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15 years of service to the Gravity Field related activities

International
Gravity Field
Service (IGFS)

Bureau
Gravimetrique
International (BGI)

Toulouse, France

International Centre
for Global Earth
Models (ICGEM)

GFZ
Potsdam, Germany

International
Service for the
Geoid (ISG)

Politecnico di Milano
Milano, Italy

International
Geodynamics and
Earth Tide Service

(IGETS),
EOST
Strasbourg, France

International Digital
Elevation Model
Service (IDEMS),

ESRI

Redlands, CA, USA

Hosted and supported by GFZ.

GFZ

Helmholtz Centre
PorsbpAm

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

HELMHOLTZ



Objectives of ICGEM

e Collecting and archiving of all existing global gravity
field models (e.g. static)

e Making them available in a standardized format
(.gfc format)

o Interactive visualisation of the models, their
differences, and their time variation

e Web interface to calculate gravity field functionals from
the spherical harmonic models on freely selectible grids

e Evaluation of the static gravity field models

e Online discussion forum
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International Centre for Global Earth Models (ICGEM)

ICGEM Service New Publication:

Our new paper has been puplished in Earth System Science Data (ESSD), data publishing journal
The paper is open access and can be reached at:https://www earth-syst-sci-data.net/11/647/2019/essd-11-647-2019.pdf

The paper is intented to be the main reference for the ICGEM Service and its activities that include model downleads, and calculation and visualisation services. See below how to cite.

Appointment of the new director:

The longtime director of the ICGEM service, Franz Barthelmes retired on December 31st 2017. We would like to acknowledge the invaluable contributions he provided to ICGEM service and GFZ family.
As of January 1st 2018, E. Sinem Ince has been appointed as the new director of the ICGEM service.

ICGEM is one of five services coordinated by the International Gravity Field Service (IGFS) of the International Association of Geodesy (IAG).
The other services are:

« BGI (Bureau Gravimetrique International), Toulouse, France

» |SG (International Service for the Geoid), Politecnico di Milano, Milano, Italy

« IGETS (International Geodynamics and Earth Tide Service), EOST, Strasbourg, France
+ IDEMS (International Digital Elevation Model Service), ESRI, Redlands, CA, USA

Services of ICGEM

collecting and archiving of all existing global gravity field models

web interface for getting access to global gravity field models

web based visualization of the gravity field models their differences and their time variation

web based service for calculating different functionals of the gravity field models

web site for tutorials on spherical harmonics and the theory of the calculation service

new service since 2016: providing a Digital Object Identifier (DOI) for the data set of the model (the coefficients)

Some ICGEM related documents

« Definition of Functionals of the Geopotential and Their Calculation from Spherical Harmonic Models
« Article about Global Models

» Description of the ICGEM-format

+ IGFS and ICGEM in Geodesists Handbook 2016

« |ICGEM-Report 2003-2007

« |CGEM-Report 2007-2011

s |ICGEM-Report 2011-2015

« |ICGEM-Report 2015-2017

INCEN Dactar 20192
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T CGEM

Home Page

International Centre for Global Earth Models (ICGEM)

ICGEM Service New Publication:

Qur new paper has been puplished in Earth System Science Data (ESSD), data publishing journal.
The paper is open access and can be reached at:https:/fwww earth-syst-sci-data net/11/647/2019%essd-11-647-2019 pdf

The paper is intented to be the main reference for the ICGEM Service and its activities that include model downloads, and calculation and visualisation services. See below how to cite. In fO rmation

Appointment of the new director:

The longtime director of the ICGEM service, Franz Barthelmes retired on December 31st 2017. We would like to acknowledge the invaluable contributions he provided to ICGEM service and GFZ family.
As of January 1st 2018, E. Sinem Ince has been appointed as the new director of the ICGEM service.

ICGEM is one of five services coordinated by the International Gravity Field Service (IGFS) of the International Association of Geodesy (IAG).
The other services are:

e BGI (Bureau Gravimetrique International), Toulouse, France

e |SG (International Service for the Geoid), Politecnico di Milano, Milano, Italy h r IGF rVi

¢ |IGETS (International Geodynamics and Earth Tide Service), EOST, Strasbourg, France Ot = G S se ces
« |IDEMS (International Digital Elevation Model Service), ESRI, Redlands, CA, USA

Services of ICGEM

collecting and archiving of all existing global gravity field models

web interface for getting access to global gravity field models .

web based visualization of the gravity field models their differences and their time variation ICGEM services
web based service for calculating different functionals of the gravity field models

web site for tutorials on spherical harmonics and the theory of the calculation service

new service since 2016: providing a Digital Object Identifier (DOI) for the data set of the model (the coefficients)

Some ICGEM related documents
Our references

« Definition of Functionals of the Geopotential and Their Calculation from Spherical Harmonic Models
Article about Global Models

Description of the ICGEM-format

IGFS and ICGEM in Geodesists Handbook 2016

ICGEM-Report 2003-2007

ICGEM-Report 2007-2011

ICGEM-Report 2011-2015

ICGEM-Report 2015-2017
ICREM Dactar 2048



Static Gravity Field Models
T CGEM GF?2

Helmholtz Centr
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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).
In the data column, the datasets used in the development of the models are summarized, where S is for satellite (e.g., GRACE, GOCE, LAGEQOS), A is for altimetry, and G for ground data (e.g., terrestrial,
shipborne and airborne measurements).

The links calculate and show 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 +, which directly opens the page on "http://dx.doi.org/".
If you click on the reference, the complete list of references can be seen.

R S ) ST

175 GO_CONS_GCF_2_TIM_R6e 2019 G (Polar), S(Goce) Zingerle, P. et al, 2019 gfc zip Calculate  Show

174 ITSG-Grace2018s 2019 200 S(Grace) Mayer-Giirr, T. et al, 2018 gfc zip Calculate  Show
173 EIGEN-GRGS.RL04.MEAN-FIELD 2019 300 S Lemoine et al, 2019 gfc zip Calculate  Show

172 GOCO06s 2019 300 S Kvas et al., 2019 gfc zip Calculate  Show 47
171 GO_CONS_GCF_2_TIM_R6 2019 300 S(Goce) Brockmann, J. M. et al, 2014 gfc zip Calculate  Show J
170 GO_CONS_GCF_2 DIR_R6 2019 300 S Bruinsma, S. L. et al, 2014 gfc zip Calculate  Show N
169 IGGT_R1C 2018 240 G, S(Goce), S(Grace) Lu, B. et al., 2019 gfc zip Calculate  Show v
168 Tongji-Grace02k 2018 180 S(Grace) Chen, Q. et al, 2018 gfc zip Calculate  Show

167 SGG-UGM-1 2018 2159  EGM2008, S(Goce) Liang, W. et al., 2018 & Xu, X. et al. (2017) gfc zip Calculate  Show v
166 GOSG01S 2018 220 S(Goce) Xu, X. etal., 2018 gfc zip Calculate  Show N
165 IGGT_R1 2017 240 S(Goce) Lu, B. et al, 2017 gfc zip Calculate  Show v
164 IfE_GOCEO5s 2017 250 S Wu, H. et al, 2017 gfc zip Calculate  Show v
163 GO_CONS_GCF_2_SPW_R5 2017 330 S(Goce) Gatti, A. et al, 2016 gfc zip Calculate  Show g
162 GAO2012 2012 360 A, G, S(Goce), S(Grace) Demianov, G. et al, 2012 gfc zip Calculate  Show 47
161 XGM2016 2017 719 A. G. S(GOCO05s) Pail. R. et al. 2017 afc zip Calculate  Show s
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List of static gravity field models

175 GO_CONS_GCF_2 TIM_R6e 2019 G (Polar), S(Goce) Zingerle, P. et al, 2019 gfc zip Calculate Show
174 1TSG-Grace2018s 2019 200 S(Grace) Mayer-Giirr, T. et al, 2018 gfc zip Calculate Show v
173 EII(EELESI-GRGS.RLM.MEAN- 2019 300 S Lemoine et al, 2019 gfc zip Calculate Show
172 GOCO06s 2019 300 S Kvas et al., 2019 gfc zip Calculate  Show ¢
171 GO_CONS_GCF_2 TIM_R6 2019 300 S(Goce) Brockmann, J. M. et al, 2014 gfc zip Calculate  Show v
170 GO_CONS_GCF_2 DIR_R6 2019 300 S Bruinsma, S. L. et al, 2014 gfc zip Calculate  Show v
169 IGGT_R1C 2018 240 G, 5(Goce), S(Grace) Lu, B.etal., 2019 gfc zip Calculate  Show v
168 Tongji-Grace02k 2018 180 S(Grace) Chen, Q. et al, 2018 gfc zip Calculate ~ Show
167 SGG-UGM-1 2018 2159 EGM2008, S(Goce) Liang, W. et al., 2018 & Xu, X. et al. (2017) gfc zip Calculate  Show v
166 GOSGO01S 2018 220 S(Goce) Xu, X. etal., 2018 gfc zip Calculate  Show v
165 IGGT_R1 2017 240 S(Goce) Lu, B. et al, 2017 gfc zip Calculate  Show v
164 IfE_GOCEO05s 2017 250 S Wu, H. et al, 2017 gfc zip Calculate  Show ¢
163 GO_CONS_GCF_2_SPW_R5 2017 330 S(Goce) Gatti, A. et al, 2016 gfc zip Calculate  Show v
162 GAO2012 2012 360 A, G, S(Goce), S(Grace) Demianoy, G. et al, 2012 gfc zip Calculate  Show ¢
161 XGM2016 2017 719 A, G, S(GOCO05s) Pail, R. et al, 2017 gfc zip Calculate  Show ¢
11 WGS72 1972 28 G, S Seppelin, T.0. and WGS Committee,, 1974 gfc zip Calculate Show
10 GEM4 1972 16 G, S Lerch, F.J. et al, 1972 gfc zip Calculate Show
9 GEM3 1972 12 S Lerch, F.J. et al, 1972 gfc zip Calculate Show
8 GEM2 1972 22 G, S Lerch, F.J. et al, 1972 gfc zip Calculate Show
7 GEM1 1972 22 S Lerch, F.J. et al, 1972 gfc zip Calculate Show
6 KOCH71 1971 11 G, S Koch, Karl-Rudolf and Witte, Bertold U., 1971 gfc zip Calculate Show
5 KOCH70 1970 8 G, S Koch, Karl-Rudolf and Morrison, Foster, 1970 gfc zip Calculate Show
4 SE2 1969 22 G, S Gaposchkin, E.M. Lambeck, K., 1970 gfc zip Calculate Show
3 0Sues 1968 14 G, S Rapp, Richard H., 1968 gfc zip Calculate Show
2 WGS66 1966 24 G WGS Committee, 1966 gfc zip Calculate Show
1 SE1 1966 15 S Lundquist, C.A. et al, 1966 gfc zip Calculate Show
GFZ
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Which models are accepted/published?

