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Abstract 
 

    Spectral behavior of Earth’s 
gravitational models is analyzed 
considering EUVN network Earth’s. 
Gravitational models CG01c, CHAMP03s, 
GGM01c, GRACE02s, EGM96s and 
EGM96 are used. To judge their inside 
structure their spectral behavior in discreet 
EUVN points is analyzed. Spectral 
behavior of CHAMP/GRACE/terrestrial 
data Earth’s gravitational model CG01c in 
high resolutions spectrum part is showing 
inside fluctuations of recent global 
gravitational models. It is giving 
opportunity to judge inside accuracy of the 
model. To have overview in behavior of 
global models not only in discreet points, 
but on the territory of Europe, animation of 
spectral development of CG01c in 15'x15' 
undulations raster over the Europe is made. 
Big errors of EUVN network are checked 
considering CG01c, EGM96 and EGG97 
gravitational models. Connections between 
EUVN and global models datums are 
analyzed. One of the recent 
CHAMP/GRACE/terrestrial data model 
CG01c developed up to 360 degree and 
order is put in focus as a model that can 
replace models before CHAMP/GRACE 
era. 
 
1. Introduction 
 

    In the analysis is used more global 
gravitational model developed up to 
different maximum degree and order (s. 
table 1). Active CHAMP and GRACE 
satellite missions are giving data for 
defining new standards in the modeling of 
the Earth's gravity field. 
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    Earth Gravitational Model 1996  
(EGM96) is satellite and terrestrial data 
model. Terrestrial gravity anomalies, 
satellite altimetry data (ERS-1 
TOPEX/POSEIDON, ERS-1 and 
GEOSAT), laser satellite measurements, 
GPS  measurements  data,  data  of  NASA 
Tracking and Data Relay Satellite System 
(TDRSS), DORIS and US Navy TRANET 
Doppler data are used in modeling 
(Lemoine et all, 1998). It is developed up 
to 360 degree and order.  
 
Table 1. Used global gravitational models 

 

Model Max. 
degree Data Refe-

rences 

EGM96 360 Satellite/ 
Terrestrial 

Lemoine 
et all, 
1998 

EGM96s 70 Satellite 
Lemoine 

et all, 
1998 

CHAMP03s 140 CHAMP 
Reigber 
et all, 
2004a 

GRACE02s 150 GRACE 
Reigber 
et all, 
2004c 

GGM01c 200 GRACE UTEX, 
2003 

CG01c 360 
CHAMP/ 
GRACE/ 
Terrestrial 

Reigber 
et all, 
2004b 

 

    EGM96s is EGM96 only satellite data 
model (Lemoine et all, 1998). It is 
developed up to the degree and order 70.  
 

    CHAMP03s is a CHAMP data global 
gravitational model (Reigber et all, 2004a). 
It is derived from GPS and accelerometer 
data. Data in period from October 2000 
through June 2003 are used.  
 

    GRACE02s is GRACE data global 
gravitational model (Reigber et all, 2004c). 
It is derived from 110 days of GRACE 
satellite-to-satellite tracking data. 



 2

 

    GGM01c is GRACE gravitational model 
made at the University of Texas, Center for 
Space Research. It is based on the 
GGM01s Earth’s gravitational model. 
Combination of GGM01s and TEG4 
models is used. TEG4 model uses surface 
gravity data, altimetric sea surface heights 
and 80 days of CHAMP attitude and 
accelerometer data (Tapley at all, 2001). 
GGM01c coefficients are fully normalized 
(UTEX, 2003). 
 

    One of the latest Earth's gravitational 
model CG01c is made using CHAMP, 
GRACE and terrestrial data (Reigber et all, 
2004b). It is developed up to degree and 
order 360. In the model are used 860 days 
of CHAMP measurements, 109 days of 
GRACE measurements and 0.5° x 0.5° 
surface anomalies. Surface anomalies are 
obtained by gravimetry measurements and 
on the oceans from the satellite altimetry 
(Reigber et all, 2004). 
 
