + Time_Step_Size integer attribute: 6unito
++ GPS_Time structure
+ + + Start structure
+ + + + Gregorian structure | Gregorian representation (see tioate 1)
+++++ Year integer
+ + + + + Month integer
++ + + + Day of Month integer
+ + + + + Hour integer
+ + + + + Minute integer
++ + + + Second float
+ + + Stop structure
+ RMS_Of Unit Weight float
+ Parameters string
SST PRD 2 structure | sub-product

! The tag <Gregorian> under a <GPS_Time> tag means GPS time expressed in year, month, day, hours, minutes
and seconds
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+ Original_Source structure
+ + Format structure
+ + + Name string 0Sp3cbd
+ + + Version string
+ + + Type character
+ Pos_or Vel character
+ Time_Information structure
+ + System structure
++ GPS_Time structure
+ + + Start structure
+++ + GPS structure
++ + + + Week integer
+ + + + + Seconds_of week float
+ + + + Mod_Jul_day structure
++ + + + Day integer
+ + + + + Fractional_Day float
+ + + + Gregorian structure | Gregoran representation (see footna)e
+++++ Year integer
+ + + + + Month integer
++ + + + Day of Month integer
+ + + + + Hour integer
+ + + + + Minute integer
+ + + + + Second float
+ Epoch_Information structure
+ + Num_Epochs integer
+ + Interval float
+ Data_Used string
+ Coordinate Sys string
+ Orbit_Type string
+ Agency string
+ Satellites structure |[at tri but e 6count (
+ + Satellite_Descriptor structure [attri but e 6i do,
+ + + Accuracy string
+ + Base_for Pos or Vel float
+ + Base_for Clk or Rate float
+ Comments string list_Ivl.dat
SST PRM 2 structure | subproduct
+ Original_Source structure
+ + System string
+ + Creator string
+ + Creator_Version string
+ + Creation_Date string yyyy-mmdd hh:mm:ss
+ + Format structure
+ + + Name string ORotationd
+ + + Version string
+ Transformation structure
+ + File_Name string
+ Time_Information structure
+ + System string
++ GPS Time structure
+ + + Stat structure
+ + + + Gregorian structure | Gregorian representation (see footnbjte

++++ + Year

integer
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+ + + + + Month integer

+ + + + + Day_of Month integer

+ + + + + Hour integer

+ + + + + Minute integer

+ ++ + + Second float

+ + + Stop structure

+ Epoch_Information structure

+ + Reference string

+ Transformation structure

+ + Direction string

+ Pole_File string

+ Nutation structure

+ + Model string

+ + Offset string

+ Subdaily Model string

5.3.2.4 SPH product specific tags: EGM_GOC_2

Tag Name Type Comment

EGM_GAN 2 structure | subproduct

+ Original_Source structure

+ + Format structure

+ + + Name string 6Gri do

+ + + Version string

+ + + Fortran_Notation string

+ Data_Information structure

+ + Dataset Name string

+ + Description string

+ + Unit string

+ Coordinate_Information structure |at tri but e: coun
+ + Latitude structure [r epeated O6count
+ + + Northern_Border float attribute: ouni
+ + + Southern_Border float atr i but e uni t o
+ + + Cell_Information structure

+ + + + Number_of Cells integer

+ + + + Size float

+ + Longitude structure |[r epeated 6édcount
+ + + Western_Border float attribute: o6uni
+ + + Eastern_Border float attribute: o6uni
+ + + Cell Information structure

+ + + + Number_of_Cells integer

+ + + + Size float

+ Flags structure

+ + Mean_or_Point_Values string Ameanin or fApoin
+ + Geocentric_or_Geodetic_Latitudes| string fgeocentrici or
+ Reference Ellipsoid string

