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Grawty field and steady-state Ocean Clrculatlon
Explorer (GOCE)

e 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.

Qﬂ goce
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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)

e 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
P gut &
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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.

2 10th COASTAL ALTIMETRY WORKSHOP

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)

p e f
Graphical Userlnterfaceg Ut § ,~

[ GOCE USER TOOLBOX W’

21-24 February 2017 | Florence, Italy



NATURAL ENVIRONHENT RESEARCH COUNCIL el
University of
New Hampshire

@ S @ TN N\ i 2 BEY ) @ ceumersar  (SU w Eesa

Main concepts

GUT performs a series of processing steps as
described in XML files called workflows.

<?xml version="1.0"?>
<workflow>
<units>
<CmdLineArgInputFileName name="InFile"></CmdLineArgInputFileName>
<CmdLineArgReferenceEllipsoid name="RE" />
<CmdLineArgGrid name="Grid">@.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>
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Main concepts

The workflows are defined by means of the
processing units and the connections between them

<?xml version="1.0"?>
<workflow>
<units>

<CmdLineArgInputFileName

name="InFile"></CmdLineArgInputFileName>
<CmdLineArgReferenceEllipsoid name="RE" />
<CmdLineArgGrid name="Grid">@.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>
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Main concepts

GUT’s basic algorithms are encapsulated within the
processing units (C, C++, Fortran)

<?xml version="1.0"?> #include "config.h"
<workflow> #include "SphericalHarmonicPotentialImport.h"
<units> #include "SphericalHarmonicPotentialExtraction.h"
<CmdLineArgInputFileName name="InFile"></CmdLineArgInputFileName> #include "GutDebug.h"
<CmdLineArgReferenceEllipsoid name="RE" />
<CmdLineArgGrid name="Grid">0.50 359.50 -89.50 89.50 1.0 J e et
1.0</CmdLineArgGrid> // SphericalHarmonicPotentialImport
<CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> /S I e e e e e eSS
<CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem>
<CreateReferenceEllipsoid name="DefaultRE" /> SphericalHarmonicPotentialImport::SphericalHarmonicPotentialImport(
<SphericalHarmonicPotentialImport name="Datashp" /> WorkFlow &workflow, const std::string &name, const std::string
<ChangePotentialDegreeAndOrder name="DegOrdSetShp" /> &parsableDefault) :
<ChangePotentialTideSystem name="TideSetShp" /> ProcUnit(workflow, name),
<GridFunctionGeoidHeight name="GeoidHeight" /> m_inFileName(*this, "InFileName"),
<CmdLineArgOutputFileName m_outShp(*this, "OutSphericalHarmonicPotential")
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> {}
<GridFunctionExport name="Export" />
</units> void SphericalHarmonicPotentialImport::calculate(LogSystem &log) {
<connection> TRACE4("SphericalHarmonicPotentialImport::calculate");
<socket unit="InFile" port="OutFileName" />
<plug unit="DataShp" port="InFileName" /> SphericalHarmonicPotential shp =
</connection> GUT: :sphericalHarmonicPotentialImport(log, m_inFileName.data().c_str());
<connection> if (shp.isValid())
<socket unit="DefaultRE" port="OutReferenceEllipsoid" /> m_outShp.setData(shp);
<plug unit="RE" port="InReferenceEllipsoid" /> }
</connection>
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orkflows and Processing Units Portfolio

* GUT offers to users a e

ellips:
Earth

e : ESA-GUT-AD-001
135

portfolio of more than 70 | p (=& Lt FETs

scalin|
b L] I fI values
length
requir] _ Reference : ESA-GUT-AD-001
prebuilt workflows and e T
where Py,
Legendr
H Dolga:?unrq?a‘ _—18W_—GM = a A . 8P"(cosB)
abou rocessin = [ S ——
relation. i T
Havi — aPrsin(B)cos(8)
avin o s
L] poten| The result; Wr:ﬁfﬁg%%:ﬁgl_%ﬂlzf%) Y. mlC,, sin{mh)-S,, cos(mh)] P (cos8) (7.4.2)
coeffi n L
u n ItS fo r t h r wzz,%:(ﬂr#32|n+l)(§] 3. [Cuncos () Ssin A [P (cosB) — w'rsin’(e)
e l I lO e At ca 7.4 Gravil
Bruns| The Gravit]

the gravity In this local coordinate system, Wx is positive northward, Wy is positive
eastward and W; positive inward. The magnitude of the gravity vector, ge, is

general tasks in the fields L I -

wherd
distur]

Sphe] The inputs| The point Q, where Wr = Uy, is determined by iteration. The iteration starts by
O e O e S a l I s A so| assuming the point Q has an altitude of zero. Corrections to the guessed
solution for the altitude are made by examining the error in the potential, Ug,

* An3j and its radial gradient (effectively the Newton-Raphson method for solving non
The n| \ine_-,ar equations). Evaluation of the reference gravity, y, and gravity potential,

The outpu u is based on the equations f_urW _and VW, but are DPtirni%ed based on the
limited set of non-zero coefficients in the model. The iteration terminates when
o Ade the error in the potential is less than 1071. Since the gradient of the potential

is approximate 10ms™, the tolerance in the height is approximately 1 micron.

The locati The resultant gravity anomaly is expressed in units of mgal (10°ms™).
evaluated
. wherd] Trai:kfassu NOTE: It should be mentioned here that the gravity anomaly calculated by
They transformg GUT is coherent with Molodensky's "free-air gravity anomaly” and should not
Gravil gravity, g4 be confused with Stoke's method in which a downward free-air reduction from
90°). gravity po the Earth's surface to the geoid is applied for observed gravity.
Wir,8.1) 7.5 Free Air Gravity. ly (freeairgravi ly_gf, freeairgravi ly_tf)
- This algorithm extracts a set of spherical harmonic potential coefficients (and
GM, R, tide system) from file and calculates the gravity anomaly (free air
The comp anomaly) on a chosen Track or Grid with a specified expansion of the

oriented ri| geopotential. Unlike Molodensky's gravity anomaly evaluated with respect to a

[ J [ J
topography, the free air anomaly is evaluated with respect to the geoid and to
the ellipsoid surface.

The inputs to this algorithm are:
® A source Spherical Harmonic Potential
® A source Track to define the destination file (in case of track function)
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Graphical User Interface

A user is no longer limited to editing XML files and executing command line tools.

Command Promp

effect. GUT specific options may he specified anywhere in the command-line n
except between a workflow flag and its argument.

<?xml version="1.0"?> C:“Documents and Settingsssalvatore di nardoxDesktop~GUT 1.8~gut—1.8bxhin>gut —
<workflow> tels
<units> The GUT Command-Line Processor has several basic run—modes and precisely one
. . " . " . . of these is active for each invocation of GUT. Some run-modes do not require
<CmdL1neAr‘gInputFlleName name="InFile ></CmdL1neArgInputF11eName> any additional input. but most require a workflow file and most workflows
. . . " " will require additional command-line flags and arguments. Command—line flags
<CmdLineArgReferenceEllipsoid name="RE" /> that start with —— are treated az GUT specific options. Flags with a single
. . _n PR — are treated as workflow specific options. In general a workflow flag will
<CmdL1neAr‘gGr‘1d name="Grid">@.50 359.50 -89.50 89.50 1.0 be followed by an argument. The first command-line argument that is NOT a
5 3 flag iz interpretted as the workflow.
1.0</CmdL1neA|:‘gGr‘1d> " " The workflow name is used to locate a workflow definition file. The file
<CmdLineArgDegreeAndOrder name="DegreeAndOrder" /> search process is...
<CmdLineArgTideSystem name="TideSystem"></CmdLineArgTideSystem> Treat the workflow name as a filename, as—is.

. . _ If not already present. append .xml to the name and treat as a filename.
<Cr‘ea‘teRe'Fer‘enceE111p501d name="DefaultRE" /> Prepend.thg Slfandal-d Unl-ld-‘lnu Defintion directory to the name and append
<SphericalHarmonicPotentialImport name="DataShp" /> -xml if it dis not already present.
<ChangePotentialDegr‘eeAndOr\der\ name:"DegOr‘dSetShp" /> minimal command—line required for each run—mode is shown helow.
<ChangePotentialTideSystem name="TideSetShp" /> —help : Shous this help information.
<Gr‘idFunCtionGEOidHEight name="GeoidHeight" /> ——wersion : Shows the version and installation information.

