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Abstract

The landslide= are one of the well-knowen natural hazards occurring on the North East Black Sea coast
of Bulgaria. The previous researches that take into account the gealogical and meteoralogical
peculiaritie=s of this region confirmed that the geomorphological condition=s in this region are extremely
faworable for landslide formation. Twwa are the main drivers that are being responsible for activation of
the landslide processe=s in the area inwvestigated. The first one iz the sea erozion and the other i= the
increasing groundwater lewel. The influence of those is highly aggravated by the construction activities
that took place in the last decades and the lack of sevwerage nebmotks. Those finding=s are based on
information prowvided by the national autharity responsible for monitoring and filing the land=lides in
Bulgaria. Thi= wwas the motivation for dewveloping and implementing reliable and accurate method faor
operational monitoring of the land=slide processes in the =aid area. For development of such methaod
data from S5AR instruments vuere u=sed. In this specific study data from Sentinel-1 SAR mission were
processed by the freely provided by ESA SHAP software. Final results are intedferometric images (1F =)
providing information about the ground movements. In this paperwe present results reflecting the
subsidence in the area of a land=slide located some 20km north of the Albena resort. In the last decade
o events have caused damages to the infrastructure in the area - one occurred in Januany 2015 which
was attributed to the heawy rains the previous summer and the other took place in mid of August 2015,
Both hawe been studied by processing 5AR data forthe periods mentioned. The results obtained are
considerad reliable since they hawe been reaffirmed by geodetic surveys and other terrain
medasurements. The outcomes of this research will contribute to better understanding the ongoing =low

mowvements of the Earth's cru=st, and for forecasting and early warning of geological hazards.
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Summary

The main reazon of landslide activation i= rising of groundwater, saturation by rain, water infiltration and snow melting. One part of landslides in
Mortheast Bulgaria starts after heawy rainfalls, as was evident during the last 20-year wet peried. The interconnection between the landslides in
Mortheast Bulgaria, rainfalls and groundwater maxima is investigated by variations of discharge for spring near Kotel and groundwater levels in two
dugwells near Balchik, precipitation from reteorological stations Sofia, Varna, Veliko Tarnove and Kazanlak, and Palmer Crought Severity Index
[PDSI}. The perieds of maxima of precipitation, PC:S1 and groundwater tirme series are corpared with the registered occurrence of landslides.
Some partof landslides occurs after groundwater maxima, other part — after intensive short-time rainfalls without significant change of
groundwater levels. Itis necessany to analyze time series of precipitation and PCS1 in order to provide comprehensive landslide forecast The
groundwater levels follow almost exactly the PG SI variations, while the short time intensive rainfalls are presented as significant spikes in
precipitation time series. The hazard risk of landslides on the territony of Bulgaria should be estimated by the maxima of PESI, real meteorological
data from stations located near the Black Sea coast and inside the territony.
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STUDY ON THE GEODYNAMIC
PROCESSES FOR THE AREA OF
THE SOUTHWEST BULGARIA
USING INSAR DATA

Atanasova, M.; Dimitroy, N.; Nikoloy, H.
Abstract:

Geodynamic processes and seismic activity are considered to be the prime driver of horizontal and vertical movements
ofthe Earth's crust in the Balkan Peninsula. One proven method for continuous monitoring of ground deformations is
the use of data from active radar remote sensing. These data are the basis for the creation of interferometric images
(IFIs) for quantitatively assessment the recorded ground movements of the Earthe’ surface within a fixed time interval.
Forthis research a set of IFls were created for areas surrounding the city of Sofia. The main objective ofthis research is
maonitoring of the ongoing geodynamic processes by complementary use of SAR and GNNS data. GNSS data from
permanent and local geodetic networks are used for validation of the SAR derived information concerning the study
area. The study will give reliahle data for ongoing risky geo-processes for the region of the Southwest Bulgaria.
Landslides are one ofthe main geological hazards that can cause critical damage to the infrastructure in an area and
can resultin serious risks to the people’s safety there. Maps of active, stabilized and potential landslides in Southwest
Bulgaria provided hy the national landslide register part of the GIS maintained by Ministry of Regional Development and
Public Works (MRDPW) are used. For mapping the defarmations in the studied region interferometric images were
produced at 4 months intervals. The results obtained from this study are used for the further development of the
methodology for monitoring the risk of geo-processes by combining data from different sources.
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Abstract

The main objective of this research is monitaring of landslide areas by integrating results from
interferometric images, and M55 data from permanent and local geodetic nebwodes. This study is
providing reliable information with regard to the hazard geo-processes taking place in the region of the
landslide area Thracian Rodes. To accomplish the afaresaid the first step was to create a local archive
of about 400 SLC images from ESA operated mission Sentinel-1 stating from the beginning of 2015,
In thiz archive data from ascending and descending satellite orbitz were included in order to increase
the reliability of the information derived from 5AF data. Due to considerable accurrence of wegetation
in the studied area, which is recognized as one of the factors increasing the decorrelation during
DinsSAR processing, the authors processed mainly scenes with minimum availability of leawes on the
tree=s and shrub=s — autumn and =pring. The geological setting of the land=slide region reveals a narrowm
strip formed by old landslides that hawve an average width of 400—-500 m and steep slopes of G050 m
at certain locations. From thizs setting it was established that the landslide bodies hawe bean formed by
23— wisible linearly ariented steps and landzslide package= with different heights creating negative
ground forms with permanent artemporary amamps. Besides the ancient landslides 3 recent active local
landslide processes occur forming recent landslides. In the framewod of this study a control
geodynamic nebwaodk covering the landslide area located in the surroundings of Thracian Cliffs golf club
wuds establizshed. In itincluded are 10 points stabilized with metal pipes which are used to monitar
deformations in this area. An advantage of the approach should be pointed out the possibility to map

areas that are inaccessible by other means.
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ABSTRACT

The study of landshdes 1s of particular importance because they can lead to great
material damage. The region of the Bulganan northern Black Sea coast is affected by
many landshdes and it 1s important to monitor motions of the major landshdes in this
area. The paper outline deformation analysis of the landslide processes in the area of
“Dalgiya yar”. It is a landslide circus from the Vama landslide region that covers
several active landslides, whose boundares are overlapping and for that reason are
difficult to differentiate. For some of the landslides located in this area, a smaller
landslide could be delineated inside them. For this study we used data from two epochs
measurements - in 2013 by classical and i 2018 by GNSS, provided by Ministry of
Eegional Development and Public Werks and new GN55 measurements performed in
2019 wear of the geodetic network in the "Dalgiyva Yar™ landslide. The coordinates
obtained by processing of the last GINS5 measurements along with coordinates from
first two epochs are processed together to solve for point’s velocities of the established
geodetic control network. Strain rates, crustal dynamic parameters and point’s velocities
of the network are obtained. The horizontal motions of the landslide vary from 13 mmfy
to 46 mmdy. Separately, the landshide movements are estimated by D-ilNsar technics
using images produced by Sentinel-1. Companson of the results from both methods
shows a good agreement. The results contribute to obtain reliable information about the
origin and dynamics of the landslide movement process as well as the assessment of the
resulting hazards for the population and the infrastructure. As a whole, the results
unambiguously show the necessity to permanently monitor the landslide and the same is
valid for most of the North Black Sea landshdes.

Eeywords: Landshide monitering, GNS3, crustal dynamic parameters
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Abstract

The territorial distribution of landslide=s along the Maorthern Bulgarian Black Sea coast has been
evaluated by analy=ing the results of field surveys for 2012 and 2019 based on geological surveys and
processing of interferometric images from synthesized aperure radars(5AR) Alocal image archive of
Sentinel- 14 B was created for the period 2015 - 2019 for this region and intedferograms vere
produced eveny &4 months, 2 months, 1 wear and in case of registering an event, led to the activation of
land=slide processes. & raster map of the concentration of deformations of the Earth's crust was created
based on data from the obtained intedferograms. Are as with active land=slide mowvements along the
Morthern Bulgarian Black Sea coast have been identified for monitaring with the Flobal Navigation
Satellite System=s (GMS5) A geodynamic netwod of 20 points covering the landslide circus "Dalgiyva

Far’ and landslide "Thracian Cliffs" was established and the first measurement cycle was carried out.
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Abstract

Thi=s research is focused on registering the mowvements along the slope of the sewveral slopes located an
south-twest of the mountain Stara Planina and e=stablishing their average annual values. Currently at
national lewel there are a3 loww number of studies targeted at operational moaonitoring of the investigated
slopes. These objects are quite specific for research since those kind of natural phenomena are
indccessible by other means ar are quite dangerousto be inwestigated. On the other hand, the mowing
slopes are causing damages to infrastructural objects such a= roads, bridges=s or poveer lines. Their
behawvior is difficult to forecast and for this reason they can be considered as natural hazards. Obtaining
precise data farthe single slope movements is done by in-situ investigation=s such as geodetic
acquizitions, terrestrial laser szanning, and gealogical observations, which all require financial
resources and human effart. For this reason, we used remotely sensed data from =atellite bazed SAR
instruments processed using the DInSAR method in orderto analyze the motions of single slope and to
e=ztablizsh 3 technique for the investigation of mountain slope=. An advantage of the selected methaod i=
the po=ssibility to register the vetical movements of the whale s=lope with centimeter accuracy. This
approach is based on the free access to the 54K data and tools for their thematic processing prowvided
by ESA. In this study an emphasis is put on the manner howe the obstacles encountered during the
interferometric processing (e.g. presence of wegetation ortopography) have been owvercome. From the
dovunloaded set of S5AFR images covering the region created were o multitemporal In5AR data series
from ascending and descending arbits of the =atellite. The results from the autumn-winter pair=
exhibited good carrelation with the expected displacements along the studied slope hawving a

magnitude of 0.8 m.
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Abstract

