
 

 

International Conference of Young Professionals “GeoTerrace-2025” 

6-9 October 2025, Lviv, Ukraine 

GeoTerrace-2025-032 
 

Spatial Analysis of Height Differences of Global and Regional 

Geoid/Quasi-geoid Models in the Polish-Ukrainian Border Zone 

*A. Fedorchuk (Lviv Polytechnic National University) 

SUMMARY 

 

This study investigates the consistency of regional and global geoid and quasi-geoid models in the 

cross-border area between Poland and Ukraine with respect to the Baltic height system. The research 

addresses the problem of systematic shifts between regional solutions, referenced to the EVRF2007 

system, and global gravity field models that lack a fixed vertical reference. The methodology included 

a comparative analysis of height differences derived from GNSS/leveling and from model-based 

interpolated heights. Statistical evaluation was carried out using mean, RMS, and SD indicators, and 

the results were further analyzed across three terrain types: flat, foothill, and mountainous. The 

findings demonstrate that the regional models PL-quasi-geoid2021 and EGG2015 show positive shifts 

relative to GNSS/leveling, while global models present smaller biases that are positive in Poland and 

negative in Ukraine. Systematic differences between regional and global models reach up to 0.24 m, 

with RMS values in the range of 0.14–0.25 m and low standard deviations of 0.01–0.05 m, confirming 

the internal stability of global models. Spatial analysis highlights terrain-dependent variability: global 

models perform more consistently in flat and foothill areas, whereas mountainous zones are 

characterized by greater irregularities. Among the global solutions, SGG-UGM-2 and EIGEN6C4 

provide the most stable performance across all terrain types. Overall, the results indicate that global 

gravity field models can be used as a geometric component for quasi-geoid construction in Ukraine, 

provided that local corrections are applied to account for systematic offsets. 
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Introduction 

 

The accurate determination of heights is a key challenge in modern geodesy, as height systems are 

essential for engineering, surveying, navigation, and environmental monitoring. Regional reference 

frames, such as the Baltic system and EVRF2007, coexist with global gravity field models that 

describe the Earth’s potential but are not directly linked to physical vertical datums, leading to 

systematic differences that must be quantified and reduced. The Poland–Ukraine border area is a 

suitable test region, combining different height systems, diverse terrain, and access to both regional 

and global models. Advances in satellite gravimetry and high-degree gravity field modeling enable a 

detailed assessment of these discrepancies, but their application requires validation with 

GNSS/leveling data. This study evaluates the accuracy and spatial distribution of height differences 

between regional models (PL-quasi-geoid2021, EGG2015) and global solutions (EGM2008, 

EIGEN6C4, GECO, SGG-UGM-2, XGM2019e) across three terrain types—flat, foothill, and 

mountainous. The results reveal systematic shifts, terrain-dependent variability, and the potential for 

improving quasi-geoid modeling in Ukraine through the integration of global gravity field 

information. 

 

Method 

 

To achieve the stated objective, the study was divided into two main stages: (1) the accuracy analysis 

of height differences between various regional and global geoid/quasi-geoid models and (2) the spatial 

distribution of these differences in relation to terrain types. The study area covers a cross-border 

region between Ukraine and Poland, extending from 48° to 52° N latitude and from 22° to 25° E 

longitude. This area was subdivided into three zones based on topographic characteristics: zone_01 

(flat terrain), zone_02 (foothill terrain), and zone_03 (mountainous terrain). 

 

Several datasets were selected for experimental analysis, including: 1) the heights from the regional 

model PL-quasi-geoid2021; 2) the heights from the regional model EGG2015; 3) the heights (or 

height anomalies) from high-degree global gravity models: EGM2008, EIGEN6C4, GECO, SGG-

UGM-2, and XGM2019e_2159. All the above-mentioned height values were interpolated to a unified 

grid with a resolution of 1′×1′, since each model originally provides data at different spatial 

resolutions. Specifically, PL-quasi-geoid2021 is available at a 0.01°×0.01° grid (GUGiK, 2021), 

EGG2015 at a 1.0′×1.5′ grid (Denker, 2015), and the global models at a 5′×5′ grid (Pavlis et al., 2012; 

Förste et al., 2015; Gilardoni et al., 2016; Liang et al., 2020; Zingerle et al., 2020). 