" <Cr.ndLineAr‘gOUtpL.JtFlleName . . ——uworkf lows ¢ Shows the list of installed workflows. Note that a
name="OutFile">geoid_height.nc</CmdLineArgOutputFileName> file in the current directory may obscure these
. . " " workflows. The —man option can be used to determine
= precisely which file is located.
<GridFunctionExport name="Export" /> isely which file is 1 d
</units> ——man {workflow> : Extracts the internal documentation from a workflouw
S definition and gives the full path of the workflow
<connection> ) Le" 5 ) . File.
<socket unit="InFile" port="OutFileName" />
e m " P " . " / ——dot <{workflow> : Constructs the workflow and produces the file
ug unit= Data ort="ILnriieName WO ow>.dot in the current directory. hiz file
<pl t="DataSh t="InFileN /> <workflou>.dot in th di This £il
. describes the structure of the workflow graph in the
</C0nn8Ctlon> DOT language, and can be wisualized with OpenSource
S tools (ie. Graphviz). Additional arguments,. specific
<connection> X X X to the wor flow may be required for error—free
<socket unit="DefaultRE" port="OutReferenceEllipsoid" /> construction of the workflou.
<plug unit="RE" port="InReferenceEllipsoid” /> ——test <workflow> : Constructs the workflow to check that it is walid
q and can be executed with the specified flags and
</connection> SIS o

<workf low?> : Construct and execute a workflow. Additional command-—
line arguments are usually required. The precise
nature of these arguments is defined by the content
of the workflow definition file.

For the workflow execution run—mode additional GUT options may he supplied.
These are...
——quiet : Suppresses all error. warning. information and
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Graphical User Interface

New Hampshire

e 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.
TrErsae—— S o

LE&& &
Workfon Liary
projectl.gut
System Workflows 5
Grid Function
adept_gf
addscalar_gf K =
add_gf Q. Fligse Labtude Longitude
siryanomaly_gf Conter Lat: |0 Center Lon: 8 50 Warkflow Description - geoidheight gfixml 8 %
bougueranomaly_gf o ‘
changeellipse_gf < 7] Show Grid Labels gecidheight_afxml B
hangetid
Sl Data Layers
changetime_gf Synopsis : Extract a set of spherical harmonic patential coefficients
diffusion_gf 1 {and GM, R, tide system) from fie and calculate the height
dwide_of = T S| of the gecid on a chosen Grid vith a spacified expansion of
o the geopotential The Grid can be spedified in one of
SO GG [% ¥|show Sold Color | Edt | [ Show Contour [ Edit several ways. The defaultis a global 1x1 dearee arid on
exportimi_gf Q6f I the GRS80 elipsoid with the potential expanded to the
expontff_gf " R, degree and order defined by the input fie.
extract gf Arguments :
filer_gf InFie input_fle_name
Tressirgravitysnomaly of - Rangs Input file containing the geopotential.
geaidheightcorrection_gf i Min: 10487 Max: 77.582 e ~Gfinput_grid_fie  {option 10f 3)
geondheight_gf —_— Specifies the file that defines the output Grid. This can
BT - be any file from which GUT can extract a ord. Note, this
geeiiibtinbence of - o s the elosod
gravitypotentialgradient_gf -Afinput_grid_fie  (option 20f 3)
gskineticenergy_gf State | zoam | 2 (reight) e file that defines the latitude and longitude
2 - axes of the output Grd, This can be any fie from nhich
) e [Cria) GUT can extract a grid. The Elipse flag can be used to
s |itan) spedfy the elipsoid, othernise the GUT default of GRS80
is assumed.
OR
Rwesmn (option 30f 3)
Spedifies the latitude and longitude bounds of the
‘equiangular output grid. The longitude limits (w:e) must be
in degrees in the range [-360,+350] and the latitude
-Outsiie ResFie limits (s:n) must be in degrees in the range [-90,+90]
fitzred.nc fiter_res.ne “This option is normally use in combination with the -Land
Elipse options.
A dedn (optional)
Specifies the longitude and latitude grid spacing. de and

dn are spacings in degrees. The intervals spedfied by the
R option must be dose to integer mltple of these
spacings. The spacngs will be recalculated to ensure the
regionis dvided uriformiy.

“Elipse ellipse_ (optional)

e a specific Reference Elipsoid, TFnot specified, the
o ) GUT defauit of GRS30 is used. The ellipsoid can be
Praject exerution fnshed

Uriodk: project1.gut
Visuaizng fle: C: Users jani Deskioprelesse_eanddate\gut_re_winTyputpul fitered e

subtract_gf
surfacegravitationalpot_gf
surfacegravitation_gf
surfacegravitypot_gf
of

IMETRY WORKSHOP

spedified as one of
= elipsoid name
GRSB0 TOPEX GRIM WGS64 WGS84rev1
= the parameter:
rmatted as inverse_flattening:a:GM
= flename
extracts the elipsoid from the meta-data in this fle

DO degree_end_order  (option Lof )
Specifies the degree and order of the geopotential
expansion. degree and order must be 3 positive integer.

21-24 February 2017 | Florence, Italy
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# GOCE User Toolbox GUI -— - = x|
DER&a& 4 00%K
Workflow Library & x projectLgut WEQ n g o r Project Parameters & X
geoidheightcorrection_gf o . ° Add I I Remove
geoidheight_gf IVI
gravityanomaly _gf I SS I ng Name Value
gravitydisturbance_gf / 4 geoidheight_gf
gravitypotentialgradient_gf -Ellipse
gskineticenergy_gf -R 0.50:359.50,-89.50:89.50
gsvdirectionspeed_gf A -1 1010
gsveast_gf -DO
gswvnorth_gf -Dkm
heightanomaly_gf -Ddeg
import?_gf B -OutFile T
import_gf geoid_height.nc geoid_height.nc 4geoidheight_gfl
landmask_gf H -Ellipse
multiply_gf O pt I o n a I R 0.50:359.50,-89.50:89.50
relativevorticity_gf -1 1.0:1.0
scale_gf -DO
simplebouguer_gf -Dkm
spatialmdt_gf 3 -Ddeg
sart_gf =T
stats_gf 4 subtract_gf
subtract_gf | -PQ1
surfacegravitationalpot_gf diff.n -PQ2
surfacegravitation_gf / Global Parameters
surfacegravitypot_gf
surfacegravity_gf O K
verticaldeflectioneast_gf iy
verticaldeflectionnorth_gf
Track Function -
Output g X

IMETRY WORKSHOP

21-24 February 2017 | Florence, Italy



National
Oceanography Centre

HATURAL ENVIRONHENT RESEARCH COUNCIL

@ nm

CONSORZIO

LaMMA K j
University of
New Hampshire

Eesa

GOCE User Toolbox GUL

&3 X0E

-]

L]