Satellite radar instruments deliver 524K data that are able to provide information on the magnitude of
ground motion=s in range of centimeters. Such information is of extreme impotance is assessing the
consequences of natural or man-made disasters. Since earthguakes are occurring constanthy and are
not possible to predict it is recognized that any information on the size of this events is important for the
lozal and national authorities responsible for mitigation of the post-ewvent damages=s. In this research
presented are the results obtained after processing o sets of SAR data along with other
supplementans data in arder to produce bwo intederometric images that provide information on the
deformation processes after seweral earthquakes that took place on the lonian shore of Albania in the
second half of Movember 2019, The resulting deformation maps from ascending and descending orbits
of the Sentinel1 zatellite mission were compared to increase the reliability of the conclusions made
upon them. The outcomes reported suggest that itwwould be possible to deliver to the national

autharities details on defarmation in regions that are problematical to inspect directhy
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Abstract

Landslide occurrences are result of natural or human activities, but regardle=ss of the arigin they change
the landszape, destroy infrastructure and in some cases even leads to los= of human lives. In order to
a=zzess the hazard of this phenomenon remotely sensed data from aerial and zatellite instruments are
widely used to monitor the ground motiens at regular intervals. Those methods are less expensive and
lezs time consuming than terrain inspections and measurements and the other hand the size of the
studied areas is larger. This was the rationale to initiate a study on the suface deformations in the area
of "Fizh-Fizh" landzslide located on the noth part of the Black Sea coast of Bulgaria. Two sources of data
were used to create a map of recent suface displacements in the =aid area — photogrammetric surveys
with LAY and remotely sensed images from synthetic aperdure radar from satellite instruments. The
ared of the landslide was investigated by photogrammetry in years 2099 and 2020 and as result
created were o digital elevation models. The accuracy allowed registration of the suface motions at
centimeter szale using ground control points located inside and outside the perimetar of the landslide.
The zatellite SAR data are provided at no cost by ES&A ariginating from the twin constellation of
Sentinel-1 mission. The authars downloaded SAR data forthe zame periads wwhen the LAY sunreys
were made. Due to peculiarities of the local terrain it vwas possible only SAR images from descending
arbit to be used. The processing of those data was done by verified intedferometric processing method
implemented in the SHAF softhware. Finally the results from contral points for both sources were
compared and good carrelation between them was established. Amap of the landslide area depicting

the registered ground displacements was produced.
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Use of two contemporary remote sensing technologies for mapping
the Thracian Cliffs landslide (Northern Bulgarian Black Sea Coast)
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ckamau® upe3 nucraHnuonHu uicjaensanusi (Cesepno Yepnomopue
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Mila Atanasova’, Hristo Nikolov*
Muna Amanacosa’, Xpucmo Huxonroe®

! National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences, 1113 Sofia;
E-mail: mila at zl@abv.bg,
? Space Research and Technology Institute, Bulgarian Academy of Sciences, 1113 Sofia; E-mail: hristo(@stil.bas.bg

Abstract. In this paper are presented the results from the investigations of the active landslide, located in front of
the Thracian Cliffs golf club (Northern Bulgarian Black Sea Coast) for the period 2019-2021. Extensive research by
means of in-situ and remote sensing has been carried out on the latest landslide activations. As part of the study, a
control GNSS geodynamic network was established. This network was used as benchmark for the results obtained
from satellite SAR data processing and UAV surveys targeted at monitoring the modern landslide developments.

Keywords: landslides, UAS technology, GNSS RTK data, InSAR.



B.4.11

Tth World Multidisciplinary Earth Sciences Symposium (WMESS 2021) IOP Publishing

10FP Conf. Senes: Earth and Environmental Science 906 (2021 012035 dou: 10,1088/ 1755-131 506,/ 1401 2035

Creating a thematic geodatabase for monitoring the landslide
processes of the landslide circus “Dalgia yar™

Mila Atanasova', Hristo Nikolov’, Ivan Georgiev', Keranka Vassileva', Nikolay
Dimitrov', Anton Ivanoy

'Mational Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of
Sciences, Acad. G. Bonchev Street, BL 3. 1113 Sofia, Bulgaria

*Space Research and Technology Institute, Bulgarian Academy of Sciences, Acad. G.
Bonchev Street, BL 1, 1113 Sofia, Bulgaria
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Abstract. Impact on the process of landslide origin and activation is result of many factors
both endogenous and exogenous. The purpose of this study is to provide possibility for analysis
and assessment of the geo-processes in the "Dalgia var” landslide located at Morthern Black
Sea coast of Bulgaria in order to prevent risks and disasters of natural and anthropogenic
origin. An important stage was to seamlessly include data from different sources such as
geodetic measurements, satellite SAR (Synthetic-aperture radar) data as well as geological and
geophysical data. The established geodatabase structures the collected information on
dangerous geo-processes in the mentioned area and mtroduces them into the GIS (Geographic
information system) environment. Its purpose is to facilitate the analysis of the available
geological data for this landslide and to integrate them with results of measurements from
regular monitoring. Interferometric images (IFIs), data from permanent GMSS (Global
Mavigation Satellite Systems) stations and from local geodynamic GMSS network, geological,
seismic and geophysical data, updated geological maps and maps of the risk of landslide
processes are included in the database. The 1Fls have been produced using well established
procedure for processing large number of Sentinel-1 SAR data of the purposely created local
archive. Other key element used to improve the final results of SAR data processing and
important part of the geodatabase is the precise Digital Elevation Model {(DEM), which is
much better in terms of horizontal and vertical resolutions than the open accessed ones
(SRTM). The coordinates and velocities of the GNSS points are obtained from adjustment and
analysis of two epoch measurements of the geodynamic control network of landslides "Dalgia
yar®. Since the area has complex geological structure, small scale maps reflecting the
geological and geophysical harards are integral part of the geodatabase. Having all this
information the analysis conceming the ongoing gecdynamical processes in the study area is
significantly improved and more reliable information is produced for better regional planning
by the local authorites and residents.



B.4.12.

SGEM Scientific eLibrary

Home

Reszearch Areas

[fyouwant to publish here-
Join s now

SGEM Extended Sessions
“ienna Green

"Green Science for Green Life"05-07
Dec 2022, “enna, Austria Bead bore

22nd Internatinal Scientific
GeoConference SGEM2022

CO-SEISMIC SURFACE
DISPLACEMENTS AFTER THE
EARTHQUAKES IN LARISSA, 3
MARCH 2021, DERIVED BY
DINSAR

Aanasova-Fatareva, bl Mikolow, H.; Dynakow, E.

fbstract:

The fozus of this study is detection of the deformations of the Barth's surface caused by harch 3 2021
earthquake using Differential Interferometric Radar Synthetic Aperture technique. This method takes advantage of
the emotely sensed 5AR data prowvided at no cost by ESfs’ Sentinel-1 mission which are often used for creation
of topographic maps as well as for detection of ground mations. The final results of this processing deliver reliable
information about the displacements caused by the mentioned ewents with centimeter accuracy. The DinSAR
approach is based on precize measurements of the phase of the backscattered from the surface adar signal at
different dates of acquisition. Based on the differences registersd in both signals conclusions on the relative
motions are drawn from the created interferometric image (IF1. Inthe course of the [F| formation 3 measure of its
quality, named coherance, is created too, k needs to be emphasized that the registered ground displacements anz
in the line-of-sight of the radar and after additional calculations can be transformed into subsidence walues. For this
rezearch produced were IFls from two azcending (south-north’ and twe dezcending (north-south’ orbitz of the
satellite which prowided more details on the occumed ground motions after all eathquake events. The time perod
cowverad by the |Fl= is from Febroary 25th 2021 to harch 20th 2021, The results obtained exhibited high walues in
the zoherence images which guarantee reliability of the final information. Al geocoded 1Fls were co-registerad to
the first one which is produced. After that several profile lines reflecting the surface displacements resulting from

the events were produced.
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APPLICATION OF GNSS AND SAR DATA IN LANDSLIDE
MONITORING ALONG THE BLACK SEA COAST OF BULGARIA
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Keywords: GNSS Dara, SAR Data, Black Sea Coast, Landslide Processes

Abstract

Landslide processes are considered the mafjor part of the natral hazards occurring on the
northern part of the Bulgarian sea side. Their monitoring can be done with high precision using
GNSS data. The objective of this study Is to provide soltd grounds for monitoring of the landslide
processes using GNSS and SAR dara. This goal will be achieved by the implementation of the
Jollowtng: 1) establishment a verified methodology for extracting high-quality information from SAR
images aimed ai continuous monitoring of landslide areas integrating InterFerometric Images (IFI)
and GNSS data and 2) creation of a working prototype of an information system for monitoring and
prevention of the effects of earth crust movements (landslides, falls, eic.) based on freely accessible
data provided by ESA and national souwrces. One of the scientific tasks to be solved includes the
development of methodological approaches for comparison of the results from combined processing
of interferomeiric images from SAR, measurements ai permanent GNSS stations of the national
NIGGG network in the area of study and geodetic measurements of a newly established rest network
covering a specific area on the Noerthern Black Sea coast of Bulgaria with active landslide processes.
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The awailability of verified information concerning hazardous geo-processes is of prime importance
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in monitoring active or potential landslides since they largely affect human lives, infrastructure,
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inventories, the landslides number has been constantly increasing since the past decade due to
natural phenomena and human activities. Hence, it is necessary to establish a reliable procedure
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for operational monitoring. In this paper a procedure is proposed for tracking landslide dynamics

based on combining the advantages offered by Global Mavigation Satellite Systern (GMNSS)
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Summary