 

The data of the PL-quasi-geoid2021 model were obtained from the ISG (International Service for the 

Geoid) platform (Reguzzoni et al., 2021). The EGG2015 model was provided through the EGGPRO 

software by Dr. Heiner Denker upon personal request. The heights of the global models were 

calculated using the tools available on the ICGEM (International Centre for Global Earth Models) 

website and adjusted by adding a zero-order geoid undulation of +0.52 m for the GRS80 ellipsoid 

(Ince et al., 2019). This adjustment enables the global model heights to be transformed into a regional 

reference frame (Fedorchuk, 2022; Savchuk et al., 2024; Fedorchuk et al., 2025). All model data were 

used in the zero-tide system. 

 

In addition to gridded datasets, a set of 59 GNSS/leveling points from the Polish territory and 161 

points from the Ukrainian territory were used. The accuracy of the various geoid models was 

evaluated by comparing their heights to GNSS/leveling data, as well as to the PL-quasi-geoid2021 

and EGG2015 models. Depending on the dataset, accuracy was assessed using standard deviation 

(SD), root mean square deviation (RMS), and mean deviation. 

 

Results 

 

The analysis of differences between geometric heights (GNSS/leveling in the Baltic height system) 

and heights from various geoid/quasi-geoid models shows that for the Polish dataset (PL_59), the PL-
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quasi-geoid2021 and EGG2015 models have mean shifts of +0.17 m and +0.24 m, respectively, which 

is explained by their relation to the EVRF2007 system. In contrast, the global models (EGM2008, 

EIGEN6C4, GECO, SGG-UGM-2, XGM2019e) demonstrate only a small positive bias 

(+0.01…+0.03 m). For the Ukrainian dataset, the global models show a negative shift (–0.01…–0.04 

m), which may be linked to regional characteristics of the gravimetric reference base. The RMS and 

SD values indicate smaller variations for the global models (~0.04–0.06 m), although local 

adjustments are still required for their practical application. 

 

The comparison of regional and global models (PL-quasi-geoid2021, EGG2015, EGM2008, 

EIGEN6C4, GECO, SGG-UGM-2, XGM2019e) revealed the presence of systematic shifts. In the 

differences ������� −��, the EGG2015 model shows a positive bias of +0.07 m, while all global 

models demonstrate negative shifts (–0.14…–0.17 m), indicating larger height values compared to 

PL-quasi-geoid2021. The RMS values for the global models range from 0.14 to 0.17 m, and the SD 

values from 0.01 to 0.02 m, which indicates stable differences. In the set �	

�� −��, the global 

models show mean shifts of –0.21…–0.24 m, RMS values of 0.21–0.25 m, and SD values up to 0.05 

m. These results confirm the existence of consistent but systematic differences between global and 

regional models, which require local corrections for practical applications. 

 

The comparison of PL-quasi-geoid2021 with other regional and global models (EGG2015, EGM2008, 

EIGEN6C4, GECO, SGG-UGM-2, XGM2019e) for three terrain types shows a stable systematic 

difference. In all zones (zone_01 — flat, zone_02 — foothill, zone_03 — mountainous), the 

EGG2015 model demonstrates a positive mean shift (+0.06…+0.08 m), while all global models show 

negative values (–0.13…–0.17 m), meaning higher heights compared to PL-quasi-geoid2021. The 

smallest standard deviation values (0.01 m) in flat and foothill areas are observed for EIGEN6C4 and 

SGG-UGM-2, while in mountainous areas SGG-UGM-2 performs best. For EGG2015, EGM2008, 

EIGEN6C4, and GECO, SD increases from flat to mountainous terrain, whereas for SGG-UGM-2 and 

XGM2019e it remains stable (0.02 m). RMS values show the opposite tendency, with the largest 

deviations in flat areas and the smallest in mountainous areas, reflecting the spatial specificity of 

consistency among models depending on terrain type. 