%

Gra

@aE 0O

Workflows Library — Project Parameters & x
- example_0.gut o | & geoidheight_gf.xml %] !
System Workflows Add ] [ Remove
Grid Function
adapt_gf Name Value Jikd
addscalar_gf 4 geoidheight_gf
add_gf o GO, Clgg_‘S_EGM_GDC_Z_Z[IDDlDBlTDDDDDD_ZDlDD?D!TFZB “Ellipse TOPEX
- -InFile I B N
airyanomaly_gf QEllipse _af -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf -I 10:1.0
changeellipse_gf -DO 160 =
changetide_gf 3 -Dkm
chgnge?lme_gf /? -Ddeg
diffusion_gf -T
divide_gf 4 geoidheight_gfl L
exportgravsoft_gf -Ellipse TOPEX
exportkml_gf -R 0.50:359.50,-89.50:89.50
exporttiff_gf / Gl 1.0:10
oumiar - e Sne Parameters
filter_gf -Dkm A
freeairgravityanomaly_gf
geoidheightcorrection_gf Workflow Description - geoidheight_gf.xml & x
geoidneight_gf extracts the ellipsoid from the meta-data in this file rs
gravityanomaly_gf diff.n
gravitydisturbance_gf -DO degree_and_order  (option 1 of 3)
5 . B '—‘i uﬁ‘ Specifies the degree and order of the geopotential
gravitypotentialgradient gf “® Setempty parameters expansion. degree_and_order must be a positive integer.
gskineticenergy_gf OR
- - ; -Dkm scale_length (option 2 of 3)
Workflow d it I
aydieenon=peediag AeieER Specifies the degree and order of the geopotential [
gsveast_gf elght_gExml P expansion by specifying a scale length, in km, at the Earth I
= - surface.
gswnorth_gf Flease select an input file. Consult the workflow description for OR
heightanomaly_gf - more information. E - ad
Synopsis : Extract a set of spherical harmonic potential coefficients L Ddeg scale_angle (option 3 of 3)
(and GM, R, tide system) from file and calculate the height
Output J of the geoid on a chasen Grid with a specified expansion of [ g x
s the geopotential. The Grid can be specified in one of i
Untitled file. Save As. : / several ways. The default is a global 1x1 degree grid on -
projectl.gut Parameter name: -InFile the GRS80 ellipsoid with the potential expanded to the i
C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_Q| degree and order defined by the input file.
File saved Parameter value: | B
C:fUsers/Americo Tiago/Documents/ESA_1/outreach/2017_Q| Arguments :
File saved ~InFile input_file_name E
Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidh: Input file containing the geopotential.
Lock for execution: C:/Users/Americo Tiago/Documents/ESA, -Gf input_grid_file  (option 1 of 3) L
Starting execution of project: C:/Users/Americo Tiago/Docury [ Set ] [ skip ] [ Skip All ] CEnacifiac the fila that dafinac tha outout Coid_Thic can
Check workflove: gecidheight_gf1 i

IMETRY WORKSHOP
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Workflow Library — Project Parameters g X
L] example_0.gut B ‘ E ] geoidheight_gf.xml B
System Workflows Add ] [ Remave
Grid Function
adapt_gf Name Value =l
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf _Af -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf -1 1.01.0
changeellipse_gf -DO 160 3
changetide_gf 3 -Dkm
changetime_gf -Ddeg
= >
diffusion_gf =T
divide_gf 4 geoidheight_gfl L
exportgravsoft_gf -Ellipse TOPEX
exportkml_gf -R 0.50:359.50,-89.50:89.50
exporttiff_gf /¢ -1 1.0:1.0
=InFileRhs
owast - arameters
filter_gf -Dkm hd
freeairgravityanomaly_gf
geoidheightcorrection_gf Workflow Description - geoidheight_gf.xml g X
geoidheight gf extracts the ellipsoid from the meta-data in this file -
gravityanomaly_gf diff.nc
ravitvdisturbance gf -DO degree_and_order  (option 1 of 3)
g, 1y - ,g V"i Lu‘ Specifies the degree and order of the geopotential
gravitypotentialgradient_gf ® Set empty parameters expansion. degree_and_order must be a positive integer.
gskineticenergy_gf OR
PR Workflow d t -Dkm scale_length (option 2 of 3) b
gviiestionspeediq] e Specifies the degree and order of the geopotential | |
gsveast_gf [ e A expansion by specifying a scale length, in km, at the Earth b
surface.
_gsvnorthgf Please set the Tide System. This could be optional, please consuft T tide-system (optional) ) _ orR
heightanomaly_gf - the workflow description for more information. Compute the result in a specific tide-system. This applies -Ddeq scale_angle (option 3 of 3) -
a correction to the geopotential before computing the geoid
height. tide-system must be one of :

Output J tide-free mean-tide zero-tide [ g x
Untitled file. Save As. 1 -OutFile output_file_name 1 -
projectl.gut Parameter name: T Z Output filename for resulting netCDF file. —
C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_d |
File saved Parameter value: [tide—free | Key Processing Units: (See the GUT User Guide for more information)

C:/UsersfAmerico Tiago/Documents/ESA_1/outreach/2017_ - * SphericalHarmonicPotentiallmport
File saved tide-free = ChangePotentialDegreeAndOrder M E
Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheig|l| LIRS = ChangePotentialTideSystem ‘E
de * GridFunctionGeoidHeight L
Lock for execution: C:/UsersfAmerico Tiago/Documents/ESA e
Starting execution of project: C:/Users/Americo Tiago/Docur]| [ Set ] [ Skip ] [ Skip All ]
Check workflow: geoidheight_gf1 i

IMETRY WORKSHOP
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D& 400X Lo & O9
Workflow Libra & X Project Parameters & X
z = example_0.gut [x] ‘ = geoidheight_gf.xmi (x| .
System Workflows &l Add ] [ Remove
Grid Function
adapt_gf Name Value il
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf -I 1010 |
changeellipse_gf -DO 160 =
changetide_gf 3 -Dkm
changetime_gf -Ddeg
diffusion_gf -T mean-tide
divide_gf 4 geoidheight_gfl L
exportgravsoft_gf -Ellipse TOPEX
exportkml_gf -R 0.50:359.50,-89.50:89.50
exporttiff_gf =1 1010
extract_gf - -DO 160
filter_gf -Dkm A
freeairgravityanomaly_gf
geoidheightcorrection_gf Workflow Description - geoidheight_gf.xml & X
geoidheight gf extracts the ellipsoid from the meta-data in this file -
gravityanomaly_gf
e -DO degree_and_order  (option 1 of 3)
grawtydlst_urbancggf Co n Sta nt —% Specifies the degree and order of the geopotential
gravitypotentialgradient_gf _— | expansion. degree_and_order must be a positive integer.
gskineticenergy gf OR
- - -Dkm scale_length (option 2 of 3)
gsvdirectionspeed_gf Fe e d b a c k Specifies the degree and order of the geopotential ‘7|
gsveast_gf expansion by specifying a scale length, in km, at the Earth | |
gsvnorth_gf oR surface.
heightanomaly_gf - -Ddegq scale_angle (option 3 of 3) h
Output & x
Workflow processing finished Pa

Executing workflow: 'C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml’
with the following parameters: "-InFile C:\Pragram Files (x86)\gut-3.1\apri _CONS_EGM_GOC_2_ 20091031T000000_20100705T235959_0001.DBL -T mean-tide -OutFile C:\Program Files (x86)\gut-3.1\output\4737inter1.nc -R 0.50:359.50,-89.50:89.50 -1 1.0:1.0 -DO 160 -Ellipse TOPEX '
INFO: Processing started.

INFO: Specified Maximum Degree and Order : 160
INFO: Calculating Geoid Height ...

PROGRESS: 180/180

INFO: ... Done

Processing done.

‘Workflow processing finished
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Graphical User Interface
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File Edit View Execute Visualize Help

