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Introduction. It is known that environmen-
tal factors influence the results of the GNSS 
time series. One of such factors is Non-Tidal 
Loading [Gobron et al., 2021]. The result of 
the non-tidal load influence is the displace-
ment of the earth’s surface. Thus spatial posi-
tion of objects changes including permanent 
stations. Taking into account this factor, it 
reduces by 20 % on average the error in the 
analysis of vertical motions of the earth sur-
face [Mémin et al., 2020].

The components of non-tidal load are 
the Non-Tidal Atmospheric Loading and the 
Non-Tidal Ocean Loading. The first factor is 
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determinedon the basis of the ground atmo-
spheric pressure. The information about the 
change of vertical position of earth surface is 
processed by GFZ Geo Research Center in 
Potsdam (Geo Forschungs Zentrum) (http://
esmdata.gfz-potsdam.de:8080/repository/) 
based on the data of medium-term weather 
forecasts ECMWF (European Center for Me-
dium-Range Weather Forecasts).The calcula-
tions of the earth surface displacement under 
the action of NTAL can be loaded from the 
International Mass Loading Service [Petrov, 
2015] and Vienna Mapping Functions Open 
Access Data [VMF]. Vertical displacements 
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of time series of these three models for the 
territory of the western part of Ukraine are 
almost identical with the average deviations 
within the limits of a 1 mm and the maximum 
up to 3 mm.

The second factor is formed through the 
redistribution of the masses on the ocean 
floor and the change of pressure in the riv-
er network of the region [Klos et al., 2021]; 
the model of MPIOM (Max Planck Institute 
Ocean Model) is used for calculations [Jung-
claus et al., 2013].

The vertical displacement of GNSS sta-
tions in Europe was recorded on the territory 
of Europe at the end of December 2019. For 
a short time (5—10 days) (Fig. 1), subsidence 
reached 30 mm [Brusak, Tretyak, 2020].

This displacement was fixed on the terri-
tory of Ukraine by the permanent stations of 
the GNSS network «Geoterrace». The value of 
subsidence of GNSS stations (Fig. 2) reached 
12—27 mm within 5—6 days [Tretyak et al., 
2021]. For the territory of Ukraine, the maxi-
mum altitude displacement occurred on 23—
30 December, 2019 (the 357th—364th days of 
the year).

According to these studies, a precise inter-
relation was established between the change 

in the altitude position of GNSS stations and 
vertical displacements caused by non-tidal at-
mospheric load calculated by GFZ, which was 
20 mm for the research area (http://esmdata.
gfzpotsdam.de: 8080/repository/).

It is necessary to note that the spatial dis-
tribution of GNSS stations’ subsidence allows 
differentiating the research area into two 
blocks (see Fig. 2). The central unit is char-
acterized by an average subsidence of 12 mm 
GNSS stations, and the second unit, which 
surrounds the central unit, experienced an 
average subsidence of 19 mm. The differ-
ence in the nature of vertical displacements 
is partly explained by the heterogeneity of 
the geological structure of the territory. Ac-
cordingly, the actual act of the displacements 
caused by NTAL may differ significantly from 
the data calculated according to the data of 
atmospheric meteorological parameters.

Detailing the distribution of vertical dis-
placements of the territory under NTAL in-
fluence is not only of scientific interest, but 
has practical significance. These inhomoge-
neous movements of the earth surface should 
be taken into account while calculating the 
stability of large engineering structures, in 
particular whilst designing HPP, PSP, NPP, 

Fig. 1. The average daily subsidence of the earth surface in Europe from 20.12 to 30.12.2019, according to GNSS 
stations [Brusak, Tretyak, 2020].



APPLICATION OF SENTINEL-1 RADAR INTERFEROMETRIC IMAGES FOR THE MONITORING...

Геофизический журнал № 1, Т. 45, 2023 89

bridges, overpasses. Besides this, while do-
ing the geodetic work it is necessary to make 
appropriate residuals in the heights and co-
ordinates of the benchmarks for changing 
their position under the influence of NTAL, 
which can significantly increase the accuracy 
of measurements and their reliability.

The basic method of geodetic monitoring 
for vertical and horizontal movements of the 
earth surface is the analysis of data from per-
manent GNSS stations. The drawback of this 
method is that the results of displacements are 
obtained at particular points on the earth sur-
face. Currently, networks of permanent GNSS 
stations are designed so that the stations are 
70—80 km apart. Accordingly, analyzing lo-
cal movements of the earth surface for the 
construction of large engineering structures 
in such networks is impossible.

