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Gravity field and steady-state Ocean Circulation 
Explorer (GOCE) 

• Launched in March 2009, end of mission in 
November 2013 

• Dedicated to measure Earth’s static gravity field, 
and by so allowing us to model the geoid 

• Achieved a mean global accuracy of 2.4 cm in 
terms of geoid heights and 0.7 mGal for gravity 
anomalies at a spatial resolution of 100 km. 
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GOCE User Toolbox (GUT) 
GUT is a toolkit to facilitate the use, viewing and post-
processing of GOCE’s Level 2 gravity field data products, 
applicable in the fields of geodesy, solid Earth physics and 
oceanography. 
• Collection of command-line tools (C++) and graphical user 

interface (Python) 
• Runs under Windows, Linux and Mac OS 
• NetCDF (CF 1.6) used for final and intermediate products 
• Fully open source software under GNU GPL license 
• Extensible by means of three APIs in C, C++ and Fortran 
• Current version 3.1 
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GOCE User Toolbox (GUT) 
• First public release (1.0) of GUT was in April 2009 

(right after GOCE launch) 
• The last one (3.1) was in December 2015 
• There is an average of 2 to 3 downloads per week 
• In the coming months, new work will be started 

around studying the error covariances structure 
associated with the MDT and also providing 
further user support 
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GUT v3.1 
• Read GOCE Level 2 products and ancillary 

datasets, including a priori surfaces, 
calibrated gravity gradients and geoid 
height errors. 

• Calculate the error variance-covariance 
matrix of GOCE’s gravity models. 

• Read GRACE Level 2 products. 
• Read global and local gravity models in 

ICGEM format. 
• Compute geoid heights at a chosen 

maximum degree and order over a grid or 
transect. 

• Compute gravity and height anomalies, 
and vertical deflections on the surface of 
the terrain for a range of maximum degree 
and order expansions over a grid or 
transect. 

• Compute the spherical harmonic synthesis 
and calculate the potential gradients. 

• Compute the ocean's mean dynamic 
topography and associated geostrophic 
velocities, kinetic energy and the vertical 
component of relative vorticity. 

• Smooth gridded fields with a wide range of 
spatial and spectral filters, including 
diffusive filtering. 

• Transform data between different 
reference ellipsoid and tide-systems. 

• Compute gravity disturbances, Bouguer 
and free-air anomalies at different heights 

• Produce final output products in netCDF 
format (CF 1.6). 

• Graphical User Interface 
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Main concepts 
GUT performs a series of processing steps as 
described in XML files called workflows. 
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<?xml version="1.0"?> 
<workflow> 
    <units> 
        <CmdLineArgInputFileName name="InFile"></CmdLineArgInputFileName> 
        <CmdLineArgReferenceEllipsoid name="RE" /> 
        <CmdLineArgGrid name="Grid">0.50 359.50 -89.50 89.50 1.0 
1.0</CmdLineArgGrid> 
        <CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> 
        <CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem> 
        <CreateReferenceEllipsoid name="DefaultRE" /> 
        <SphericalHarmonicPotentialImport name="DataShp" /> 
        <ChangePotentialDegreeAndOrder name="DegOrdSetShp" /> 
        <ChangePotentialTideSystem name="TideSetShp" /> 
        <GridFunctionGeoidHeight name="GeoidHeight" /> 
        <CmdLineArgOutputFileName 
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> 
        <GridFunctionExport name="Export" /> 
    </units> 
    <connection> 
        <socket unit="InFile" port="OutFileName" /> 
        <plug unit="DataShp" port="InFileName" /> 
    </connection> 
    <connection> 
        <socket unit="DefaultRE" port="OutReferenceEllipsoid" /> 
        <plug unit="RE" port="InReferenceEllipsoid" /> 
    </connection> 



Main concepts 
The workflows are defined by means of the 
processing units and the connections between them 
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<?xml version="1.0"?> 
<workflow> 
    <units> 
        <CmdLineArgInputFileName 
name="InFile"></CmdLineArgInputFileName> 
        <CmdLineArgReferenceEllipsoid name="RE" /> 
        <CmdLineArgGrid name="Grid">0.50 359.50 -89.50 89.50 1.0 
1.0</CmdLineArgGrid> 
        <CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> 
        <CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem> 
        <CreateReferenceEllipsoid name="DefaultRE" /> 
        <SphericalHarmonicPotentialImport name="DataShp" /> 
        <ChangePotentialDegreeAndOrder name="DegOrdSetShp" /> 
        <ChangePotentialTideSystem name="TideSetShp" /> 
        <GridFunctionGeoidHeight name="GeoidHeight" /> 
        <CmdLineArgOutputFileName 
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> 
        <GridFunctionExport name="Export" /> 
    </units> 
    <connection> 
        <socket unit="InFile" port="OutFileName" /> 
        <plug unit="DataShp" port="InFileName" /> 
    </connection> 
    <connection> 
        <socket unit="DefaultRE" port="OutReferenceEllipsoid" /> 
        <plug unit="RE" port="InReferenceEllipsoid" /> 
    </connection> 