e The ultimate aim is to collect and make available the
static gravity field models

e Any model from any institution is accepted as long as they
are consistent with other already “reliable” models based
on our evaluation results in spectral domain and w.r.t.
GNSS/levelling-derived geoid undulations

e For other models (temporal, other celestial bodies and
topographic) we do not apply any evaluation scheme but
observe the consistency among models
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Link to calculation

Service
| q 4 DOI #
Release year Data use References Download option assignment
Model expansion Link to
visualization

Year | Degree References Download mmm

175 [GO_CONS_GCF_2_TIM_R6e |[ 2019 300 G (Polar), S(Goce) Zingerle, P. et al, 2019 gfc zip Calculate  Show
174 (ITSG-Grace2018s 2019 200 S(Grace) Mayer-Giirr, T. et al, 2018 gfc zip Calculate  Show
173 EII(ESLEDN-GRGS.RLM.MEAN- 2019 300 S Lemoine et al, 2019 gfc zip Calculate  Show
172 (GOCO06s 2019 300 S Kvas et al., 2019 gfc zip Calculate  Show
171 [GO_CONS_GCF_2_TIM_R6 |[2019 300 S(Goce) Brockmann, J. M. et al, 2014 gfc zip Calculate  Show g
170 (GO_CONS_GCF_2_DIR_R6 |[2019 300 = Bruinsma, S. L. et al, 2014 gfc zip Calculate  Show g
169 |IGGT_R1C 2018 240 G, S(Goce), S(Grace) Lu, B. et al., 2019 gfc zip Calculate  Show v
168 |Tongji-Grace02k 2018 180 S(Grace) Chen, Q. et al, 2018 gfc zip Calculate  Show
167 |SGG-UGM-1 2018 2159 | [EGM2008, S(Goce) Liang, W. et al.,, 2018 & Xu, X. et al. (2017) gfc zip Calculate  Show N
166 |GOSG01S 2018 220 S(Goce) Xu, X. etal.,, 2018 gfc zip Calculate  Show v
165 |IGGT_R1 2017 240 S(Goce) Lu, B. et al, 2017 gfc zip Calculate  Show v
164 |IfE_GOCEO05s 2017 250 S Wu, H. et al, 2017 gfc zip Calculate ~ Show v
163 (GO_CONS_GCF_2_SPW_R5 || 2017 330 S(Goce) Gatti, A. et al, 2016 gfc zip Calculate  Show g
162 (GAO2012 2012 360 A, G, S(Goce), S(Grace) Demianov, G. et al, 2012 gfc zip Calculate  Show g
161 (XGM2016 2017 719 A, G, S(GOCO05s) Pail, R. et al, 2017 gfc zip Calculate  Show ¢
160 [Tongji-Grace02s 2017 180 S(Grace) Chen, Q. et al, 2016 gfc zip Calculate  Show N
159 |NULP-02s 2017 250 S(Goce) A.N. Marchenko et al, 2016 gfc zip Calculate  Show v
158 |HUST-Grace2016s 2016 160 S(Grace) Zhou, H. et al, 2016 gfc zip Calculate  Show v
157 |ITU_GRACE16 2016 180 S(Grace) Akyilmaz, O. et al, 2016 gfc zip Calculate  Show N4
156 (ITU_GGC16 2016 280 S(Goce), S(Grace) Akyilmaz, O. et al, 2016 gfc zip Calculate  Show
155 (EIGEN-654 (v2) 2016 300 S(Goce), S(Grace), S(Lageos) Forste, C. and Bruinsma, S.L., 2016 gfc zip Calculate  Show
154 (GOCO05¢c 2016 720 (see model), A, G, S Fecher, T. et al, 2016 gfc zip Calculate Show N4
153 |GGMO05C 2015 360 A, G, S(Goce), S(Grace) Ries, J. et al, 2016 gfc zip Calculate  Show N
152 |GECO 2015 2190 | [EGM2008, S(Goce) Gilardoni, M. et al, 2016 gfc zip Calculate  Show
151 [GGMO05G 2015 240 S(Goce), S(Grace) Bettadpur, S. et al, 2015 gfc zip Calculate  Show I

c_l hio f_c_o_ﬂis 2015 280 (see model). S Maver-Giirr T et al 2015 afc zip Calculate Show

L ——
PoTspam HELMHOLTZ




THE EXPERIMENTAL GRAVITY FIELD MODEL XGMZ201l6

XGM2016

These data are freely available under a Creative Commons Attribution 4.0 International Licence (CC BY 4.0)

When using the data please cite is like:

Pail, Roland; Fecher, Thomas; Barnes, Daniel; Factor, John; Holmes, Simon; Gruber, Thomas; Zingerle Philipp

The experimental gravity field model XGM2016é is an outcome of TUM's assessment of a 15'x15' data grid excerpt provided from NGA's updated and revised gravity data bas

Contact: R. Pail, roland.pail@tum.de
Contributing institutions:
* TU Muenchen, Institute of Astronomical and Physical Geodesy
Roland Pail, Thomas Fecher, Thomas Gruber, Philipp Zingerle
* National Geospatial-Intelligence Agency
Daniel Barnes, John Factor
* SGT Inc
Simon Holmes

Model information

Reference - GOCO05s (XGMZ016 satellite base):
Mayer—-Guerr T, et al. (2015): The combined satellite gravity field model GOCO05s. Presentation at EGU 2015, Geophysical Research Abstracts Veol. 17, EGU2015-12364, Vienna.

Reference — GOCO05c (combination methodology as for XGM2016) :‘ Re erences

Fecher T, et al. (2017): GOCOO5c: A New Combined Gravity Field Model Based on Full Normal Equations and Regionally Varying Weighting. Surveys in Geophysics, Vol. 38, Nr. 3, pr

begin of head

product_type gravity field

modelname XGM2016.gfc

earth gravity constant 0.39820044150D+15 Fi(ezi(jeer
radius 0.e37813e3000D+07

max _degree 7159

errors formal

norm fully normalized

tide_ system zero_tide

gfc 0 0 +1.000000000000000E+00 +0.000000000000000E+0QO0 +0.000000000000000E+00 +0.000000000000000E+00
gfc 1 0 +0.000000000000000E+00 +0.0000O0OCQOCQOOOCOQOOE+0OO +0.000000000000000E+00 +0.0Qr7"7oooommonoAm AR
gfc 1 1 +0.000000000000000E+00 +0.00000OCQOQOOOCOQO0OE+CO +0.000000000000000E+00 +0.0d CoeffICIentS
gfc 2 0 -4.841654588724518E-04 +0.000000000000000E+00 +1.620535%07368270E-13 +0.0

gfc 2 1 -3.402865378034020E-10 +1.449778282167240E-05 +3.181427122%901240E-13 +3.168013591378120E-13
gfc 2 2 +2.4393606684557%0E-06 —-1.40030858%410540E-06 +3.4854023464432440E-13 +3.4695907385581660E-13
gfc 3 0 +9.57189732355637%E-07 +0.000000000000000E4+00 +2.430153850723%60E-13 +0.000000000000000E4+00
gfc 3 1 +2.03045573014275%0E-06 +2.4822933%5%81385%20E-07 +2.743343382845560E-13 +2.453421407658810E-13
gfc 3 2 +9.0476450141769%970E-07 -6.19003683%9518300E-07 +2.560665614556440E-13 +2.610593334202640E-13
gfc 3 3 +7.212945271678%00E-07 +1.414385774916610E-06 +2.858095830008700E-13 +2.864273001049410E-13
gfc 4 0 +5.355525774145787E-07 +0.000000000000000E+00 +1.7131021725%2780E-13 +0.000000000000000E+00
gfc 4 1 -5.36178%c081S%a520FE-07 —-4_.7357413497E88470Fr-07 +1.7659725%9221c480F-13 +1.5707083111516830FE-13
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Metadata ~ Dataset Publication = bout/Help ~
s | DO Request

Resource Information

DOI (will be generated in the publishing process) Year

Resource Type Title Version Language of dataset

Licenses and Rights

Licence

Authors (Persons and/or Institutions)

Lastname Firstname Role Author ID Type Author Identifier (... | Affiliation

Contact Person(s) / Point of Contact

G F ‘ Author (Lastname, First... Position Email Website Affiliation
d

| —

sz | http://pmd.gfz-potsdam.de/panmetaworks/metaedit/ ’
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DOI# Assignment

Data access and Licence

Files

ICGEM Model Viisualisation
ICGEM Calculation Service

Download Model Data: EIGEN-654v2.zip 8.3 Mb

License: CC BY 4.0
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Dataset and GOCE data from the collaboration of GFZ Potsdam and GRGS Toulouse Rafesvad
Cite as i = P
Forste, Christoph; Bruinsma, Sean; Abrikosov, Oleh; Rudenko, Sergiy; Lemoine, Jean-Michel; Marty, Jean-Charles; Neus C|tat|on :
EIGEN-6S4 A time-vanable satellite-only gravity field model to d/o 300 based on LAGEOS, GRACE and GOCE data from l H
Toulouse. V. 2.0. GFZ Data Services. http://doi.org/10.5880/icgem.2016.008
File 1 | Avstract n

| 1 )

ieg Data
:‘: download

Dataset Description
Documented by

http://icgem.gf: dam.de/F I-EIGEN
654.pdf

Related Work
New Version of

Forste, Christoph; Bruinsma, Sean; Rudenko,
Sergiy; Abrikosov, Oleh; Lemoine, Jean-Michel;
Marty, Jean-Charles; Neumayer, Karl Hans; Bian-
cale, Richard (2016): EIGEN-654 A time-vaniable
satellite- only grawty ﬁeld modcl to d/o 300 based

on | “ab-
ox Related

=t publications

Brul IS,

N. (2010). CNES/GRGS 10-day gravity field models
(release 2) and their evaluation. Advances in Space
Research, 45(4), 587-601.
do0i:10.1016/;.25.2009.10.012

Bruinsma, S. L., Forste, C., Abrikosov, 0., Lemoine,
J.-M., Marty, 3.-C., Mulet, S., .. Bonvalot, S. (2014).
ESA's sateliite-only gravity field model via the direct
approach based on all GOCE data. Geophysical Re-
search Letters, 41(21), 7508-7514.
doi:10.1002/201491062045

Metzler, B., & Pail, R. (2005). GOCE Data Process-
ing: The Spherical Cap Regularization Approach,
Studia Geophysica et Geodaetica, 49(4), 441-462.
doi:10.1007/511200-005-0021-5

Pail, R., Bruinsma, S., Migliaccio, F., Forste, C.,
Goiginger, H., Schuh, W.-D., _. Tscherning, C. C.
(2011), First GOCE gravity field models derived by
three different approaches. Journal of Geodesy,
85(11), 819-843. doi:10.1007/500190-011-0467-x

EIGEN-654 (Version 2) is a satellite-only global gravity field mogdel fram tha ramhinatian of | AGFOS
GRACE and GOCE data. All spherical harmonic coefficients up t:
time vanable parameters consist of drifts as well as annual and’ b se-
ries of the time variable spherical harmonic coefficients are ba: Abstract

2003) and the GRACE-LAGEOS monthly gravity fields RLO3-v2 (
GRGS/Toulouse (Bruinsma et al. 2009).

