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Abstract

This study aims to investigate the potential of GNSS data in earthquake zoning and risk assessment in a
seismically active region. The study area is located in Uzbekistan, where the interaction of several tectonic
plates results in frequent earthquakes. The study focused on two periods from October to October of the next
year, respectively, for 2018 and 2019, 2019 and 2020 to analyze GNSS velocities and earthquake zoning maps
to identify areas at high risk of seismic activity. The study also utilized GIS and spline interpolation to create
continuous surface maps of risk zones based on earthquake hazard data. The results showed that the entire
study area is at high seismic risk, with a tendency for rotational movement in the zone of intersection of tectonic
plates. Velocities range from 1.56-20.3 mm/yr and 1.64-14 mm/yr for the two periods. Moreover, the analysis
of vertical earth surface displacements indicates a tendency towards soil subsidence in the western part and
uplift in the northeastern part of the study area. The study concludes that GNSS analysis can provide valuable
insights into seismic hazard assessment and improve our understanding of the tectonic processes leading to
earthquakes.
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1. Introduction

The Angren-Almalyk mining area is one of the most
famous and developed industrial regions of
Uzbekistan, characterized by a high concentration of
enterprises in coal mining, mining industries,
construction, electric power, industrial and civil
engineering facilities, and irrigation systems. The
area includes the Angren coalmine up to 300 meters
deep, the Dzhigiristan quarry, the Naugarzan and
Apartak coal quarries, and the Almalyk Mining and
Metallurgical Complex, which is the base production
of non-ferrous metals in Uzbekistan. The industrial
center is the city of Almalyk, located 50 km southeast
of the capital Tashkent. The territory is confined to a
zone of intense tectonic activity, which is also
enhanced by increased watering of the territory.
According to the peak ground acceleration map, it
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belongs to one of the two fields in the country of very
high seismic activity up to 4.8 m/s® [1]. The
magnitude of the maximum ground velocity must
exceed values for 50 years 50 cm/s with probability
P = 0.99, according to the analysis of the velocity
graphs of M3.8-6.2 earthquakes [2]. Most of the
Tashkent region is in a state of high compressive
strain (negative dilatation) [3]. Cataclastic analysis of
displacements along fault sets confirmed a near-
latitudinal direction of the main stress axis of
maximum compression in the territory [4]. Early
studies of the Tashkent geodynamic polygon, located
in the northern part of the region, have identified the
technogenic factor as another contributor to
disturbances in the earth's surface, specifically
changes in the water level of the Charvak reservoir.
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Further investigations into the stress state and its
relationship with earthquakes of magnitude greater
than 3 have revealed that approximately 20 days prior
to the earthquakes, there was an observed increase in
the stress state, followed by a decrease approximately
16 days after the event [5]. Overall, these findings
highlight the need for careful monitoring and
management of deformation processes in this region
to minimize the risk of seismic events and other
potential hazards.

The widespread use of space geodetic methods
has had a significant impact on Earth's surface
deformations. In particular, networks of permanent
GNSS stations make it possible to calculate station
velocities with high precision and contribute to the
monitoring of deformation processes. According to
[6] [7] and [8], recent studies have demonstrated
significant advantages of geodetic surveys in the field
of deformation control, specifically in mining areas.
In this paper, we present the results of earth surface
deformations in the Angren-Almalyk mining region
using GNSS measurements for the 2018-2020 period.

2. GNSS Data and Processing

GNSS measurements were begun in 2005 in
Uzbekistan. The State Geodetic Network (SGN) was
developed in several stages by Agency for cadaster
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of the Republic of Uzbekistan. The site selection
aimed to cover geographically all densely populated
eastern parts of the country’s territory. To date, it
includes about 200 stations of several subnetworks:
Reference Geodetic Points (RGP), Satellite geodetic
network Oth class points (SGN-0), and Satellite
geodetic network first-class points (SGN-1). The
periods of station installation and the number of
points of various subnets were described in detail in
the previous work of the authors [9]. Since 2018, 50
of them have been transferred to the mode of
continuously operating reference station.

The considered in this work network consists of
10 stations (ALMA, ANGR, BUKD, CHIR, GAZA,
MADK, MTAL, TASH, TOYT) in the Angren-
Almalyk mining region and the surrounding areas
(Figure 1). Depending on data availability, we
selected 6 measurement campaigns for analysis. The
duration of each varies from one to four months
(Table 1). Two periods from October to October of
the next year, respectively, for 2018 and 2019, 2019
and 2020 were selected for studying deformations of
the region. The GAMIT/GLOBK v.10.71 software
package was used for GNSS phase observations
processing for estimating the position and velocity of
stations [10].
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Figure 1: GNSS network distribution in the study area
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Table 1: Periods (days of the month) of the selected observations stations in this study

