
IGFS  – A service for gravity and mass relocation

Rene Forsberg – National Space Institute (DTU-Space), Denmark
Steve Kenyon – National Geospatial-Intelligence Agency, USA

Corinna Kroner, GFZ; S Bonvalot, CNES; H. Wilmes, BKG; 
R. Barzaghi, Polimi ..

www.igfs.net

http://www.igfs.net/
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Structure of the IGFS - International Gravity Field Service
International Gravimetric Bureau (BGI) – Director S. Bonvalot, Toulouse

    International Geoid Service (IGeS) – Director R. Bazarghi, Milano

          International Center for Earth Tides (ICET) – Director J. P. Barriot, Papeete

       International Center for Global Earth Models (ICGEM) – Director J.Kusche, GFZ

International DEM Service (IDEMS) – Director P. Berry, De Mont Fort, UK

Central Bureau/Technical Centre of the IGFS – chief geodesist S. Kenyon, NGA, USA
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www.igfs.net
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 Collecting and archiving all 

global gravity field models

 making them available on the 

web

 use of standardized format 

(self-explanatory)

 interactive visualisation 

 web-interface to calculate 

gravity functionals 

 evaluation of models

ICGEM
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                                        ICGEM

XDitmar et al, 2006 S(Champ) 70 2004 DEOS_CHAMP-01C 

XWermuth et al., 2004 S(Champ) 70 2004 TUM-2S 

XReigber et al, 2005a S(Grace) 150 2004 EIGEN-GRACE02S 

XReigber et al, 2005b S(Champ) 140 2004 EIGEN-CHAMP03S 

XReigber et al, 2006 S(Champ,Grace),G,A 360 2004 EIGEN-CG01C 

XUTEX CSR, 2004 S(Grace) 160 2004 GGM02S 

XUTEX CSR, 2004 S(Grace),G,A 200 2004 GGM02C 

XFörste et al, 2005c S(Champ,Grace),G,A 360 2005 EIGEN-CG03C 

XFörste et al, 2006 S(Grace,Lageos),G,A 360 2006 EIGEN-GL04C 

XFörste et al, 2006 S(Grace,Lageos) 150 2006 EIGEN-GL04S1 

XMayer-Gürr et al, 2006 S(Grace) 170 2006 ITG-Grace02s 

XPrange, L. et al, 2007 S(Champ) 70 2007 AIUB-CHAMP01S 

XMayer-Gürr et al, 2007 S(Grace) 180 2007 ITG-Grace03 

downloadReferenceDataDegreeYearModel 

 at present 102 models available

http://icgem.gfz-potsdam.de/ICGEM/shms/deos_champ-01c.gfc
http://www.geo.tudelft.nl/fmr/
http://icgem.gfz-potsdam.de/ICGEM/shms/tum2s.gfc
http://tau.fesg.tu-muenchen.de/~iapg/web/forschung/forschung/gravity/tum_2sp_model.php
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-grace02s.gfc
http://www.gfz-potsdam.de/grace/index_GRACE.html
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-champ03s.gfc
http://www.gfz-potsdam.de/champ/results/index_RESULTS.html
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-cg01c.gfc
http://www.gfz-potsdam.de/grace/index_GRACE.html
http://icgem.gfz-potsdam.de/ICGEM/shms/ggm02s.gfc
http://www.csr.utexas.edu/grace/gravity/
http://icgem.gfz-potsdam.de/ICGEM/shms/ggm02c.gfc
http://www.csr.utexas.edu/grace/gravity/
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-cg03c.gfc
http://www.gfz-potsdam.de/grace/index_GRACE.html
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-gl04c.gfc
http://www.gfz-potsdam.de/pb1/op/grace/results
http://icgem.gfz-potsdam.de/ICGEM/shms/eigen-gl04s1.gfc
http://www.gfz-potsdam.de/pb1/op/grace/results/
http://icgem.gfz-potsdam.de/ICGEM/shms/itg-grace02s.gfc
http://www.geod.uni-bonn.de/apmg/index.php
http://icgem.gfz-potsdam.de/ICGEM/shms/aiub-champ01s.gfc
http://www.aiub.unibe.ch/content/research/gnss/gnss___research/global_gravity_field_determination/index_eng.html
http://icgem.gfz-potsdam.de/ICGEM/shms/itg-grace03.gfc
http://www.geod.uni-bonn.de/itg-grace03.html
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                               ICGEM