The herein included GRACE/LAGEOS data were combined with all GOCE data which have been processed via
the direct numerical approach (Pail et al. 2011). The polar gap instabilty has been overcome using the Speri-
cal Cap Regularization (Metzler and Pail 2005). That means this mode! is a combination of LAGEOS/GACE
with GO_CONS_GCF_2_DIR_RS (Bruinsma et al. 2013).

Version History: This data set is an updated version of Foerste et al. (2016, http://doi.org/10.5880
/icgem.2016.004) Compared to the first version, EIGEN-654v2 contains an improved modelling of the time
variable part, in particular for C20.

Parameters

format icgem2.0 n n od el
product_type gravity_field

modeiname EIGEN-654v2

Parameters

earth_gravity_constant 0.3986004415E+15

radius 0.6378136460E+07

max_degree 300

errors calibrated (sigma calibration factor = 2.00)
norm fully_normalized

tide_system tide_free

Dataset Contact

Contact b

Forste, Christoph (Senior Scientist) ; GFZ German Research Cel
Bruinsma, Sean (Senior Scientist) ; GRGS/CNES Toulouse;Frang

Contributors

Barthelmes, Franz; ReiBland, Sven

Keywords

ICGEM, Global Gravitational Model, GRACE, GOCE, LAGEOS
GCMD Science Keywords

EARTH SCIENCE > SOLID EARTH > GEODETICS > GEOID CHARACTERISTICS
EARTH SCIENCE > SOLID EARTH > GRAVITY/GRAVITATIONAL FIELD > GRAVITATIONAL FIELD

More Metadata
i5019115: view inline / download xml x M L
metadata

Keywords

datacite: view inline / download xml
dif: view inline / download xml

s: view inline / xmi
escidoc: view inline / download xml




Evaluation w.r.t. GNSS/Levelling

Root mean square (rms) about mean of GPS / levelling minus

gravity field model derived geoid heights [m]

The following table shows a comparison of quasigeoid heights derived from the models with GPS / levelling derived geoid values from USA, Canada, Europe,
Japan and Brazil. Note that the differences also contain the cut-off error of the models, i.e. the unmodelled short wavelength part of the gravity field. The
GPS / levelling data sets are from:

USA; Milbert, 1998

Canada; Veronneau, personal communication 2003; National Ressources Canada, GPS on BMs file, update February 2003

Europe; Ihde et al., 2002

Australia; Gary Johnston, Geoscience Australia

Japan; Tokuro Kodama, Geospatial Information Authority of Japan

Brazil; Denizar Blitzkow and Ana Cristina Oliveira Cancoro de Matos, Centro de Estudos de Geodesia (CENEGEO), the data belongs to the Laboratory of
Topography and Geodesy/University of Sao Paulo (LTG/USP) and the Brazilian Institute of Geography and Statistics (IBGE)

le is interactivel{™egsortable for all columns by clicking in the header cells.

Australia (201 Brazil (1112 Canada (2691 Europe (1047 Japan (816 USA (6169 All (12036
points) points) points) points) points) points) points)

176
176
176
175
174
173

172
171
170
169
168
167
166
165
164

-

XGM2019 760 0.217 m 0.44 m 0.151m 0.14m 0.125m 0.264 m 0.2494 m
XGM2019e 5,540 om 0om 0Om om Oom om 0.0 m
XGM2019e_2159 2,190 0.215m 0.438 m 0.128 m 0.127 m 0.09 m 0.248 m 0.2361 m
GO_CONS_GCF_2_TIM_R6e 300 0.318 m 0.502 m 0.29 m 0.34m 0.431m 0.396 m 0.3832 m
ITSG-Grace2018s 200 0.404 m 0.545 m 0.387 m 0.504 m 0.573 m 0.496 m 0.4837 m
EIGEN-GRGS.RL04.MEAN- 300 0.327 m 0.507 m 0.298 m 0.345m 0.447 m 0.404 m 0.391 m
FIELD

GOCO06s 300 0.318 m 0.503 m 0.292 m 0.341m 0.43m 0.398 m 0.3847 m
GO_CONS_GCF_2_TIM_R6 300 0.317 m 0.501 m 0.29m 0.34m 0.431 m 0.396 m 0.383 m
GO_CONS_GCF_2_DIR_R6 300 0.313m 0.503 m 0.292 m 0.339 m 0.432 m 0.396 m 0.3838 m
IGGT_R1C 240 0.388 m 0.529 m 0.427 m 0.457 m 0.574 m 0.464 m 0.4689 m
Tongji-Grace02k 180 0.432 m 0.592 m 0.475m 0.587 m 0.661 m 0.525m 0.5357 m
SGG-UGM-1 2,159 0.217 m 0.446 m 0.13m 0.121m 0.076 m 0.245m 0.2353 m
GOSGo1S 220 0.359 m 0.518 m 0.373m 0.426 m 0.526 m 0.442m 0.4392 m
IGGT_R1 240 0.317 m 0.513m 0.348 m 0.387 m 0.483 m 0.412m 0.4111 m
IfE_GOCIE)Ss 250 0.337 m 0.512m 0.329 m 0.385m 0.48 m 0.414m 0.4081 m

PoTsDAM HELMHOLTZ



ICGEM Home

Gravity Field Models
Static Models
Temporal Models
Topographic Gravity
Field Models
Calculation Service
Regular grids

User-defined points

3D Visualisation
Static Models
Temporal Models
Trend & Amplitude

Spherical Harmonics

Evaluation
Spectral domain

GNSS Leveling

Documentation
FAQ
Theory
References
Latest Changes

Discussion Forum

Other Celestial Bodies
(Moon,Venus, Mars)

Table of Models
3D Visualization

Calculation Service

GFZ

Helmholtz Centre
PorsbpAm

CSR Release 05
CSR Release 06
GFZ Release 05
GFZ Release 06
JPL Release 05
JPL Release 06

GRACE / CHAMP monthly solutions from other groups

AIUB Release 02
CNES_GRGS_RLO03
CNES_GRGS_RL04

DMTA1

EGSIEM

geo_Q

QuantumFrontiers
HUST-Grace2016 DOl
IGG_RLO1

ITG

ITSG-Grace2014
ITSG-Grace2016 DOI
ITSG-Grace2018 DOl

COST-G (International Combination Service for Time

GRACE
Swarm

GRACE weekly solutions

GFZ Release 05

GRACE daily solutions

ITSG-Grace2014
ITSG-Grace2016
ITSG-Grace2018

SLR_monthly
SLR-only monthly solutions from AIUB

Non-isotropic smoothing

AIUB Release 02
CSR Release 05
GFZ Release 05

GRACE monthly solutions from the 3 processing centers CSR, GFZ and JPL

(UTCSR Level-2 Processing Standards Document, Rev 4.0 May 29, 2012)

CSR, GFZ, JPL

(P L — — 05.1 November 3, 2014)

wuary 2013)

3 Processing centre

The processing standards to generate the GRACE Level-2 products of CSR, GFZ and JPL
are also available in the Document Section of the GRACE archives at GFZ ISDC or JPL PO.DAAC

Other groups

(more information can be found here)

GRACE monthly solutions from the CNES_GRGS ; more information can be found here here)

GRACE monthly solutions from the CNES_GRGS ; more information can be found here here)

(More information can be found here)

(GRACE monthly combined solutions from the EGSIEM project, more information can be found here)
(Time-variable gravity fields from Leibniz Universitat Hannover. More information can be found here)
(Time-variable gravity fields from Leibniz Universitat Hannover. More information can be found here)
(GRACE monthly solutions from the Huazhong University of Science and Technology, Wuhan, PR China)
(GRACE monthly solutions from the Institute of Geodesy and Geophysics, Chinese Academy of Sciences, China)
(More information can be found here)

(GRACE monthly solutions from the ITSG, TU Graz; more information can be found here)

(GRACE monthly solutions from the ITSG, TU Graz; more information can be found here)

(GRACE monthly solutions from the ITSG, TU Graz; more information can be found here)

-variable Gravity Field) Combined solutions

| Combination Service for Time-variable Gravity Field (COST-G),
| be found here here and here)

Combination!

Monthly
Weekly
Daily

(GFZ GRACE Level-2 Processing, Revised Edition, January 2013)

(more information can be found here)
(more information can be found here)
(more information can be found here)

GRACE-FO solutions
coming soon...

(more information can be found here)
(UTCSR Level-2 Processing Standards Document, Rev 4.0 May 29, 2012)
(GFZ GRACE Level-2 Processing, Revised Edition, January 2013)



AN

Which (temporal) gravity field
model is the best?

Which center or institution provides
the best solutions?

e Depends on the application
e Depends on the area

e Depends on the post processing, background
models, assumptions, regularisation

For temporal models new product service since July, 2019

COST-G: Combination Service for Time Variable Gravity Field

https://cost-g.org/index.php?p=introduction



TCGEM

Gravity Field Solutions for dedicated Time Periods

GFZ Release 05

You can download all the models in this set as zip (151.8 MIB) or you can find subsets and single model files below.
It can take a moment to generate the zip file for you.
You can also find these files at ftp://icgem.gfz-potsdam.de/01_GRACE_monthly/GFZ Release 05.