The area of researchinterest is an activated landslide located near the village of Topola, Kaliakra municipality and it is manifested in the front of
an ancient stabilized landslide "Kalkan tepe”. The combined GMSS and InSAR applications for landslide monitoring in the north of the Black Sea
coast, Bulgaria conducted in the past 3 years aimed to contribute tothe complex geodetic and geological research. Gue to their high precision
GMNSS are very appropriate for investigating geodynamic processes. The InSAR technique is a remote sensing technique mostly applied for the
detection and monitoring of earth surface deformations with wide spatial coverage. In Movernber 2020, an aerial drone survey of the Thracian Cliff
landslide was performed using UAS technology to mapping surface models of the study area. The ability to obsenve many points (pixels), including
the whole object, as well as their behavior over time, allows the development of models of the deformation process and facilitates the solution of

a number of tasks on forecasting and gechazard. The application of contermporany technologies for monitoring greatly facilitates the monitoring of
landslide deformation processes.

@ EAGE Publications BY
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PROCESSING AND ANALYSIS OF
CORS GNSS DATAFOR THE
STUDY OF LANDSLIDES IN THE
NORTHERN BLACK SEA COAST

Dimitroy, N.; Atanasova-Zlatareva, M.; Georgiey, |.

Abstract:

The Bulgarian northern Black Sea coast is affected by many landslides. Several geodynamic netwarks have been huiltto
study landslide processes in the northern Black Sea coast. Landslide research is important, as these phenomena can
lead to great material damage. Their destructive impact on buildings, engineering structures and disturbances in the
resilience ofthe earth's crust causes enormous economic, environmental, social and other damage, and often takes
human lives. Amodern tool for monitoring landslides is the application of GNSS measurements, which has an
advantage over conventional measurement methods. GNSS data from six continuously operating reference stations
from National GNSS network for three years and a half period are processed and analyzed. Time series with
coordinates and mean square errors (north, east and up) are obtained. Time series with the residuals from multi-year
solution are obtained too. The time series show the very good quality of the solution {the values of nrms are between
0.60 and 0.80). In this study long-term processing of data from continuously operating reference stations (CORS) is
performed, to ohtain the coordinates and velocities of the stations, because this also affects the local networks huilt for
the study of landslides. The velocities of the points from the National GNSS network in the northern Black Sea region are
relatively small, less than 1 mmiyear. To ohtain the movements of the paints from the local geodynamic networks, itis
necessary to process their GNSS measurements together with the GNSS measurements from the continuously
operating reference stations from MNational GNSS network but the velocities of the station must be taken in to account, as
daone in this study. This allows to determine whether the measured points are located in the landslide or outside it and
thus to accurately determine landslide houndaries.
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Summary

The need for regular monitoring of the ongoing surface displacements is highly recognized by local, national, and international authorities since
they are responsible for losses of human lives and cause significant damages to homes, infrastructure, and industrial objects. Inthis research, the
CInSAR methed was applied to investigate the ground deformations in a highly populated and industrialized area of the Pernik valley. Outlined in it

are the advantages of the technique used and the possibilities offered by processing freely available SAR data to produce reliable results
concerning the Earth's motions in the researched area.

@ EAGE Publications BY
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Abstract

The Differential Radar Intederometry (DInSAR) technique provides fast and accurate means far
detecting small displacements of the Eafh’s suface hawving a magnitude in centimeters range.
Applying this method monitoring of ground mowvements of natural or anthropogenic arigin are reliablhy
registered. The information is produced from the intederograms resulting from purposely processing the
phase =signal present in two SAR images from different dates ovwerthe one and the =ame arza. The
motivation behind this research was to study the crustal deformations that pose treat to the
archaeological site "Solnitsa-Frovwadia” located in the area Mirowo =alt depos=sit near the town Prowvadia,
HE Bulgaria. It needsto be mentioned that the said monument is dated back to WiI-W millenniom BC
and include=s the remnants of an ancient city near Frowadia. The registered deformations in the region
are due to natural and anthropogenic factors. The mentioned factars hawe undisputable negative
impact on the preservation of this historical site and justify the neces=s=sity of regular monitoring of the
ongaing geodynamic processes. In this research the authors provide results based on multitemporal
processing of freely accessible SAFR data from Sentinel-1 mission by ESA. The information concerning
the detected sudface deformationswas abtained by the DInSAR method. The multitemporal processing
included creation of set of intedferometric images from seweral periods with time span of four months.
This interval was selected since it was needed to decrease the decorrelation of the phase signal caused
by the wegetation and noize introduced by the atmosphere. In order to increase the reliability of the
output information 54K data from ascending and descending arbits vuere processed which provided twa
differant stereoscopic-like wigws to the investigated area. The results also hawe been compared with the
trend= of ground motions using data from repeated multi-year results geodetic measurements made at

fdirowo geodynamic networ.
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Abstract: Studying Earths’ surface motions using data acquired by active instruments such as satellite Synthetic Aperture
Fadar [SAR)have become ubiquitous inthe lastyears. This trend could be attributed to large extent tothe open data
policy of B3Athat provides such type data from Sentinel-1 mission at no cost from s eweral online repositories. Onthe
other hand the results produced after processingthemneedto be validated by datafrom othersources. Inthis papera
framewaorkforSAR data processing is presented, whose results are compared and analys ed with results from GNSS
networks. Inordertoincrease the reliability ofthe information provided bythe radar data used inthis research
ascending and descending orbits ofthesatellite were used in orderto decreas e the effect ofthe topography. Part of
railway line which passes through the town of Provadia and industrial area nearit was selected as testsite. This object

was chosensincesurface deformations often occurinit caus ed b (Wore]
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GROUND DISPLACEMENTS DETECTION IN TRIFON
ZAREZAN LANDSLIDE BASED ON GNSS AND SAR DATA

Mila ATANASOVA! and Hristo NIKOLOV?

UDC: 551.311.24:{528.8:629.783(497.2)

ABSTRACT

The Trifon Zarezan landslide is one of the well-studied areas north of Varna. It has
been registered in 1998 and monitored since then, but due to expansion of construction
activities and lack of sewerage facilities in 2005 it exhibited strong activation
seriously damaging the panoramic coastal road remaining closed up to nowadays. One
important issue in mitigating the effect of this phenomenon is its continuous
monitoring and one promising solution of this problem is the usage of differential
Synthetic Aperture Radar interferometry In the framework of this study two sources
of'data have been used — three geodetic surveys and SAR data from C-SAR instrument
onboard Sentinel-1. The main research objective was to combine the advantages
offered by both data sources in order to produce regularly updated information about
the whole site. The GNSS data are precise, but does not originate from dense geodetic
network, while SAR data cover the whole area, but they lack of high spatial resolution
which is disadvantage in case of exploring small areas such as this one. Based on the
results achieved it can be concluded that both sources of data provide complementary
information confirming the overall behavior of the studied phenomena for the time
period analyzed.

Key words: landslide, GPS data, DInSAR
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STUDY ON THE CORRELATION BETWEEN SOIL MOISTURE AND
ACTIVE LANDSLIDE PROCESSES IN NORTHWEST BULGARIA BASED
ON SAR DATA

Mila Atanasova, Hristo Nikolov (BG)

ABSTRACT

The influence of the water level of the Danube River and its tributaries is one of the key factors for
the development of landslide processes in the northwestern part of Bulgaria. Beginning with the
assessment of the specific geological situation for the region in which the study was carried out,
namely from Vidin to Nikopol, where a large number of landslides were located, the perimeter of
their distribution was specified. Most of these landslides are active and stabilized., forming an
almost continuous line. A characteristic feature of this type of objects in the area is that they are in
a fragile balance, which is often lost when inereasing the amount of surface and groundwater
which 15 considered the main reason for their activation. Within this study. free-access data from
the SAR apparatus on the Sentinel-1 satellite was used to monitor the shape of the water bodies
and determine the amount of soil moisture. This information was used as an indicator for the
initiation and subsequent monitoring of potential landslide activities. For some of the landslides in
the region (Lom, Oryahovo). interferometric maps were created to assess the surface deformation.
and for the same period the areas of the water bodies and the soil humidity were evaluated. The
complex approach applied in this study required the use of data from different sources that were
mtegrated and processed i GIS environments.