+ Gap_Value float

EGM_GRP_2 structure | subproduct

+ Original_Source structure

+ + Format structure

+ + + Name string OPDF®

+ + + Version string
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EGM_GEO 2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string 0Gri do
+ + + Version string
+ + + Fortran_Notation string
+ Data_Information structure
+ + Dataset Name string
+ + Description string
+ + Unit string
+ Coordinate_Information structure |attri bute: coun
+ + Latitude structure |r epeat ettnefcount
+ + + Northern_Border float attribute: ouni
+ + + Southern_Border float attribute: o6uni
+ + + Cell_Information structure
+ + + + Number_of Cells integer
+ + + + Size float
+ + Longitude structure |[r epeated O6count
+ + + Western Bualer float attribute: o6uni
+ + + Eastern_Border float attribute: o6uni
+ + + Cell_Information structure
+ + + + Number_of Cells integer
+ + + + Size float
+ Flags structure
+ + Mean_or_Point Values string

13 oo 1}

meanfi or fApoin
i ch

+ + Geocentric_or_€odetic_Latitudes | string geocentri or
+ Reference Ellipsoid string

+ Gap_Value float

EGM_GVN_2 structure | subproduct

+ Original_Source structure

+ + Format structure

+ + + Name string 6Gri db

+ + + Version string

+ + + Fortran_Nadtion string

+ Data_Information structure

+ + Dataset Name string

+ + Description string

+ + Unit string

+ Coordinate_Information structure |attri bute: coun
+ + Latitude structure |[r epeated dbdcount
+ + + Northern_Border float rivlmutéd: o6

+ + + Southern_Border float ri bute: déduni
+ + + Cell_information structure

+ + + + Number_of_Cells integer

+ + + + Size float

+ + Longitude structure epeated O6count
+ + + Western_Border float ri bute: ouni
+ + + Eastern_Bomt float attribute: ouni
+ + + Cell_Information structure

+ + + + Number_of Cells integer

+ + + + Size float

+ Flags structure

+ + Mean_or_Point Values string imeani or fApoin
+ + Geocentric_or_Geodetic_Latitudes| string fiflgeocentriiccii or




) GOCE Level 2 Product Data Handbog
/’ Doc. Nr: GO-MA-HPFGS-0110
M Issue: 50
» ‘? ate: 04.08.2014
Page: 69 of 84

COCE
+ Reference_Ellipsoid string
+ Gap_Value float
EGM_GVE 2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string 6Gri dbod
+ + + Version string
+ + + Fortran_Notation string
+ Data_Information structure
+ + Dataset_Name string
+ + Description string
+ + Unit string
+ Coordinate_Information structure |attri but e: 6cou
+ + Latitude structure |[r epeated dédcount
+ + + Northern_Border float attribute: o6uni
+ + + Southern_Border float attriumutteéd: O
+ + + Cell_Information structure
+ + + + Number_of_Cells integer
+ + + + Size float
+ + Longitude structure |[r epeated dédcount
+ + + Western_Border float attribute: o6uni
+ + + Eastern_Border float attribute: o6uni
+ + + Cell_Informaibn structure
+ + + + Number_of_Cells integer
+ + + + Size float
+ Flags structure
+ + Mean_or_Point_Values string Aimeanid or #Apoin
+ + Geocentric_or_Geodetic_Latitudes| string fgeocentrici or
+ Reference Ellipsoid string
+ Gap_Value float
EGM_GCF 2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string 0l CGEM®S
+ + + Version string
+ Product_Type string
+ Model_Name string
+ Earth_Gravity_Constant float
+ Spherical_ Harmonic_Development | structure
+ + Radius float
+ + Max_Degree integer
+ Errors string
+ Normalization string
+ Tide_System string
+ Comments string
EGM_GER_2 structure | subproduct
+ Original_Source structure
+ + Format structure
+ + + Name string 0Gri dbod
+ + + Version string
+ + + Fortran_Notation string
+ Data_Information structure
+ + Dataset_ Name string
+ + Description string
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+ + Unit string
+ Coordinate_Information structure |attri but e: 6cou
+ + Latitude structure |[r epeated O6count
+ + + Northern_Border float attribute: ouni
+ + + Southern_Border float attribute: ouni
+ + + Cell_Information structure
+ + + + Number_of Cells integer
+ + + + Size float
+ + Longitude structure
+ + + Western_Border float attribute: ouni
+ + + Eastern_Border float attribute: ouni
+ + + Cell_Information structure
+ + + + Number_of Cells integer
+ + + + Size float
+ Flags structure
+ + Mean_or_Point_Values string Aimeanid or Apoin
+ + Geocentric_or_Geodetic_Latitudes| string fgeentrichA or A
+ Reference Ellipsoid string
+ Gap_Value float

