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Introduction: 

A new «the experimental gravity field model» 
named XGM2019e was released in 2019 by 
(Zingerle et al., 2019). On the example of an 
expanded territory of size 990×880 km, 
including the entire Magadan region (figure 
1) we compared the best models from the 
previous comparison: EGM2008, GECO, 
EIGEN-6C4 and WGM2012 with a new 
XGM2019e.

In our previous papers (Muravyev and 
Hasanov, 2019, Muravyev, 2019) We 
analyzed 5 such models: GECO (Gilardoni et 
al., 2016), EIGEN-6C4 (Förste et al., 2014), 
and chinese model SGG-UGM-1, released in 
2018. These models are available for 

calculation to any selected territory on the 
website ICGEM (Calculation, 2020). In 
addition, we used the model WGM2012 
(Bonvalot et al., 2012) accepted by 
Commission for the Geological Map of the 
World as World Gravity Map. In our 
mentioned works for part of the Magadan 
region's territory (Far East of Russia) and for 
the subarctic part of the Urals, we compared 
these models with ground-based data and 
found, that the free-air anomalies for the 
EGM2008,  GECO, EIGEN-6C4 and 
WGM2012 models for the indicated territory 
are quite similar.

The reliability of the construction of 
geophysical models of the deep structure of 
the earth's crust is directly determined by the 
quality of the initial data - the measured 
values of the physical fields. As a result of the 
joint work of various scientific groups, a 
number of global databases of gravitational 
anomalies have been created, based on the 
representation of the field as a finite series of 
spherical harmonics up to 2190 orders. One 
of the first such ultrahigh degree models is 
EGM2008 (Pavlis et al., 2008). Succeeding 
models were developed using more detailed 
and modern ground-based and satellite 
gravity surveys.

Athe calculation service on the GFZ-Potsdam 
website al lows calculating gravitat ional 
anomalies in several variants, a detailed 
explanation of each is contained in (Barthelmes, 
2009): The classic definition of gravitational 
anomaly is denoted as «gravity anomaly_cl», the 
modern definition of gravitational anomaly 
«gravity anomaly» based on Molodensky's 
theory, Bouguer anomaly «gravity anomaly_bg» 
and «gravity disturbance». Using the mentioned 
calculation service, we created 4 grid variants for 
4 models: EGM2008, GECO, EIGEN-6C4 and 
XGM2019e. The WGM2012 model available 
online (Bonvalot et al., 2012) as two options – 
Bouguer and Free Air. Figure 1 shows an 
anomalous gravity field maps for EGM2008 and 
XGM2019e for selected territory. With the 
general similarity of the anomalies, a closer look 
allows you to see certain differences in the field 
morphology, that is, the models still noticeably 
differ.

An analysis of the statistical characteristics of the 
obtained grids allows us to see the differences in 

more detail (Figure 2). In addition to the usual min 
/ max and standard deviations, the calculation of 
percenti les shows the features of data 
distribution, since due to the presence of outliers, 
the indication of the min / max values does not 
give an idea of how the data are distributed within 
this range. As a result, it was confirmed that the 
data of the EGM2008, GECO, EIGEN-6C4 
models are close to each other. The statistical 
characteristics of the XGM2019e model are 
within the limits common to other models. 
Therefore, for a detailed comparison of the 
models with each other for each reduction, we 
calculated grids containing at each point the 
average of the values of all four models and 
calculated the grids of the difference of each 
model and the average of all four. The resulting 
grids of differences more accurately characterize 
the deviation of each model from the average 
v a l u e  f o r  a l l  m o d e l s .  T h e  s t a t i s t i c a l 
characteristics of these grids are shown in figure 
3. In the difference grids, the difference of the 
XGM2019e model from others becomes more 
noticeable.

Initial data

For both profiles, the difference in the forms of gravitational 
anomalies for the XGM2019e model and the similarities of 
EGM2008, GECO, EIGEN-6C4 are confirmed. The free air 
anomalies for the WGM2012 model are also close to the 
three models mentioned above. However, the average level 
of Bouguer anomalies of the WGM2012 model relative to 
other databases is significantly increased relative to others, 
while the shape of the anomalies remains.

Figure 4 contains profiles of gravity field anomalies 
according to 5 global models along the deep geophysical 
sounding profiles 2-DV and 3-DV for Bougeur and free air 
reductions. 

Results

Calculation of Gravity Field Functionals on Ellipsoidal Grids [Electronic resource], 
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Conclusions
Using an example of a larger than in the previous study 
(Muravyev and Hasanov, 2019) plot of the territory of the 
Far East, which includes the entire Magadan region, the 
data of 5 modern detailed global models of the anomalous 
gravitational field are analyzed. Anomalies in the free air 
reductions, according to the classical definition of the 
gravitational anomaly, according with the Molodenskу's 
theory and the «gravity disturbance» for the models 
EGM2008, GECO, EIGEN-6C4 and WGM2012, are similar 
to each other. 

The data of the new experimental model XGM2019e are 
quite different from them, which is shown both qualitatively 
and by analyzing the statistical characteristics of the grids 
of deviations from the average for four models. Considering 
that WGM2012 is named as the World Gravity Map by 
Commission for the Geological Map of the World, it can be 
recommended for use as initial data for performing density 
modeling of the deep structure of the lithosphere on a 
regional scale. A more detailed comparison of the models 
EGM2008, GECO, EIGEN-6C4 WGM2012 requires 
additional studies using statistical methods and performing 
analysis separately for each region of interest.
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Figure 4 Comparison of gravity anomaly field according to 5 global 
models along the deep geophysical sounding profiles 2-DV and 3-

DV in reductions: classical gravity anomaly (free air) and Bouguer.

Figure 1 Anomalous gravity field maps for EGM2008 and XGM2019e for 
Magadan region.

Figure 2 Statistical characteristics of gravitational anomaly 
databases within a selected territory.

Figure 3 Statistical characteristics of the residuals between the 
databases and grids of averaged values for each reduction.
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