Visualisation of monthly Solutions
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                                           BGI
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BGI – March 2008

                                                 BGI -- World Gravity Map project

 Ultimate objective: combination of near-surface marine and terrestrial data, complemented by satellite data - 3’ resolution grid
 Expected contributions: BGI/NGA databases, global model EGM08, DNS07 satellite-derived marine gravity, GETECH syntheses (South Amer., 

Europa, others? Subsets?)
 Terrestrial data: Land / Sea / Airborne measurements -  Relative & Absolute gravity data
 Wide call for contributions launched in January ‘08 - Positive answers in progress

Available gravity data
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                                                 BGI - World Gravity Map project

Building
 Coordination through 

scientific committee
 Numerous contributions & 

sponsors
 Workshops for data 

gathering, corrections, 
reference model

 Combination of near-surface 
data, satellite data, and 
models

 Released at IUGG meeting, 
Perugia 2007 

 Next workshop at IGC2008: 
interpretation of previously 
unknown magnetic features

BGI – March 2008

Example: World Digital Magnetic Anomaly Map (WDMAM)



GGOS retreat, Mar 2008

• Meetings:
- Workshop on Height systems, Geoid and Gravity of the Asia-Pacific - 

Mongolia, June 2006
- 1st International Symposium of the IGFS in Istanbul, Turkey, 

September 2006. 
- International Workshop on Gravity and Geoid in South America - 

Buenos Aires, Sep 25-29, 2006
- IGFS retreat – Bertinoro, March 24-25, 2008
- Gravity, Geoid and Earth Observation – Chania, Greece, June 2008

Current IGFS activities 
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• Working groups:
- Global absolute gravimetry network and standardization (H. Wilmes, BKG)
- Evaluation of new ultra-high spherical harmonic gravity field model EGM08
 (J. Huang, NRCan)

• Service activities:
- Schools: Microgravimetry school (BGI), BGI/ICET, Geoid schools (IGeS) 
- Joint bulletin: Newton’s Bulletin – technical journal of the BGI and IGeS.
- Arctic: New Arctic Gravity, Geoid (ArcGP/IGFS) and bathymetry grids (IBCAO)
- World gravity project (BGI / IGFS) … new 3’ global gravity grid
- Global DEM service operational … tools and software

- International Altimetry Service being formed 
(steering group appointed, IGFS repr. O. Andersen)

Current IGFS activities (2)
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               Absolute gravity WG (H. Wilmes, BKG)
• Importance of gravity for the monitoring of global change processes

- Increasing number of worldwide AG observations

- Growing importance of the gravity field for a better understanding 
of the system Earth

- Use of gravity field products in geosciences

• Development of the sensitivity of terrestrial gravimetric technology

- Absolute gravimeters (AG) 
(resolution at a few µGal-level)

- Superconducting gravimeters (SG) 
(continuous observation, resolution at sub-µGal level)

• GGOS
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Combination of gravity and geometry

X ... position, W ... Earth gravity potential, T ... disturbance potential, H ... phys. height,        ... Variation of the geom. geom. heighth
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(2) Presently defined gravity reference system
• IAG standard is the IGSN71 – station accuracies ±1 µm/s² (±100 µGal) 
• Next step: proposal by Boedecker to establish the IAGBN

Ref. MorelliIGSN71 reference network

Today’s Possibilities:
• AG measurements with ±20 nm/s² (±2 µGal) 
• AG Comparisons confirm the high reliability of observations

• Determine time variations at specific stations
• Correlation with time variations of the spatial gravity field

• Combination with other geodetic techniques requires consistent definition!