Year/Month | January | February | March | April July August | September | October
2018 - - - - - - 1-26
2019 10-31 1-28 1-31 1-30 - - 29-30 1-26
2020 1-31 - - 1-30 1-31 1-31 1-30 1-31

The processing includes 3 stages [11]. In the first
stage, daily phase measurements were used to
estimate the coordinates of the stations and the zenith
delay of the atmosphere at each station, as well as the
parameters of the satellite orbits and the orientation
of the Earth. Automatic iteration in the GAMIT
block, using the least squares method, is performed
until the remaining values of the a-priori-specified
and estimated coordinates are obtained down to the
millimeter level. At the same time, in the autcln
program, cyclic shifts are restored or removed using
double or triple differences of observations. For all
solutions, high-precision 1GS (International GNSS
Service) satellite orbits were used. For each of the
satellites, the ambiguity of 95% was estimated using
a combination of Melbourne-Wubben [12] and
satellite delay code offset data. In addition, standard
models were selected for analysis: the IERS-1992
gravitational field [13], the model of non-
gravitational accelerations of satellites [14], the
GPT2 global pressure and temperature model [15] for
zenith delay correction, Saastamoinen's model for
estimating the dry and wet parts of atmospheric
delays [16], and the FES2004 ocean tidal load model
[17]. To connect the regional network with the global
reference system [ITRF2014, 12 continuously
operating International GNSS service (IGS) stations
(ARTU, BADG, CHUM, GUAO, HYDE, IISC,
KAZA KIT3, POL2, SHAO, TASH, URUM) were
included in the processing. In the second stage, daily
files were combined into free limited solutions for
each session of the regional campaign. And, finally,
at the third stage, individual solutions obtained using
the Kalman filter in the GLOBK module [18] were
used to estimate a consistent set of coordinates and
velocities of points in the ITRF2014 International
Terrestrial Reference System [19].

The reference frame implementation is applied
using a set of globally distributed constraint stations
and a solution for offset, rotation, and scale factors.
The quality of the initial data was assessed by the
values of standard deviations for each satellite and
station. The error range for the best stations was from
4.0 mm to 5.3 mm, and for the worst stations, from
8.0 mm to 12.4 mm. An error level of more than 10
mm is high, but acceptable, according to the software
developers, and may be due to external sources of
noise (for example, poor observation quality, signal

multipath) according to the software developers [10].
The ambiguity resolution percentage was 97% for
Wide Lane and 91% for Narrow Lane lanes. This
confirms the good quality of the initial data for
obtaining a reliable solution, the absence of noisy
pseudoranges, good network size and configuration,
session duration, quality of orbits and a priori
coordinates, and atmospheric conditions. The
normalized root-mean-square value for solutions
with  constraints  without ambiguities, with
constraints with disambiguated, free without
ambiguities, and free with resolved ambiguities was
about 0.19 mm for all observation sessions.

The determination of the reference frame and
connection to the global reference frame was carried
out using daily combined solutions by stabilization
using a priori given velocities in ITRF2014. For local
deformation interpretation, we express velocities
relative to the Eurasia “fixed” plate. It was realized
by estimating seven parameters (three velocity
components, scale, and three rotation parameters)
relative to the global frame by minimizing the
horizontal velocities of stable sites of international
IGS stations relative to the ITRF2014 system using
the angular velocity of rotation of the Eurasian plate
according to [19]. To obtain the velocity field for the
region, the "Spline" interpolation method was used in
the ArcGIS software.

3. Results and Discussion

GNSS data provides a valuable tool for measuring
crustal deformation and understanding the tectonic
processes that lead to earthquakes. By analyzing
GNSS velocities in conjunction with an earthquake
zoning map, we can identify areas that are
experiencing high rates of strain accumulation, which
can indicate a higher potential for seismic activity.
This information can be used to refine the earthquake
zoning map and improve our understanding of
seismic risk in the region.

Furthermore, comparing the earthquake zoning
map with GNSS velocities can provide insights into
the relationship between seismic hazard and surface
deformation. By analyzing how these two factors are
correlated, we can better understand the factors that
control seismic activity and potentially identify areas
that may be at increased risk of earthquakes in the
future.
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Therefore, at this stage of the analysis, we built the
map of risk zones. The capabilities of geographical
information system (GIS) are valuable for geospatial
modelling of earthquake data by utilizing spatial
statistical analysis tools. Spline interpolation is a
mathematical technique that allows the creation of a
continuous surface from a set of scattered points.
This approach is useful when dealing with point data
that is unevenly distributed across a study area and
requires an estimate of the hazard distribution over
the entire area. Spline interpolation is a mathematical
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technique that involves fitting a smooth curve to a set
of data points by minimizing the overall curvature of
the curve. Several studies have utilized the Spline
interpolation method in earthquake hazard mapping,
as documented in [20] [21] and [22]. The catalog of
the republican seismological center was used for the
analysis [23]. Because an earthquake M < 2.0 is very
weak, occurs many times a day and people do not feel
it, we only considered M>3. Figure 2 shows the
resulting earthquakes zoning maps for two
considered periods.
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Figure 2: The earthquakes zoning maps (a) 2018-2019 and (b) 2019-2020
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Figure 3: The computed annual horizontal GNSS velocities relative to Eurasian “fixed” frame
(a) 2018-2019 and (b) 2019-2020