 

The analysis of differences between the EGG2015 model and global models for three terrain types in 

the cross-border area revealed a stable negative bias (–0.21…–0.23 m), indicating systematically 

higher values of the global models compared to EGG2015. In the flat zone (zone_01), the RMS is 

about 0.22 m and the SD ranges from 0.02 to 0.03 m, reflecting high stability. In the foothill zone 

(zone_02), the bias increases to –0.23 m and the SD to 0.04 m, which corresponds to more complex 

gravimetric conditions. In the mountainous zone (zone_03), the mean bias and RMS decrease slightly 

(~0.21–0.22 m), while the SD increases to 0.05 m, indicating greater variability. The results do not 

exceed the standard deviations of GNSS/leveling, which confirms the potential of using global models 

to construct the geometric component of the quasi-geoid in Ukraine. 

 

For a more detailed examination of the variations in height differences between models, a spatial 

analysis was performed. Figure 1 presents the comparison of the regional model PL-quasi-geoid2021 

with other regional and global models for flat terrain (zone_01). The results show that EGG2015 

exhibits mainly positive differences, while the global models demonstrate negative values. For 

EGG2015, the eastern part of the region is characterized by more irregular variations, whereas the 

global models (EGM2008, EIGEN6C4, GECO, and SGG-UGM-2) display more uniform differences 

in the east and higher variability in the west. A specific convex anomaly is observed in the GECO 

model in the western part, while XGM2019e_2159 demonstrates highly scattered values across the 

entire area. Based on similar figures, a comparative analysis was also performed for foothill and 

mountainous zones, which revealed terrain-dependent differences in the spatial behavior of the 

models. 
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Figure 1. Spatial distribution of height differences with respect to the regional model  

PL-quasi-geoid2021 for flat terrain (zone_01) 

 

In foothill terrain, the spatial variations were generally similar to those in flat areas, with a clear 

contrast between the Polish (northwestern) and Ukrainian (southeastern) parts of the territory. The 

global models showed consistent patterns, although the GECO model indicated sharper changes in the 

southeastern zone. The XGM2019e_2159 model displayed nearly identical behavior to that in flat 

areas but correlated slightly better with the other models in Poland. 

 

In mountainous terrain, the EGG2015 model showed irregular variations within 0–20 cm, while the 

global models produced more stable differences on the Ukrainian side. In Poland, the distribution of 

EGG2015 closely matched the global models, but with consistently negative values. The 

XGM2019e_2159 model again behaved differently, with moderate amplitudes of variation compared 

to flat and foothill areas. 

 

A similar comparison was carried out for the EGG2015 model relative to all other models. In flat 

terrain, all differences were negative, but with varying amplitudes. In foothill terrain, the spatial 

pattern was highly consistent across models, except for stronger variations in the southern part of the 

area. In mountainous terrain, the spatial behavior was almost identical for all models, with differences 

ranging from 0 to –20 cm for PL-quasi-geoid2021 and from –20 cm to –30 cm or more for the global 

models. These findings suggest the possibility of establishing analytical relationships between 

regional and global solutions, which could be applied for further refinement of quasi-geoid modeling 

in the cross-border region. 

 

Conclusions 

 

The study confirmed systematic but stable differences between regional and global geoid/quasi-geoid 

models in the Poland–Ukraine cross-border area. Regional models (PL-quasi-geoid2021, EGG2015) 

showed positive shifts relative to GNSS/leveling due to their link with EVRF2007, while global 

models demonstrated smaller biases, positive in Poland and negative in Ukraine. Systematic offsets 

reached 0.24 m, with RMS values of 0.14–0.25 m and low SD values (0.01–0.05 m), proving the 

internal consistency of global solutions. Spatial analysis revealed terrain-dependent variability, with 

the most stable results provided by SGG-UGM-2 and EIGEN6C4. Overall, global models show strong 

potential for quasi-geoid construction in Ukraine, provided local corrections are applied. 
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