2. Spectral behavior of global 
gravitational models in discreet 
points  
 

    To judge inside behavior of the Earth’s 
gravitational models, their spectral 
development is made in discreet points 
(Hećimović and Bašić, 2004). Spectral 
development of undulations is calculated 
using formula  
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          (1) 
    Spectral developments in discreet 
EUVN points IT04 and KOSG are 
showing characteristic behavior of global 
gravitational models (s. fig. 1 and 2).  
   Lower harmonics characterize satellite 
data. Only satellite data models (EGM96s, 
CHAMP03s and GRACE02s) are showing 
after some degree irregular behavior (s. fig. 
1 and 2). EGM96s is developed up to the 
70 degree and order, but after about 50 
degree and order it is behaving irregularly. 
CHAMP data model CHAMP03s is 
developed up to the 140 degree and order, 

but after about 110 degree and order it 
starts to behave irregularly.  
 

 
 

Fig. 1 Spectral development of Earth's 
gravitational models in EUVN point IT04 
 

 
 

Fig. 2 Spectral development of Earth's 
gravitational models in EUVN point 
KOSG 
 
    Models EGM96 and CG01c are also 
using terrestrial data. They have similar 
behavior, but systematic difference is 
characteristic for their high spectrum part. 
Models are showing about decimeter 
fluctuations in higher part of spectrum. 
These fluctuations characterize inside 
accuracy of global model. More realistic 
judgments of their quality can be made 
making comparison between EUVN and 
EGG97 undulations, because it is including 
datum and other systematic errors. 
 
3. Spectral behavior of global 
gravitational models on the area of 
Europe 
 

    To judge behavior of CG01c global 
gravitational model on the territory of 
Europe spectral behavior of undulations in 
15'x15' raster is made (s. fig. from 3 to 7). 
To preserve smooth transition from low 
frequency band (satellite data) to high 
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frequency band (surface data) special 
band-limited transition is made. 
 

 
            Fig. 3 CG01c for m = n  = 20                                 
 

 
            Fig. 4 CG01c for m = n  = 50 
 

 
            Fig. 5 CG01c for m = n  = 100 

 
            Fig. 6 CG01c for m = n  = 201 

 
            Fig. 7 CG01c for m = n  = 360            
 
On the Internet site 
http://www.geof.hr/~zhecimovic/ 
EUVN/EUCG01c.html animation of 
CG01c spectral behavior could be found. 
 
4. EUVN big errors considering 
global gravitational models 
 

   To judge quality of fitting global 
gravitational models to EUVN network, 
EUVN undulations are compared, and they 
are also used to check big errors in the 
EUVN network. 
    Big errors of EUVN are defined as 
EUVN and other gravitational model 
undulation differences bigger than 0,5 m 
(Ihde and Sacher, 2002a, Ihde and Sacher, 
2002b, Ihde et all, 2002). 
    Using CG01c is 25 big EUVN errors 
found, with EGM96 31 big errors and with 
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GGM01c 47 big errors (s. table 2). Global 
gravitational model CG01c is indicating 
the smallest number of EUVN big errors.  
    Recent CHAMP/GRACE/terrestrial data 
global gravitational model CG01c is 
showing better characteristics than 
previous only CHAMP and GRACE 
models (Hećimović et all, 2004). 
    CG01c is the new generation 
CHAMP/GRACE/terrestrial data global 

gravitational model that can replace global 
gravitational models before CHAMP and 
GRACE era. Terrestrial data used for 
modeling CG01c were anomalies, but 
already with today available terrestrial 
data, it is possible to make finer model. 
New global gravitational models based on 
CHAMP/GRACE data with specific 
characteristics can be expected.  
 