(R&a3 X6

OX % old O@

Workflow Libra Project Parameters & X
TV [ ] example_1.gut 8 !
System Workflows Add ] [ Remove
Grid Function
-
adapt_gf Name Value
addscalar_gf C: U_sﬁr;si}ehmerlca Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\friz4_demo\exer\go_cons_gcf_2_tim_r5.gfc o 00,00
add_gf -IntAlg spline
airyanomaly_gf 4import_shp
-T mean-tide
quQuemn?maly_gf MDT_DTU_10_10M.nc C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAWY\
changeellipse_gf {@rInFileLhs @ -InFileRhs -DO i
changetide_gf 3 -Dkm =
changetime_gf -Ddeg L
diffusion_gf 4 add_gf
divide_gf -pO1 mdt i
exportgravsoft_gf
Rart) = Worlkflow Description - adapt_gf.xml g X
exportkm|_gf
exporttiff_gf adapt_gf.xml i
extract_gf — M
= izl Synopsis : Adaptation of a Grid Function to a specific Grid. The Grid g
freeairgravityanomaly_gf hsshrile can be specified in one of several ways. The default is a
geoidheightcorrection_gf GUT_LSM.nc global 1x1 degree grid on same ellipsoid. The output data b
lian ~InLsmFile are the result of interpolation, which includes a height
geE]I eight.g correction if the ellipsoid changes and the data are
gravityanomaly_gf heights with respect to the ellipsoid.
gravitydisturbance_gf ‘ o n Sta nt
) . . N Arguments :
gravitypotentialgradient_gf ~InFile input_file_name
gskineticenergy_gf Input file containing the grid function(s).
. . mdt.nc
gzudirectiorspeedigh Fe e d b a c k -PQ physical_guantity (optional)
gsveast_gf Specifies the required data set. If the input file lacks
gsvnorth_gf the meta-data to allow this to be used for selection of
height: Iy af the data set, it is used to explicitly set the physical
eightanomaly_g < quantity of the data. The physical quantity can effect T
Output =4
Processing done. ~
Workflow processing finished
Executing workflow: 'C:\Program Files (x86)\gut-3.1\workflovs\spatialmdt_gf.xml'
‘with the following parameters: '-InShpFile C:\Program Files (x86)\gut-3.1\output\1705interl.nc -InSsl C:\Program Files (x86)\gut-3.1\output\1705inter2.nc -InLsmFile C:\Program Files (x86)\gut-3.1\aprior\GUT_LSM.nc -Op gt -Thr 0.5 -Substitute NalN -IntAlg spline -QutFile C:\Program Files (x86)\gut-3.1\output\mdt.nc
-R 0.5:359.5,-89.5:89.5 -1 1:1 -Fhan 2,3 -Ellipse wgs84revl '
INFO: Processing started.
ERROR: Filename given as argument to command line flag -InSshFile does not exist.
ERROR: Workflow cannot be processed because error(s) have been reported.
Workflow processing finished |_‘
Project execution finished. =
Unlock: C:/Users/Americo Tiago/Documents/ESA_1/outreach/2017_CAW/GUT /fri24_demo/exer/example_1.qut -
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System Workflows
Grid Function
adapt_gf
addscalar_gf
add_gf
airyanomaly_gf
bougueranomaly_gf
changeellipse_gf
changetide_gf
changetime_gf
diffusion_gf
divide_gf
exportgravsoft_gf
exportkm|_gf
exporttiff_gf
extract_gf
filter_gf
freeairgravityanomaly_gf
geoidheightcorrection_gf
geoidheight_gf
gravityanomaly_gf
gravitydisturbance_gf
gravitypotentialgradient_gf
gskineticenergy_gf
gsvdirectionspeed_gf
gsveast_gf
gsvnorth_gf
heightanomaly_gf

Output

INFUT ... Dong
Processing done.
Workflow processing finished

Executing workflow: 'C:\Program Files
With the following parameters: '-InFile
INFO: Processing started.

INFO: Specified Maximum Degree and
INFO: Calculating Geoid Height ...
PROGRESS: 180/180

INFO: ... Done

Processing done.

[ File view

Praperties

Wector Scale:

Latitude/Longitude
Center Lat: 0 Center Lon: 0

Show Grid Labels

Data Layers

Layer: |geoid_height -
Shnw Salid Color DShnw Contour
Number of Labels (Color Bar): 5

Wector Scale: | 10
Range

Max: 0.5

View

State | Zoom | Z (height)

o o [Save] [cear] [Ful]

= X
B8 X
l [ Remove
Value =l
TOPEX
0.50:359.50,-89.50:89.50
10:1.0
160 3
mean-tide
TOPEX
0.50:359.50,-89.50:89.50
10:1.0
160
beoidheight_gFxml & x
the ellipsoid from the meta-data in this file -
Lorder  (option 1 of 3)
degree and order of the geopotential
[egree_and_order must be a positive integer.
h (option 2 of 3) I
degree and order of the geopotential '
specifying a scale length, in km, at the Earth |
le (option 3 of 3) -
[ 4
-
0 160 -Ellipse TOPEX '
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geoidheight_gf.xml [x] |

Workflow Description - geoidheight_gf.xml & X

ChangefunctionDegreeAndOrder =
ChangeGridFunctionTideSystem
ChangePotentialDegreeAndOrder
ChangePotentialTideSystem
ChangeSphericalHarmonicFunctior
ChangeTrackFunctionReferenceEllif
ChangeTrackFunctionTideSystem
CmdLineArgDegreeAndOrder
CmdLineArgDouble
CmdLineArgFilter

CmdLineArgGrid L=
CmdLineArgInputFileName
CmdlLineArgInt
CmdLineArgLogicCmpOperator
CmdLineArgOptionalOutputFileNa
CmdLineArgQOutputFileName
CmdlLineArgPhysicalQuantity
CmdLineArgReferenceEllipsoid
CmdLineArgString
CmdlLineArgStringAndDouble
CmdLineArgTideSystem
CmdlLineArgTime
CreateReferenceEllipsoid
CreateSpatialFilterKernel
CreateSpectralFilterKernel
CreateTimeSystem

FixedValueDouble

FixedValuelnt
FixedValueLogicCmpOperator
FixedValuePhysicalQuantity
FixedValueArgString
FixedValueTideSystem

GridExport

GridFromGridFunction
GridFunctionAdapt

GridFunctionAdd
GridFunctionAddScalar
GridFunctionExport =
4 1 »

DefaultRE

ufieferenceBipsoid

DegreeAndOrder TideSystermn

‘OunTieSisEm

InReferenceBlipsoid

E

OuReferenceBipsoid 'QuesphericalHarmonicRorentis!

InReferenceEllipsoid ‘nspheri sl monicRotential

<1 [
DegOrdSetShp

QutSphericalHarmanic Poential

InTideSysem

‘QutSphericalHarmanicPorentisl

Build your
own
workflow

‘nSphericalHar monicPotential

(and GM, R, tide system) from file and calculate the height -
of the geoid on @ chosen Grid with a specified expansion of

the geopotential. The Grid can be specified in one of e
several ways. The default is a global 1x1 degree grid on

the GRS80 ellipsoid with the potential expanded to the

degree and order defined by the input file. L

Arguments :
~InFile input_file_name
Input file containing the geopotential.

-Gf input_grid_file  (option 1 of 3)
Specifies the file that defines the output Grid. This can
be any file from which GUT can extract a grid. Note, this
includes the ellipsoid.

OR

-Afinput_grid_file  (option 2 of 3)
Specifies the file that defines the latitude and longitude
axes of the output Grid. This can be any file from which
GUT can extract a grid. The -Ellipse flag can be used to
specify the ellipsoid, otherwise the GUT default of GRS80

is assumed.
OR
-Rw:e,s:n (option 3 of 3)
Specifies the latitude and longitude bounds of the -
Workflow Parameters & X
Processing Unit Default Value Processing Unit Type
4geoidheight_gfxml
InFile CmdlLineArgInputFileName
RE CmdLineArgReferenceEllipsoid
Grid 0.50 359.50 -89.... CmdLineArgGrid
DegreeAndOrder CmdLineArgDegreeAndOrder
TideSystem CmdLineArgTideSystem
DefaultRE CreateReferenceEllipsoid
DataShp SphericalHarmonicPotentiallmport
DegOrdSetShp ChangePotentialDegreeAndOrder
TideSetShp ChangePotentialTideSystem
GeoidHeight GridFunctionGeoidHeight
QutFile geoid_heightnc CmdLineArgQutputFileName
Export GridFunctionExport
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’3 api_example_fxml

CmdLineArgTime
CreateReferenceEllipsoid
CreateSpatialFilterKernel
CreateSpectralFilterKernel
CreateTimeSystem
FixedValueDouble
FixedValuelnt
FixedValueLogicCmpOperator
FixedValuePhysicalQuantity
FixedValueArgString
FixedValueTideSystem
GridExport
GridFromGridFunction
GridFunctionAdapt
GridFunctionAdd
GridFunctionAddScalar
GridFunctionExport
GridFunctionExport2
GridFunctionExport3
GridFunctionExportGravSoft
GridFunctionExportKmITiff
GridFunctionExportTiff
GridFunctionFilter

GridFunctionGeostrophicVelocityN
GridFunctionGeostrophicVelocitySp
GridFunctionGravityAnomaly
GridFunctionGravityAnomalyApprc
GridFunctionHeightAnomaly
GridFunctionImport
GridFunctionImportSelected
GridFunctionMerge
GridFunctionScale
GridFunctionStats

] 1 3

m

QutFileName

own
workflow

QutFileName

InFileName

InGridFunction

RawData
OutGridFunction

... with your

OutPhysialQuantity

GridFunctionGeoidHeight [nGridFuncion InFile GUT_ GOCE2 Exampl... CmdLineArginputFileName
GridFunctionGeostrophicVelocityD PhysQuantity andLmeA_rgPhysicalQuantity
GridFunctionGeostrophicVelocityEe e RawData GridFunctionlmportSelected
i i i TtyE: H IdFunction Example Example_Extension_F
GridFunctionGeostrophicVelocityE: B Id P : p - L
GridFunctionGeostrophicVelocityN u I yo u r Export GridFunctionExport
QutFile examplef.nc CmdLineArgOutputFileName

own

processing

Workflow Description - api_example_f.xml & x

api_example_fxml

Synopsis : Test the Fortran-code extension example.