DDK1 zip (17.1 MiB)
DDK2 zip (17.1 MiB)
DDK3 zip (17.0 MiB)
DDK4 zip (17.0 MiB)
DDK5 zip (17.0 MiB)
DDK6 zip (17.0 MiB)
DDK7 zip (17.0 MiB)
DDK8 zip (17.0 MiB)
unfiltered zip (15.5 MiB)
DDK1 zip (17.1 MiB)
kfilter_DDK1_GSM-2_2002094-2002120_0024_EIGEN_G---_005a.gfc gfc (330.3 KiB) . .
kfilter_DDK1_GSM-2_2002122-2002137_0013_EIGEN_G---_005a.gfc gfc (330.3 KiB) Flltered Or un f[/tered
kfilter_DDK1_GSM-2_2002213-2002243_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2002244-2002273_0021_EIGEN_GK2-_005a.gfc gfc (330.3 KiB) S ~i
kfilter_DDK1_GSM-2_2002274-2002304_0030_EIGEN_G---_005a.gfc gfc (330.3 KiB) C O ef fl CI e n t S
kfilter_DDK1_GSM-2_2002305-2002334_0027_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2002335-2002365_0029_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003001-2003031_0026_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003032-2003059_0028_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003060-2003090_0030_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003091-2003120_0030_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003121-2003141_0021_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003182-2003212_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003213-2003243_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003244-2003273_0030_EIGEN_G---_005a.gfc gfe (330.3 KiB)
kfilter_DDK1_GSM-2_2003274-2003304_0030_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003305-2003334_0030_EIGEN_G---_005a.gfc gfe (330.3 KiB)
kfilter_DDK1_GSM-2_2003335-2003365_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2003353-2004014_0027_EIGEN_G---_005a.gfc gfe (330.3 KiB)
kfilter_DDK1_GSM-2_2004035-2004060_0026_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2004061-2004091_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDK1_GSM-2_2004092-2004121_0030_EIGEN_G---_005a.gfc gfc (330.3 KiB)
kfilter_DDKA1_GSM-2_2004122-2004152_0031_EIGEN_G---_005a.gfc gfc (330.3 KiB)

kfilter_DDK1_G SM-2_2004153-2004182_0030_EIGEN_GK2-_005a.gfc  gfc (330.3 KiB)
kfilter_DDK1_G SM-2_2004183-2004213_0031_EIGEN_GK2-_005a.gfc  gfc (330.3 KiB)
kfilter_DDK1_G SM-2_2004214-2004244_0031_EIGEN_GK2-_005a.gfc  gfc (330.3 KiB)

Lfilénr MAKA RASM 2 ANAANARE AANADTA AR2A EINRERN LA AR~ mfa e 220 2 D0

icgem@giz-potsdam.de



Topographic gravity field models

ICGEM GFZ

Helmhaltz Centre
TsDAM

Topographic Gravity Field Models

ICGEM Home 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.
More information on the Topographic Gravity Field Models can be found here.

Gravity Field Models

e e The table can be interactively re-sorted by clicking on the column header fields (Nr, Model, Year, Degree, Data, Reference).

Temporal Models

1 T S " S 7] BT
Topographic Gra:
Fi Models

1 dV_ELL_RET2012 Topography Claessens, S.J. and C. Hirt (2013)
2 dV_ELL_RET2012_plusGRS80 2014 2190 Topography Claessens, §.J. and C. Hirt (2013) gfc zip Calculate
. . 3 RWI_TOPO_2012 2014 1800 Topography Grombein et al., (2014) gfec zip
Calculation Service 4 RWI_ISOS_2012 2014 1800 Isostasy Grombein et al., (2014) gfc zip
i 5 RWI_TOIS_2012 2014 1800 Isostasy, Topography Grombein et al., (2014) gfc zip
Regular grids
. 6 RWI_TOPO_2012_plusGRS80 2014 1800 Topography Grombein et al., (2014) gfc zip Calculate
User-defined points 7 RWI_ISOS_2012_plusGRS80 2014 1800 Isostasy Grombein et al., (2014) gfc zip Caleulate
8 RWI_TOIS_2012_plusGRS80 2014 1800 Isostasy, Topography Grombein et al., (2014) gfc zip Calculate
3D Visualisation 9 RWI_TOPO_2015 2015 2190 Topography Grombein et al., (2016) gfc zip
. 10 REQ_TOPO_2015 2015 2180 Topography Grombein et al., (2016) gfec zip
Statie Models 11 RWI_TOPO_2015_plusGRS80 2015 2190 Topography Grombein et al., (2016) gfc zip Calculate
Temporal Models 12 REQ_TOPO_2015_plusGRS80 2015 2190 Topography Grombein et al., (2016) gfc zip Calculate
. 13 dV_ELL_RET2014 2016 2190 Topography Rexer et al., (2016) gfc zip
Trend & Amplitude 14 dV_ELL_RET2014_plusGRS80 2018 2190 Topography Rexer et al., (2016) gfc zip Calculate
Spherical Harmonics 15 dV_ELL_Earth2014 2016 2180 Topography Rexer et al., (2016) gfec zip
16 dV_ELL_Earth2014_plusGRS80 2016 2190 Topography Rexer et al., (2016) gfc zip Calculate
. 17 dV_ELL_Earth2014_5480 2017 5480 Topography Rexer et al., (2017), Rexer, M. (2017) gfc zip
Evaluation 18 dV_ELL_Earth2014_5480_plusGRS80 2017 5480 Topography. Rexer et al., (2017), Rexer, M. (2017) gfc zip Calculate
Spectral domain
GNSS Leveling
Documentation
FAQ
Theory
=
New set of models on the ICGEM service
Latest Changes
Discussion Forum
Other Celestial Bodies
(Moon,Venus, Mars)
Table of Models
3D Visualization
Calculation Service .
« » iegem@gfz-potsdam de

GFZ
PorsDam HELMHOLTZ




Topographic 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.

More information on the Topographic Gravity Field Madels can be found here.

The table can be interactively re-sorted by clicking on the column header fields (Nr, Model, Year, Degree, Data, Reference).

I T T N - N

1 dV_ELL_RET2012 2014
2 dV_ELL_RET2012_plusGRS80 2014
3 RWI_TOPO_2012 2014
4 RWI_ISOS_2012 2014
5 RWI_TOIS_2012 2014
6 RWI_TOPO_2012_plusGRS80 2014
7 RWI_ISOS_2012_plusGRS80 2014
8 RWI_TOIS_2012_plusGRS80 2014
9 RWI_TOPO_2015 2015

10 REQ_TOPO_2015 2015

11 RWI_TOPO_2015_plusGRS80 2015

12 REQ_TOPO_2015_plusGRS80 2015

13 dV_ELL_RET2014 2016

14 dV_ELL_RET2014_plusGRS80 2016

15 dV_ELL_Earth2014 2016

16 dV_ELL_Earth2014_plusGRS80 2016

17 dV_ELL_Earth2014_5480 2017

18 dV_ELL_Earth2014_5480_plusGRS80 2017

21890
21890
1800
1800
1800
1800
1800
1800
2190
2190
2190
2190
2190
2190
2190
2190
5450
5450

Topography
Topography
Topography
Isostasy

Isostasy, Topagraphy
Topography

Isostasy

Isostasy, Topagraphy
Topography
Topography
Topography
Topography
Topography
Topography
Topography
Topography
Topography
Topography

New set of models on the ICGEM service

GFZ

Helmholtz Centre
PorsbpAm

HELMHOLTZ



ther Celestial Bodies

ICGEM Grz

Helmhaltz Centre
TsDAM

Gravity Field Models of other Celestial Bodies

ICGEM Home 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.
Gravity Field Models
The table can be interactively re-sorted by clicking on the column header fields (Nr, Model, Year, Degree, Data, Reference)
Static Models

In the data column, the datasets used in the development of the models are summarized, where $ is for satellite (e.g., GRACE, GOCE, LAGEOS), A is for altimetry, and G for ground data (e.g., terrestrial, shipborne and airborne measurements).

Temporal Models
= It is not planned to offer the complete service of ICGEM also for non-Earth gravity field models. Nevertheless, we think it could be useful to compile also some gravity field models of other celestial bodies for downloading and for use in our visualisation and calculation service.

Topographic Gravity

Mars 80

ggm1025a 2002 F.G. Lemoine et al, 2001 gfc zip Calculate
Calculation Service Mars jgm85f01 2002 85 ofc zip Calculate
_ Mars ggm2bcB0 2000 80 gfec zip Calculate
Regular grids Mars ggms0a01 1808 50 gfc zip Calcuiate
User-defined points Mars ggm50a02 1998 50 gfc zip Calculate
Mars jgm50c01 1988 50 gfc zip Calculate

3D Visualisation Moon (of the Earth) $TU_MoonTopo720 ) 2019 2160 Bucha, B. etal., 2019 gfc z?p
Moon (of the Earth) STU_MoonTopo720_plusNormalField 2019 2160 Bucha, B. et al., 2018 gfc zip Calculate
Static Models Moon (of the Earth) GrazLGM420b 2018 420 Wirnsberger H. et al, 2018 gfc zip Calculate
Moon (of the Earth) GrazLGM420b+ 2018 420 Wirnsberger H. et al, 2018 gfc zip Calculate
Temporal Models Moon (of the Earth) RFM_Moon_2520 2018 2520 Spriak etal., (2018) e zip Calculate
Trend & Amplitude Moon (of the Earth) GrazLGM420a 2017 420 Wirnsberger H. et al, 2017 gfc zip Calculate
Moon (of the Earth) dV_MoonTopo_2160 2017 2160 Hirt, C. and M. Kuhn (2017) gfc zip Calculate
Spherical Harmonics Moon (of the Earth) GrazLGM300c 2016 300 Krauss, S. et al, 2016 ofc zip Calculate
Moon (of the Earth) AlUB-GRL200A 2015 200 Arnold D. et al, 2015 gfc zip Calculate
Evaluation Moon (of the Earth) AlUB-GRL200B 2015 200 Arnold D. et al, 2015 gfc zip Calculate
Moon (of the Earth) GL06E0B 2013 660 gfc zip Calculate
Spectral domain Moon (of the Earth) GRGME60PRIM 2013 860 gfe zip Calculate
GNSS Leveling Moon (of the Earth) JGL150Q1 2000 150 ofc zip Calculate
Moon (of the Earth) JGL165P1 2000 165 gfc zip Calculate
. Moon (of the Earth) JGL100J1 1999 100 gfec zip Calculate
Documentation Moon (of the Earth) JGL100KA 1999 100 gfc zip Calculate
FAQ Moon (of the Earth) JGLO75D1 1998 7 gfc zip Calculate
Moon (of the Earth) JGLO75G1 1998 75 gfc zip Calculate
Theory Moon (of the Earth) GLGM-2 1995 70 F. G. Lemoine et al, 1995 ofe zip Calculate
References Moon (of the Earth) GLGM-1 1994 70 F. G. Lemoine et al, 1994 gfc zip Calculate
Venus shgj180ua01 1987 180 gfc zip Calculate
Latest Changes Venus shgj120pa01 1996 120 gfc zip Calculate

Discussion Forum

Other Celestial Bodies
(Moon,Venus, Mars)

Table of Models

3D Visualization

Calculation Service

GFZ
PorsDam HELMHOLTZ

> icgem@gfz-potsdam de




alculation Service
Regular Grid

Calculation of Gravity Field Functionals on Ellipsoidal Grids .
Model selection Grid selection Area SeIeCtlon

Longtime Model AlUB-CHAMPO1S
Model from Series AlUB-CHAMPO3S
Topography related Model AIUB-GRACED1S
Celestial Object Model AIUB-GRACED2S
Topography AIUB-GRACED3S
DEOS_CHAMP-01C
Gravity Field Models DGM-1S
EGM2008
Static Models EGM96 -
EGIM36 M d I I
Model type odel selection
Topographic Gravity EIGEN-1s
Field Models FEat
EIGEN-51C -
Calculation Service
Grid Step [’]:
User-defined points Functional selection