Keywords: InSAR, landslide processes, mMapping of water bodies, soil moisture content
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Determination of deformations of the Earth's crust after an earthquake by DInSAR
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Abstract

Earthquakes are a natural disaster causing damage that is measured by human lives and destruction of natural and infrastructural
sites. The direct consequences of their occurrence are tsunami, landslides activation, earth ruptures and ground vibrations. An
important task after the occurrence of such event is preparation of a plan to manage them. based on the current status of the
territory. A valuable source of data about the current state of earth surface is the EU Copernicus program. One of its
components is the two-satellite Sentinel-1 mussion that provides data from synthesized aperture radar (SAR). Thanks to these
data it is possible to determine deformations of the Earth's crust. In this study SAR data were used to determine the deformation
parameters of the Aegean earthquake affecting the Greek island of Kos and the town of Bodrum located in the southwest of
Turkey on 20 July 2017, the magnitude of which was determined by NOA and KOERI to be Mw6.6. SAR data was used to
register the Earth’s crust movements creating set interferometric images. Based those images information on subsidence caused
by the earthquake was obtained.
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ABSTEACT

Landshde processes are considered to be the major part of the natural hazards occuwmng on
the northern part of the Bulganan sea side. Ther momtonng can be done by direct
measurements in dedicated G55 networks, which is the most accurate method The
objective of this study is to provide solid grounds for momtoring of the landslide processes
using mmovative methods by combinmg GNSS and SAR data. This goal will be to achieved
by implementation the following two sub-objectives: first, establishment a venfied
methodology for extracting high-quality information from SAFE. images aimed at continuous
momnitermg of landslide areas mtegrating nterferometric mmages (IFI) and m-situ GINSS data
and second, based of freely accessible data provided by ESA and national sources to create a
working prototype of an information system for monitoring and preventing the effects of earth
crust movements (landslides, falls, etc.). One of the scientific tasks to be solved includes the
development of methodological approaches to compare the results of the combined processing
of interferometric images from SAF. n-situ measurements by permanent GNSS stations from
the national NIGGG network m the area of study and geodetic measurements of a newly bwlt
test network a specific area on the Northem Black Sea coast of Bulgana subject to landslide
processes. After the primary processing of the data from three sources, their reconciliation
which will form a gecdatabase for subsequent spatial analysis envisaged m GIS environment.

KEYWORDS: ground motion, GNSS, mSAF_ landshde momtoring
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INVESTIGATION OF“THRACIAN CLIFFS” LANDSLIDE BY
RADAR INTERFEROMETRY

Mila Atanasova, Hristo Nikolov
ABSTRACT

The main objective of this research is monitoring the recent and ongoing ground instabilities based
on exploiting the benefits of combining geological, SAR and GNNS data. This objective will be
achieved by producing information concerning a single landslide area implementing proved
methodology for multitemporal monitoring of landslide areas by integrating results from
mterferometric images, and GNSS data from permanent and local geodetic networks. This study 1s
providing reliable information with regard to the hazard geo-processes taking place in the region of
the landslide area “Thracian Cliffs”. The produced output is important for understanding the source
and the consequences of current landslide processes mn assessing the possible hazards.

KEYWORDS: MONITORING OF LANDSLIDE AREAS, DINSAR, INTERFEROMETRIC
IMAGES, GNSS DATA,
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Studying the of Landslide Processes at the " Dalgiva Yar" - a Lanslide
Circus by joint use of GNSS and InSAR

Mila ATANASOV A, Hristo NKOLOY, lvan GEORGIEY, Nikolay DIMITROY, Anton
IVANOY, Balgaria

Key words: Earth movements, GNSS, SAR, Landslide monitoring

SUMMARY

The main objective of this research i1s monitoring the ongoing landslide processes by
complementary use of SAR and GMNS data It will be achieved by means of proved
methodology for continwous monitoring of landshde arcas by integrating information from
interfierometric images and (GMNS5 data from permanent and local geodetic networks. The
study will give relisble data for ongoing risky geo-processes for the region of the
Mortheastern Bulgaria, known with several large active landslides.

These results are important for understanding the ongin and dynamics of landslide processes
as well as assessing the resulting hazarnds. Local archive with Sentinel-1A/B images for this
region 15 created and interferograms are produced. Raster heat map based on displacement
values from interferograms was made. The area of mterest of this study is "Dalgiva var” - a
landslide circus in which concentration of ground deformations has been observed.

When geodynamic networks are used to study landslide processes several types of surveying
points are used — ones fixed on geologically stable terrain, others ocated inside the landslide.
For stable points located in the non-deformable xone of the landshde used were stations of
permanent GNSS network MIGGG. New established network in and around the landslide area
"Dalgiva var” — *Fara™ consists of a total of 30 stabilized points.

In the geodvnamic network “Dalgiva var® are included all old 6 points that were discovered
on the ground from the network used to track deformations along the road. A preliminary
study, based on data provided by Minisiry of Regional Development and Public Works of the
landshide processes m the road 1-9. Analysis of honzontal and vertical deformations for the
period 2013 - 2018 along the road 1-9 the last cycle of June 20019y

Stwdving the Landslide Processes at “dalgiva Yar" Landslide Circus by Combined Use of GNSS and InSAR {10656)
Bila Aranasova-Flatareva, Hristo Mikolow, Tvan Georgies, Mikolay Dimdiroy and Anton Branow | Bulgania)

FIG Waorking Wesk 2120
Smiart surveyors for land and water management
Amsterdam, the Metherands, 10-14 May 20240
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M3YYABAHE HA CBNAYULLHKX NPOLECK YPE3 CBEEMECTHO M3NON3BAHE HA
OAHHW OT INSAR M GNSS

Hou. ag-p. Muna Atanacoea, rn. ac. ao-p. Xpucto Hukonoe, BAH

SUMMARY

The main objective of this research is manitoring the ongoing
landslide processes by complamentary usea of SAR and GNNS
data. It will be achieved by means of proved methodology for
continuous  monitering of landslide areas by integrating
information from interferometric images and GNSS data from
permanent and local geodetic networks, The study will give
reliable information for ongoing risky geo-processes for the
region of the Mortheastern Bulgaria known with several large
active landslides. These resulls are important for understanding
the origin and dynamics of landslide processes as well as
assessing the resulting hazards. To achive the set objective a
lecal archive with Sentinel-1A/B images for this region was
crealed and a large set of interferograms was produced.

Earth movements, GNSS, SAR,

kKey words: landslide

monitoring
PE3KOIME

OcHOBHATE UEN Ha ToBa HacnegBadHe 8 MOHWTOpMHT Ha
MECUECHTE, NPOTHYALLA B CENGYWLEH ParoH Yped oNbNBaLILs
Wanon3Isade Ha dadHd of SAR (pafjapd cbo cHHTEsWpaHa
anepTypa - PCA) W GNSS  (mMoBandd  HaBkrauuoHHW
CMLETHHKOBA CHCTEMMA). TA We Db 48 NoCTWrHaTa Ypes Npunaraqe
Ha O0KS3aHE MeTOOONOMMA 38 HEMDEKLCHAT MOHWTORHHN Ha
CRASYMLLHWMTE  30HKM  NOCpeacTBOM  WHTEFpUMpaHde Ha
WHIPOPMALWA OT MHTEHPEROMETPAYHI HI0DPAKEHWA W OaHHM
orT GNSS, Tosa npoyypade NPegocTasn HalesdHH JaHHK 3a
MEogbN#aBAWKM  PUCKOBM TeonpoUecH 33  perdoHa  Ha
CessponsTodHa Benrapua, KOATO & W3IBBCTEH © HAKDMED
ronemu asTHBHW canadyuwa, B pamente Ha wacnegsaveTo &
Chk3daged Nokaned apxMe ¢ nicbpaweHua oT Sentinel-14/B aa
TO3W PEMCH, OT  KoWTo Gewe nonyysed Habop  oT
WHTepdHEparpame, MNOKS3IBALLYMA PEIBHTHETD Ha
recauHaMHYHNTe npoyecd. MNomyyeHUTe oT TAX peaynTaTty ca
BAaWHW 33 paibwpadeTo HAa NpoM3IXoaa W OWHaMMEaTa Ha
CRNAYULLHMTE MDOUSCH, KAKTO M 38 GUEHKE HA NPOoUaTH-aLmTe
OT TRX ONAcHOCTH,

Kniowoew gyme: GMNSS, SAR, MOHWTORWMHT HA CBNEYMLLA

ChODEHMEHWA, KaKTo W WEeTH Ha 3emMedencka 38MA Ypes
NpeKbECEaHE HA JPEHAHKHN 1 NONHEHH ChOPhE¥EeHHA, KakTo M
NPOMAHA HA HAKNCHA HAa Tepeda, MNpocnegABaHeTo W AHANW3LT
Ha NpocTRaHCTEEHOTD pasnpajenata Ha gedoprMypateTs Ha
IEMHATE NOEFLPXHOCT MoWe 0a Eb0e NONE3IeH NPK 33WWKMTa Ha
HACENSHWETO W NpefoTEpaTABEHE HE TONeMK MEOHOMHYSCHH
weTty. MacnegsaqeTo Ha QEWHEHWATA HA CENa4YHLLA ¢ NoMOLWTa
HE  EMECHMHECKY  reodesvqeckl  MeToOW  Kato  onTUYHH
WIBBPBAHMA W HWBENALUMA WKW NEoy-4eaduA, Gaavpady Ha
GMSSE, moe 03 paskpie JefopMaUMy ¢ TOUHOCT MUNUMET LR
38 NOKANW3MPadn 30HK, HO 8 CHENOCTRYBALY W TPYOOoSMEK
METOS, 33 03 NOKpHE MONenMi NoLK.