5.3.2.5 SPH product specific tags: SST_AUX 2

Tag Name Type Comment
Original_Source structure

+ Format structure

+ + Name string 61 CGEM®
+ + Version string

Product_Type string

Model _Name string

Earth_Gravitiy Constant string
Sperical_Harmonic_Development structure

+ Radius float

+ Max_Degree integer

Errors string

Normalization string

Tide_System string

5.3.3 XML Data Block File

This section contains the XML ASCII fiyntax definition of the Data Block files of the L2
products send to the PDS/LTA by the HPF.

5.3.3.1 EGG_NOM 2

Tag Name Type Comment

List of GG_time_Records | structure |attri bute: &écount d
+ GG_time_Record structure |[r epeated 6countd ti
+ + Time_Information structure

++ + GPS Time string attribute: 6unitd

+ + Gravity Gradients structure |attri bute: O6unitéd
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++ + XX string

+++YY string

+++77 string

++ + XY string

+++ XZ string

+++YZ string

+ + Sigmas structure |attri bute: déunité

++ + XX string

+++YY string

+++77 string

+++ XY string

+++ XZ string

+++YZ string

+ + Flags structure

++ + XX string

+++YY string

+++ 77 string

++ + XY string

+++ XZ string

+++YZ string

+ + Corrections structue attribute: O6unitéd

+ + + Temporal structure

+ + + + Tidal structure

+ + + + + Direct_Tides structure

++++++ XX string

++++++YY string

++++++272Z string

++++++ XY string

++++++XZ string

++++++YZ string

+++ + + Solid_Earth structure

++++++ XX string

++++++YY string

++++++272Z string

++++++ XY string

++++++XZ string

++++++YZ string

++ + + + Ocean_Tides structure

++++++ XX string

++++++YY string

++++++272Z string

++++++ XY string

++++++XZ string

++++++YZ string

+ + + + + Pole_Tides structure

++++++ XX string

++++++YY string

++++++2727 string

++++++ XY string

++++++ XZ string

++++++YZ string

+ + + + NonTidal structure

++++++ XX string

++++++YY string
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++++++727 string
++++++ XY string
++++++XZ string
++++++YZ string
+ + + Calibration structure
++++ XX string
++++YY stiing
++++2727 string
++++ XY string
++++XZ string
++++YZ string
+ + Quaternions structure
+++Ql1 string
+++Q2 string
+++ Q3 string
+++0Q4 string
5.3.3.2 EGG_TRF_2_
Tag Name Type Comment
List of GG_spatial Records | structue attribute: 6count 6
+ GG_spatial_Record structure |[r epeated 6écount o t

+ + Time_Information structure

++ + GPS Time string attribute: o6unitd
+ + Position structure

+ + +Radius_from_Geocenter| float attribute: o6unitd
+ + + Phi float attribute:6uni t 6

+ + + Lambda float attribute: Ounitbd
+ + Gravity Gradients structure |attri but e: 6unito
+ + + XX string

+++YY string

+++ 77 string

+ + + XY string

+++ XZ string

+++YZ string

+ + Sigmas structure |attri but e: 6unito
+ + + XX string

+++YY string

+++ 77 string

+ + + XY string

+++ XZ string

+++YZ string

+ + Flags structure

++ + XX string

+++YY string

+++277 string

++ + XY string

+++ XZ string

+++YZ string
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5.3.3.3SST _PSO 2_