In recent years, remote radar sensing data 
have become widely used in addition to the 
GNSS measurements on permanent networks. 
The use of radar data with Synthetic Aperture 
Radar (SAR) makes it possible to develop al-
most continuous maps of displacements of 
the earth surface with millimeter accuracy. 
The vertical displacement mapsare created on 

the basis of Differential SAR Interferometry 
(DInSAR). Radar interferometry data are pro-
cessedby several methods. The most common 
approaches include the Small Baseline Subset 
(SBAS) [Li et al., 2022] and the Persistent Scat-
terer Interferometry (PSI) method [Crosetto 
et al., 2016].

This method is widely used for monitoring 
earthquakes and volcanic activity [Lu et al., 
2010; Schaefer et al., 2015], landslide areas 
[Tzouvaras et al., 2020], areas where miner-
als are mined [Sheng et al., 2009; Stankev-
ich et al., 2019; Dorosh, Gera, 2020], active 
geodynamic regions [Uglitskih et al., 2020], 
glaciological processes [Amitrano et al., 2019; 
Gómez et al., 2020]. The list of applications is 
much longer and concerns the monitoring of 
the environment and safety issues.

In this research, an attempt was made to 
use satellite radar interferometry data for spa-
tial information about the distribution of verti-
cal displacements of the earth surface caused 
by NTAL. Adjacent areas to three GNSS sta-
tions of the Geoterrace network were selected 
for experimental studies: BYCH (Buchach), 
GORD (Horodok) and CRNT (Chernivtsi), 
located in Ternopil, Khmelnytskyi and Cher-
nivtsi regions, respectively (see Fig. 2). The 
studies cover the period of active vertical dis-
placement of GNSS stations and the manifes-
tation of NTAL from 16.12.2019 to 01.01.2020.

The purpose of the research is to analyze 
the possibilities of determining, estimating 
and mapping the spatial distribution of ver-
tical movements of the Earth’s surface, under 
the influence of anomalous non-tidal atmo-
spheric loads, according to satellite radar in-
terferometry. To verify vertical displacement 
maps obtained from radar interferometry data 
using GNSS data from observations at perma-
nent stations.

Input data. Daily 30-second RINEX-files 
used in the study and time series of daily 
GNSS solutions of BYCH, GORD, CRNT 
stations for the period from 16.12.2019 to 
01.01.2020 were obtained on the basis of 
processing of radar interferometry data. The 
daily solutions were obtained using Bernese 
GNSS Software [Dach et al., 2015] according 
to the recommendations of the International 

Fig. 2. Dynamics of the vertical displacement of GNSS 
station of Geoterrace networkin December 2019 [Bru-
sak, Tretyak, 2021]: 1 — GNSS station; 2 — vertical dis-
placement, mm; 3 — line dividing GNSS stations into 
2 groups; 4 — GNSS stations are selected for research.
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Earth Rotation Service and reference systems 
IERS Conventions (2010) [Petit, Luzum, 2010]. 
Table 1 presentsthe time series of vertical dis-
placement of GNSS stations for the period 
from 16.12.2019 to 01.01.2020 relative to the 
epoch of their introduction into service. There 
are no solutions for 17.12.2019 for BYCH and 
CRNT due to technical reasons.

Radar images obtained by the Sentinel-1A 
satellite mission provided by the Copernicus 
program were used to develop maps of the 
vertical displacements of the Earth’s surface.

The Copernicus Program is an environ-
mental monitoring program coordinated by 
the European Commission and the European 
Space Agency (ESA). ESA is currently devel-
oping seven Sentinel missions (Sentinel 1, 2, 
3, 4, 5P, 5, 6). Sentinel missions receive radar 
and hyper-spectral images for analysis and 
monitoring of land, ocean and atmosphere. 

The program’s goal is to provide global, con-
tinuous, autonomous, high-quality and wide-
ranging monitoring of the Earth. In addition, 
the main concept of the program is to provide 
a free access to remote sensing data of various 
missions through the portal Copernicus Open 
Access Hub [Kumar, 2021].

The Open Access Hub service automatical-
ly selects available radar images from storage 
while setting the spatial and temporal bound-
aries of the study area.