Height over Ellipsoid [m]: E]

height_anomaly

. . . The height anomaly can be generalised to a 3-d function, (sometimes called "generalised pseudo-height-anomaly")
3D Visualisation height_anomaly_ell
: geoid Here it is calculated on the ellipsoid, h=0, approximated by Bruns' formula (egs. 78 and 118 of STR09/02) Reference System:
SEB IR QFaV\W_g\S:wgaﬂce . Radius: | 63781870]  Flat:[ 208257223563
Temporal Models g::g:afo:;aimja G raV|ty f e I d R efe rence Gm: [ 3026004472c+11] Omega: 7.2021150-5)
Trend & Amplitude gravity_anomaly_cl

gravity_anomaly_sa

Spherical Harmonics gravity_anomaly_bg fu n Ctl 0 n I Se I eCt|0 n _I_, d Tide System: @ Zora Do eekTerm
Evaluation I e

Spectral domain Low-pass filering by (gently) truncating the model (more details)

- . Definitions of the Filterlength @
Gaussian Filter (more details) 10 10
Impulse Response
GNSS Leveling O None R(x)
Half response
Documentation

Half transfer

Filtering

- Filter Length: ° [Degree] v o
eory

Start Gentle Cut: 70 Maximum Degree : 70 ®(Bsigma)
References

Latest Changes

start computation
Discussion Forum

Other Celestial Bodies
(Moon,Venus, Mars)

~@{halfresponse)

Table of Models
3D Visualization

Calculation Service

Login

icgem@gfz-potsdam.de
———————
Helmholtz Centre

PoTsbpAm HELMHOLTZ



Model selection

Longtime Model

Model from Series
Topography related Model
Celestial Object Model
Topography

n Service
r Grid

y Field Functionals on Ellipsoidal Grids

ion

P s sy
height_anomaly_ell
geocid
gravity_disturbance
gravity_disturbance_sa
gravity_anomaly
gravity_anomaly_cl
gravity_anomaly_sa
gravity_anomaly_bg

3D Visualisation
Static Models
Temporal Models
Trend & Amplitude

Spherical Harmonics

e HEIYTL dlunidly Lall UE YelEdiisEU W d 9-U 1u

Here it is calculated on the ellipsoid, h=0, approximated by Bruns’ formula (eqs. 78 and 118 of STR09/02).

Gravity field
functional selection

Functional selection

ncuun, (suinietimes called "generalised pseudo-height-anomaly”)

Grid selection Area SeIeCtIO n

Grid Step r]:
Height over Ellipsoid [m]: E]

Reference

Reference System: WGSS84 v

Radius: | 6378137.0] Flat: | 298.257223563)

Gm:|  3955004418e+14| Omega: | 7.292115e 5

TI d e Tide System: | use model'ssystem v| ¥ Zero Degree Term

height_anomaly
height_anomaly_ell
geoid
gravity_disturbance
gravity _disturbance sa
gravity_anomaly
gravity_anomaly cl
gravity_anomaly _sa
gravity_anomaly bg

Start Gentle Cut: 70 Maximum Degree : 70

Gaussian Filter (more details) 10

None

Half response
Half transfer
6 Sigma

Filter Length: ° [Degree] v @

Definitions of the Filterlength @

- d{halfresponse)

igsigma)

start computation

icgem@gfe-potsdam.de

HELMHOLTZ



Gravity Field Models
Static Models
Temporal Models
Topographic Gravity
Field Models
Calculation Service

Regulat

ids

User-defined points

3D Visualisation
Static Models

Temporal Models

Trend & Amplitude

Spherical Harmonics

Evaluation
Spectral domain

GNSS Leveling

Documentation
FAQ
Theory
References
Latest Changes
Discussion Forum
Other Celestial Bodies
(Moon,Venus, Mars)

Table of Models

3D Visualization

Calculation Service

Model selection
Longtime Mode!

alculation Service

Calculation of Gravity Field Functionals on Ellipsoidal Grids

Model from Series
Topography related Model
Celestial Object Model
Topography

»

AIUB-CHAMPO1S

AIUB-CHAMPO3S

AlUB-GRACED1S
AlUB-GRACED2S
AlUB-GRACED3S
DEOS_CHAMP-01C
DGM-18
EGM2008

EGM96

EGM36s

EIGEN-1
EIGEN-1s
EIGEN-2
EIGEN-51C

Functional selection

height_anomaly
height_anomaly_ell
ge
gravity_disturbance
gravity_disturbance_sa
gravity_anomaly
gravity_anomaly_cl
gravity_anomaly_sa
gravity_anomaly_bg

The Geoid is one particular equipotential surface of the gravity potential of the Earth. Among all equipotential surfaces, geoid is the
surface which is equal to the undisturbed sea surface and its continuation below the continents.

Here it will be approximated by the height anomaly plus a topography dependent correction term (egs. 71 and 117 of
STR0%/02). Topography information used here is taken from the ETOPO1

Grid selection

0

Height over Ellipsoid [m]: E]

Reference System: | WGS84 v

Radius: | 6378137.0]

Flat: | 298.257223563)

Gm:|  3955004418e+14| Omega: | 7

Tide System: | use model's system v "

Zero Degree Term

Low-pass filering by (gently) truncating the model (more details)

Start Gentle Cut: | 2190 Maximum Degree : | 2190

Gaussian Filter (more details)

® None
Half response
Half transfer
6 Sigma

Filter Length:

° [Degree] v oo

Definitions of the Filterlength @

Impulse Response
R(x)

~d{halresponse)

haifransier)

ibsigma)

Login

start computation

icgem@gfe-potsdam.de

GFZ

Helmholtz Centre
PorsbpAm

HELMHOLTZ



alculation Service

ICGEM i

TsDAM

Calculation

ICGEM Home e
Gravity Field Models Functional: ] e e e e e e e e e
_ * start of program shm2func =
Static Models Model: EGM2008 S N
Calculation Start: 2019-06-17T12:25:21.355Z modelname (alias) for grid-head EGM2008

Te I Model
emporal Models ) i refsys-parameter for WGS84 from sr refsysname
Calculation End: Geopotential fram

Topographic Gravity

Field Models Calculation Time: /homelicgem/wsgi/models/c50128797a%cbB2e936337¢890e442503f0461d7329b09a8cc 8561
Grid: Longitude: 128.82° . 125.65° 504465340 gfc
q o Latitude: -59.6° .. 74.02°
Calculation Service Grid step: 1°, 34560 Grid points Topography (SHM) from

Reference system: WGS24 /home/icgem/wsgi/calc/etopo.toc

Regular grids
. *** warning: latmin changed
User-defined points from: -58.6000000000000  to -58.9800000000000
*** warning: lengmax changed
from:  125.650000000000 to  125.180000000000

3D Visualisation number_of_gridpoints = 34170

Static Models
Temporal Models
Trend & Amplitude

Spherical Harmonics

Evaluation
Spectral domain

GNSS Leveling

Documentation
FAQ
Theory
References
Latest Changes

Discussion Forum

Other Celestial Bodies
(Moon,Venus, Mars)

Table of Models
3D Visualization

Calculation Service

icgem@gfz-potsdam de

GFZ
HELMHOLTZ

PorTsbpAm




Calculation Service

ICGEM polil. S

Helmholtz Centre
Porsoam

A LA A LA A LAl

Done.

100%
ICGEM Home Functional: geoid -120° -90° -60° =-30° 0 30°

Model: EGM2008

Gravity Field Models Calculation Start: 2019-06-17T12:25:21.355Z
Calculation End: 2019-06-17T12:26:27.675Z T~ P 2
Calculation Time: 525 60° = -
Temporal Models Grid: Longitude: -128.82° .. 125.65°
Topographic Gravity Latitude: -59.6° .. 74.02° BN

¢ Grid step: 1%, 34580 Grid points = F-a
FisidModels Reference system: WGS84 “%‘ » N
|| lllumination

Calculation Service Download Grid ‘

Download eP$S f - %

Static Models

Regular grids

User-defined points I

3D Visualisation =
Static Models -
Temporal Models L]
Trend & Amplitude 0

Spherical Harmonics

Evaluation k \ 5 J t
Spectral domain y '
GNSS Leveling ’ i (’
-30° : ' \ g3
Documentation / §
FAQ

Theory

References R

Latest Changes
Discussion Forum —1 20. —90. -60. —30‘ 0' 30' 60. 90. 1 20.
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ICGEM for educational purposes
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wavelength spatial resolutions.
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Improvement of spatial resolution in satellite-only Global Gravity Field Models
Example gravity anomalies in Europe

340° 0 20° 40° 60° 80" 100
I [ |

80°

Derived from 25 Satellites before CHAMP era (1999)
Resolution~ 1500 km (grim5-S1)

340° 0 20° 40° 60° 80° 100°
O e i = =ik

GOCE (1062 Days 20091101 - 20130524)
Resolution ~ 80 km

40

20

v | ] g
« i
& /\‘L LAJ ’ i
340° 0 20° 40 60° 80° 100°
2 _— o sil

e,

0 0 20" 40° 60" 80° 100

CHAMP (7 Years, 2002...2009)
Resolution ~ 300 km

GRACE (6 Years, 2002...2008)
Resolution ~ 150 km

GFZ

Helmholtz Centre
PorsbpAm

HELMHOLTZ



alculation Service
User-defined points

Calculation of Gravity Field Functionals on User-Defined Points

Model selection User-Defined Points

Longtime Model EIGEN-6C -
Model from Series EIGEN-6C2
EIGEN-6C3stat
EIGEN-6C4
EIGEN-65
EIGEN-652
EIGEN-654 (v2)
ICGEM Home EIGEN-CGO1C
EIGEN-CHAMPO3S
EIGEN-CHAMPO3Sp
Gravity Field Models EIGEN-CHAMPO5S
EIGEN-GL04C
Static Models EIGEN-GL04S1 &
EIGEN-GRACE01S

Temporal Models

Maroc HEVO2E. Cs ol

Topographic Gravity " "

Field Models select the format of the coordinates in your data file: | Lon Lat Height v
and upload your file: \ Choose File |europe.dat
calculation Service Functional selection (one or more or all functionals can be selected at the same time) = up to 1000 randomly selected points of your set are shown in the map

Regular grids height_anomaly

height_anomaly_ell The so called "height anomaly" is an approximation of the geoid according to Molodensky's theory. It is equal to the geoid over sea
User-defined points geoid Here the generalised height anomaly at the given point (h.A, @) is approximated by Reference System: | WGS84 M
gravity_disturbance Bruns'’ formula: disturbance_potential(h.A, @) / normal_gravity(h, ) Radius: [ 6378137, Dl Flat: [ 208, 257223563]
_ o gravity_disturbance_sa (eq. 78 of STR09/02)
3D Visualisation gravity_anomaly Gm:|  3955004418e+14| Omega: | 7
grav'myiannmaly = The so called "height anomaly" is an approximation of the gecid according to Molodensky's theory. It is equal to the geoid over sea
ravity_anumal _bg Here the height anomaly at the given longitude and latitude,
g = = but on the ellipsoid (h=0.4,¢), is approximated by