 
Table 2. Big EUVN errors considering EGM96, GGM01c and CG01c global models 
 

 
 
    In the moment the finest regional 
European geoid model is European 
gravimetry geoid 1997 (EGG97). EUVN 
big errors discovered with EGG97 could 
be found in Ihde et all (2002). It is 
significant that all big errors detected with 
EGG97 are on the coast area, except in the 

point SK03, (s. Fig. 8). It is surprising that 
some big errors are not detected with 
global models, but only with EGG97 that 
is also using local data. That is indicating 
that local data are making problems, but to 
make that conclusion further numerical 
investigations should be made. 
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Fig. 8 EUVN points with big errors (>0,5 m) considering CG01c, EGM96 and EGG97 
gravitational models 
 

 
5. EUVN datum differences 
 

    Datum of EUVN undulations is defined 
trough fundamental bench mark in 
Amsterdam and referent ellipsoid of GPS 
heights. 
    The main statistical characteristics of 
EUVN and Earth’s geopotential models 
undulation differences are shown in table 
3. Points with big errors are neglected and 
120 EUVN points is used in analysis. 
Average value of geoid undulation 
differences can be, in the first 
approximation, seen as datum differences. 
 
Table 3. The main statistical 
characteristics of EUVN and geoid models 
undulation differences (120 points) 

 

Model Min. Max. Average St. 
dev. 

 [m] [m] [m] [m] 
EGG97 -0.69 0.40 -0.05 0.18 
EGM96 -1.07 -0.10 -0.66 0.23 
GGM01c -1.34 -0.03 -0.69 0.23 
CG01c -1.10 -0.28 -0.69 0.18 

 
A datum difference between EUVN and 
CG01c global model is showing similar 

behavior as by EGM96 and GGM01c 
global models. EGG97 has datum 
differences of only -5 cm because it is 
fitted on the European vertical network. 
New standards in connection of EUVN 
vertical datums are expected with GOCE 
Earth’s gravity field satellite gradiometry 
mission. 
 

    Standard deviation of EUVN and CG01c  
undulation differences is the smallest, 
among global models (s. table 3). That is 
indicating that CHAMP/GRACE/terrestrial 
data Earth’s gravitational model CG01c is 
the best fitting EUVN network. The same 
thing is confirmed by checking for big 
EUVN errors (s. table 2).  
 
6. Conclusions 
 

    Spectral behavior of CG01c in high 
frequent part of the spectrum has 
fluctuations of about one decimeter and it 
can be seen as inside accuracy in discreet 
EUVN points. On these fluctuations other 
errors that have mostly systematical 
character should be added (datum errors, 
modeling errors, systematic data errors...). 
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    In EUVN network is, using CG01c 
model, 25 big errors (>0,5 m) found, 31 
big errors using EGM96 and 47 big errors 
using GGM01c. 
CHAMP/GRACE/terrestrial data global 
gravitational model CG01c is showing 
better characteristics than EGM96 global 
models in EUVN network. It is the new 
generation CHAMP/GRACE Earth’s 
gravitational models that are replacing 
global models before CHAMP/GRACE 
era.  
    Vertical datum differences between 
EUVN and global gravitational models are 
about 69 cm with about decimeter 
oscillations. 
 

   On the Internet site http://www.geof.hr/ 
~zhecimovic/EUVN/EUCG01c.html 
animation of CG01c spectral behavior, 
images and main explanations could be 
found. 
 
References 
 

Hećimović, Ž., T. Bašić (2004): 
Comparison of CHAMP and GRACE 
geoid models with Croatian HRG2000 
geoid. 1st General Assembly European 
Geosciences Union (EGU), Nice, 
France, from 25 - 30 April 2004. Poster 
presentation. Geophysical Research 
Abstracts, Vol. 6, 02715, 2004. SREef-
D: 1607-7962/EGU04-A-02715. 
European Geoscience Union 2004. 

Hećimović, Ž., B. Barišić, I. Grgić (2004): 
European Vertical Reference 
Network (EUVN) considering 
CHAMP and GRACE-gravity 
models. Symposium of the IAG 
Subcommission for Europe. 
European Reference Frame - EUREF 
2004, Bratislava, Slovakia, 2 - 5 June 
2004. 

Ihde, J., M. Sacher (Eds.) (2002a): 
European Vertical Reference Network 
(EUVN). Vol. I. Final Documentation. 
Mitteilungen des Bundesamtes fuer 
Kartographie und Geodaesie. 
International Association of Geodesy, 
Section 1 - Positioning, Commission X 

- Global and Regional Geodetic 
Networks, Sub-Commission for Europe 
(EUREF). Publication No. 11, Vol. I. 
Frankfurt am Main 2002. 