Tag Name Type Comment
SST PCV 2 structure | subproduct
+ List_of Covariance Records structure |attri bute: écount @
+ + Covariance_Record float attribute: 6rowbd 4
SST PKI 2 structure | subproduct
+ List_of SP3c Records structure [attri bute: écount @
+ + SP3c_Reaurd structure ([r epeated O6count 6 t
+ + + Time_Information structure
++++ GPS _Time structure
+ + + + + Start structure
+ + + + + + Gregorian structure | Gregorian representation
+++++++ Year integer
++ + + + + + Month integer
+ + + ++ + + Day of Month integer
+++ ++ + + Hour integer
+ + + + + + + Minute integer
+++ + + + + Second float
+ + + List_of_Satellite_IDs structure
+ + + +<satlD> structure | ID of Satellite (see header)
+ + + + + Position structure |at t r iriutté@: Ou
++++++X float
++++++Y float
++++++7Z float
+ + + + + Clock float attribute: O6unitd
+ + + + + Standard_Deviations structure
+ + + + + + Position float attribute: O6unitd
++++++X float
++++++Y float
++++++Z float
+ + + + + + Clock float attribute: O6unitd
+ + + + + + Clock float attribute: O6unitd
+ + + + + Velocity structure |at t r i budptwnal 6uni t 6,
++++++X float
++++++Y float
++++++7Z float
+ + + + + Clock_Change_ Rate float a tribute: oO6unitd
+ + + + + Standard_Deviations structure
+ + + + + + Velocity float attribute: O6unitd
++++++X float
++++++Y float
++++++7Z float
+ + + + + + Clock_Change_Rate float attribute: O6unitd
SST PRD 2 structure | sub-product
+ List_ of SP3c Records structure (attri bute: O6count @
+ + SP3c_Record structure |[r epeated 6countd t
+ + + Time_Information structure
++++ GPS Time structure
+ + + + + Start structure
+ + + + + + Gregorian structure | Gregorian representatiqaee footnote)

2 The tag <Gregorian> under a <GPS_Time> tag means GPS timessagrin year, month, day, hours, minutes
and seconds
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+++++++Year integer
+ + + + + + + Month integer
+++ + + + + Day_of Month integer
+++++++ Hour integer
+ + + + + + + Minute integer
++ + + + + + Second float
+ + + List_of SatellitelDs structure
+ + + +<satlD> structure | ID of Satellite (see header)
+ + + + + Position structure |attri but e: ouni t o
++++++ X float
++++++Y float
++++++Z7 float
+ + + + + Clock float attribute: 6éunitéo
+ + + + + Standard_Deviatign structure
+ + + + + + Position float attribute: 6éunité
++4++4+4+X float
+4+4+4+4+4+Y float
++++++7Z float
+ + + + + + Clock float attribute: 6éunité
+ + + + + Velocity structure |at t r i budptwnal 6uni t 6,
++4++4+4+X float
+4+4+4++4Y float
++++++7Z float
+ + + + + Clock_Change_Rate float attribute: O6unitd
+ + + + + Standard_Deviations structure
+ + + + + + Velocity float attribute: O6unitd
++4++4+4+X float
+4+4+4+4+4+Y float
++++++7Z float
+ + + + + +Clock_Change Rate float attribute: O6unitd
SST PRM 2 structure | subproduct
+ List_of Rotation_Records structure |attri bute: &bdcount §
+ + Rotation_Record structure |[r epeated 6countd t
+ + + Time_Information structure
+ + + + Time_Since_Reference Epoc| float attribute: O6unitd
+ + + Quaternions structure
++++Q1 float
++++ Q2 float
++++ Q3 float
++++ Q4 float
SST PRP_2 structure | subproduct
+ List_of PDF_Files structure |at tri bute: &bdcount §
+ + PDF_File string attri but eencoded RDF dile i