2. PAWOH HA U3CNEOBAHE

LenTa Ha ToRa Npoy4BaHE @ 03 c& WOEHTUgMMUMPET paRoHK
C BKTHBHO ABMAMEHWE HA CENaYMwLa no CepepHoTo YepHomMople
Ha Bbhrapys W 03 c& OCHLUECTBY MOHMTORHMHIBT WM Ypes
KoMOWHHMpaHe Ha fadHdK oT GNSS 1 wHTepdeposeTprybHg
H3oDpakedHa OT pagapH Che CHHTH3MpaHa anepTypa (SAR).
3a TasW Uen ©8 aHanWavpaT pesynTatd of npoBsdeHWTe oT
apTopiTe TapeHHK NpoydBadna npea 2019 L W paaynTati oT
obpaboTia Ha SAR gaHHH. Collo Taka ca W3non3BaHy W daHHH
oT frogWUWHKMTE oTYeTH Ha J[eosawwta” EQOL BapHa [1), [2] 3a
NpoBefeHUTe NpEBAHTHBHA AsWHOCTH Npes 2017 W 2018 r,
CELPIaHH C PETMCTRWPEHETS W MOHWTOPHHIE Ha CENaYULEa M
pafoHik ¢ 3BpasMEHK NpouscH No YEepHOMOPHETD 33 HYROWTS
Ha MPPE dwar. 1[3).
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Applications on SAR and GNSS data wsed in studying a landslide “*Trifon
Lareran™ - Bulgaria (10922)

Mila Atanasova, Hristo Nikolov (Bulgaria)

Key words: landslide, GNSS data, DInSAR

SUMMARY

This paper focuses on studving landslide processes based on the use of differential
interferometric Synthetic Aperture Radar techniques (DInSAR) that make use of data
acquired by spaceborne SAR sensors. Landslide activation may cause moderate to severe
damage to concrete foundations, houses, buildings, and underground infrastructure, as well as
damage to agricultural parcels and land occupied by natural vegetation throwgh dismuption of
drainage and alteration of ground gradient. Monitoring and analyzing the spatial distribution
of the deformed surface may be helpful for population protection and prevention of major
economic damages as well as in preserving the natural environment in the national parks and
other protected areas.

In this research the DInSAR technique was emploved to detect the ground-surface
deformation in a single area of Trifon Zarezan landslide located on Northern Bulgarian Black
Sea coast. The monitoring of the landslide movements was complemented by Global
Mavigation Satellite System (GMNS5) surveys that can reveal deformations with sub-millimeter
to sub-centimeter precision for small areas.

SUMMARY (Bulgarian language)

B HacTosmaTa CTATHA Ce HICHSJBAT CRAAYHINHH [PONScH, KATO of  HIIOIIRAT JaHHH,
NOMyYeHH 0T KOCMHYeCKH 0aiHpaHH pajapd ¢be CHHTEIMpAHA anepTypa H obpaboTeHH no
MeToma Ha JHgepennnaTHaTa HHTepdepoMeTpid (DInSAR). AKTHREHpaHETO Ha KOHKPETHO
CEIATHINE MO#E 14 NPHYHHH YMEpeHH 0 Te#REH NoBpelH HAa OCHOBH, KBIIH, Crpamgd H
NOMTEMHA HHOPACTPYRTYPa, KAKTO H VBPEXIAHE HA 1eMeNelCcKd Napield | oM 3aeTal oT
ECTECTREHA PACTHTENHOCT, NOPAIH HAPYIIABAHE HA ECTECTREHOTO OTROJHARAHE NPH MPOMIHA
Ha HakmoHa Ha Tepedna. HaGmogenmeTo M aHATHIdpaHeTo Ha JedopuMEpadHdTe MIGMH oT
NORLPXHOCTTA Ha 3eMATa MoKe Ja 0Osde [O0eIHO 23 J40MTa HAa  HAcedeHHeTo M
NpedoTEPATARBAHS HA FONeMH HEOHOMHYSCKH IIeTH, KAKTO H 3a ONA3BaHe Ha NpHpoJIHATA
Cpela B HallHOHATHHTE NapkoBe H APYTH 3AMHTEHH TEPHTOPHHA

B topa wacnegpane e wanomseada noaxoma DInSAR aa oTkpHBane Ha gedopMaidaH Ha
IEMHATA MOBLPXHOCT B I0HATa Ha cRlaunme . Tpudod 3apesan”, KoeTo ¢ pasmoiokeHo Ha
demrapckoTe CepepHoro Hepromopie, MoHRTOPHHIET Ha TRHREHHATA HA CRIAYHIETO Oeme
A0MBMHEH OT HaMepEaHHd ¢ [T nodanHaTa HapHTAHOHHA CHETHHEORA cicTesa (THCC), kouTo
MOraT fa paskpHAT JedopMalidy ¢ TOYHOCT Mo CAHTHMETED 34 MATKH MUTOIIH.

Applications on SAR and GMES Data Used in Studying a Landslide “Trifon Zarezan™ - Bulgaria (10922 (10922
Mila Atanasova-Flatareva and Hristo Mikolow (Bualgaria)

FIG e-Working Week 2021
Smart Surveyors for Land and Water Monagement - Challenges in o Mew Reality
Wirtually in the Metherlonds, 21-25 June 2021
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Application of InSAR satellite method for mapping of active landslides in
Bulgaria - opportunities and perspectives

Mila Atanasova(®!, Hristo Nikolov2, and Lyubka Pashoval

INational Institute of Geophysics, Geodesy and Geography, Bulgarian Acaderny of Sciences, Bulgaria
2Space Research and Technology Institute, Bulgarian Acadermy of Sciences, Bulgaria

Keywords: InSaR, mapping landslides, landslide hazard

Abstract. Landslides are geological phenomena that are spread on Bulgarian territory mainly along the northern Black Sea coast and on
the right banks of the Danube in the western part of the country, Mitigation of the negative effects of these destructive geological
phenomena is the compilation of inventory maps of their distribution and registers with the main characteristics of the individual
landslides. Conventional methods for making such maps are time-consurning and resource-intensive, Modern satellite, air and ground-
hased remote sensing technologies facilitate the production of landslide maps, reducing the time and resources required to compile and
systematically update them, In this paper, we demonstrate the applicability of Differential Sentinel-14 satellite SAR interferometry
(DINSAR) to assess the movement activity and use the information for further updating the national landslide inventories in Bulgaria, We
perform several analyses based on multi-temporal InSar technigues of Sentinel-14 data over selected areas prone to landslides, The
use of new opportunities for free access to satellite images, which can be applied in conjunction with other methods, greatly facilitates
the processes of inventory, mapping and study of landslides.

How to cite. 2tanasova, M., Nikolov, H., and Pashova, L. Application of InSAR satellite method for mapping of active landslides in
Bulgaria - opportunities and perspectives, Proc, Int. Cartogr, Assoc,, 4, 10, https: /fdoiorgf10.5194/ica-proc-4-10-2021, 2021,
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IMPHTOXREHHE HA THCTAHIIHOHHH H3CIEIBAHHA 3A
MOHHTOPHHI HA CB/TAYHIITA

Mnuaa Aramacoea, Xpucro Hukoaoe, Hean Kaauer

APPLICATION OF REMOTE SENSING FOR LANDSLIDE
MONITORING

Mila Atanasova, Hristo Nikolov, Ivan Kaltchev
PESHOME

IlogeaTa Ha CEIAYHING € Pe3VITaT OT eCTECTESHH HIH J0BCIIKA JeHHOCT, HO HE3AaBHCHMO OT TEXHHA
MPOH3IXOT Te MPOMeHAT TaHMmadTa, pazpyIIaEaT HEQPACTPVETYPATA H B HAKOH CAVIAH JOPH
BOJAT J0 3ary0a HAa J0BEIIKH #HBOTH. 3a Ja Ce ONEHH ONACHOCTTA OT TOBA ABIEHHE JAHHHTE OT
JHCTAHITHOEHC HICISJBAHHT OT ASp0 H CATEMHTHH ANApATYVPHH EOMIUTEKCH ¢ HIIQIZBAT MHPOKD
33 HAO/EOEHHE HA JBHACHHATA HA 3EMHATA NORLPXHOCT Ipe3 PEIOEHH HHTEPBATH. 1e3H MeTOIH
A MO-EBTHHH H OTHEMAT MO-MATKCO BpeMe OT TepeHHHTE H3IMEPBAHHATA, 4 OT APYVTa CTPAaHA H
PaIMEPET HAa HICTEIBAHHTE IUIOITH € Mo-ToTed. T0Ba ca MPHIHHHATE 33 HEHITHHPAHe TPOVIBaHe Ha
MOBBPXHOCTHHTE JethopMALIHE B padoHA Ha cBaagHme . PHm-FHm™, pasnonoEeHEo B ceBepHATa
TacT Ha bearapckoTo HepHoMopHe. 3a CR3TABaHE Ha KapTa HA HACTRIHIHTE B MOCTSIHHATE DOJHHEH
NpeMecTEAHHA HA 3EMHATA MOBRPXHOCT B CIIOMEHATATA 00IACT DANA HINOMIBAHH TEA HITOTHHEA Ha
JAHHEH - QOTOorpaMeTpHSHE OpOYVHBEAHHA ¢ De3IMHI0THA TeTaTenHa cHeTeMa (BJIC) B H300pakeHH
OT CATEMHTHODAIEPAH pagjap CBhC CHHTeIHpaHa aneprypa (PCA). CBIauwHImeTO € 3acHETO Tpes
foTorpamMeTpHEer MeTom mpe3 oHH 2019 B HoemepH 2020 1. H B pesyaTaTr O4Xa CBIJANCHH JEA
UHGPOEH MOIETA HA TepeHa. [OUHOCTTA HM MOIBQTH PeTHCTPHPAHS HA MOPEPNHOCTHHTE JEHECHHS
€ BHCOK3a [POCTPAHECTEEHA pa3delHTeTHA COocoDHOCT, HI3OOMBAHKH HKOHTPOMHH & TOHTEH
PAaIMOT0EEHH EAKTO BRTPE TAKA H HIELH NePHMETHPA HA CBIAYHINETO. CaTeIHTHHTE DaHHH OT
PCA ca nmomyweHH 0T ABaTa caTedHTa A H B oT MHCHATA Senfinel-1 B ce IpeIocTaBAT O3LTATHO OT
Epponefickata KocME4Yecka areHUHA (EKA). ApTopHTe o00padoTexa PCA 1maHHH 33 CRIDHTE
NEpHOTH [0 MeToda HAa JHQepeHOHATHATa HETepdepOMETPHEA. B KOHIO 0ANa HallpaBeHH
npoyaeaEHATa ¢ BJIC. Ilopamd ocobeHOCTHT® HA KOHEPETHHA TepeH Oellle ERIMOAHO O3 Ce
H3nomIeaT caMo PCA niobpakerEns 0T HE3NOAMMA opoHTA. Pe3yITaTeTe 0T KOHETPOIHATE TOYEH 34
geaTa H3TogEHEA (BJIC B PCA) Oaxa cpapHeHH H Delle VCTAHOBEHA J00pa KOpemaEd Med Iy TAX.
Eato oHOHTATENeH OpoOyET OSMMe HITOTESHA KapTa HAa CBIAYHINHATA 3I0HA, HI0ODpaIABama
PETECTPHPAHHTE OIpeMeCcTBAHHA HA 38MATa 33 HICTeTBAHHT IEPHOT.