1986 IAGBN (A) Ref: Boedecker

                                          Abs Grav
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Definition of the gravity reference system

ICAG: International comparisons of 
absolute gravimeters every four years 
at BIPM

CCM-Working Group on 
Gravimetry 

IAG-SG 2.1 Comparison of 
Absolute Gravimeters

Special role: standardization

                                     Abs Grav
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Growing number of absolute gravimeters

Owners:

• Metrological,
• Geodetic, 
• Geologic and
• Geophysical 
Institutions

Complemented by 
other instrument 
types: e.g. JILA-G, 
A10, IMGC, GABL, 
Faller etc. 

Will the absolute gravimeters data remain available on the long run? 

Distribution of FG5 gravimeters

0

2

4

6

8

10

12

14

Ch
in

a
In

di
a

Ja
pa

n
Pa

kis
ta

n
Ta

iw
an

Br
as

il
Ca

na
da

US
A

Au
st

ra
lia

Be
lg

iu
m

Cz
ec

h 
Re

p.
Fi

nl
an

d
Fr

an
ce

G
er

m
an

y
Ita

ly
Lu

xe
m

bo
ur

g
Ne

th
er

la
nd

s
No

rw
ay

Po
la

nd
Ru

ss
ia

Sp
ai

n
Sw

ed
en

Sw
itz

er
la

nd UK

N
o

 o
f 

in
st

ru
m

en
ts

Asia
(18)

Europe
(23)

America
(7)

Australia
(1)

(Status 2006)



GGOS retreat, Mar 2008

AG observations 
by BKG, 

1993 - 2006

Observations 
with FG5 and 
A10 absolute 
gravimeters
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                                         International Gravimetric Bureau

Absolute Gravity Database
BKG database prototype installed & tested at BGI (visit of H. Wziontek – Oct. 2007) – Additional functionalities

Worldwide data collection in progress at BGI

BGI – IGFS Retreat – March 2008

Two mirror sites : BGI & BKG
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                                       International Gravimetric Bureau

Absolute Gravity Database
Increasing number of observations: laboratory and field absolute gravity instruments

BGI – IGFS Retreat – March 2008



GGOS retreat, Mar 2008

Combination of SG and AG in Concepcion (Chile)

Example for strong 
gravity variations at a 
geodetic reference 
station

TIGO Concepcion: combined gravity signals SG-38 and FG5-227 
(corrected for SG-drift, tides, air pressure, polar motion)
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FG5-227 measured at 402, reduced to 403 by 9 µGal

FG5-227 measured at 403, corrected by  - 2.2 µGal

FG5-227 measured at 403

FG5-227 measured at 403, corrected by 2.9,µGal

SG-38 observed at 401, drift 1.6 µGal/year
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Absolute gravimetry network (NGA)

Need more co-located observatories (VLBI, Laser, GPS, abs.grav., …)
Many regional initiatives (”5-D networks”) - ECGN/Europe, NGOS/Nordic ..) ..
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Earth Gravitational Model
Next … EGM 2008 (NGA)

• CHAMP and GRACE satellite gravity missions
– 100x improvement in the accuracy with which large 

regional features of the gravitational field can be modeled

• High-resolution model of the gravitational field and 
geoid
– 5’ x 5’ resolution in many regions
– 15’ x 15’ aided by topography in other regions
– New marine satellite altimetry solution
– n=m=2160
– 15 cm global RMS accuracy   goal for geoid
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Progression of EGMs

EGM96 

• 30’x30’ resolution
• 50 cm RMS accuracy
• 70 x 70 error propagation
• 40 satellites used for long λ ’s
• GEOSAT
• 30 M surface gravity values
• 29 elevation codes
• 130 K coefficients

EGM08
• 5’x5’ resolution
• 15 cm RMS accuracy
• 2160 x 2160 error propagation

• GRACE  used for long λ ’s
• MSS from retracked ERS-1, 

GEOSAT, TOPEX, etc. 