5.3.3.4 EGM_GOC_2_

Tag Name Type Comment
EGM_GAN 2 structure | subproduct
+ List_of Latitudes structure [at tri but e: 6count o
+ + Latitude structure |attri bute: o6degreed,
+ + + List_of Longitudes structure [attri bt &: 6co
+ + + + Longitude structure |[repeated 6countd ti me
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+ + + + + Value float attribute: 6éunitéo
EGM_GCF 2 structure | subproduct
+ List of ICGEM_Records | structure |at tri bute: O6count
For a detailed description of an ICGEM recasde SST_AUX_2 in paragh5.3.3.5
EGM_GEO 2 structure | subproduct
+ List_of Latitudes structure |attri bute: &écountd
+ + Latitude structure |attri bute: 6édegreebo,
+ + + List_of Longitudes structure |attri bute: décountd
+ + + + Longitude structure |r epeated 6countd ti me
+ + + + + Value float attribute: 6éunitéo
EGM_GER 2 structure | subproduct
+ List_of Latitudes structure |attri bute: décountd
+ + Latitude structure |attri bute: 6édegreeo,
+ + + List_of Longitules structure |attri bute: O&écountd
+ + + + Longitude structure |[r epeated O6countd ti me
+ + + + + Value float attribute: 6éunité
EGM_GRP_2 structure | subproduct
+ List_of PDF_Files structure |attri bute: O&écountd
+ + PDF_File string attribute: odedRDEfledi ngd
EGM_GVE_2 structure | subproduct
+ List_of_Latitudes structure |attri bute: O&écountd
+ + Latitude structure |attri bute: O6degreeb6,
+ + + List_of Longitudes structure |attri bute: O&écountd
+ + + + Longitude structure |repeatd 6count 6 ti mes
+ + + + + Value float attribute: 6éunité
EGM_GVN_2 structure | subproduct
+ List_of Latitudes structure |attri bute: &édcountd
+ + Latitude structure |attri bute: O6édegreeo,
+ + + List_of Longitudes structure |attriclhwine 6 6
+ + + + Longitude structure |[r epeated O6count 6 ti me
+ + + + + Value float attribute: 6éunité
5.3.3.5 SST_AUX 2_
Tag Name Type Comment
List_ of ICGEM_Records structure [at tri but e: 6count
attributepeadtegpedcoun
For Earth gravity field models, type can be:
0GFCb6, OGFCT® or o0DOT
+ ICGEM_Record structure For Ocean and Atmosphere tides, type can be:
OLOVNRG6, 60CS6, OACSHO
or OCAPSO
+ + Degree integer for all record types
+ + Order integer for all record types, exceptL OV NR 6
+ + Load_Love_Number integer only for record type
. for all ocean and atmosphere tides record types
+ + Pro_or_Retro string excepts L OV NR 0
. for all ocean and atmosphere tides record types
+ + Doodson_Number integer except L OV NR 6
for all record typesexceptd L OV NR@A P 6 |
++Cim float OAAPO6 and 6CAPG
for all record typesexceptd L OV NR@GA P 6 |
++Sim float OAAPO6 and 6CAPG
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+ + Alm float only for record types
+ + PIm float only for recordntdy p&E€N
. when errors = 0noo,
+ + Sigmas structure 6LOVNRS
float when errors = A
++4C float or structure when errors
structure | for all record typesexceptd L OV NR@GA P 6 |
0AAPO6 and O6CAPH
float or fl oat when errors = A
+++A structure structure when errors
only for record type OAP 6, OAAPSO
+ + + + Galibrated float only when errors = #fAc
+ + + + Formal float only when errors = #fAc
float or fl oat when errors = i
+++S
structure |[structure when errors
float or fl oat when errorsal=0,f
+++P structure structure when errors
only for record type® OAP 6, OAAPSO
+ + + + Calibrated float only when errors = #fAc
+ + + + Formal float only when errors = #fAc
+ + + Date integer only for record type
+ + + Comment string optional
+ Comment string optional
Example:

ICGEM recordused in HPFRyravity fieldproductsEGM_GOC_ 2 and SST_AUX 2

Tag Name Type Comment
ICGEM_Record structure |t ype=AGFCAh
+ Degree integer

+ Order integer

+ Clm float

+ Slm float

+ Sigmas structure

++C float

++S float
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5.4 EGM_GVC_2_ FORMAT

General Product Layout

Due to the size of the variancevariance product it is not stored in XML format, but in a
specific ASCII format spafied below.A header in XML will be includedThis product is
not distributed by ofline access, but only via DVD cagsi

Due to a maximum file size of 2 GB for some operating systems the matrix is distributed
among several files. The splitting of thewer triangleshall be dongow-wise (in order to
facilitate the handling of bloeckiagonal approximations). The matrix entries of each
harmonic ordem is stored in a separate file. The numbering of the files is done by a
consecutive numbering scheme e tfile name. The following figure illustrates the file
splitting for an example with maximum degree and order 4

m=0 < Row 1 (=File br Order m=0)
m=1 \— Row 2 (File for Order m=1)
m=2 < Row 3 (File for Order m=2)
_ Row 4
m=3 (File for Order m=3
3 Row 5
m=4 (File for
Order m=4)

Meta Data File:

The set of files is complemented by a genrerata data ASCII file describing the whole file
sequence. This general metata file contains all information what is required to identify and
read the subsequent data files of the vari@os@riance matrixin the product this file has

t he e xt e n $he folowirg.lidt $hoivd the entries proed in the general metdata

file. Each keyword has to be read with a fixed length of 30 characters, while the maximum
length for the related parameter is fixed to 70 characters.




/ Doc. Nr: GO-MA-HPFGS-0110
‘ '\\% Issue: 5.0
‘(:‘7 Date: 04.08.2014
Page: 78 0f 84

GOCE Level 2 Product Data Handbog

GCOCE

Keyword [30 characters fixed length,

filled with blanks]

Meaning of parameters [<70 characters]

product type

Variancecovariance matrix

modelname

Name of the model

earth_gravity _constant

Earth gravity constant multiplied by mass, which has been used for the
gravity field model (GM). This value might be required for error pgapi@n.

radius Radius of sphere which has been used for the gravity field model. This v
might be required for error propagation.

max_degree Maximum degree of the spherical harmonic series

errors Must be set to: Afor malnd, ffoaanail ®
on the type of the errors

covariance_matrix_type Covariance file type: Afull o or

Full means a full system, block means a bid@gonal system.

sequence_number_entries

Number of coefficients in the matrix. After this enthe sequence of the
coefficients is provided. Each coefficient is described in one Tihe
sequence of the coefficients must be according to the order of the spher
harmonic series (see figure above).

[C,S]_nnn_mmm

Coefficient descriptionvith degreennn and order mmm

sequence_number_files

Number of files that belong to the variarmevariance matrix file. Each file
name is then provided in a subsequent record. Files are stored per harm
order.

List of file names (each in a new record withoeyword)

The following example shows the meta data file for the example with a maximum degree and
order 4 (see previous figurgr a specific ordering scheme inside the ordéne file name of

t his

product_type
modelname

f i | emetasdata file &.1Hdn

EXAMPLE

earth_gravity _constant

radius
max_degree
errors

covariance_matrix_type

as n

- covariance maitrix
- MODEL1

variance

0.3986004415E+15

0.6378136460E+07

4
fo
full

sequence_number_entries

C_000_000
C_001_000
C_002_000
C_003_000
C_004_000
C_001_001
C_002_001
C_003_001
C_004_001
S_001_001
S_002_001
S_003_001
S_004_001
C_002_002
C_003_002
C_004_002
S 002_002
S_003_002
S_004_002

rmal

25
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C_003_003
C_004_003
S 003 003
S 004 003
C_004_004
S_004_004
sequence_number_files 5
data_file
data_file
data_file
data_file
data_file

Data File:

The data files themselves are stored in ASCII and include in the first lines the following meta

~1 001

1_000

1_002
1003

_1 004

data. Each keyword has to be written with a fixed length of 30 charactels tinhmaximum
length for the related parameter is fixed to 70 characters.