Temporal Models gravitation | Bruns' formula: disturbance_potential(h=0,4 @) / normal_gravity(h=0,9) Tide System: | use model'ssystem v| ¥  Zero Degree Term

Static Models

/
Trend & Amplitude (eq. 79 of STR09/02) -
Spherical H. i : : - . Definitions of the Filterlength @
pheriealarmenies Low-pass filering by (gently) truncating the model (more derails) Gaussian Filter (more details) 10 T
Impulse Response
Evaluation 2 GED Rix)
- Half response 03 Los
Spectral domain Half transfer ~dhalfresponse)
GNSS Leveling 6 Sigma
. Filter Length: ° [Degree] v @ e =
Documentation Start Gentle Cut: | 2190 Maximum Degree : | 2190 D(Bsigma)
FAQ
UL start computation
References
Latest Changes
Discussion Forum
Other Celestial Bodies
(Moon,Venus, Mars)
Table of Models
3D Visualization
Calculation Service .
» icgem@gfz-potsdam.de

e

PoTsDAM HELMHOLTZ



alculation Service
ser-defined points

ICGEM GFZ

Helmhaltz Centre
TsoDAM

Calculation

ICGEM Home Er—
GI’aVIW Field Models Functional(s): height_anamaly :“ “““ T
Static Models hEiggLanumaIyie\l start ufpruglﬁf shm2funcp L
20l
Temporal Models glavity disturbance modelname (alias) for output-head EIGEN-6C4
glavityidistul‘hance sa refsys-parameter for WGS84 from sr refsysname
Topographic Gravity gravity_anomaly coordinates of points from
Field Models gravity_anomaly_sa /homelicgem/wsgi/calc/d27a5b411d95685e 1acf8baddfe 1df451668201ea916751f3ce0c057b89d9cE1.in
gravity_anomaly_bg
R R gravitation max_used_degree = 2190
Calculation Service gravitational_potential
N gravity
Regular grids gravity_potential
User-defined points h_topo_over_ell

h_topo_over_geoid
normal_gravity

3D Visualisation normal_gravity_ell
vertical_deflection_abs
Static Models vertical_deflection_ew
vertical_deflection_ns
Temporal Models Model: EIGEN-6C4
Trend & Amplitude Calculation Start: 2019-06-17T12:29:01.704Z

Spherical Harmonics Calculation End:
Calculation Time:
Evaluation

Spectral domain

GNSS Leveling

Documentation
FAQ
Theory
References

Latest Changes

Discussion Forum
Other Celestial Bodies
(Moon,Venus, Mars)
Table of Models
3D Visualization

Calculation Service

icgem@gfz-potsdam de

e

Helmholtz Centre

PoTsbpAm HELMHOLTZ



alculation Service
User-defined points
I C G E M GFZ

Helmhaltz Centre
TsDAM

Calculation

ICGEM Home Done.
100%
GI’aVIW Field Models Functional(s): height_anamaly :“ “““ .
Static Models h:iﬂgigtianumawieu start ufpruglﬁf shm2funcp -
Temporal Models glaviwidisturbance m?de\name (a:lasg fu\rrv?éjgu;;—?ead:E\GfEN—GC4
[ T e 65 refsys-parameter for rom sr refsysname
Topographic Gravity glavig:anomaly - coordinates of points from
Field Models gravity_anomaly_sa /home/icgem/wsgilcale/d27a5b411d95685¢e 1acfBbaddfe 1df451668201ea916751f3ce0c057b89d9c81.in
ravity_anomaly_b
. ) g,a,,ig;m v-ne max_used_degree = 219!] B
Calculation Service gravitational_potential €20 of the model detected as "tide_free
gravity gravity field coefficients from file
Regular grids gravity_potential 'homelicgem long! igen-6c4 gfc
i h_topo_over_ell
User-defined points h:togo:uver:geuwd }Epogrfa'phy cfemcfien‘ti f;nm T?
normal_gravity omeficgem/wsgilcale/etopo.toc
3D Visualisation normal_gravity_ell - - -
vertical_deflection_abs topography grid for interpolation from file
Static Models vertical deflection ew /homelicgem/wsgi/calc/etopo1_bin_int.dat
vertical_deflection_ns
Temporal Models - . 50 of 1047 points: 4.8 %
Model: EIGEN-6C4 100 of 1047 points: 9.6 %
Trend & Amplitudi C ion Start: 2019-08-17T12:29:01.704Z 150 of 1047 points: 14.3 %
T Calculation End: 2019-06-17T12:34:23.590Z égg g: 182; ﬁilﬁ:ﬁ ;gj; x
Calculation Time: 5m22s 300 of 1047 points: 28.7 %
q 350 of 1047 points: 33.4 %
Evaluation Download results 400 of 1047 points: 35.2 %
g 450 of 1047 points: 43.0 %
Spectral di
[P CEnE T 500 0f 1047 points: 47.8 %
GNSS Leveling 550 of 1047 points: 52.56 %
600 of 1047 points: 57.3 %
) B850 of 1047 points: 62.1 %
Documentation 700 of 1047 points: 66.9 %
750 of 1047 points: 71.6 %
FAQ 800 of 1047 points: 76.4 %
850 of 1047 points: 81.2 %
Theory 900 of 1047 points: 86.0 %
950 of 1047 points: 90.7 %
HOOTES 1000 of 1047 points: 95.5 %
Latest Changes
2 the following functionals are outputted
Discussion Forum 1 height_anomaly
2 height_anomaly_ell
_ . 3 geoid
Other Celestial Bodies 4 gravity_disturbance
(Moon,Venus, Mars) 5 gravity_disturbance_sa
6 gravity_anomaly
Table of Models 7 gravity_anomaly_sa
. L 8 gravity_anomaly_bg
3D Visualization 9 gravitation
D S B 0 gravitational_potential -
« » iegem@gfz-potsdam de

e

PoTsDAM HELMHOLTZ



water density

1025.0

[kg/m**3]

==> for Bouguer anomaly

etopol_bin_int

==> for h_topo_over geoid

number_ of points
latlimit _north
latlimit south
longlimit west

1047

70.283400000000
36.131700000000
-8.398%000000000

Area

Joorncal imo i ==t e Lo L = T TaTaTaTaYaTaTal

description of columns —--—- = = = ==

1 identifier (from input)

2 longitude (from input) [degree]|

3 latitude (from input) [degree]

4 h over ell (from input) [meter] D eSC ri pti O n Of

5 height ancmaly [meter] T(h)/normal gravity (h)

6 height anomaly ell [meter] T(h=0)/normal gravity (h=0) CO | u m n S

7 geoid [meter] h anomaly ell + Topo-Term

8 gravity_disturbance [mZal] gravity(h) - gamma (h)

9 gravity disturbance sa [mzal] sph. approx. (h=0)
10 gravity anomaly [mGal] gravity(h) - gamma(h-h_ancmaly)
11 gravity anomaly sa [mGal] sph. approx. (h=0)
12 gravity ancmaly bg [mGal] gravity anomaly sa + Topo-Term = L ol
13 gravitation [mGal] gravitation(h) S I I I l p I Ifl ed
14 gravitational potential [m**2/s**2] gravitational potential (h)
15 grawvity [mZal] gravity(h) eq uatlons
lé gravity potential [m**2/s5%*%2] gravity potential (h)
17 h topo over ell [meter] geoid + topo over geoid (model)
end of head
4 15.49360000 47.06720000 4.737000E401 4.7891675419%91SE+4+01 4.78925%6223378E4+01 4.787525389758E4+01 4.137726816662E+01 4.141115%766%B80E+01
5 15.5%830000 45.65440000 4.645000E+01 4.704454182355E+01 4.704650457386E+01 4.703237385418E+01 5.5948454046%1E+01 5.55%25971408380E+01
3] 9.78470000 47.51530000 4.709000E+01 4.760861973524E+01 4.760681765294E+01 4.755969505174E+01 -2.280119703482E+01 -2.282168085804E+01
7 13.68330000 46.55410000 4.875000E+01 4.9543211486748E+01 4.943335182372E+01 4.934563474266E+01 4.019271534972E+01 4.002556873188E+01
8 12.08300000 47_.49610000 4.756000E401 4.812910356527E401 4.812666242164F+01 4.806825091485E4+01 -3.507940493268E+01 -3.574772979700E+01
9 16.595250000 48.15340000 4.356000E4+01 4.44552312259¢E+01 4.44562135%626E4+01 4.4452534%8619%9E4+01 3.562965539%9867E+01 3.571370053853E+01
10 10.89%30000 47.3%470000 4.55%000E+01 5.03481156¢7301E+01 5.0351607870%0E+01 5.007572056385E+01 §&.4664598 £+01
11 16.33270000 47.71010000 4.585000E+01 4.639681708916E+01 4.639842226896E+01 4.637584791974E+01 4.8734431 Results 2401
12 10.05780000 46.92170000 5.110000E+01 5.183867429002E+01 5.184260634905E+01 5.127555319%465E+01 9.1689520 2401
13 14.50030000 48.02000000 4.621000E401 4.670946303896E4+01 4.670899029895E+01 4.668308000264FE+01 4.5055771______.__ e e ee w2400
14 14.57470000 47.51150000 4.7SS5000E401 4.861070243403E+401 4.8614074502%1E4+01 4.840973870888E+01 B8.378353518754E+01 B8.405852385140E+01
15 13.9%3020000 483.36760000 4.55%000E+01 4.6048094659%95E+01 4.604723517438E+01 4.602917150955E+01 -4.316152714701E+00 -4.362866204524E+00
16 11.02660000 46.87140000 5.253000E+01 5.338840426060E+01 5.33949593513503E+01 5.271972137925E+01 1.387765622534E+02 1.382805582890E+02
17 13.18310000 47.62140000 4.694000E+01 4.752802168742E+01 4.752707674826E+01 4.744797209185E+01 -4.6723565901381E+00 -5.263978291867E+00
18 13.55720000 47_.245%70000 4.951000E401 5.028426482198E+01 5.029019582412F+01 4.985654083445E4+01 1.3283822249%16E+02 1.333411885056E+02
19 13.43000000 47.86440000 4.563000E+01 4.616758153724E+01 4.61662031497%E+01 4.611145S534783E+01 -1.522005445409%E+01 -1.54306565835%2E+01
20 12.20040000 46.88880000 5.206000E+01 5.299423702110E+01 5.300250250876E+01 5.232076683638E+01 1.792126915575E+02 1.79%8873235430E+02
21 2.5%2750000 51.23500000 4.426000E+01 4.495572473187E+01 4.495544718236E+01 4.455572473187E+01 7.736593%27810E+00 7.69956387355990E+00
22 4 _35520000 50.79780000 4.524000E+01 4.588608104547E+01 4.588635391762E+01 4.588583037816E+01 2.009253344752E+01 2.007901380175E+01
23 3.39570000 50.93360000 4.435000E401 4.507567072805E401 4.507485733780E4+01 4.507485576608E+01 -4.000833885520E+00 -4.124881485985%0E+00
24 4.5%500000 50.09500000 4.606000E+01 4.667669908955E+01 4.667676125236E+01 4.667116684378E+01 1.5789775173%4E+01 1.56%3215959638E+01
25 3.59730000 50.45%560000 4.480000E+01 4.543691435180E+01 4.5436824169¢8E+01 4.543672556342E+01 1.15%348100744E+01 1.20487€728073E+01
26 5.45%000000 50.86000000 4.568000E+01 4.634045320911E+01 4.634050767023E+01 4.634038380015%E+01 2.412743458%944FE+01 2.406278179391E+01
27 4_75220000 51.35%800000 4.442000E+01 4.500230338020E+01 4.506252022364E+01 4.506245121241F+01 1.874556438145%E+01 1.870356656416E+01
28 5.27760000 50.50100000 4.641000E401 4.704022930705E401 4.7040996544¢1E4+01 4.703739419%207E4+01 3.0785501695%7E+01 3.072844394310E+01
29 5.82870000 45.58380000 4.781000E+01 4.8445%52157830E+01 4.8451503834S3E+01 4.842776875468E+01 5.558741522638E+01 5.565708272173E+01
30 27.48210000 42.48350000 3.873000E+01 3.9%12167101113E+01 3.912323566988E+01 3.912321272533E+01 5.184787101467E+01 5.16629%4218%65E+01
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Introduction