Radar satellite images from the Sentinel-
1A spacecraft were downloaded from the 
Open Access Hub portal for studying verti-
cal displacements of the Earth’s surface in the 
study area. Data type — SLC (Single Look 
Complex) with vertical polarization. Acqui-
sition mode is broadband interferometry IW 
(Interferometric Wide Swath).

The differential interferogram is made ac-

Ta b l e  1. Time series of vertical displacement of GNSS stations during 16.12.2019—01.01.2020

Day number from the 
beginning of the year Date

Vertical displacement of the GNSS station relative to 
the epoch of introduction into service, m

BYCH CRNT GORD

350 16.12.19 13.0 7.5 0.0

351 17.12.19 — — 0.9

352 18.12.19 14.6 9.5 0.8

353 19.12.19 13.8 6.2 8.9

354 20.12.19 17.1 10.5 10.4

355 21.12.19 18.0 11.2 13.1

356 22.12.19 19.0 10.5 17.0

357 23.12.19 18.3 11.2 11.2

358 24.12.19 15.0 9.2 14.5

359 25.12.19 14.3 7.8 11.8

360 26.12.19 10.4 3.8 9.7

361 27.12.19 3.0 4.2 1.5

362 28.12.19 2.7 3.8 0.3

363 29.12.19 3.6 7.8 2.2

364 30.12.19 1.1 5.9 2.2

365 31.12.19 0.1 0.7 1.8

1 01.01.20 0.0 5.0 1.5
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cording to the data of two acquisitionscarried 
out with intervals of 12 days apart. The selec-
tion of pairs of radar images was performed 
in such a way that the maximum vertical dis-
placements of the Earth's surface (according 
to the time series of GNSS) occur in the peri-
od between the acquisitions. The information 
about downloaded files and sensing periods 
are presented in the Table 2.

Data of Sentinel-1 radar images were pro-
cessed with specialized SNAP software.

Data processing algorithm. Processing of 
interferometric Sentinel-1A  images and de-
veloping a vertical displacements map con-

sist of a series of operations [Small, Schubert, 
2019], here structured as follows:

Co-registration and interferogram forma-

tion. The satellites’ orbits were corrected (Ap-
ply Orbit File) based on high-precision orbital 
data. The operation is performed separately 
for each image. Co-registration and back 
geocoding were performed using the ACE30 
digital elevation model. A product contain-
ing data on phase variations was produced 
by Interferogram Formation. After the gaps 
(bursts) were removed and a solid image was 
produced (Deburst), we obtained a continu-
ous interferogram of the selected area.

Ta b l e  2. Spatio-temporal distribution of displacements of the Earth’s surface under the 

NTAL influence and radar data

Name of 
GNSS 
station

Periods of the earth surface 
displacement

The period 
between 

acquisitions
The name of the downloaded file

BYCH 
(Buchach)

22.12.2019 (356) — 
29.12.2019 (363)

18.12.2019 
—30.12.2019

S1A_IW_SLC__1SDV_20191218T160209_
20191218T160237_030405_037AC0_42E7 
S1A_IW_SLC__1SDV_20191230T160208_
20191230T160236_030580_0380C4_D374

GORD 
(Horodok)

17.12.2019 (351) — 
22.12.2019 (356) 

22.12.2019 (356) — 
28.12.2019 (362)

18.12.2019 
—30.12.2019

S1A_IW_SLC__1SDV_20191218T160209_
20191218T160237_030405_037AC0_42E7 
S1A_IW_SLC__1SDV_20191230T160208_
20191230T160236_030580_0380C4_D374

22.12.2019 
—03.01.2020

S1A_IW_SLC__1SDV_20191222T042039_
20191222T042106_030456_037C7F_77B9 
S1A_IW_SLC__1SDV_20200103T042038_
20200103T042105_030631_038284_AFE4

CRNT 
(Chernivtsi)

23.12.2019 (357) — 
29.12.2019 (363)

18.12.2019 
—30.01.2020

S1A_IW_SLC__1SDV_20191218T160144_
20191218T160211_030405_037AC0_4BC3 
S1A_IW_SLC__1SDV_20191230T160144_
20191230T160211_030580_0380C4_AC4B

Fig. 3. Coherence map: white areas of high coherence; dark areas of low coherence.
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The resulting file contains a coherence 
map (Fig. 3) besides the generated interfero-
gram. Coherence is calculated as a separate 
swath and shows how similar each pixel is be-
tween master and slave images [Braun, 2021]. 
The coherence value varies from 0 (no image 
coherence) to 1 (maximum coherence value).