KIHTOEH TyMHE: cBIaTHme . Pum-Frm”, BIIC, PCA
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Application of UAS for the purposes of landslide mapping in
Bulgaria - a case study of the Thracian CLff landslide, northern
Bulgarian coastal zone

Lyubka Pashova™ *, Mila Atanasova-Zlatareva®, Hristo Mikolow®, Grigor Nikolov®
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Keywards: Landslide mapping, CGeospatial technologies, LUAS, Coastal area, Northem Bulgarian Black Sea coast

Abstract:

We present a preliminary analysis of DEMIDTM from a UUAS survey conducted in 2020 of the recently activaied Thracian
CLff landslide located imnothe northern Bulgarian coastal zone. The 3 Dmodizls have been generated by Pxd D mapper software
using the Structure-from-motion (Sd) method. The resulting high-resolution digital models can be uwsoed to map and
inventory landslides and, in addition, to compile digital maps of the kazards and risks of such events across the country.

Advanced geospatial and remote sensing technologies provide opportunities. for faster and higher spatial-temporal resolution
of mapping reducing the time and the cost of labour-imensive field measurements. Unmanmned aerial systems (LIAVS) are a
widely used for rapid spatial data collection that can facilitate the natural hazards mapping. This technology has quickly
become a practice and is increasingly used to map and mventory landslides, in emergencies in hard-to-reach areas and at
varipus stages of landslide risk management. Recently, in Bulgaria, this technology is used to quickly acquire spatial data
amd generate high-precision 30 maodels of the carth surface.

Al a national level, a methodology for assessing the geological risk in Bulgaria was created in 2017 by the Geological
Instiate at the Bulgarnan Acadery of Scimoe. Destructive geological processes were analysed, assessed and mapped.
Maintaining and managing the national landslide databases is a responsibility of the Ministry of Begional Development and
Public Works (MRDPFW) and its regional cenres in Pleven, Pernik and Varna, MRDPW provides public access o the
produced maps of the geological hazard and risk at a scale of 1: 25 000 through the GIS web portal: higpegis mrrh
gowernment. b B R

Recently, landslides on Bulgarian termitory have increased due to existing geological conditions, improper kand wuse, and
anthropogenic activities. Many landslide zoning studies assume that past and present landslides are the keys to prodicting
future kandslides. Detailed information on the location, type, date and size of past landslides and the damage cawsed is
necessary for the proper mapping of landslides and further assessment of the hazard and risk of these natural phienomena. In
particular, multidisciplinary studies are needed to monitor and reduce the adverse effects of new or activated old landsludes
in the Bulgarian coastal zone due to building of new infrastructure objects and toursm activitics over the last three decades.

Landslide susceptibility maps for the northern Black Sea coast wsing the Mora and Vahrson method within the GIS
environment have boen compiled by Berow et al. (20200, One example of the recently activated landslide in 2004 is that,
which = located near the village of Topola, Kaliakra municipality. The land<lide is developed along the coastal slope, just
before the entrance of the Thracian Cliffs Golf & Beach Resort. The Thracian Cliff landslide i manifested in the front of an
ancient stabilizad landslide “Kalkan tepe™ located SE from the wvillage of Bozhures, according to Geozastita WVama Lid
(2018, It is — 550 m wide and ~280 m long in the eastern part and about 130 m in the western part {Fig. la) The main
landslide is 12-15 mm high. It entered the national register of landslides with Ne DOB 17.05009-01-03, The main reasons for
the activation of the landshide processes are the over-wetting of the carth masses by waters of unclear origin {possibly
underground), leaks from the degraded sewerage built in the golf complex and the marine abrasion.

In 2020, an aerial drone survey of the Thracian CLff landslide was performed using LIAS technology to create high-precision
3D DSM/DTM mesdels of the study arca. The test aenal mapping method of the landslide aims to contribute to the cormplex
geodetic and geological rescarch condwcted in the past 3 years (Atanasova et al., 2009; Mankin & Ivanow, 20019; Atanasova
amd Mikolow, 20200 Two flight plans were set with the specialined Autel Explorer sofitware with 830% frontal and side overlap
hetween adjacent photos o cover the whole area of the landslide. Auwtel EVO 11 8k LAY equipped with a digital camera
with 1.2 " 48MP CMOS sensor, T/ 1.8 range angle, and a focal length equivalent to 25 domrn. Two flights at 120m and 140
m altiudes with a spead of 22-25 mi'sec were done to achieve a pre-calculated resolution of GSD digital products of 1.5-1.8

Absiracts of the ImMernaticnal Cartographic Assaciation, 3, 2021,
3Mh International Cartographic Conference (100 2021), 14-18 Decamber 2021, Florence, Italy.
hittp=idai ong/ 10 5184 ica-abs-3-232-2021 | © Aulhor(s) 2021. CC BY 4.0 License.
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Determination of deformations of the Earth's crust by DInSAR occurred after the

earthguake in the Larissa region on March 3 2021 X DOWNLOAD
Mila Atahasova, Hristo Nikoloy PDF

Abstract:

Earthquakes are a natural disaster, causing damage that is measured by human lives and destruction of natural and
infrastructural sites. Direct consequences of their occurrence cause activation of landslides, ruptures and vibrations of the
Earth's surface, tsunarnis, etc. In this study, we focused on determining the surface deformation that occurred after the i
6.0 earthquake as registered try NOA and USGS / which occurred on March 3, 2021 at 20 km northwest of the Greek city of
Larissa. A valuable source of data on the current state of large land areas of the ground surface is the EU's Copernicus
program. One of its components is the two-satellite Sentingl-1 mission, which provides synthesized aperture radar (SAR) data.
Based on their data it is possible to determine the deformations of the Earth's crust. In this study, they were used to determine
the parameters of deformations caused by a series of earthguakes. SAR data were used to produce information regarding
the ground displacements that have occurred after the earthguakes by creating interferometric images from them.

Keywords:
DinSAR, deformations of the Earth's crust, earthguake

X National Geophysical Conference, 4th June 2021, DOI: https://doi.org/10.48368/bgs-2021.1.N3
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Using Information Obtained from SAR Data to Assess Flood Affected Areas
in the Area of Bregovo, Bulgaria

Hristo NMIKOLOY and Mila ATANASOVA, Bulgaria

Key words: monitoring, flood, Sentinel-1, SAR data GRDH

SUMMARY

Flash flood events are type events that are difficult to predict, can develop rapidly and last for
a short period of time. In the last years this type of incidents was observed in several areas of
Bulgaria affecting human lives as well as infrastructure and landscape. This proves the need
to have operational information about the extent of the damages caused by them delivered to
the local authorities that could be used to mitigate the consequences and improve the decision
making. In order to produce this information several prerequisites are needed such as updated
data concerning the state of the impacted territories before and after the flood, a good DTM,
the amount of the rain, etc. At present large share of this data are obtained routinely by the
instruments onboard the satellites of the Copernicus program e.g. Sentinel 1 and 2, and are
being freely distributed by ESA. Based on the said data the real situation of the land
cover/land use, the soil moisture, the area of the water reservoirs is produced.

In this paper we present results evidencing the flood event that took place during the first and
second decade of March 2018. The flooding started on March 5™ caused by fast snow melting
in the mountainous region close to the Bregovo village located in the Morthwest part of
Bulgaria. The results are based on SAR data from Sentinel-1 mission having VV polanzation
and distributed in GRD format. During the processing additional data for elevation and land
cover have been used as well After classification of the resulting data we obtained
information regarding the observed area before and few days after the peak of the event. The
total inundated area was estimated to be about 700 ha.