Arguments :
-InFileLhs input_file_name
Input file containing grid function(s).

-PQ physical_guantity (optional)
Specifies the required data set. If the input file lacks
the meta-data to allow this to be used for selection of
the data set, it is used to explicitly set the physical
quantity of the output.

-0utFile output_file_name
Output filename for resulting netCDF file.

Workflow Parameters a8 x

Processing Unit Default Value Processing Unit

4 api_example_fxml
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How to calculate a Mean Dynamic Topography only from GOCE?

hg =H - h - hg
lonosphere

Troposphere

Sea state Sea Level

Anomaly
SLA

Reference ellipsoid
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How to calculate a Mean Dynamic Topography only from GOCE?

Global Gravity Field Models

We kindly ask the authors of the models to check the links to the original websites of the models from time to time.
Please let us know if something has changed.

The table can be interactively re-sorted by clicking on the column header fields (Nr, Model, Year, Degree, Data, Reference).
The buttons and in the last columns of the table directly invoke the Calculation Service and Visualization page for the selected model.

For models with a registered doi ("digital object identifier") the last column contains the symbol v, which directly opens the page on "http://dx.doi.org/".
The full reference of each model is displayed as "tooltip' if you move the mouse over the table cell. The complete list of references can be found in the references section.

158 |HUST-Grace2016s 2016 160  |S(Grace) Zhou Hao et al, 2016 gfc zip | calculate || show |
. 157 |ITU_GRACE16 2016 180  |S(Grace) Akyilmaz et al, 2016b gfc zip | calculate || show | v
GO to http: / / iIcgem. ng- 156 |ITU_GGC16 2016 | 280 |S(Grace,Goce) Akyilmaz et al, 2016a gfc zip | calculatel[ show]| v
pOtSd a m . d e/l CG E M/ 155 |EIGEN-6S4v2 2016 300 |S(Goce,Grace,Lageos) Forste et al, 2016 gfc zip | calculate || show |
154 |GOCO05¢c 2016 720 |S.G.A (see model) Pail, et al. 2016 gfc zip | calculate || show | v
an d d own Ioa d a geoid 153 |GGMO5C 2016 360  |S(Grace Goce),G.A Ries et al, 2016 gfc zip | clculatel| show | v
mOdE| b u | It usg | ng on Iy 152 |GECO 2015 2190 |S(Goce),EGM2008 Gilardoni et al, 2015 gfc zip || calculate | show
151 |GGMO5G 2015 240 S(Grace,Goce) Bettadpur et al, 2015 gfc zip | calculate || show
G OC E d ata ! 150 |GOCO05s 2015 280 S(see model) Mayer-Girr, et al. 2015 gfc zip | calculate|| show
149 |GO_CONS_GCF_2_SPW_R4| 2014 280 |S(Goce) Gatti et al, 2014 gfe zip | calculate | show
148 |EIGEN-6C4 2014 2190 |S(Goce,Grace Lageos) G AFdrste et al, 2015 gfc zip | calculate || show ||
147 |ITSG-Grace2014s 2014 200 S(Grace) Mayer-Girr et al, 2014 gfc zip | calculate|| show
146 |ITSG-Grace2014k 2014 200 |S(Grace) Mayer-Giirr et al, 2014 gfc zip | calculate | show
mmmm) | 145 |GO_CONS_GCF_2_TIM_R5 | 2014 280 |S(Goce) Brockmann et al, 2014 gfc zip | calculate | show
144 |GO_CONS_GCF_2_DIR_R5 | 2014 300 S(Goce,Grace,Lageos) ‘Bruinsma etal, 2013 gfc zip | calculate || show
143 |JYY_GOCE04S 2014 230 |S(Goce) ‘Yi etal, 2013 gfc zip || calculate | show
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Technical University of Denmark Search for text or person Q -
DTU Space
National Space Institute DTU
b -d
>
>

RESEARCH EDUCATION COLLABORATION CALENDAR NEWS ABOUT DTU SPACE

Divisions Space Earth Climate Instrumentation Data Projects PhD projects Reports

Forside » Research ) Data » Global Mean Sea Surface SHARE » f

Arctic Sea Level Data Global Mean Sea Surface Contact

Sea Level Change The mean sea surface is the displacement of the sea surface relative to a Ole Baltazar
mathematical model of the earth and it closely follows the geoid. Amplitudes ranges And

Global Bathymetry Model Y ¢ . ¢ ndersen
between +/- 100 meters Senior Scientist

Global Gravity Field Model DTU10 Ocean wide Mean Sea Surface height (relative to the Ellipsoid) has been DTU Space

mapped with a resolution of 1 minute by 1 minute corre
minute resolution at Equator.

Global Ocean Tide Model

Global Mean Dynamic topography
Global Mean Sea Surface

Integral Data

2 minute resolution grid

Interpolation Error File

Global Gravity Field:
GRAVSOFT ASCI gzip (200Mb)

Galaxy Cluster Survey
EMISAR data samples
Magnetic Field Models

NetCDF gzip(100Mb)
Magnetic Ground Stations

Mean Sea Surface
Goto GRAVSOFT ASCI gzip (200 Mb)
http://www.space.dtu.dk/english/research/scientific d

ata and models/global mean sea surface and
download a Mean Sea Surface grid

—) DR gzip (100Mb)
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& GOCE User Toolbox GUI . —_— e ———. LY
File Edit View Execute Visualize Help
HEA® £ 00X (o2 O
Workflow Library 8 x ) p———— o Project Parameters a8 x
adapt_gf o Add ] [ Remove
addscalar_gf C:iUsers\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\friz4_demo\exer\go_cons_gcf_2_tim_r5.gfc
add_gf [ QrInFile Name Value
airyanomaly_gf 4 geoidheight_gf
bougueranomaly_gf -Ellipse TOPEX
changeellipse_gf -R 0.50:359.50,-89.50:89.50
changetide_gf -1 1010
changetime_gf -DO
diffusion_gf L -Dkm
divide_gf [ -Af -Ddeg
exportgravsoft_gf -T mean-tide
EXDUTTW I_gf 4import_shp _
exporttiff_gf -T mean-tide
extract_gf -DO
filter_gf gemfﬁggﬁt.nc -Dkm
freeairgravityanomaly_gf L -Ddeg
geoidheightcorrection_gf Global Parameters
geoidheight_gf
gravityanomaly_gf
gravitydisturbance_gf
gravitypotentialgradient_gf
gskineticenergy_gf
gsvdirectionspeed_gf
gsveast_gf
gsvnorth_gf
heightanomaly_gf
import2_gf
import_gf -
&8 X

Output & X Workflow Description - geoidheight_gf.xml

Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml geoidheight_gf.xml

Synopsis : Extract a set of spherical harmonic potential coefficients
(and GM, R, tide system) from file and calculate the height
of the geoid on a chosen Grid with a specified expansion of
the geopotential. The Grid can be specified in one of
several ways. The default is a global 1x1 degree grid on
the GRS80 ellipsoid with the potential expanded to the
degree and order defined by the input file.

