EVALUATION OF THE EARTH GRAVITATIONAL MODEL 2008 IN TURKEY

Ali Kiligoglu', Ahmet Direng, Mehmet Simav, Onur Lenk, Bahadir Aktug, Hasan Yildiz

Geodesy Department, General Command of Mapping, Turkey

Abstract

A new Earth Gravitational Model (EGMO08) to degree 2160 has been released to IAG's EGM
Evaluation Group. In this study, we evaluate EGM08 Tide Free Model by using regional gravity,
quasi-geoid height and GPS/leveling data. The EGM08-derived quantities are compared with (the
GPSlleveling quasi-geoid heights, ®an existing GPS/leveling fitted regional quasi-geoid model
(TG03), and ®the surface gravity anomalies in Turkey. The differences between
observed/computed and EGMO08-derived quantities are investigated. The mean value and standard
deviation of the differences between EGMO08 derived and observed quantities are found to be -88.8
cm and 24.2 cm for GPS/leveling height anomalies, 27.1 cm and 75.3 cm for TG03 quasi-geoid
heights, and 2.8 mGal and 17.1 mGal for surface gravity anomalies. As Turkish proprietary data
were not used in EGM08 computations this work is believed to be an external check for EGMO0S8.

1. Introduction

A new Earth Gravitational Model (EGM2008) to degree 2160 has been released to IAG’s EGM
Evaluation Group. EGM2008 incorporates 5x5 minutes gravity anomalies and has benefited from
the latest GRACE solutions. Improved altimetry-derived gravity anomalies and its implied Dynamic
Ocean Topography model were also used in computations (Pavlis et al., 2008).

The evaluation and quality assessment of the EGMO08 is important for being used in various
geodetic and other scientific applications at global and regional scales. The evaluation of the
EGMO08 is based on the comparisons with other external data. For this aim external data sets, that
mainly include GPS/leveling observations, airborne and surface gravity data, sea surface
topography, sea surface heights from altimetry band tide gauge, and deflections of the vertical, are
to be used in appropriate evaluation procedures.

The objective of this study is to control, validate and perform quality assessment of EGMO08 derived
data. As Turkish proprietary gravity and GPS/leveling data were not used in the EGMO08
computations this work provides an external evaluation for EGMO08 derived surface gravity and
height anomalies on the physical surface of the earth.

In this study, we compared EGM2008 Tide Free Model with regional gravity, quasi-geoid height
and GPS/leveling data. The EGMO08-derived quantities are compared with (Ythe GPS/leveling
quasi-geoid heights, ®existing GPS/leveling fitted regional quasi-geoid model, and ®the surface
free-air gravity anomalies in Turkey within boundaries 26°E-45°E and 36°N-42°N.

Computations were achieved by using HARMONIC_SYNTHESIS program that is provided with the
EGMO08 coefficients (Holmes and Pavlis, 2006).
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number of points (total 197)

2. Comparison with GPS/Leveling quasi-geoid heights

Turkish Vertical Control Network (TUDKA99) was re-adjusted due to two Marmara earthquakes
occurred in 1999, with of 243 lines of 25680 points with a total length of 29316 km. Vertical datum
for TUDKA99 was defined with arithmetic mean of instantaneous sea level measurements
recorded at Antalya tide gauge between 1936 and 1971. The geopotential value for the datum
point was determined, by making use of gravity value in Potsdam Datum. In the adjustment,
geopotential numbers were used as observations; then, geopotential numbers, Helmert orthometric
heights and Molodensky normal heights of all network stations were estimated. Gravity values in
Potsdam Datum were used for the calculation of geopotential number differences between network
stations. The adjustment resulted in point heights of precisions varying from 0.3 cm to 9.0 cm
depending on the distance from the datum point. Helmert orthometric height system was selected
to be used in Turkey for all geodetic and practical applications, although normal heights of network
points were computed as well (Ayhan and Demir, 1992).

Turkish National Fundamental GPS Network (TUTGA) was established in 2001 and a number of
the stations have been re-surveyed due to the earthquakes happened in 1999-2003. The total
number of network stations is about 600. For each station 3-D coordinates and their associated
velocities were computed in ITRF96. Positional accuracy of the stations is about 1-3 cm while the
relative accuracy is better than about 0.01 ppm. Besides, the GPS network has been connected to
the Turkish Horizontal and Vertical Control Networks through specified points and time-dependent
coordinates of all stations were being computed in the context of the maintenance of the network
with periodic GPS observations (Ayhan et al., 2002). Total of 197 GPS network stations have been
connected to Turkish vertical network by precise leveling (Ayhan et al., 2002; Kiligcoglu, 2002;
Kihcoglu and Firat, 2003).

The quasi-geoid heights (¢gps/ /) Of the 197 collocated stations were computed by subtracting the

Molodensky Normal Heights ( H ke ) from ellipsoidal heights (hyjrca00 ) @s follows.

