Spectral behavior of global gravitational models
considering EUVN network
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Abstract

Spectral behavior of Earth’s
gravitational =~ models is analyzed
considering EUVN network Earth’s.
Gravitational models CGO0lc, CHAMPO3s,
GGMOlc, GRACEQ02s, 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 CGOlc 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 CGOlc in 15'x15'
undulations raster over the Europe is made.
Big errors of EUVN network are checked
considering CG0lc, EGM96 and EGG97
gravitational models. Connections between
EUVN and global models datums are
analyzed. One of  the recent
CHAMP/GRACE/terrestrial data model
CGOlc 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. Data Refe-
degree rences
. Lemoine
EGM9%6 360 | Satellitel ey gy,
1998
Lemoine
EGMO96s 70 Satellite et all,
1998
Reigber
CHAMPO3s 140 CHAMP et all,
2004a
Reigber
GRACEO02s 150 GRACE et all,
2004c¢
UTEX,
GGMOlc 200 GRACE 2003
CHAMP/ | Reigber
CGOlc 360 GRACE/ et all,
Terrestrial 2004b

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

CHAMPO3s 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.

GRACEO2s is GRACE data global
gravitational model (Reigber et all, 2004c).
It is derived from 110 days of GRACE
satellite-to-satellite tracking data.



GGMOlc is GRACE gravitational model
made at the University of Texas, Center for
Space Research. It is based on the
GGMOls Earth’s gravitational model.
Combination of GGMOls 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).
GGMOlc coefficients are fully normalized
(UTEX, 2003).

One of the latest Earth's gravitational
model CGOlc 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
(He¢imovi¢ and Basi¢, 2004). Spectral
development of undulations is calculated
using formula
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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,
CHAMPO3s and GRACEO02s) 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 CHAMPO3s is
developed up to the 140 degree and order,

m=0

but after about 110 degree and order it
starts to behave irregularly.
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Fig. 1 Spectral development of Earth's
gravitational models in EUVN point IT04
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Fig. 2 Spectral development of Earth's
gravitational models in EUVN point
KOSG

Models EGM96 and CGOlc 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 CGOIlc 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



frequency band (surface data) special
band-limited transition is made.

Fig. 5 CGOlc form=n =100
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Fig. 7 CGOlc form=n =360

On the Internet site
http://www.geof.hr/~zhecimovic/
EUVN/EUCGO1c.html animation of

CGOlc 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 CGOlc is 25 big EUVN errors
found, with EGM96 31 big errors and with



GGMOlc 47 big errors (s. table 2). Global
gravitational model CGOlc is indicating
the smallest number of EUVN big errors.

Recent CHAMP/GRACE/terrestrial data
global gravitational model CGOlc is
showing  better characteristics  than
previous only CHAMP and GRACE
models (He¢imovi¢ et all, 2004).

CGO0lc 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 CGOlc 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, GGMO1c and CGO1c global models

ETUVIN- ETUVIN- EUVIN- EUVN- | EUVN- | EUVN-
STATION| EGM96- | GGMO1C-| CGO1C- STATION | EGM96- | GGMO1C- | CGO1C-
Bias Bias Bias Bias Bias Bias
[m] [m] [m] |0 | [m]
KIRD 044 -1.05 026 GRO3 -1.09 -139 -0.51
MATE 0.09 102 048 HRO1 -0.70 003 -0.42
NOTO 0.83 237 032 HERD3 0.28 0.70 038
SFER 0.68 022 021 HRM -0.63 -0.13 -0.51
VIS0 0.09 0.74 0.08 HRD5 -133 013 -0.80
ZIMM 0.57 -1.63 049 HRO7 -0.08 092 0.17
ATO3 0.94 -0.10 0.15 HR08 -053 059 0.03
AT 0.40 -1.12 056 ITO1 -0.10 026 062
BGO1 0.63 031 -0.01 I1TO2 035 161 0.16
BG03 0.74 -0.65 063 1TO03 0.11 066 -0.12
BOGI 0.38 0n7 0.60 ITOS 066 117 0.24
CHO2 1.55 067 061 ITO7 -033 126 032
CHO3 0.81 061 022 IT09 -057 -0.80 -0.52
CHM 1.89 049 095 IT11 -1.14 D56 -0.93
CHO6 1.19 -056 036 MEDL 034 -0s52 -0.83
CHO7 1.44 -003 059 NICO -0.14 028 295
CY0l -0.20 0.24 1.465 N0 -041 -0 46 -0.59
DEOL 0.18 0.70 033 NO12 0.18 ns1 00l
E 501 1.49 1.79 1.29 PFAN 0.49 -n92 -0.44
E 502 0.46 059 032 PTO2 054 0o 038
E 503 0.18 0.70 -0.06 PT04 -022 -054 -0.02
E 504 0.25 -0.13 -058 ROO3 0.70 047 036
E 505 0.23 -1.14 -0.03 ROM -0.04 053 0.02
E 506 065 159 041 SED4 -034 ns2 -0.21
E 508 0.27 036 0.62 101 -0.19 -055 -0.44
FRO1 -1.81 149 -0.20 SE03 -003 -085 034
FRO2 -1.42 -1.20 -1.06 TRO1 -029 -2.60 -0.90
GBO1 -0.91 0.00 -1.16 TRO3 0.13 -1.08 -0.51
zB04 0.24 -1.11 0.17 TRD4 -142 -0s9 -0.46
GBO7 033 044 -0.70 TROS 097 -181 -0.11
GHO8 -038 -053 -0.24 TROG 0.64 -0 86 -0.15
GRO1 0.10 061 -0.05 UED02 -056 -0.01 -0.12
GRO2 058 -0.77 -0.20 UEM 0.19 083 09s
GRD3 -1.09 -139 -051 All: 31 47 25

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 Thde 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 CGOlc, 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

GGMOIc | -1.34 | -0.03 -0.69 0.23

CGOlc -1.10 | -0.28 -0.69 0.18

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

behavior as by EGM96 and GGMOlc
global models. EGGY97 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 CGOlc
undulation differences is the smallest,
among global models (s. table 3). That is
indicating that CHAMP/GRACE/terrestrial
data Earth’s gravitational model CGOlc 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 CGOlc 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...).



In EUVN network is, using CGOlc
model, 25 big errors (>0,5 m) found, 31
big errors using EGM96 and 47 big errors
using GGMOlc.
CHAMP/GRACE/terrestrial data global
gravitational model CGOlc 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/EUCGO1c.html
animation of CGOlc spectral behavior,
images and main explanations could be
found.
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