The intention of this report is to present the definitions of different functionals of the Earth's gravity field and possibilities for their approximative calculation from a mathematical representation of the outer potential. In
history this topic has usually been treated in connection with the boundary value problems of geodesy, i.e. starting from measurements at the Earth's surface and their use to derive a mathematical representation of
the geopotential

Nowadays global gravity field models, mainly derived from satellite measurements, become more and more detailed and accurate and, additionally, the global topography can be determined by modern satellite
methods independently from the gravity field. On the one hand the accuracy of these gravity field models has to be evaluated and on the other hand they should be combined with classical (e.g. gravity anomalies) or
recent (e.g. GPS-levelling-derived or altimetry-derived geoid heights) data. Furthermore, an important task of geodesy is to make the gravity field functionals available to other geosciences. For all these purposes it
is necessary to calculate the corresponding functionals as accurately as possible or, at least, with a well-defined accuracy from a given global gravity field model and., if required, with simultaneous consideration of
the topography model

We will start from the potential, formulate the definition of some functionals and derive the formulas for the calculation. In doing so we assume that the Earth's gravity potential is known outside the masses, the
normal potential outside the ellipsoid and that mathematical representations are available for both. Here we neglect time variations and deal with the stationary part of the potential only.

Approximate calculation formulas with different accuracies are formulated and specified for the case that the mathematical representation of the potential is in terms of spherical harmonics. The accuracies of the
formulas are demonstrated by practical calculations using the gravity field model EIGEN-6C2 (Férste et al. 2012).

More or less, what is compiled here is well-known in physical geodesy but distributed over a lot of articles and books which are not cited here. In the first instance this text is targeted at non-geodesists and it should
be “stand-alone readable”

icgem@gfe-potsdam.de

HELMHOLTZ
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Figure 2: The ellipsoid, the geoid, and the height anomaly ¢

In the history of gendesy the great importance of the height anomaly was that it can be caleulated
from gravity measurements carried out at the Earth’s surface without knowledge of the potential inside
the masses, i.e. without any hypothesis about the mass densities.

The definition of eq. (20) is not restricted to heights i = h; on the Earth’s surface, thus a generalised
height anomaly (, = (4(h, A, ¢) for arbitrary heights fi can be defined by:

|I-I-"[h.)\_o] =U(h— (g 0) (25)

2.3 The Gravity Disturbance
The gradient of the disturbing potential T is called the gravity disturbance vector and is usually denoted
by dg:

Sg(h. A, @) = VT (h, A ¢) = VW (h, A ¢) — VU(h, &) (26)

The gravity disturbance dg is not the magnitude of the gravity disturbance vector (as one could guess)
but defined as the difference of the magnitudes (Hofmann-Wellenhof & Moritz, 2005):

|5g{h.)\._ @) = |[VW(h,A. ¢)| — |VU(h,o)| | (27)

In principle, herewith dg is defined for any height h if the potentials W and U7 are defined there.
Additionally, with the downward continnations W and US (eqs. 17 and 18). we can define a “harmonic
downward continued” gravity disturbance

dg(h, A, ¢) = |[VWe(h, A @) | — [VU(h, )| (28)

With the notations from eqs. (7) and (16) we can write the gravity disturbance in its common form:

[3a(n. 2. ¢) = g{h. A, 6) —~(h.0) | (29)

The reason for this definition is the practical measurement process, where the gravimeter measures only
|VW/|. the magnitude of the gravity, and not the direction of the plumb line.

STR 09/02, Revised Edition Jan. 2013 [
DOIL: 10.2312/GFZ.b103-0902-26
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3D Visualisation
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Some other calculations

Cross Section along Longitude

EGM2008
Profile for Longitude = 12 degree

ICGEM, GFZ Potsdam, Thu Jul 26 10:00:04 2018
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Cross Section along Longitude

EGM2008
Profile for Longitude = 12 degree

ICGEM, GFZ Potsdam, Thu Jul 26 09:58:38 2018
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Abstract

The International Centre for Global Earth Models (ICGEM, http://icgem.gfz-potsdam.de/, last access: 6 May 2019) hosted at the GFZ German
Research Centre for Geosciences (GFZ) is one of the five services coordinated by the International Gravity Field Service (IGFS) of the
International Association of Geodesy (IAG). The goal of the ICGEM service is to provide the scientific community with a state-of-the-art
archive of static and temporal global gravity field models of the Earth, and develop and operate interactive calculation and visualization
services of gravity field functionals on user-defined grids or at a list of particular peoints via its website. ICGEM offers the largest collection of
global gravity field models, including those from the 1960s to the 1990s, as well as the most recent ones, which have been developed using
data from dedicated satellite gravity missions, CHAMP, GRACE, GOCE, advanced processing methodologies, and additional data sources such
as satellite altimetry and terrestrial gravity. The global gravity field models have been collectad from different institutions at international
level and after a validation process made publicly available in a standardized format with DOI numbers assigned through GFZ Data Services.
The development and maintenance of such a unique platform is crucial for the scientific community in geodesy, geophysics, oceanography,
and climate research. In this article, we present the development history and future plans of ICGEM and its current products and essential
services. We present the ICGEM's data by means of Earth's static, temporal, and topographic gravity field models as well as the gravity field
models of other celestial bodies together with examples produced by the ICGEM's calculation and 2-D visualization services and give an
insight into how the ICGEM service can additionally contribute to the needs of research and society.

Back to top

How to cite. Ince, E. S., Barthelmes, F., Reifland, S., Elger, K., Férste, C., Flechtner, F., and Schuh, H.: ICGEM - 15 years of successful
collection and distribution of glebal gravitational models, associated services, and future plans, Earth Syst. Sci. Data, 11, 647-674,
https://doi.org/10.5194/essd-11-647-2019, 2019,

1 Introduction Back to top

The determination of the Earth's gravity field is one of the main tasks of geodesy. With the highly accurate satellite measurements a result of
today's advancing technology, it is now possible to represent the Earth's global gravity field and its variations with better spatial and temporal
resolutions compared to the first-generation global gravity field models derived from the 1960s to 1990s. Global gravity field models provide
information about the Earth's shape, its interior and fluid envelope and mass change, which give hints to climate-related changes in the Earth
system. The computation of gravity field functionals (e.g. geoid undulations, gravity anomalies) from the model representation is therefore
not only relevant for geodesy but also for other geosciences, such as geophysics, glaciclogy, hydrology, oceanography, and climatology.

Some application examples in which the precise knowledge of the Earth's gravity field is fundamental are (1) to establish a global vertical
datum of global reference systems (Sideris and Fotopoulos, 2012}, {(2) to monitor mass distributions that are indicators of climate-related
changes (Tapley et al., 2004; Schmidt et al., 2008), (3) to simulate the perturbing forces on space vehicles and predict orbits in aeronautics
and astronautics (Chao. 2005). (4) to explore the interior structure and geological evolution of our Earth (Wieczorek., 20153}, and (5) to
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ICGEM FAQs (pdf)

What is ICGEM?

What is the Earth gravitational field? What is the gravitational potential?

What is a gravity field model of the Earth? What is the difference between the gravity field and gravitational field?

What is the normal gravity field or normal potential? What is a reference ellipsoid?

Why do we need gravity field models?

What are the gravity field functionals?

What do you mean by model coefficients (spherical harmonic coefficients)? How are they calculated?

How can | download model coefficients?

Does ICGEM compute the listed models?

Do you provide gravity measurements?

What is the difference between the so-called “static” or “long-term” global gravity field models and models from dedicated time periods?
What is the accuracy of a model?

What is the accuracy of EGM2008 (or any other gravity field model)?

What is the resolution of a model?

What is the difference between geoid undulation and height anomaly?

What is the zero-degree term concerning the geoid computation?

GRS80 and WG S84 are considered to be nearly the same. Then, why are the geoid undulations different?

What is the origin of the disagreement between the ICGEM geoid estimations using EGM2008 against NGA EGM2008 calculator?
What are the differences among the tide systems used in the Calculation Service?

How does the Calculation Service compute a gravity field functional at a particular point?

What is meant by degree variances and error degree variances used for the Evaluation of Global Geopotential Models?

What are the longitude and its limits and grid selection used as input in the Calculation Service?

What are EIGEN-6C time dependent coefficients ?

What is the difference between the monthly GRACE models developed by different centres?

a) What does Equivalent Water Height (EWH) mean? b) Based on which formulas do you estimate the EWH from monthly GRACE models?
Which series of monthly model is the best (for e.g., hydrology)? How should I filter these models?

How can | compute a gravity field functional at an arbitrary time {7

Why is gravitational potential usually negative in physics and positive in geodesy?

How can | submit a model to ICGEM and geta DOI for it?
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Why are the gravity anomalies computed from topographic gravity field models much larger than the measured gravity field anomalies or gravity anomalies computed from global gravity field
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ICGEM FAQs (pdf)

Question 1: What is ICGEM?

Question 2: What is the Earth gravitational field? What is the gravitational potential?

ICGEM Home

Question 3: What is a gravity field model of the Earth? What is the difference between the gravity field and gravitational field?

Grawty e Question 4: What is the normal gravity field or normal potential? What is a reference ellipsoid?

z ) = : L T

Static M|

Temporal Question 12: What is the accuracy of a model?

Topographi| Question 13: What is the accuracy of EGM2008 (or any other gravity field model)?
Field M
Question 14: What is the resolution of a model?