• 55 M surface gravity        values

• SRTM, ICESAT
• 4.7 M coefficients

EGM08 to be released April 2008
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5′×5′  Gravity Anomaly Data 
Availability (v052407)

11.4% of Land

46.2% of Land

42.4% of Land
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Earth Gravitational Model 1996  
15‘x15’ Geoid Height Grid for the US
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Earth Gravitational Model 2008 
5‘x5’ Geoid Height Grid for the US
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GPS/Leveling Comparisons Globally

 
Thinned set consisting of 12032 points.  ±2 m edit applied. 
 

Conversion of Height Anomalies to Geoid Undulations applied in PGMs using 
DTM2006.0 elevation coefficients to Nmax=2190. 

 
  Bias Removed  Linear Trend Removed 

Model (Nmax) 

 
Number 
Passed 

Edit 

Weighted 
Std. Dev. 

(cm) 

Number 
Passed 

Edit 

Weighted 
Std. Dev. 

(cm) 

EGM96 (360)  11879  30.0  11835  26.8 

PGM2004A (2190)  11986  16.3  11942  13.6 

PGM2006A (2190)  11994  15.4  11950  13.0 

PGM2006B (2190)  11994  14.0  11950  11.4 
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6′×6′ ∆SSH:  MSS07C - PGM2007A 
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Mass changes: ICGEM/BGI provides monthly or 10-day geopotential 
solutions for GRACE ..

Conversion to mass changes straightforward – but separation of source problems
Need models (tides, post-glacial rebound, hydrology …)

Data providers: CSR, GFZ, CNES, NASA-JPL, NASA-Goddard (masscons) ….
IGFS services should focus on gravity changes …

GRACE geoid height differences between monthly gravity solutions in 2003 and a 14-month mean for 
equatorial South America show changes in water storage in the Amazon and Orinoco basins. 
Credit: The University of Texas Center for Space Research
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Trends - inversion method

Gravity change from GRACE: Greenland example - glaciology

• Mass change of the Greenland ice sheet from GRACE  ~ 80-150 km3/yr
• Large difference between models .. 
• Large difference between methods (up to 100%)
• Combination solutions not practical (yet)

DEM from ICESat (NASA) Greenland total mass change in water equivalent for 
CSR and GFZ solutions. y-unit: km**3 water (DNSC)

CSR RL-4 trend in δg at 480 km 

(µgal/yr), deg 30 
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CSR JPL GFZ BGI

Greenland trend observations – harmonic degree 30, unfiltered, 2002-6
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Gravity field ”products” for GGOS

Essential to limit products to ”globally relevant” quantities:
• Global gravity field models – spherical harmonics – consistent methodology 
  … satellite-only (n ~ 200), combination (n ~ 360 or 2160) 
• Mean gravity field needs an epoch 
• Global vertical datum (6 mm ~10-9) … EGM08 first realization

• Precise refined geoid models .. especially around key GGOS station sites

• Global absolute and superconducting gravity networks
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The future GGOS service for gravity field and mass monitoring

• ”Seamless” online link service to a broad set of users: scientific, government and 
commercial ..   through a distributed set of service centers (BGI, IGeS, ICGEM ..)

• Global coordinated and repeated absolute gravimetry, co-located with 
superconducting meters at GGOS ”supersites”

• Coordinated effort for global surveys and data exchange 
- Data collection activities (airborne surveys, e.g. Antarctica)
- Regional meetings and schools

• Standards and conventions recommendations
  Endorsement of International Earth Geopotential Models

• Temporal gravity field combinations solutions and mass changes – monthly or 
shorter intervals (GRACE, GRACE-follow-on …)
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Thanks for your attention … 

Airborne EGM gravity survey – Mongolia 2005 