Main concepts 
GUT’s basic algorithms are encapsulated within the 
processing units (C, C++, Fortran) 
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<?xml version="1.0"?> 
<workflow> 
    <units> 
        <CmdLineArgInputFileName name="InFile"></CmdLineArgInputFileName> 
        <CmdLineArgReferenceEllipsoid name="RE" /> 
        <CmdLineArgGrid name="Grid">0.50 359.50 -89.50 89.50 1.0 
1.0</CmdLineArgGrid> 
        <CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> 
        <CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem> 
        <CreateReferenceEllipsoid name="DefaultRE" /> 
        <SphericalHarmonicPotentialImport name="DataShp" /> 
        <ChangePotentialDegreeAndOrder name="DegOrdSetShp" /> 
        <ChangePotentialTideSystem name="TideSetShp" /> 
        <GridFunctionGeoidHeight name="GeoidHeight" /> 
        <CmdLineArgOutputFileName 
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> 
        <GridFunctionExport name="Export" /> 
    </units> 
    <connection> 
        <socket unit="InFile" port="OutFileName" /> 
        <plug unit="DataShp" port="InFileName" /> 
    </connection> 
    <connection> 
        <socket unit="DefaultRE" port="OutReferenceEllipsoid" /> 
        <plug unit="RE" port="InReferenceEllipsoid" /> 
    </connection> 

#include "config.h" 
#include "SphericalHarmonicPotentialImport.h" 
#include "SphericalHarmonicPotentialExtraction.h" 
#include "GutDebug.h" 
 
//------------------------------------------------------- 
// SphericalHarmonicPotentialImport 
//------------------------------------------------------- 
 
SphericalHarmonicPotentialImport::SphericalHarmonicPotentialImport(
WorkFlow &workflow, const std::string &name, const std::string 
&parsableDefault) : 
  ProcUnit(workflow, name), 
  m_inFileName(*this, "InFileName"), 
  m_outShp(*this, "OutSphericalHarmonicPotential") 
{} 
 
void SphericalHarmonicPotentialImport::calculate(LogSystem &log) { 
  TRACE4("SphericalHarmonicPotentialImport::calculate"); 
 
  SphericalHarmonicPotential shp = 
GUT::sphericalHarmonicPotentialImport(log, m_inFileName.data().c_str()); 
  if (shp.isValid()) 
    m_outShp.setData(shp); 
} 
 



Workflows and Processing Units Portfolio 
• GUT offers to users a 

portfolio of more than 70  
prebuilt workflows and 
about 140 processing 
units for the more 
general tasks in the fields 
of Geodesy and 
Oceanography 

• These can be extended 
by user-made workflows 
and processing units 
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Graphical User Interface 
A user is no longer limited to editing XML files and executing command line tools. 
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<?xml version="1.0"?> 
<workflow> 
    <units> 
        <CmdLineArgInputFileName name="InFile"></CmdLineArgInputFileName> 
        <CmdLineArgReferenceEllipsoid name="RE" /> 
        <CmdLineArgGrid name="Grid">0.50 359.50 -89.50 89.50 1.0 
1.0</CmdLineArgGrid> 
        <CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> 
        <CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem> 
        <CreateReferenceEllipsoid name="DefaultRE" /> 
        <SphericalHarmonicPotentialImport name="DataShp" /> 
        <ChangePotentialDegreeAndOrder name="DegOrdSetShp" /> 
        <ChangePotentialTideSystem name="TideSetShp" /> 
        <GridFunctionGeoidHeight name="GeoidHeight" /> 
        <CmdLineArgOutputFileName 
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> 
        <GridFunctionExport name="Export" /> 
    </units> 
    <connection> 
        <socket unit="InFile" port="OutFileName" /> 
        <plug unit="DataShp" port="InFileName" /> 
    </connection> 
    <connection> 
        <socket unit="DefaultRE" port="OutReferenceEllipsoid" /> 
        <plug unit="RE" port="InReferenceEllipsoid" /> 
    </connection> 



Graphical User Interface 
• Built with Python over the C++ command lines tools. 
• Interaction by dragging and dropping workflow nodes, user-friendly dialogs, and colour 

coded feedback. 
• Run and visualise results without leaving the GUI. 
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Graphical User Interface 
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Optional 

Wrong or 
Missing 

OK 



Graphical User Interface 
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Parameters 



Graphical User Interface 
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Parameters 



Graphical User Interface 
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Constant 
Feedback 



Graphical User Interface 
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Constant 
Feedback 



Graphical User Interface 
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Results visualisation 



Graphical User Interface 
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Build your 
own 

workflow 



Graphical User Interface 
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Build your 
own 

workflow 
… with your 

own 
processing 

units 



Demo 
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How to calculate a Mean Dynamic Topography only from GOCE? 



Demo 
How to calculate a Mean Dynamic Topography only from GOCE? 
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Go to http://icgem.gfz-
potsdam.de/ICGEM/ 
and download a geoid 
model built using only 
GOCE data! 

http://icgem.gfz-potsdam.de/ICGEM/
http://icgem.gfz-potsdam.de/ICGEM/


Demo: MDT from GOCE 
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Go to 
http://www.space.dtu.dk/english/research/scientific_d
ata_and_models/global_mean_sea_surface and 
download a Mean Sea Surface grid 

http://www.space.dtu.dk/english/research/scientific_data_and_models/global_mean_sea_surface
http://www.space.dtu.dk/english/research/scientific_data_and_models/global_mean_sea_surface


Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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Demo: MDT from GOCE 
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ANY QUESTIONS? 
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ANY QUESTIONS? 

35 

YES 



Questions 
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ANY QUESTIONS? 
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YES 



https://earth.esa.int/gut 

41 
gut.info@esa.int 



Thank you! 
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For any questions 
gut.info@esa.int 

Get GUT at 
https://earth.esa.int/gut 
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