Creating a differential interferogram and 

phase filtering. The interferogram formed 
at the previous step contains data of vertical 
displacements and a relief. By filtering out 
the relief component, we obtain a differential 
interferogram. It represents only the move-
ment of the Earth’s surface.

The interferometric step can be corrupted 
by noise due to: temporal decorrelation; geo-
metric decorrelation; volume scattering; pro-
cessing errors. In order to improve the quality 
of the interferogram analysis in the following 
steps, the signal-to-noise ratio was increased 
by applying Goldstein Phase Filtering.

With noise was removed, the visibility of 
interferometric bands was significantly im-
proved (Fig. 4) [Goldstein, Werner, 1998].

At the end of the second stage, the gen-
erated results were exported from the SNAP 

(SNAPHU export) for two-dimensional phase 
deployment according to the SNAPHU algo-
rithm (Statistical-cost, Network-flow Algo-
rithm for Phase Unwrapping).

Phase Unwrapping using SNAPHU. The 
SNAPHU algorithm solves the problem of 
ambiguity of the phase signal of the inter-
ferogram. The meaning of the ambiguity is 
that the absolute phase is wrapped into the 
interval [π; + π], while the real value of the 
phase reaches tens of radians.

Fig. 5 shows the interferogram before 
and after phase unwrapping. As a result of 
unwrapping, the phase range changed from 
[ 3.141; +3.141] (Fig. 5, a) to [ 9.715; +20.498] 
(Fig. 5, b).

Development of vertical displacements 

map. The unwrapped phase of the differen-
tial interferogram is a continuous raster, but 
does not contain metric data. Phase units 
measured in radians are converted into met-
ric units, and the vertical displacement map is 
projected onto the WGS84 coordinate system. 
Data with coherence level >0.4 were used for 
further processing. The data was exported as 
a KMZ file for a preview via Google Earth.

Fig. 4. Differential interferogram before (a) and after filtering (b) Goldstein Phase Filtering. 
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Results. According to the algorithm de-
scribed above, pairs of radar images were 
processed (see Table 1) for three selected ar-
eas around the cities: Buchach, Horodok, and 
Chernivtsi, where GNSS stations are located. 
Let us analyze the results for each area.

Buchach. GNSS station in Buchach has re-
corded vertical subsidence by 22 mm, which 
began on 22.12.19 and ended on 29.12.19. 
Fig. 6, a, b show the time series of changes in 
the altitude position of the permanent GNSS 
station BYCH with the indicated moments 
of satellite images (master/slave image) and 
the forecast model of displacements of the 
earth’s surface due to NTAL (Fig. 6, c).As seen 
from Fig. 6, b and 6, c, the forecast model is 

almost identical to the time series data of the 
GNSS station BYCH. A synchronous uplift of 
the GNSS station and then a rapid subsidence 
were established by both methods. According 
to the GNSS data, the uplift was slower than 
according to the forecast model. However, 
the maximum subsidence according to the 
forecast model reaches 24 mm, which almost 
coincides with the GNSS data.

A vertical displacement map of Bu-
chachand the surrounding territory was made 
on the basis of radar images (Fig. 7). InSAR-
acquisition was performed on 18.12.19 and 
30.12.19.

On the map of vertical displacements (see 
Fig. 7), results of subsidence of the Earth’s 

Fig. 5. Differential interferogram before (a) after phase unwrapping (b).
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surface were obtained, which are mainly in 
the range of 20—30 mm, which almost coin-
cides with the GNSS measurements and the 
forecast model of displacements of the earth’s 
surface due to NTAL. At some points, the 
maximum vertical displacement was 50 mm. 
It might be caused by the heterogeneous 
geological structure of the territories and 
different characteristics of soils and rocks. It 
can also be a result of low coherence of the 
images in these areas and accordingly, these 
results are much less credible. The obtained 
point results directly near the GNSS station 

BYCH record a subsidence of about 28 mm. 
The difference in the values of the vertical 
displacements obtained from the time series 
of GNSS observations and from differential 
interferogram is 6 mm.

It should be noted that a large part of the 
study area is covered with forests, which do 
not allow acquiring information about the 
movement of the territory.