Using Information Obtained from Sar Data to Assess Flood Affecied Arcas in the Arca of Bregovo, Bulgara (11007
Hrista Mikoloy and Mila Atanasova (Bulgaria)
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Aszessment of the ground displacements in urban and industrial areas using DInSAR time
series

Hristo Nikalow', Mila Atanasova *

! Space Research and Technology Inssinge (SRTT) - Bulgarian Acadenty of Science, e-mail. bristolr
¥ Natioral Institute of Geoplysics, Geodesy and Geography, Bulgarian Academy of Sciences, Softe 1113, Bulgaria,
e-miceil prider ot slaeby by
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Abstract

The terrain deformations m wrban and industnal arcas pose serious risk to human lves and cause significant economic
losses. Omne modern method to register them 15 to use mformatson produced by processing data acquired by satellite
bome synthetic aperure radar (SAR). In order to produce this information large time series of SAR data processed by
DInS AR method should be available. Thanks to the open data policy of ESA from continuous and regular SAR data
acquisitions it was made possible to assess the ongoing surface displacements in the region of the twwn of Permnik,
Bulgaria. In this region a large number of mining and industrial plants are located mainly dealing with coal and steel
production and processing serviced by a railways and highways. Also the density of the population in the area is high
and for this reason to have large residentbial and ubility arcas as well. All menboned indusinal, infrastructural and urban
sites could be heavily affected by slow ground movements in case those are not properly and time by momiored. This 1s
the reason the authors created short time series with information produced from ascending and descending orbits of
Sentinel-1 mussion to assess the ongoing geodynamic processes i this region. Those results could be wsed by the local
authorities to prepare plans for mingation of those unfavourable impacts.

Ouenka wa IEMHHTE NPEMECTEAHNA B VPIANHIHPAHHE H NPOMHLLTENH Paiionn NocpecTBoM
DInSAR Bpemesa cepus

Xpucma Husoros', Muta Amanacoea”

! Hscnmcmynr fa wocinrecn Raciedeamnn o mersoeosun; v Head. Neoper Boses” dn §, Coghues 1113 e-mails hristoasn! b b
* HTipaond Ten iremioyEt ro seogictue, seodé o seaipadus; Brisapoca avadeiod wa saywicite, Cogus 1113, v "drad, Deapon
Bewren”™ dir. 2, Codghuea 1113, Bnvamp, e-mail: mila ar sigcaby b
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Peuome

TexcT Ba pezoMeTo A0 NOI0EHH CTPRIHHNA.

JetopuamniEre HA TEPEHA B IPAGCKH M HHAYCTPHATHE 30HH NPEACTABIARAT CEPHOISH PHCK 33 4OBSIIKMA HKHBOT H
MPHYHHARIT IHAYHTETHE HEOHOMBSECKH 3aryon. Enqun chapeseHed MeTO 38 TAXHOTO PETHCTPHPAHE & HENGIIBaHeTD
HA MRBOPMAIHE, OTyHeHa ¥pe3 o0padoTHa HA JAHHE MOIYHCHH OT CaTenuTeHolaiMpanl PagapH ChC CHHTSIMpPaH
ancprypa (FCA). 3a na co noayasn Tazn medopsanns ¢ BeolXoIHMO 14 Ca HMA MUICME EPCMCEN Po0BS OT To3H JaHHH,
obpaforesn no seron DInSAR. baarogapesne Ha noanTRkaTa 3a oTeopenn Jamuan Ha ESA oT HenpekmcHato B
PErynspio perHcTpHpane Ha gansn o7 PUA cTana BuasMoEHo 04 O HANPABAT CUCHER HA TCEYLIATC NPCMCCTEAHHA HA
ICMHATA NOBLPXHOCT B paiona Ha rpaa [lepunk. B Toan perioH ¢4 PasnoioEcHl roaas Spodl MHHHE H IPOMEILICH
OPCANPHATHE, 3AHHMABAIIH CC IMABHD C NPOHIB0IACTED B MPCPadoTka Ha BLIIIHIE B CTOMAHA, KOUTO CA OfCIyKBaHN
OT HCACIONETHH THHHE B MaracTpand. (b0 TAER MIKTHOCTTA HA HACCICHHCTD B PAAOHA € BHCOKA W NOPAIH TA3H
OPHHHHA TAM WMA H TOTCMH BAIHIIEH mAomm o o0coyKEBamaTa e MeppacTpyeTypa. BowdEH cHOMEHaTH
MPOMHULIEHH, HHPPACTPYETYPHA B MPasckH ofekTH MoraT a3 OBAAT CHIHO 3ACErHATH OT OABHH JBMKEHHA HA IEMHATL
KOpd, QKD TE HE C& NPABIIRDG NPOCHSIEHH BRE BpeseTo. [0OBD & NPHYHHATA ARTORMTE 04 CLAJANAT EPATEH BEPEMEBH
penoRs ¢ MEOPMAINA 3 TEX NOTVHEHA OT ERINONSIH 0 HHINOIAIN op@HTH Ha MucHATa Sentinel-1 33 Aa oueRaT
NPOTHHAMHTE TO0IHHEAMHANMHE NPOLCCH B To3H peracH. Tesd pe3yarartn Morar ga GhIaT HINOAIBAHH 0T MOCTHMTC
BJAACTH 38 H3MOTEAHS HA MIAHORS 38 CMCEYABAHS HA TCIA HCBAArONPHATHA BEh3acicTERA,



r.8.15.

SES 20 21
Sevenfeenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
20 — 22 Ocfober 2021, Sofia, Bulganz

Cb3OABAHE HA HOB AEPOKOCMMYECKW NONWIOH B BLITTAPUA
3A MOHUTOPHWHI W OLEHKA HA TEXHOMEHHOTO Bb30EWCTBHME
BBPXY OKONHATA CPEOA - NAHAMOPCKW PYOEH PAMOH

XpWcTo Hukonor', Miuna Aradacosa®, DoHuua Bopucoaa’

THHCMUM YT 38 KOCMUYBCKY LWICHedeaHUR U MEXHONoaUY — BLnagposs axadenun Ha HEYRUME
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Krroyoal ysMu: S8posocMUYSCHL NONUS0H, camanumyy o BTG danHuy, aHmponoaeHHD asrdedomane

Pezmome: B mosv dornad ca ofobweny uzsspuwesume dedwocmu 33 ChL30288HE HE HOS mMecmos
SEQOMDCMUYECKY Nonu20r 8 buisgpur Hacowed KbM  mpocnedRsaqe OJuwaMuKams HE  NpoMeHLme 8
nandwaghma wa Manaampoxur pydeH padiod, K8mo 68 LUIMIMTISaM Ha0-HOSUIMe MODMLNEHUR H3 MEXHON02 Lume
33 ducmEHYUOoHHY U nomeeu uicmedeasur. M0 ApUHULT MONUSOHU U MECMOEUME JYa0MLyy 8 MAx cd
OMHOCINTIENHO 20NBMU MNOWL O FSMHAME MOSLOXHOCT ChLOMSESHY Om 008MTIU, KOUMD MECHD C8
wdeHmubuLUpam & LU3OODEWEHUR NONYYSEaHY O CAMEMITHL WLINU CRMOMSTHL SMSpamypHy KoMmnercy. 8
pazanexwdanus palow & ovesudwo mexHoseHHOMO abidedcmeve mpuwuHeHD om npedrodwy (obxeduyEuu
nocnedHume 40 sodusy)] U CHEDSMEMHL MUHHL S8dHOCITIU 8 HRKOIKD OMKDLTIY DrdHLYL DEIMONoKEHU € reao. B
moaa yacnedeans £8 NPedoMasany DEIYIMSMWTe, NoNyHeH OM S8MOopWTe MpU U3y+4S88HE HE MPOMAHIMS &
JBMETONISSHEMO HE DE0OHWTE, KB08Mo 808 OLYE OYHKLUOHUDAM MUHHO-000UBHY KOMITEKCL, CLOMORLIL 08
om ompum  opdsue o gnomsyLosta afpusa. fdpyas eamws mesa, xoRemo bewe wscnedgada, o3
delHOCMUME N0 EbICMSHOERESHE HE KIYECMESMa HE MOYEAMS € 30MWTE UINOWEHU H3 SUCOR DUCK OIm
3aML0CABAHE U MPaHCohopMaLURME Ha SUBlUl HECUNULLE U XSOCMOXPaHWTILYE 8 HRROIKD 8848 ISManpeHy
mMurHU 0OBrnma & ChwuR peswor. fpye paaynmam om npoesedexomo uicnedears & pedoaromo Habmoderue Ha
MEKYLULATE MUHHY dadnocmy & uicmedesHamsa 20HS, KOUMO C8 CYLIMEm 38 OCHOSEH (DERMOD 33 MECTHOMO
(pexa TonomMuLE), KESWMO U 33 MPSHCIDSHUNHO ISMBOCREIHE w8 mocpedomeon pewd Mapuys Om
wIcmedeaquAma, npoesedesy do Modu momesm, Sewe cwadadexs ofwupya se0fa3adaHHy, KORMO C8 CLOMOU
Om pECMEpHY I SEXTIOPHL CROBEE, KOWTO c8 2omoay 08 Oudam wINoIeany Om MEQTHUME anacmu 33 no-
Sofpo pAUOHANHD MIEHUDEHE.