*

Sopsiier = Nruteasea — Hrupkase (1)

The statistics of the differences are given in Table-1, and a histogram graph of the differences is
given in Figure-1. The collocated stations and quasi-geoid differences (¢gps/ iy — Seamos ) PEIWEEN
EGMO08 and GPS/leveling are shown in Figure-2.
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Table-1: Quasi-geoid height differences
EGMO08 - GPS/leveling.

a0 | Number of values 197
Minimum -0.184 m

| Maximum 1.505 m
Mean 0.860 m

o | Standard deviation 0.189 m

T T o T T

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
GPS/leveling - EGM08 quasi-geid height difference (in meters)

Figure-1: Histogram of the EGMO08 -
GPS/leveling quasi-geoid height differences
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Figure-2: The difference between EGM08 and GPS/leveling quasi-geoid heights in Turkey. Black
triangles (197) shows the collocated GPS/leveling stations.

The bias (+86 cm) between two sets is due to definition of local vertical datum (mean sea level at
Antalya). GPS observations in Turkey were achieved within the last two decades, whereas precise
leveling measurements were achieved during the period of 1936-1994. Since Anatolian plate lies in
a very active tectonic region, that is within the boundary zones of Eurasian, African and Arabian
tectonic plates, tectonic framework of Mediterranean, in which Anatolia is located, is dominated by
collision of Arabian and African Plates with Eurasia. Thus, tectonic regime of Anatolia involves
various kinds of tectonic phenomena such as continental collision, strike-slip and thrust faulting,
subduction, contraction and extension (Aktug and Kilicoglu, 2006; Aktug et al., 2008). Interseismic
vertical rates of GPS stations have been computed by repeated GPS observations within the
establishment of TFGN99-A (Ayhan et al, 2002; Aktug et al., 2008). Vertical velocity field of Turkey
is given in Figure-3.
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Figure-3 : Vertical velocity field of Turkey as deduced from repeated GPS measurements in the
last two decades.
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Figure-2 includes interseismic and coseismic (and relatively small effects of postseismic
deformation) vertical deformation as well as other network deformations caused by observations
and adjustment, whereas Figure-3 shows only interseismic deformation. The differences were also
investigated in terms of active fault traces and seismicity. Figure-4 shows that large differences are
observed within compresion zones. However, differences in northwestern part of Anatolia
(Marmara) which underwent large earthquakes are lower than expected. In this respect, neither
active fault traces nor seismicity provide a direct correlation, to which all the differences between
EGMO08 and GPS/leveling quasi-geoid heights could be attributed. Turkish leveling network has
been very much affected by tectonic phenomena and other network distortions. Thus, GPS/leveling
quasi-geoid heights may consist of large vertical deformations. Considering the vertical
deformation in Turkey in the light of the two figures, the discrepancy between GPS/leveling and
EGMO08 seems reasonable.

o 0.4
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Figure 4. Differences between EGMO08 and GPS/Leveling quasi-geoid heights. Earthquakes with
magnitudes larger than Mw obtained from KOERI (Kandilli Observatory and Earthquake Research
Institue, http://www.koeri.boun.edu.tr). Active fault traces were adapted from (Saroglu et al., 1992).

3. Comparison with a regional gravimetric quasi-geoid height model.

As a precise geoid model referring to a global geocentric datum is essential for determination of
the orthometric heights by GPS/leveling, the new Turkish Geoid (TG03) was computed in 2003 as
new and more data were available (Kilicoglu, 2005). Heterogeneous data (gravity, topography and
geoid heights) were used by Least Squares Collocation (LSC) in a remove-restore procedure
(Tscherning et al.,1994). EGM96 (Lemoine et al., 1996) was used as the reference model of the
Earth’s geopotential model. The data used consist of surface gravity anomalies (on ~ 65000
stations), gravity anomalies derived from ERS1, ERS2 and TOPEX/POSEIDON altimetry data (on
~ 20000 stations), gravity anomalies derived from ship observations (on ~ 10000 stations),
GPS/leveling geoid heights (on 197 stations) and topographic heights. Surface gravity values are
in Potsdam Datum, and the free air anomalies were computed in GRS80. No surface gravity data
were used outside the Turkish border where topographic heights were obtained from GTOPO30
global topography. The residual terrain model (RTM) effect of the topography was computed using
a detailed (20”x15”) Digital Terrain Model (DTM), coarse (3'x3’) DTM and reference (10'’x10’) DTM.
The DTM used consists of high-resolution topographic heights within the borders, and dense
bathymetry near the shoreline. Evenly distributed GPS/leveling geoid heights were introduced so
as to compute the final geoid in agreement with GPS ellipsoidal heights. As described above,
ellipsoidal heights of the GPS/leveling points refer to well-established Turkish National GPS
Network (aligned to ITRF96), while orthometric heights refer to Turkish National Vertical Datum.
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The geoid heights at 3'x3’ grid points within Turkey (25E-46E, 35N-43N) were computed to be
further interpolated in practical use in accordance with Turkish National Vertical Datum. The final
geoid was tested at GPS/leveling test stations which were not used in the computations, and the
external accuracy was found to be within 10 cm as varying with respect to the data distribution and
density. Actually, the quasi-geoid heights were computed, then combined with GPS/leveling, and
finally transformed to geoid heights by making use of the formula below.

g-7 A

N:g+g_7H;g+ g_BoH (2)
v v

Where, g is the mean gravity along the plumb line between geoid and the physical earth, 7 is the

mean normal gravity along the normal plumb line between ellipsoid and telluroid, Agg, is Bouguer

gravity anomaly and H is orthometric height. (Hoffmann-Wellenhof and Moritz, 2005, p.326).