Horodok. Time series analysis of the verti-
cal displacements of the GNSS station GORD 
(Fig. 8, a, b) shows a rapid uplift by 16 mm 
from 18.12. to 22.12.2019 and its subsidence 

Fig. 6. Time series of permanent GNSS station BYCH altitude changes: a — for the period from November 24, 2019 
to January 1, 2020; b — for the period from December 16, 2019 to January 1, 2020; and the moments of satellite 
acquisition; c — GFZ calculated for non-tidal atmospheric load based on atmospheric surface pressure [ESMGFZ].
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from 22.12. to 12.29.2019 by 20 mm. The mod-
el of NTAL-induced surface displacements 
(Fig. 8, c), predicts the same (an uplift of 17 
mm and a subsidence of 20 mm). That is, the 
GNSS measurement data and the forecast 
model herecoincide. Fig. 8, b shows the mo-
ments of satellite acquisitions (master/slave 
image).

According to the results of processing of 
the repeated satellite images in Horodok area, 
maps of vertical displacements for two time 
periods were developed: before and after the 
completion of vertical displacements of the 
territory; from the moment of maximum rising 
of GNSS station to its maximum subsidence 
and stabilization of altitude position.

Since the process of vertical displacements 
was in the interval between acquisitions 
(18—30.12.19), there no significant vertical 
displacements for Horodok are found on the 
map (Fig. 9, a). The measured values of ver-
tical displacements for particular points are 
in the range from 5 mm to +5 mm, which is 
close to the results of GNSS measurements 
(total subsidence 5 mm) and data for calcu-
lating the forecast model of displacements of 
the earth surface due to NTAL (subsidence 

Fig. 7. Vertical displacements map of Buchach (acquisitions 18.12.2019—30.12.2019): 1 — GNSS station.

6 mm). The point results directly near the 
GNSS station GORD record an uplift of 5 mm.

According to the second pair of images, 
which covers the period from 22.12.19 to 
03.01.20, a vertical displacements map was 
made (Fig. 9, b), which shows subsidence in 
the vast majority of the territory (range of dis-
placements from 36 mm to +1 mm). Similar 
displacements were recorded during this pe-
riod by the GNSS station GORD (subsidence 
18 mm) and according to the forecast model 
of displacement of the earth surface due to 
NTAL (subsidence 10 mm). The obtained 
point results directly near the GNSS station 
GORD record a subsidence by about 8 mm. 
The difference in the vertical displacements 
obtained from the time series of GNSS obser-
vations and from differential interferogram is 
10 mm.

Chernivtsi. According to the GNSS mea-
surements in Chernivtsi at the CRNT station, 
a subsidence of 20 mm was recorded, which 
began on December 23, and ended on De-
cember 29, 2019 (Fig. 10, a, b). According to 
the forecast model data of the Earth’s surface 
displacement due to NTAL, there was a syn-
chronous subsidence of this area by 19 mm 
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(Fig. 10, c) during this period. Fig. 10, b pres-
ents the moments of satellite acquisitions 
(master/slave image) of this territory.

A vertical displacements map was made 
for this territory (Fig. 11) for the observation 
period of 18.12.19—30.12.19.

During thisperiod the average subsidence 
of 20—25 mm was recorded in the majority of 
the territory (see Fig. 11). The surrounding 
area reacts differently to the effects of non-
tidal atmospheric load. In some points the 
displacement reaches -60 mm. The obtained 

point results directly near the GNSS station 
CRNT record a subsidence of about 22 mm.

During the same period, according to 
the GNSS station there was a subsidence of 
17 mm and according to the forecast model 
data, there was a subsidence of this area by 
8 mm. The general trend is confirmed by all 
three methods.

The variation in vertical displacements ob-
tained from the time series of GNSS observations 
and from differential interferogram is 5 mm.

Conclusions. 1. The application of radar 

Fig. 8. Time series of permanent GNSS station GORD altitude changes: a — for the period of November 24, 2019 
to January 1, 2020; b — for the period of December 16, 2019 to January 1, 2020 (and the moments of satellite ac-
quisitions); c — GFZ calculated for non-tidal atmospheric load based on atmospheric surface pressure [ESMGFZ].
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interferometric images of Sentinel-1 mission 
(the shortest time between acquisitions being 

Fig. 9. Vertical displacements map of Horodok: a — acquisitions 18.12.2019—30.12.2019; b — acquisitions 
22.12.19—03.01.20.