Arrumante -
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File Edit View Execute Visualize Help
LHE&a® £ 00X 2o 2 O
g X

Workflows Library

".‘ example_4.qut =) Project Parameters & x
gravitydisturbance_gf o Add ] [ Remove
gravitypotentialgradient_gf C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r3.gfc
o “InFile Name Value
gskineticenergy_gf
gsvdirectionspeed_gf 4 geoidheight_gf
gsveast_gf -Ellipse TOPEX
gsvnorth_gf -R 0.50:359.50,-89.50:89.50
heightanomaly_gf -1 1010
import2_gf -DO
import_gf -Dkm
landmask_gf -Ddeg
multiply_gf -T mean-tide
relativevorticity_gf 4import_shp
scale_gf -T mean-tide
simplebouguer_gf -DO
spatialmdt_gf gemf#;ﬂﬁt.nc -Dkm
sgrt_gf -Ddeg
stats_gf 4subtract_gf
subtract_gf -PQ1
surfacegravitationalpot_gf E -PQ2
surfacegravitation_gf Global Parameters
surfacegravitypot_gf
surfacegravity_gf
verticaldeflectioneast_gf
wverticaldeflectionnorth_gf
Track Function
Spherical Harmonic Function
Spherical Harmonic Potential
changetime_shp -

Output & X Workflow Description - subtract_gf.xml

Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml subtract_gfxml
Opening: C:\Program Files (x86)\gut-3.1\workflow\subtract_gf.xml

“: Point-wise subtraction of two Grid Functions. The Grids of

the two inputs must be equivalent (ie. the same coordinates
and reference ellipsoids) and the units of the two physical
quantities invalved must be identical. If both physical
quantities are tidal then both operands must be in the same
tide-system.The resultant grid function will be assigned

the physical quantity of the Left-Hand-Side argument unless
GUT can deduce this from the two operands.

[Lm | »
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File Edit View Execute Visualize Help

LUEB&ad 00X Koz O9

Workflow Library '3 example 4.qut a ‘ '_3 Ea——— o Project Parameters & x
I —
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r5.gfc
adapt_gf “InFile Name Value
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf I 1.0:10
changeellipse_gf - -DO
changetide_gf [ -Dkm
changetime_gf -Af -Ddeg
diffusion_gf -T mean-tide
divide_gf 4import_shp
exportgravsoft_gf -T mean-tide
exportkml_gf -DO
exporttiff_gf L4 -Dkm
extract_gf -Ddeg
= fllt-er_gf ents\ESA” 1\putreach\2017_CAW\GUT\fri24_demo\exer\MSS_DTU_10_2M.nc etk iaciigl
freeairgravityanomaly_gf -PQ1
geoidheightcorrection_gf -PQ2
geoidheight_gf each\2017_T4 _dg 557DTU71D72M.HFIHF\IEth nFileRhs 4 adath_Qf
gravityanomaly_gf -Ellipse
gravitydisturbance_gf -R 0.50:359.50,-89.50:89.50
gravitypotentialgradient_gf 1 1.01.0
gskineticenergy_gf adapted.nc -PQ
gsvdirectionspeed_gf diﬁ.ﬂ-cOutF\Ie -IntAlg spline
gsveast_gf Global Parameters
gsvnorth_gf
heightanomaly_gf -
Output & X Workflow Description - adapt_gfml g x
Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml adapt_gf.xml

Opening: C:\Program Files (x86)\gut-3.1\workflow\subtract_gf.xml
Opening: C:\Program Files (x86)\qut-3.1\workflow\adapt_gf.xml

Synopsis : Adaptation of a Grid Function to a specific Grid. The Grid
can be specified in one of several ways. The default is a
global 1x1 degree grid on same ellipsoid. The output data
are the result of interpolation, which includes a height
correction if the ellipsoid changes and the data are
heights with respect to the ellipsoid.

Arguments :

~TnEila inmut fila nams
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“® GOCE User Toolbox GUI .a h - - ‘ ‘ -

| File | Edit View Execute Visualize Help

LE8a3 400X % 0E 09

Workflow Library '3 example_4.0ut o Project Parameters a8 X
exportgravsoft_gf o Add ] I Remove
exportkml_gf C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r5.gfc
exporttiff_gf “InFile Name Value il
extract_gf -DO
filter_gf -Dkm
freeairgravityanomaly_gf -Ddeg
geoidheightcorrection_gf | | -T mean-tide B
geoidheight_gf 4import_shp
gravityanomaly_gf GUT?ESL"\;;}?EHE -T mean-tide
gravitydisturbance_gf -DO
gravitypotentialgradient_gf -Dkm
gskineticenergy_gf -Ddeg
gsvdirectionspeed_gf 4subtract_gf
gsveast_gf = -PQL
gsvnorth_gf -PQ2
heightanomaly_gf 4 adapt_gf
import2_gf -Ellipse =
import_gf -R 0.50:359.50,-89.50:89.50
landmask_gf I 1.010
multiply_gf each\2017_CAW\GUT\fi24_d¢ SSiDTuilﬂizM.nrcmF”ELhE -PQ
relativevorticity_gf L4 -IntAlg spline
scale_gf 4 andmask_gf
simplebouguer_gf -PQ
spatialmdt_gf adapted.nc -Op gt
sqrt_gf -Thr 0.5
stats_gf -Substitute NaN
subtract_gf -IntAlg spline
surfacegravitationalpot_gf - Global Parameters -y
Output & X Workflow Description - landmask_gf.xml 8 x

Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml landmask_gf.xml

Opening: C:\Program Files (x86)\gut-3.1\workflow\subtract_gf.xml

Opening: C:\Program Files (x86)\qut-3.1\workflow\adapt_gf.xml

Opening: C:\Program Files (x86)\gut-3.1\workflow\landmask_gf.xml Synopsis : Mask the (Land) Regions in a Grid Function by substituting a
values based on a (Land-Sea) Mask. The default behaviour
will mask Land Regions by substutution of Nal.

Arguments :
-InFile input_file_name
Input file containing the grid function(s).

-BA nhueiral auantihe  (antinnal
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Demo: MDT from GOCE
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LE8a3 400X % 0E 09

Workflow Libra Project Parameters & X
L [ ] example_4.gut [x] ]
bougueranomaly_gf o Add ] I Remove
changeellipse_gf C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gef_2_tim_r5.gfc
h Tl G “InFile Name Value i
changetide_g
changetime_gf | | -Ddeg
diffusion_gf 4subtract_gf
divide_gf -PQ1
exportgravsoft_gf -PQ2
exportkml_gf 4 adapt_gf
P - -9 GUT_LSM.nc p_ -9
exporttiff_gf -InFile “InLsmFile -Ellipse
extract_gf -R 0.50:359.50,-89.50:89.50
: fllt_er‘qf | = landmask_gf I 1010 =
freeairgravityanomaly_gf -PQ
geoidheightcorrection_gf -IntAlg spline
geoidheight_gf 4 |andmask_gf
gravityanomaly_gf -PQ
gravitydisturbance_gf -Op gt
gravitypotentialgradient_gf -Thr 0.5
gskineticenergy_gf L -Substitute NaN
gsvdirectionspeed_gf -IntAlg spline L
reach\2017_TAW\GUT\fri24_démo\exepMSS_DTU_10_2M.nc afi 1
gsveast_gf ' nEileLhs filter_gf
gsvnorth_gf Fg
heightanomaly_gf . -Fig
import2_gf ﬂlter’e:d.'nrcumme (O -ResFile “Fsc
import_gf adapted.nc -Fhan 23
landmask_gf -Fham
multiply_gf -Fbox
relativevorticity_gf -PQ
scale_gf - Global Parameters -y
Output & X Workflow Description - filter_gfxml 8 %
Opening: C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml filter_gf.xml
Opening: C:\Program Files (x86)\gut-3.1\workflow\subtract_gf.xml
Opening: C:\Program Files (x86)\qut-3.1\workflow\adapt_gf.xml
Opening: C:\Program Files (x86)\gut-3.1\workflow\landmask_gf.xml Synopsis : Filter a Grid Function by convelution with a filter kernel.
Opening: C:\Program Files (x86 )\gut-3.1\workflow\landmask_gf.xml The result is the filtered grid function, and optionally,
Opening: C:\Program Files (x86)\gut-3.1\workflow\landmask_gf.xml the residual. The set of invalid data (NaN) maps from input
Opening: C:\Program Files (x86 )\gut-3.1\workflow\filter_gf.xml to output unaltered. The filter also kernels ignore any

invalid (MaN) data in their footprint when the filtered
values are being computed.