The quasi-geoid heights from EGMO08 and TGO03 (unfitted to GPS/leveling) were compared at 3’x3’
grid nodes (Figure-5). Figure-6 and Table-2 show the statistics of the differences.

Figure-5: The difference between EGMO08 and TG-03 quasi-geoid heights in Turkey. The data
within boundaries are taken into account.
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i Table-2: Quasi-geoid height differences

TG03 — EGM08
Number of values 37324
g Minimum -0.75m
3 Maximum 0.99 m
g Mean 0.02 m
: Standard deviation 0.25m
£

-0.8

-0.6 -0.4 -0.2 0 0.2 . 0.6 0.8 1
TG03 - EGM08 quasi-geoid height differences (in meters)

Figure-6: Histogram of the GPS/lev - EGM08
quasi-geoid height differences. Total number
of points compared is 37324.
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4. Comparison with surface free-air gravity anomalies

Surface free air gravity anomalies at 64992 stations in Turkey are used for EGMO08 evaluation.
Surface gravity anomalies are computed in Potsdam datum and referred to GRS80 normal gravity
field. Gravity observations were carried out by using LaCoste&Romberg Gravimeters with
reference to Turkish National Gravity Network-1956, of which point gravity accuracies vary
between 0.07 to 0.19 mGal (Demir et al., 2006).

EGMO8 free air gravity anomalies at observation points are computed as follows (Holmes and
Pavlis, 2006; Pavlis et al., 2008).

rg=-T 27 @
or r

The distribution of the surface gravity data used in comparison is given in Figure-7 and the
differences between EGMO08 and surface free air gravity anomalies in Turkey are shown in Figure-
8. Figure-9 and Table-3 show the statistics of the differences.
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Figure-8: The difference between EGMO08 and surface free air gravity anomalies in Turkey. The
data within boundaries are taken into account.
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Table-3: Statistics of the differences between
EGMO08 and surface free gravity anomalies.

< e Number of values 64992
: Minimum -177.29 mGal
g Maximum 238.57 mGal
Hsa Mean -3.28 mGal
3 | Standard deviation 18.36 mGal
3
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observed - EGMO08 derived freeair gravity anomaly difference (mGal)

Figure-9: Histogram of the differences
between EGMO08 and surface free gravity
anomalies.

5. Conclusions

A new Earth Gravitational Model (EGM2008) to degree 2160 has been released to IAG’s EGM
Evaluation Group. The objective of this study was to evaluate EGMO08 derived quantities with
Turkish proprietary surface data.

The evaluation of the EGMO08 was based on the comparisons with other external data. In this
study, we compared EGM2008 Tide Free Model with regional gravity, quasi-geoid height and
GPS/leveling as external data sets. The EGM08 derived quantities were compared with the
GPS/leveling quasi-geoid heights, existing GPS/leveling fitted regional quasi-geoid model, and the
surface free-air gravity anomalies in Turkey within boundaries 26°E-45°E and 36°N-42°N.

EGMO08 derived height anomalies were compared with observed GPS/leveling observed quasi
geoid heights at 197 stations spread over the Turkish territory. The statistics of the differences two

sets of height anomalies ( Sgps/1e, — Seamos ) @re given in Table-1 (mean:+86 cm, st.dev.; 18.9 cm).

The bias and the discrepancies between two data sets should be further investigated considering
the tectonic phenomena and other network deformations in and around Turkey.

Regional gravimetric quasi-geoid height model for Turkey (TG03) was compared to EGM08. TG03
was computed based on EGM96 with respect to GRS80 ellipsoid. The statistics of the differences
(TGO3 — EGMO08) are given in Table-2 (mean: +2cm, st.dev.: 25 cm). TG03 and EGMO08 have no
bias factor with respect to each other. The differences show highs and lows in regions with rough
topography in Turkey. The large differences might be caused by different resolutions of TG03 and
EGMO08, and by the lack of data outside Turkish border in TG03 model.

Surface free air gravity anomalies, in Potsdam datum and referred to GRS80 at 64992 stations, in
Turkey were used for the evaluation of EGMO08. The statistics of the differences (EGM08-observed)
of surface gravity anomalies were given in Table-3 (mean: -3.28 mGal, st.dev.: 18.36 mGal). Some
highs are seen in the regions with rough topography. This might be caused by the different
resolution of DTMs used in EGMO08 and reduction of observed gravity.

As Turkish proprietary gravity and GPS/leveling data were not used in the EGMO08 computations

this work provides an external control for EGMO08 derived surface gravity and height anomalies on
the physical surface of the earth.
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The evaluation of EGMO08 over Turkey shows a good agreement in overall. We think that EGMO08
will cotribute much to the computation of a new geoid model for Turkey, as well as various
geosicence applications.
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