At the same time, it should be noted that the entire
study area belongs to the zone of high seismic risk.
The outlook of regional seismicity manifests that the
seismicity is well correlated over the mosaic of
lithospheric plates in study area. At the same time,
during 2019-2020, the territory east of the industrial
centers of Angren and Almalyk and the northern
mountainous part of the region was marked as a risk
zone.

The station's horizontal velocity vectors and the
consistent velocity field relative to “fixed” Eurasia
for both considered periods are shown in Figure 3.
The station's velocities are ranging from 1.56 mm/yr
to 20.3 mm/y for the first period of observation (from
October 2018 to October 2019) (Figuge 3(a)). In the
zone of intersection of tectonic plates Karjantausky,
Kumbelsky, and Chatkalsky, a tendency to rotational
movement is visible.
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Figure 4: The computed annual vertical GNSS velocities (a) 2018-2019 and (b) 2019-2020

The velocity field shows extremal values in the
eastern mountain part of the region. Undoubtely,
GNSS velocities are an implication of the tectonic
activity of the region. Nevertheless, we can also
observe a large number of earthquakes in this area
during this period (Figure 2(a)), which could also be
the result of an increase in velocity. In the
southeastern part of the zone near the city of
Almalyk, the average rate in the first period was

about 14 mm/year. It is in this part of the territory that
most of the seismic events that occurred during this
period are concentrated. According to the results, the
values of velocities range from 1.64 mm/yr tol4
mm/yr for the second period. There is a tendency for
the rate to decrease to 7 mm/year. However, as we
mentioned earlier, this area was still at risk during the
second period (Figure 3(b)). Figure 4 shows the
vertical earth surface displacements in the region.
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We have obtained two regions with different vertical
movements. For the first, western part of the territory,
there is a tendency for soil subsidence of up to 17
mm/year during both observation periods. This is
likely influenced by mining activities near the cities
of Angren and Almalyk. The northeastern part of the
territory is of particular interest, as there is a tendency
towards uplift instead. The high dynamics of vertical
movements can be traced in mountainous areas in the
northeastern part of the study area, which was
obtained as a zone of maximal seismic risk. Vertical
movements in the northeastern part of the territory
may be associated with tectonic, erosional and
seismic activity, as well as changes in the water
regime, such as glacier melting, which could lead to
a change in the loading, and, as a result, to vertical
deformations. At the same time, we observe
subsidence of the Earth surface in the industrial
southwestern part of the region.

4. Conclusion

The observed horizontal and vertical movements of
the earth's crust in the Angren-Almalyk industrial
zone are important for understanding the geological
processes that take place in the region. The tectonic
activity of the region is the primary cause of the
observed horizontal movements, which are reflected
in the rates of GNSS stations. The rotational
movement detected in the zone of intersection of the
Karzhantau, Kumbel, and Chatkal tectonic plates is a
notable feature of this area, which can lead to
significant deformation of the earth's crust.
Moreover, the observed extreme values in the
velocity field of the western part of the region are of
particular interest because they are caused by mining
operations. Such anthropogenic activity can
significantly affect the dynamics of the earth's crust,
leading to surface deformation and ground
instability. This effect is of concern, given that the
study area is located in a zone of increased seismic
risk, where the occurrence of earthquakes and other
geological hazards is common.

Therefore, understanding the relationship
between mining operations and the earth's crust
dynamics is crucial for developing effective
strategies to mitigate potential risks. The observed
vertical movements of the earth's surface in the study
area are also noteworthy. The subsidence of the
earth's surface in most areas to 17 mm/year and the
tendency for significant vertical displacements in the
northern part of the region are likely due to tectonic
factors and changes in the water regime. In
mountainous regions, changes in the water regime
can cause significant deformation of the earth's crust,
affecting slope stability and potentially leading to
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landslides and other hazards. In conclusion, the
observations and analyses presented in this paper
highlight the complexity of the geological processes
that take place in the Angren-Almalyk industrial
zone. Understanding the underlying factors that drive
the observed horizontal and vertical movements of
the Earth's crust is critical for assessing and
mitigating potential geological hazards in the region.
Further studies with a denser local network of
observations could provide a more accurate
assessment of the physical nature of the earthquakes
and displacements in this area. This, in turn, could
inform more effective strategies for mitigating risks
and protecting local communities and infrastructure
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