Calculation question 15: What is the difference between geoid undulation and height anomaly?

+ + + + +

Regular| g estion 16: What is the zero-degree term concerning the geoid computation?

User-defing
Question 17: GRS80 and WG S84 are considered to be nearly the same. Then, why are the geoid undulations different?

3D Visual Answer: The difference between the geoid undulations computed with respect to the two systems is due to the different values G M and G M» used in the ellipsoidal model (see guestion 16). The geoid difference
referring to these two reference systems can be computed by:

Static M
Temporal (GM, — GM3)

- No=—Cm
Trend & Al v (25)

Spherical H|  where G M gpsso) = 3.986005 x 10 yn?/s% and GMwgssy) = 3.986004418 x 10 2 /5% and the usual values for y and R, Nis is approximately 0.93m.

Evalud Question 18: What is the origin of the disagreement between the ICGEM geoid estimations using EGM2008 against NGA EGM2008 calculator?
Spectral{ Question 19: What are the differences among the tide systems used in the Calculation Service?
GNSS Le Question 20: How does the Calculation Service compute a gravity field functional at a particular point?

Documet Question 21: What is meant by degree variances and error degree variances used for the Evaluation of Global Geopotential Models?

Question 22: What are the longitude and its limits and grid selection used as input in the Calculation Service?

Theq Question 23: What are EIGEN-6C time dependent coefficients?

+ + + + + + +

Refere] Question 24: What is the difference between the monthly GRACE models developed by different centres?
Question 23: What are EIGEN-6C time dependent coefficients 7

Latest Changes

Discussion Forum Question 24: What is the difference between the monthly GRACE models developed by different centres?

. . Question 25: a) What does Equivalent Water Height (EWH) mean? b) Based on which formulas do you estimate the EWH from monthly GRACE models?
Other Celestial Bodies

(Moon,Venus, Mars) Question 26: Which series of monthly model is the best (for e.g., hydrology)? How should | filter these models?
Table of Models Question 27: How can | compute a gravity field functional at an arbitrary time £?

3D Visualization Question 28: Why is gravitational potential usually negative in physics and positive in geodesy?

T T

Calculation Service
Question 29: How can | submit a model to ICGEM and get a DOI for it?

Login Question 30: Why are the gravity anomalies computed from Iopographic gravity field models much Iargerthan the measured gravity field anomalies or gravity anomalies compuued from global gravity field
models (e.g. static)?
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Latest Changes (and history)

ICGEM Home 2019
Gravity Field Models = 11. June 2019:
- CNES-GRGS Release 4 temporal model: New release of temporal global gravity field, CNES.RL04-v1.monthly. NEW_IERS2010_MEAN_POLE_CONVENTION, is available. See also https://grace.obs-mip.frivariable-models-grace-lageos/grace-solutions-release-04/rl04-products-
DI L description/
Temporal Models « 7. June 2019:
Topographic Gravity EIGEN-GRGS.RL04.MEAN-FIELD: New release of satellite-only mean global gravity field model from CNES-GRGS is available. See also hitps://grace obs-mip frivariable-models-grace-lageas/mean-fields/release-04/
Field Models

s 7.June 2019:

GOCO006s: New release of combined satellite-only global gravity field model is now available. See also htips:/iwww.bgu.tum.de/iapg/forschung/schwerefeld/goco/ .

Calculation Service
e 7.June 2019:

Regular grids New release GOCE satellite-only models

s 7. June 2019:
New release GOCE satellite-only models
o GO_CONS_GCF_2_DIR_R&: New release of GOCE satellite-only global gravity field model based on Direct solution is available. See also http://earth. esa. int/ GOCE/ |
GO_CONS_GCF_2_TIM_RE: New release of GOCE satellite-only global gravity field model based on Time-wise solution is available. See also hitp//fearth esa iInt/GOCE/ .

Spherical Harmonics Tongji-Grace2018_n96: New monthly series from Tongji University is available.
= 10. May 2019:
Evaluation IGGT_R1C: Static global gravity field model with the contribution of polar terrestrial gravity data is available
Spectral domain 2018

GNSS Leveling

11. December 2018:
GFZ Release 08 New release of GFZ GRACE monthly solutions is available.

Documentation
s 21. November 2018:
FAQ ITSG-Grace2018 A new time series of monthly and daily GRACE global Earth models from TU Graz are available .
Theory « 17. November 2018:
References SWJTU-GRACE-RLO1 A new time series of GRACE monthly solutions SWJTU-GRACE-RL01 from Southwest Jiaotong University is available.

6. September 2018:

LUH-GRACE2018 New time series of GRACE monthly solutions, LUH-GRACE2018 from Institude of Geodesy, University of Hannover is available.
Discussion Forum

1. July 2018:

" " Tongji-Grace02k High-precision static GRACE-only global gravity field model derived by refined data processing strategies from Tongji University, China is available
Other Celestial Bodies el e ¥ global gravity Y p g strateg 0j ty

(Moon,Venus, Mars) = 19. April 2018:
SGG-UGM-1 Ultra high degree gravity field model SGG-UGM-1 derived combining EGM2008 gravity anomaly and GOCE observation data from Wuhan University, China is available
Table of Models
« 19. April 2018:
3D Visualization GOSG01S A GOCE-only gravity model GOSGO1S from Wuhan University, China is available.
Calculation Service . A A mnan .
» iegem@gfz-potsdam de
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Gravity Field Discussion Forum

Dear ICGEM User,

Welcome to the Gravity Field Discussion Forum! This platform has been created to assist scientists, students, and anyone who is interested in using ICGEM service and its products.

Please post your questions, comments or critics here and ICGEM team will try to respond as soon as possible.

Moreover, other users are very welcome to actively join the discussion or answer the questions as well. Discussions of general interest can help many others and we make all inputs available upon a confirmation by our system.
Before submitting your question, please take a look at our Frequently Asked Questions (FAQs) since your question might have already been asked and answered by our team.

Usage

Please type your name in the upper field, optionally your email address if you want to receive a message when your question is answered. You can add your comment in the textarea, and then press the send button

Names are limited to 80 characters and the comment must not have less than 10 or more than 4000 characters, otherwise it is rejected

Your posting will appear on the top of the guest book listing after it is confirmed by our system.

‘You may also contact us per email.

Create a new comment... P

Sinem
Wednesday, May 22. 2019 10:03:23 UTC

Dear Anthony,

GGM refers to Global Gravitational (Field) Model (aka Global Geopotential Model) in general. EGIM2008 is a high resolution combined static global
gravitational model itself. Please also refer to https://agupubs.onlinelibrary wiley.com/doi/full/10.1029/2011JB008916 and https:/fwww. earth-syst-sci-
data.net/11/647/2019/essd-11-647-2019.html for more information

Orthometric height is the height difference between the ellipsoidal height and geoid height. The geoid height itself can be computed from a GGM. If you have
the ellipsoidal height information at your point of interest, then a simple subtraction will deliver orthometric heights.

Hope it helps.
Best regards,
Sinem

Sinem
Monday, May 20. 2019 12:52:04 UTC

Dear Afelumo John,

Thank you for contacting our service. You can run the geoid inour ion service and the grid values for the area of your interest
for free. Therefore you do not need any permission from us but only need to refer to the ICGEM service. We also do not provide separately computed files to
the users since this can be done within minutes via the calculation service

The new reference for the ICGEM service is https://www earth-syst-sci-data.net/11/647/2019/essd-11-647-2019.pdf in which you can also find an example of
the calculation service.

Needs users’
contribution to spread
the information in the
gravity field community!

iogem@gfz-potsdam de

HELMHOLTZ
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Sinem
Wednesday, January 17. 2018 13:37:09 UTC

Dear Mustafa Yilmaz,
Thank you for using our service and your question on the isostatic gravity anomalies. Please see below our answer.
|s there any functional selection in the Calculation Service (ICGEM) for computing "free-air gravity anomaly” and "isostatic gravity anomaly"?

-We offer “gravity_anomaly_cl” which is defined as the magnitude of the gradient of the downward continued potential on the geoid minus the magnitude of
the gradient of the normal potential on the ellipsoid. Therefore this is technically the free air gravity anomaly defined on the geoidal surface.

We do not offer the calculation of the isostatic gravity anomalies in our service. However, we offer the calculation of the functionals using topography related
models which might be useful for this purpose. For more information, the authors of the topography related models can be contacted.

|s the "gravity_anomaly_bg" of the Calculation Service (ICGEM) "refined” or "simple" according to terrain correction?

- The Bouguer gravity anomaly we offer in the Calculation Service is defined based on the description of the simple Bouguer gravity anomaly since only the
attraction of the Bouguer plate (2mGpH ) is removed. It is calculated by the spherical approximation of the classical gravity anomaly minus 2mGpH (eqgs. 107
and 126 of Technical Report STR09/02). The topographic heights H(A, @) are calculated from the spherical harmonic model DTM2006 used up to the same
maximum degree as the gravity field model. (For H = 0 (rock) — p = 2670 kg/m3, and for H < 0 (water) — p = (2670-1025) kg/m3 is used.)

| will be pleased if you give information about the reduction steps of "gravity_earth" to the "gravity_ell" (free-air, bouguer, isostatic, etc.). Which functional(s)
of the Calculation Service (ICGEM) can be used in this reduction?

In our calculation service, we use spherical harmonic coefficients that are harmonic outside of the masses. Therefore, we assume that we know the
complete information concerning the gravity field. When we compute the gravity functionals at different points (e.g., at the Earth surface or on the geoidal
surface), we use the same field information (spherical harmonic coefficients) assuming that the masses are pushed and condensed under the surface that
the computation point is referred to. Therefore, we perform the computations at the exact point without applying any reduction. During the calculation
process, the mass is already assumed to be condensed and no masses are left outside of the computation point. Based on this, we could tell this is close

" Why not creating a dynamic platform?

Hope it helps.
Best regards,

Suggestions are welcome!

Sinem

Mustafa YILMAZ
Wednesday, January 17. 2018 13:30:07 UTC

Dear ICGEM Editor,

| am updating my entry (253).

Is there any functional selection in the Calculation Service for computing "isostatic gravity anomaly” with respect to long-time models (EGM08 etc.)?
Can "gravity anomaly_cl" be accepted as "free-air” (approximately)?

Kind regards?

Mustafa YILMAZ
Sunday, January 14. 2018 08:45:08 UTC

Dear ICGEM Editor,

Ieoemimofz-notedam de




Users’ support
Knowledge exchange

e Contribution to the Discussion Forum
— Question or answer

e Provision of GNSS/levelling datasets for
evaluation purposes
— To ICGEM, to others?

e Any feedback, comment, and critique is

welcome.
— Some good ideas
— Some possible improvements
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E-mail group

To subscribe:
icgemuser-on@gfz-potsdam.de

Mailing list address:
icgemuser@gfz-potsdam.de
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Thank you
for your attention!
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