Arguments :

~TnEila inmut fila nams
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Demo: MIDT from GOCE

B GOCE User Toolbox GUIS i S s . — - o LY =
File Edit View Execute Visualize Help

OB A DUEX % 0@ Ow

Workflow Library

Project Parameters g x
& example_4.qut 1] L
System Workflows Add ] [ Remave
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r5.gfc
adapt_gf “Infile Name Value i
addscalar_gf -Ddeg
add_gf 4 subtract_gf
airyanomaly_gf -PQ1
bougueranomaly_gf -PQ2
changeellipse_gf E 4adapt_gf
. - el GUT_LSM.nc p. 9
changetide_gf ~InFile “InLsmFile -Ellipse
changetime_gf -R 0.50:359.50,-89.50:89.50
iffusi 1 1.0:1.0
d'ﬁuf“ongf landmask_gf
divide_gf -PQ
exportgravsoft_gf -IntAlg spline
exportkml_gf L4 4|andmask_gf
exporttiff_gf -PQ
extract_gf -Op gt
filter_gf -Thr 0.5
freeairgravityanomaly_gf -Substitute NaN
geoidheightcorrection_gf Q -IntAlg spline L
idhei reach\2017_CA SS_DTU_10_2M.nc afj I
ge@dhmght_gf " nFileLhs ﬂlt_er,gf
gravityanomaly_gf
gravitydisturbance_gf s]
gravitypotentialgradient_gf ~ResFile -Fsc
gskineticenergy_gf adapted.nc -Fhan 23
gsvdirectionspeed_gf -Fham
gsveast_gf -Fbox
gsvnorth_gf -PQ
heightanomaly_gf - Global Parameters -
Output & X Workflow Description - filter_gf.xml g x
WITN Te TOIIOWING Paramerters: ~InHIe LI\USErs|Americo |1ago\Uocuments\EsA_L\OUTeacn\ 201 /_LAW LU (TIZ4_0emotexerigo_cons_gar_Z_Tim_ra.grc - i "
OutFile C:\Program Files (x86)\gut-3.1\output\383%interi.nc -T mean-tide ' filter_gfxml
INFO: Processing started. | ‘
Processing done.
Workflow processing finished Synopsis : Filter a Grid Function by convolution with a filter kernel.
The result is the filtered grid function, and optionally,
Executing workflow: 'C:\Program Files (x86)\gut-3.1\workflow\geoidheight_gf.xml' the residual. The set of invalid data (NaN) maps from input
With the following parameters: -InFile C:\Program Files (x86)\gut-3.1\output\3839interl.nc -T mean-tide -OutFile C:\Program Files = to output unaltered. The filter also kernels ignore any
(x86)\gut-3.1\output\383%inter2.nc -R 0.50:359.50,-89.50:89.50 -1 1.0:1.0 -Ellipse TOPEX ' B invalid (NaN) data in their footprint when the filtered
INFO: Processing started. = values are being computed.
INFO: Calculating Geoid Height ... —!
PROGRESS: 63/180 b O v -

IMETRY WORKSHOP 21-24 February 2017 | Florence,



gz:i:::;raphy Centre @ '".m \\\\\‘ E?MDW-\ ‘ e . ';‘1%(!{\)\1'4 . ‘ G EUMETSAT nsu @ esa

HATURAL ENVIRONHENT RESEARCH COUNCIL
Oregon State University of

Demo: MDT from GOCE

“ GOCE User Toolbox GUI -d S — . -

| Eile | Edit View Execute Visualize Help

UEB&® 00X * olE O9

‘Workflow Library ;B example_4.qut a Project Parameters 8 x
I —
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r5.gfc
adapt_gf “InFile Name Value il
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf -1 1.01.0
changeellipse_gf = GUT LSMunc -DO
changetide_gf ~InFile “InLsmFile -Dkm
changetime_gf -Ddeg
diffusion_gf -T mean-tide L
divide_gf 4import_shp 1
exportgravsoft_gf -T mean-tide
exportkml_gf L -DO
exporttiff_gf -Dkm
extract_gf -Ddeg
fleeairgrg\:gi;maly_gf EE\ESAZI\outreach\2017_CAW\GUT \ffi24_ ema\e;er(MSS_DTU_lu_ZM.nc “ sul;t(;ctgf
geoidheightcorrection_gf Q -PQ2
geoidheight_gf reach\2017_CA4 557DTU71D72M.H-CLHFI\eLh5 4 zdapt_gf i
gravityanomaly_gf -Ellipse
gravitydisturbance_gf ~ -R 0.50:359.50,-89.50:89.50
gravitypotentialgradient_gf ﬂ|tE!rE:d.)l:CDutF”E O -ResFile -1 10:1.0
gskineticenergy_gf -PQ
gsvdirectionspeed_gf -IntAlg spline
gsveast_gf 4 Jandmask_gf
gsvnorth_gf -PQ
heightanomaly_gf - -Op gt =
Output & X Workflow Description - filter_gf.xml 8 X

gy g g s R—— e
with the following parameters: "-InFileLhs C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT'\fri24_demo\exer\MSS_DTU_10_2M.nc - i filter_gf.xml

InFileRhs C:\Program Files (x86)\gut-3.1\output\3839inter2.nc -OutFile C:\Program Files (x86)\gut-3.1\output\3832interd.nc '

INFO: Processing started.

INFO: Bxtracted 'sea_level' Synopsis : Filter a Grid Function by convolution with a filter kernel.
INFO: Extracted 'geoid_height' The result is the filtered grid function, and optionally,
ERROR: GUT::gridFunctionSubtract Mismatch in the grids associated with the GridFunctions. the residual. The set of invalid data (NaN) maps from input
ERROR: Data is not accessible via : Export:InGridFunction. Check input data. — to output unaltered. The filter also kernels ignore any

Workflow processing finished invalid (NaN) data in their footprint when the filtered

values are being computed.

Executing workflow: 'C:\Program Files (x86)\gut-3.1\workflow\landmask_gf.xml'
With the following parameters: '-InFile C:\Program Files (x86)\gut-3.1\output\3839inter4.nc -InLsmFile C:\Program Files (x86)\gut-3.1\aprioril\GUT_LSM.nc-0p - Arguments :

b The A € Cubckiboba Kokl Tebala cnlinn Al £ Aenaemmn Fila @ ek 3 14 nube ) 209 0inbarE e | ~nFila innut fila nama
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“® GOCE User Toolbox GUI - " . — * ‘

File Edit View Execute Visualize Help

(E8&a&® £ 00X % o O®

‘Workflow Library ;B example_4.qut a Project Parameters 8 x
I —
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gcf_2_tim_r5.gfc
adapt_gf “InFile Name Value il
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf -1 1.01.0
changeel!lpsegf = GUT_LSMunc -DO
changetide_gf ~InFile “InLsmFile -Dkm
changetime_gf -Ddeg
diffusion_gf -T mean-tide L
divide_gf 4import_shp 1
exportgravsoft_gf -T mean-tide
exportkml_gf L -DO
exporttiff_gf -Dkm
extract_gf -Ddeg
filter_gf 4subtract_gf
freeairgravityanomaly_gf -PQ1
geoidheightcorrection_gf -PQ2
geoidheight_gf 4 adapt_gf ||
gravityanomaly_gf -Ellipse
gravitydisturbance_gf ~ -R 0.50:359.50,-89.50:89.50
gravitypotentialgradient_gf ﬂ|tE!rE:d.)l:CDutF”E O -ResFile -1 10:1.0
gskineticenergy_gf -PQ
gsvdirectionspeed_gf -IntAlg spline
gsveast_gf 4 Jandmask_gf
gsvnorth_gf -PQ
heightanomaly_gf - -Op gt =
Output & X Workflow Description - filter_gf.xml 8 X

gy g g s R—— e
With the following parameters: -InFileLhs C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\MSS_DTU_10_2M.nc - e filter_gfoml

InFileRhs C:\Program Files (x86)\gut-3.1\output\3839inter2.nc -OutFile C:\Program Files (x86)\gut-3.1\output\3832interd.nc '

INFO: Processing started.

INFO: Extracted 'sea_level' Synopsis : Filter a Grid Function by convolution with a filter kernel.
INFO: Extracted 'geoid_height' The result is the filtered grid function, and optienally,
ERROR: GUT::gridFunctionSubtract Mismatch in the grids associated with the GridFunctions. the residual. The set of invalid data (NaN) maps from input

ERROR: Data is not accessible via : Export:InGridFunction. Check input data.
Workflow processing finished

to output unaltered. The filter also kernels ignore any
invalid (NaM) data in their footprint when the filtered
values are being computed.