Keyword [30 characters fixed length,
filled with blanks]

Meaning of parameters[<70 characters]

meta_data file_name

Name of the meta data file

order Harmonic order of the file

number_entries Total number of data values in the file (for control information)
begin_data Keyword indicating where the data section starts

end_data Keyword indicating where the data section ends.

The data files are stored in remise order (one entryer line free ASCII formatted in order to

avoid problems with the record lengtfhe sequence for orderdf the previous example

with a maximum order of 4 shown in the following figure. The numbers in the drawing

indicate the sequence how the elermare stored in the file.

C C C C C c ¢ € Cc s s §s S
00 10 20 30 40 11 21 31 41 11 21 31 4,1

Cl1l |1 >

c21 |7 >

C31 |14 > 18 >

C4.1 | 22 > | 27—

S11 |31 >

S21 |41 >

S31 |52 >

S41 | 64 > 68 69

v

Below the example file for a subsequent data file is provided (the sample file is related to the

figure above):

meta_data_file_name m

eta_data_file

_1.1H
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order 1
number_entries 76
begin_data

-0.7657887654320E - 09

(0}

(all together 76 numbers in ASCII format)

D D D D~ D

+1.0567758766890E - 14
end_data

Example for Dfferent Ordering:

It shall be noted that the sequence inside the orders is flexible arwt chfferent from the
exampleasshown above. For a different sequence of coefficients inside the orders the meta
data file has to describe the correct sequence of the data as they are provided in the data file.
Below an alternative example for a variaromvariance matrix with maximum degree of 4

and a different orderings shown.Now the file name of thisnetadatafile is chosen as
fimeta_data_file_2.11ld

product_type variance - covariance matrix
modelname EXAMPLE - MODEL2
earth_gravity _constant 0.3986004415E+15
radius 0.6378136460E+07
max_degree 4
errors formal
covariance_matrix_type full
sequence_number_entries 25
C_000_000
C_002_000
C_004_000
C_001_000
C_003_000
C_001_001
C_003_001
C_002_001
C_004_001
S_001_001
S_003_001
S_002_001
S_004_001
C_002_002
C_004_002
C_003_002
S_002_002
S_004_002
S_003_002
C_003_003
C_004_003
S_003_003
S_004_003
C_004_004
S_004_004
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sequence_number _files 5
data file. 2 000
data file 2 001
data file 2 002
data file 2 003
data file 2 004

The data file fothis example then has the following sequence:

C C C C C c ¢ € Cc s s S S
60 20 40 10 30 11 31 21 41 11 31 21 4.1

C1l1 |1 >

c31 |7 >

c21 |14 > 18 >

c4.1 | 22 > | 27 ———

S11 |31 >

S31 |41 >
S21 | 52 >
S4.1 | 64 > 68 69 >
meta_data_file_name meta_data_file_2.IIH

order 1

number_entries 76

begin_data

- 0.7657887654320E - 09

é

é

e

é (all together 76 number s in ASCII format)

é

é

+1.0567758766890E - 14
end_data

Estimation ofFile Sizes:

The maximum number of elements in a file for a maximum degree of 250 is 12173185 (at
order 106) and 20993274 for maximum degree of 300 (at order 127). Under the assumption
that we need not more than 20 bytes for 1 elements this sums up to a maximum file size of
about 250 MB (for a maximum degree 250) and to 420 MB (for a maximum degree 300).
These files can be easily handled by all computer systems.
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5.5 GRD/GRC_SPW_2_ FORMAT

General Product Layout

The gravity gradient grid products amet stored in XML format, but in a specific ASCII
format specified below.