Ihde, J., M. Sacher (Eds.) (2002b): 
European Vertical Reference Network 
(EUVN). Vol. II. Final Documentation. 
Mitteilungen des Bundesamtes fuer 
Kartographie und Geodaesie. 
International Association of Geodesy, 
Section 1 - Positioning, Commission X 
- Global and Regional Geodetic 
Networks, Sub-Commission for Europe 
(EUREF). Publication No. 11, Vol. I. 
Frankfurt am Main 2002. 

Ihde, J., J. Adam, W. Gurtner, B. G. 
Harrson, M. Sacher, W. Schlueter, G. 
Woeppelmann (2002): The Height 
Solution of the European Vertical 
Reference Network (EUVN). In: Ihde, 
J. A. Sacher (2002): European Vertical 
Reference Network (EUVN). Final 
Documentation. Mitteilungen des 
Bundesamtes fuer Kartographie und 
Geodaesie. International Association of 
Geodesy, Section 1 - Positioning, 
Commission X - Global and Regional 
Geodetic Networks, Sub-Commission 
for Europe (EUREF). Publication No. 
11, Vol. I. Frankfurt am Main 2002. 

Lemoine, F. G., Kenyon, S. C., Factor, J. 
K., Trimmer, R.G., Pavlis, N. K., 
Chinn, D. S., Cox, C. M., Klosko, S. 
M., Luthcke, S. B., Torrence, M. H., 
Wang, Y. M., Williamson, R. G., 
Pavlis, E. C., Rapp, R. H., Olson, T. R. 
(1998): The Development of the Joint 
NASA GSFC and the National Imagery 
and Mapping Agency (NIMA) 
Geopotential Model EGM96. 
Greenbelt, Maryland 20771. 

Reigber, Ch., Jochmann, H., Wünsch, J., 
Petrovic, S., Schwintzer, P., 
Barthelmes, F., Neumayer, K.-H., 
König, R., Förste, Ch., Balmino, G., 
Biancale, R., Lemoine, J.-M., Loyer, 
S., Perosanz, F. (2004a): Earth Gravity 
Field and Seasonal Variability from 
CHAMP, In: Reigber, Ch., Lühr, H., 
Schwintzer, P., Wickert, J. (eds.), Earth 



 7

Observation with CHAMP - Results 
from Three Years in Orbit, Springer, 
Berlin, 25-30, 2004. 

Reigber, Ch., P. Schwintzer, R. Stubenvoll, 
R. Schmidt, F. Flechtner, U. Meyer, R. 
König, H. Neumayer, Ch. Förste, F. 
Barthelmes, S.Y. Zhu, G. Balmino, R. 
Biancale, J.-M. Lemoine, H. Meixner, 
J.C. Raimondo (2004b): A High 
Resolution Global Gravity Field Model 
Combining CHAMP and GRACE 
Satellite Mission and Surface Data: 
EIGEN-CG01C. Submitted to Journal 
of Geodesy, August, 2004. 

Reigber, Ch., R. Schmidt, F. Flechtner,  R. 
König, U. Meyer, K.-H. Neumayer,  P. 
Schwintzer, S.Y. Zhu (2004c): An 
Earth gravity field model complete to 
degree and order 150 from GRACE: 

EIGEN-GRACE02S, Journal of 
Geodynamics, 2004. 

Tapley, B. D., S. Bettadpur, D. Chambers, 
M. Cheng, K. Choi, B. Gunter, Z. 
Kang, J. Kim, P. Nagel, J. Ries, H. 
Rim, P. Roesset, I. Roundhill (2001): 
Gravity Field Determination from 
CHAMP using GPS Tracking and 
Accelerometer Data: Initial Results, 
EOS Trans. AGU, 82(47), Fall Meet. 
Suppl. 

URL 1 (2004): http//www.geof.hr/ 
/~zhecimovic/EUVN/EUCG01c.html 

UTEX (2003): GRACE Gravity Model 01 
- Released July 21, 2003. 
URL:http://www.csr.utexas.edu/grace/
gravity/ 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