Executing workflow: 'C:\Program Files (x86)\gut-3.1\workflow\landmask_gf.xml'
With the following parameters: '-InFile C:\Program Files (x86)\gut-3.1\output\3839inter4.nc -InLsmFile C:\Program Files (x86)\gut-3.1\aprioril\GUT_LSM.nc-0p - Arguments :

b The A € Cubckiboba Kokl Tebala cnlinn Al £ Aenaemmn Fila @ ek 3 14 nube ) 209 0inbarE e | ~nFila innut fila nama
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“® GOCE User Toolbox GUL - " - — * ‘

File Edit View Execute Visualize Help

823 400X % o0& 09

Workflow Library '3 example_4.0ut o Project Parameters a8 X
I —
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gef_2_tim_r5.gfc
adapt_gf “InFile Name Value |
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf I 1.0:10
changeel!lpse_gf E GUT_LSM.nc -DO
changetide_gf ~InFile “InLsmFile -Dkm
changetime_gf -Ddeg
diffusion_gf -T mean-tide L
divide_gf 4import_shp 1
exportgravsoft_gf -T mean-tide
exportkml_gf B -DO
exporttiff_gf -Dkm
extract_gf -Ddeg
filter_gf 4 subtract_gf
freeairgravityanomaly_gf -PQ1
geoidheightcorrection_gf -PQ2
geoidheight_gf 4adapt_gf B
gravityanomaly_gf -Ellipse
gravitydisturbance_gf . -R 0.50:359.50,-89.50:89.50
gravitypotentialgradient_gf ﬂltere:d.'nrcump‘le O -ResFile -1 1.0:1.0
gskineticenergy_gf -PQ
gsvdirectionspeed_gf -IntAlg spline
gsveast_gf 4 |andmask_gf
gsvnorth_gf -PQ
heightanomaly_gf - -Op gt =
Output & X | Workflow Description - filter_gfxml 8 x

INFO: Processing started.

INFO: Extracted 'mdt’

INFO: Filtering...

PROGRESS: 180/180

INFO: ... Done

INFO: Grid Function Subtraction ...
PROGRESS: 180/180

INFO: ... Done

Processing done.

Workflow processing finished ol
Project execution finished.

Unlock: C:/UsersfAmerico Tiago/Documents/ESA_L/outreach/2017_CAW/GUT/friz4_demo/exerfexample_4.gut

o filter_gf.xml

Synopsis : Filter a Grid Function by convelution with a filter kernel.
The result is the filtered grid function, and optionally,
the residual. The set of invalid data (NaN) maps from input
to output unaltered. The filter also kernels ignore any
invalid (MaN) data in their footprint when the filtered
values are being computed.

1

Arguments :

~TnEila inmut fila nams
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&) BRAT World Plot - #0 =

e
File View
Properties
Vector Scale:
Projection: __Plate Caree v
Latitude/Longitude
Center Lat: 0 Center Lon: 180

Show Grid Labels

Data Layers
Show Solid Color [ Show Contour

Number of Labels (Color Bar): 5

Vector Scale:| 10

Range

Min: -15 Max: 15
View

State | Zoom |Z (height)

Lonl: O Latl: -90

Lon2: 180 Lat2: 90

i

mean_dynamic_topography (mdt) - Unit:m
-1.5 -0.75 0 0.75

1.5
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Questions

@ GOCE User Toolbox GUI = B
LE&2d £ 00X Koz 0@
Workflow Library & x '3 xample_4.gut o Project Parameters & X
) —
Grid Function C:\Users\Americo Tiago\Documents\ESA_1\outreach\2017_CAW\GUT\fri24_demo\exer\go_cons_gef_2_tim_r5.gfc
adapt_gf “InFile Name Value |
addscalar_gf 4 geoidheight_gf
add_gf -Ellipse TOPEX
airyanomaly_gf -R 0.50:359.50,-89.50:89.50
bougueranomaly_gf sl I 1.0:10
changeellipse_gf = “® Choose a file name M -DO
. GUT_LSM.nc
changetide_gf ~InFile “InLsmFile -Dkm
changetime_gf -Ddeg
diffusion_gf Enter filename 3539mter5.nd E] -T mean-tide L
divide_gf 4import_shp 1
exportgravsoft_gf -T mean-tide
exportkml_gf B -DO
exporttiff_gf -Dkm
extract_gf -Ddeg
izl 124_demo\exer\MSS_DTU_10_2M.nc asubtiacigy
freeairgravityanomaly_gf -PQ1
geoidheightcorrection_gf -PQ2
geoidheight_gf 4adapt_gf B
gravityanomaly_gf -Ellipse
gravitydisturbance_gf -R 0.50:359.50,-89.50:89.50
gravitypotentialgradient_gf fiteregine O -ResFile -1 1.0:1.0
gskineticenergy_gf -PQ
gsvdirectionspeed_gf -IntAlg spline
gsveast_gf 4 |andmask_gf
gsvnorth_gf -PQ
heightanomaly_gf - -Op gt =

Output

INFO: Processing started.
INFO: Extracted 'mdt’

INFO: Filtering...
PROGRESS: 180/180

INFO: ... Done

INFO: Grid Function Subtraction ...
PROGRESS: 180/180

INFO: ... Done

Processing done.

Workflow processing finished
Project execution finished.

Unlock: C:/UsersfAmerico Tiago/Documents/ESA_L/outreach/2017_CAW/GUT/friz4_demo/exerfexample_4.gut

& X Workflow Description - filter_gfxml

o filter_gf.xml

Synopsis : Filter a Grid Function by convelution with a filter kernel.
The result is the filtered grid function, and optionally,
the residual. The set of invalid data (NaN) maps from input
to output unaltered. The filter also kernels ignore any
invalid (MaN) data in their footprint when the filtered
values are being computed.

TE

Arguments :

~TnEila inmut fila nams
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Reference : ESAMXGCE-DTEX-ECPS-SW-07-0001
GUT Version 8.8
Tutorial Date - 10 March 2016
P:

: ) Reference : ESA-GUT-AD-001
age 10126 gut &8 i Joori ipti e %o
v User Guide and Algorithm Descriptions Date =10 Mar 2016 1/120

e

GUT TUTORIAL GuT

User Guide and Algorithm Descriptions
10 March 2016

Document change record

Version Date Prepared by Change description

10 31 March 2008 MH Rio Initial version

1.1 30 September 2008 MH Rio Beta version

2 24 March 2009 MH Rio Final version

3 9 April 2009 MH Rio Final version after
ESA review

4 14 March 2011 MH Rio Initial version of
GUT v2.0 tutorial

5 22 March 2011 MH Rio Final version of
GUT v20 after
ESA review

6 16 May 2011 MH Rio GUT v2.1

detail about simple
Bouguer)

T2 22 January S.Mulet Take into account

6.1 23 June 2011 MH Rio GUT v2.1

70 19 December S. Mulet GUT v22 (add
information  about
simple Bouguer)

71 19 December C. Braitenberg GUT v22 (more
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‘:= esa Earth Online

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

You are here Home » Software Tools » GUT » About GUT ‘ Hm ‘ ﬂ D E

- Overview Software Tools

The GOCE User Toolbox GUT is a compilation of tools for the utilisation and analysis of GOCE Level 2 products. G
’ A Software Tools Home
supports applications in Geodesy, Oceanography and Solid Earth Physics. GUT

Logrtycxromer | regr || ORI Q.

Need Help? Contact here European Space Agency

The GUT Tutorial provides information and guidance on how to use the toolbox for a variety of applications. GUT About GUT

con: of a series of advanced computer routines that carry out the required computations. It may be used on Motivation

Windows PC INDULinux Workstations, and Mac. Main Features
Project Structure
Future Work
References
Project Management
Project Members
Releases
User Support

GUT Applications

GUT Resources

Download GUT here

BEST - Basic Envisat SAR Toolbox

The toolbox is supported by th rithr D a : A set of a-priori
data and models are made available as well.

* [December 2015] Version 3.1 has arrived with many improvements! Chief among them the new Graphical
User Interface (GUI), that enables users to unleash the full potential of the tool with ease.

* [November 2015] GOCE User Toolbox brochure is available to download here.

+ [April 2015] Updated Tutorial and a priori Data Package are available to download here.

* [April 2014] Version 2.2 released! A new version of GUT Package, with updated a priori Data Set and
Variance/Covariance Tool is now available here. The new version now allows for the computation of

gut.info@esa.int
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For any questions
gut.info@esa.int
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