The file consists of:
1 aninternal header
1 6 (or less) columns with grid gravity gradients, sorted by latitude (Vee, Wim, Ven,
Ver, Vnr, or Tz2
1 6 (or less) columns with error estimates, sorted by latitsded,sVnn, sVrr, sVen,
sVer, sVnr, orstdlzz)
1 2 (or less) columns with gravity anomalies and estimated errors (only for GRC product)
(Dg, std Dg)
Where
Vee: Eag gravity gradienof gravity potential V
Ven: mixed EastNorth gravity gradienof gravity potential V
Ver: mixed EastRadial gravity gradientf gravity potential V
Vnn: North gravity gradienof gravity potential V
Vnr: mixed North-Radial gravity gradiet of gravity potential V
Vrr: radial gravitygradientof gravity potential V
sVxy: errorestimatesor thegravity gradientxy
Tzz radial gravity gradient of disturbing potential
stdTzz estimated error of radial gravity gradient Tzz
Dg: gravity anomaly
StdDg:estimated error of gravity anomaly

=2 A2 -8-4_-9_9_-9_-9_-45_-°3-°

Themain differences between GRD and GRC products are the grid resolution / altitude and
the estimated functionals (gravity gradients for GRD and e.g. gravity anomalies and second
radial derivatives for GRC

The grid data pointaresorted by columnghis means data for column 1 are followed by data
by column 2 and so forth (see illustratiand exampléelow):

12
(€80

(13
e = e. A (1,1); (2,1); (3.1); (1,2); (2,2); (32(1,3); (2,3); (3,3)

3
(C5) 33
(32)
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Veell Vnnill é sVeell sVnnll é
Vee21l Vnn21 é sVee2l sVnn21 é
Vee3l Vnn31 é sVee3l sVnn31 é
é é é é é é
VeeN1 vnnN1 é sVeeN1 | sVnnN1 é
Veel?2 vnnl2 é sVeel?2 sVnni2 é
Vee22 Vnn22 é sVee22 | sVvnn22 é
Vee32 Vnn32 é sVee32 | sVnn32 e
é é é é é é
VeeN2 VnnN2 é sVeeN2 | sVnnN2 é
é é é é é é
VeeNN | VnnNN é sVeeNN | sVnnNN é

Theproduct fle is complemented bymainternal header which is described below.

Keyword [30 characters fixed length,
filled with blanks]

Meaning of parameters[<70 characters]

product_type

Description of product

modelname

Name of the model

reference ellipsoid

Ellipsoid of reference potential (required only for disturbing potential and
gravity anoamlies)

min latitude

Minimum latitude(bottom row of grid)in degree)

max latitude

Maximum latitude(top row of grid)(in degree)

min longitude

Minimum longitude(left column of grid)(in degree)

max longitude

Maximum longitude (right column of grid)n degree)

delta latitude

Distance latitude grid lines (in dexg)

delta longitude

Distance longitude grid lines (in degree)

number of rows

Number of rows in grid file

number of columns

Number of columns (longitudes) in grid file

number of grids

Number of values provided for each grid point

grid altitude

Geocemtic height for which the grid values are provided

functionals

Sequence of functionals provided per grid point (see descriptions above

The following example shows tliiest lines of a produdile:

product_type space

modelname

min latitude - 89.9000000
max latitude +89.9000000 [degree]
min longitude -179.9000000
max longitude +179.900 0000
delta latitude 0.2000000 [degree]
delta longitude 0.2000000 [degree]
number of rows 900

number of columns 1800
number of grids 4

grid altitude 6.6376552e+006 [m]
functionals

- 1.35489507e+003 -1.76966457e - 002
- 1.35489102e+003 - 1.57941626e - 002
- 1.35488794e+003 -1.19439160e - 002
- 1.35488584 e+003 - 6.88425901e - 003

- wise GOCE - only data grids
GO_CONS_GRD_SPW_2_ 20091101T055147_20100630T180254_0001

[degree]

[degree]
[degree]

Veel[E], Ven[E], Ver[E], Vnn[E]

- 2.42098801e - 002 - 1.35478049e+003
- 3.69133297e - 002 - 1.35477690e+003
-4.80821309e - 002 - 1.35477545e+003
-5.71397738e - 002 - 1.35477639e+003
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