12 days) for detecting short-period displace-
ments of the earth’s surface under the influ-
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Fig. 10. Time series of permanent GNSS station CRNT altitude changes: a — for the period from November 24, 
2019 to January 1, 2020; b — for the period from December 16, 2019 to January 1, 2020 and the moments of satellite 
acquisitions; c — GFZ calculated for non-tidal atmospheric load based on atmospheric surface pressure [ESMGFZ].

ence of non-tidal atmospheric load (NTAL) 
was validated.

2. The vertical displacements obtained on 
the basis of differential interferograms are de-
termined with millimeter accuracy. The data 
confirm the results of displacements obtained 
during these periods by GNSS stations. The 
differences in the vertical displacements ob-
tained from the time series of GNSS observa-
tions and from differential interferograms do 
not exceed 1 cm and they are predetermined 
by errors of radar interferometric acquisitions 
and GNSS measurements.

3. Predictive parameters of vertical dis-
placements affected by NTAL are created on 
the basis of atmospheric data of the Europe-
an center of medium-term weather forecast. 
These calculations use the average density of 
the Earth’s crust and do not take into account 
the peculiarities of the geological structure of 
the region. Obviously, therefore, the vertical 
displacements may have an abnormal spatial 
distribution in the study area, as confirmed by 
the results of radar image processing.

4. Studies of NTAL impact according to 
GNSS measurements yield vertical displace-
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ments only for the stations’ locations. By us-
ing radar interferometry, we obtain a spatial 
distribution of displacements for large areas 
within the satellite image.

5. Development of vertical displacements 
map of the Earth’s surface predetermined 
by NTAL has both scientific and practical 
importance for the study of its impact. The 
practical significance of the obtained results 
is to increase the accuracy of terrestrial geo-
detic measurements processing, in particular 
high-precision levelling. During the levelling 
process, which takes a while, the benchmarks 
can change their vertical position under the 
influence of atmospheric load (NTAL). Our 

findings help to correct the levelling results 
for short-period displacement caused by the 
influence of NTAL.

6. It is possible to differentiate the territory 
into areas that react differently to the impact 
of NTAL on the basis of long-term monitoring 
by InSAR methods.
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Fig. 11. Vertical displacements map of Chernivtsi (acquisitions 18.12.2019—30.12.2019): 1 — GNSS Station.
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Застосування радарних інтерферометричних знімків 

Sentinel-1 для моніторингу вертикальних зміщень  

земної поверхні, викликаних неприпливним  

атмосферним навантаженням
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2Івано-Франківський національний технічний 
університет нафти і газу, Івано-Франківськ, Україна

Проаналізовано вертикальні рухи земної поверхні, зумовлені впливом неприплив-
ного атмосферного навантаження NTAL, за допомогою даних супутникової радарної 
інтерферометрії. Встановлено чіткий зв’язок між даними карт вертикальних зміщень, 
отриманих за результатами радарної інтерферометрії, та висотними часовими ря-
дами перманентних ГНСС станцій. Об’єкт дослідження — територія довкола ГНСС 
станцій BYCH (м. Бучач), GORD (м. Городок), CRNT (м. Чернівці). Вхідними даними 
були чотири пари радарних інтерферометричних знімків зазначені територій. Радар-
ні супутникові знімки отримано з космічного апарату Sentinel-1A. Тип даних — SLC 
(Single Look Complex) з вертикальною поляризацією. Режим знімання — широкос-
мугова інтерферометрія IW (Interferometric Wide Swath). Дані опрацьовано  проводи-
лось за допомогою програмного забезпечення SNAP (Sentinel Application Platform). 
У результаті опрацювання радарних інтерферометричних знімків отримано карти 
вертикальних зміщень указаних територій, де відбувалось зміщення земної поверхні, 
зумовлене впливом неприпливного атмосферного навантаження. Значення, отри-
мані на основі карт вертикальних зміщень, мають високу збіжність із результатами 
часових рядів зміни висотного положення перманентних ГНСС станцій. Результати, 
отримані в статті, мають як наукове, так і практичне значення для вивчення впливу 
неприпливного атмосферного навантаження на значних територіях — підвищення 
точності опрацювання наземних геодезичних вимірів, зокрема високоточного ніве-
лювання. За даними досліджень можна вносити поправки у результати нівелювання 
за короткоперіодичні зміщення, викликані впливом неприпливного атмосферного 
навантаження NTAL.

Ключові слова: часові ГНСС ряди, вертикальні зміщення, неприпливне атмос-
ферне навантаження, радарна інтерферометрія, Sentinel-1.