INITIATING A NEW AEROSPACE TEST SITE IN BULGARIA FOR MONITORING
AND ASSESSMENT THE TECHOGENIC IMPACT ON THE ENVIRONMENT -
THE PANAGYURISHTE ORE REGION

Hristo Nikolov', Mila Atanasova®, Denitsa Borisova®

'Space Research and Technology Instifufe — Bulgarian Academy of Sciences
“National institute of Geophysics, Geodesy and Geography — Bulganan Academy of Sciences
e-mail: spsbytei@space bas. by, lusy HEyahoo.com

Keywords: aerospace fest sita, safeliite and UAS dafa, anthropogenic impact

Absfract: In this paper summarzed is the effort made to establish a new test sife in Bulgana fo frack the
ongoing processes in landscape changes using the [atest achievernants of the safelife and UAS remofe sensing
and in-sify fechnologies. Prncipally the fest sites are relatively large areas of the Earth’s surface comprised of
objects that are easily identified in the images acquired by satellife andior UAV based instruments. The
unigueness of the area in focus is the abwious fechnogenic impact caused by the past (covering the last 40 years)
and modem mining achvities in sewveral open pif mines located in i In this sfhudy presented are the reswits
obiaimed by the authors in sludying the [and use change in the areas where mining complaxes consishing of open
pit mine and & processing plant are still in operation.
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MOHWTOPMHI HA CENaYMLULHK NpouecH no CeBepHoTo YepHOMOpHE
Ha BwNrapwA, H2NonN3BaHKW JaHHK OT Nporpama KonepHMk

Muna AraHacoea, Xpuctoe Haxkonos

HawuoHameH WHCMUmMym mo seodiuzyag, seodesud o seospaghur — Brnzspors SEadeuun Ha HayRume
HMHCcmumym 338 KoCMUYecHl LICmedessHuR U MexHonosuy — BEenzapors sRadestlia B HS pume
e-mail: mia_ai_zilabv.bg, hristo@stil basbg

Kmrowoau dymu: GNSS, nSAR, MOHUMODUHS HS CANSYILS

Peawome: CcHOoSHaMa WSl HE3 Moes uzcnedeadHse & MOHUMOPUHE HI NPOUSCUME NpomMUYsSwn &
CENaYLiyeH paiod Ype: JoMensas WanonssarHs Ha Gaxuy om SAR (padapy cbe CUMMEILPaHS anepmypa -
PCA) w GNES (onofanHy HSSUSSULIONHHE CREMHGN0SU  cucmenyl. Pesynmamume om  Wsenedssqemo
mpedocmserm Hadewdry JaHHU 33 NPOMUYSWY  PUCROELN SS0NPOoUecy 33 pesucHs He CesspousmoyHs
Ennzapur UIESCMEHd © HARDARD DOMEMU SEMUSHY cenaduya. [TompHsHume pespnmamy c3 S3WHU 33
pa3bupaHemo Ha npousxods U SUHSMUNEME HE CENSYUILHUME nNpouUecly, KESHMOo W 33 OUSHNE HE
MPOUFMUYSILLITE 6M MAX ONaCHOCTILY.

B wacmomuyoms uzenedeads e uimonsgad Mmemod DinSAR 33 yomancsRsane Ha dedhopaayuu HE 3SMHama
MosLpxHocm 8 paloda Ha CesepHomo Uepwosopue Ha Bunzapua © uen onpedenawe Ha paldoHy ©
pezucmpupsHy SePopMEULNL HS IJEMHIMS NOSBOXHOCT U UieHmMUpUUupaHs HI MPOMUESLL  CansyuHy
mpouscy. JIONSNUFUDAHIMES Cama4uiEE, REKMD 8s4s DESLRGMPULIHUME, MaKa U MomMeHUUsSnHY Mo2am da Sudam
u3cnedsasy © PDOMOWMS HS urspadeHa nowanws secdudawuyss GNSE wpews 33 mArYHomo NpeUUsHo
mafimodespe. 33 Yenms CEEMECTING O SHSAUUDSM PE3yRMaSmy om npossdeHume om ssmopums mpes 20792
u 20202, mepeHHU NpOyRS3HUA U pespamamy om obpafomes Ha webop om SAR damnu. Bn3 ocHOo8S Ha
MONPYeSHUME DEIWMMamy Moxe d3 Cce 3anmeyw, 42 U deams uMonIssHy uamosHurs om dasqu ecdam do
modofHy  pezynmamy  (MpedecmssHuAma 3 & JUSNa3oHs HE CcSHmuMempu) o me  nomaspsdasam
WRNOCMHOMS MessdeHUs Ha vIcnedsasume cenaquya. Paanuwume wexdy mAx wmozam da Exdam obAcHeHw ©
zoneMun Spodl SBHILHU hasmopy, enuAsiy ebpxy Jammume 23 SAR, Kamo pSCMUMERHOCT U SpeMess
Sesopenauur. Mpu cenccmaeade Ha Jdeama wmemodas mpafses da ce szewe npedsud, 42 CMOUHOCTUME HE
SNeMSHMUME HS uHmepdeposempusHLme uzofpawedud (IR coomasmomaam Ha MRODD No-20uTAMS maow (14
s Ha T4 ppazuep Ha nurcen), doxwamo GNIES c2 omuscs do omdenHy mosKy.

Monitoring of landslide processes on the Northern Black Sea of Bulgaria
using data from the Copernicus program

Mila Atanasowva, Hristo Mikolow

Nationa! Insfitute of Geophysics, Geodesy and Geography — Buiganan Academy of Soisnces
Space Research and Technology instifufe — Bulganan Academy of Sciences
e-mail: mia_ai_zilabv.bg, hristo@stil basbg

Keywords: GNSE, inSAR, landshde monifonng

Abstract: The main purpose of this sfudy s fo monifor the processes occwnng in 5 lanaside area
through the sddiional use of dafs from SAR [Synthetic Aperfure Radars) and GNSE (Global Navigation Satelliiz
Systems). The resuffs of the sfudy provide reliable dafa on ongoing hazardous geoprocesses for the region of
MNorthesstern Buigana known for several large achve landsbdes. The oblained results are imporiant for
wnderstanding the ongin and dynamics of landsiide processes, as weall as for assessing the dangers ansing from
them.

In the presenf study, the DInSAR method was used fo establish deformafions of the Earth’s surdface in the
region of the Northem Black Ses coast of Buigana in order fo defermine aress with registered deformafions of fhe
earth’s surface and idenfify ongoing landslides. The localized landshdes, both aiready registered amd pofendial, will
be abie fo be studied with the help of 5 local geodynamic GNSS nefwork for fheir precise moniforing. For this
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Hnroyoaw dysey: DInSAR, npupodiy Gefomeun, 2eMempessHUA

Pezome: Camanumeofszupasume psdapHy SNapmypHy ROMETekcy npedocmasam daqHw, Hs Gazamsa
H3 HOUMD & SLEMOWHD 03 CE nomyyy WHEEoDMSUUA 33 PSEMEQE HE HICMBMUINY JSWESHUA HS IJEMHIMS
MOELOXHECTT] OM NOPAGERE HA caHmumempy. Modofie UHODMSUUA & OM URITRYUMESTHD SHEYEHUE 33 CUBHRE
Ha mocreduupme om npupoduy Sedcmeus Wiy MaKUes © SHMPponZeqHer Npouzxed. ThU KSMO ISMEMpPEceHLA 8
CITYPHESM MOCMOARNS U HE & suauowHo dz Sudam mpedoyassHy ScAns JOMLAHUMENHS UHTODMSULA OMHOCHD
cl¥aama Ha MOHRDEMHL CEUIMUYHO criumue & om UIKMOYIAMENHE S3MHOGT 23 MECTHUTE U HILLNCHSUTHT
AM3CMU, KOUWMO C©F 2 GM20e0pHy 33 OMCMpIHASEHE HE  IUSMUME [PUHUHSHU  HS  HSCEMSHUSMOo,
uUHppacmMpyRmMypama U naddwadms cmed makves crfumuA. B moss wrcnedeadHe ©3 npedomadsHuy
PEIFMMEMUTE MoNyYeHE oned crarecmas ofpafomyks Ha dea nafopa SAR danHu, domenHssy U ¢ danHw om
Spyay UEMOYHLWLL, H3 YuAmo ocHoed ce hopuupam dse uHmepdepoMempuHHY  UIn0pENEHUR, KOUMmO
npedocmasAm UHPOPMIULA 33 HECMBAUALMES SefopMalUoHHY NOOUSCH 8 GILUOHL O ISMHIMa MoShEXHOCT
ced mopeduls oM FSMeMPEceHUA, CMAaNSNU Ha MpU DESIMUIYHE Mecma Ha Bankahorus nonyocmpoe - 2JHUAm 8
Gnusocm do ocmpoa Koc u zpad Bodpyw, dpyeusm Bnuso do ocmpoe Januamoc u mpemumm Ha Mownodckomo
kpalfpexue Ha Anfanua [MonyYesHums KSpmU, ompasseauwy JedopMauuumme Ha 3SMHama kops omed
COMEHAMUME CuOUMUA, ©f OCHOSSSSM H3 J3HHU Oom euarodAwE o HuzxedRwa opfuma H3 CrLmHuEE
Sentinel-1, roumao & wacm om mpospsMs HomepHur® Ha EC 33 Rsfmodenue s Jewmams. MoayssHume
pEIFAMEMYE 23 Mpume Lwsocnedasay crlumuA SanmYeHY & Mosa NpopwssHe JoMa3sKs CS0RMS Hafewduoom
mel kamo bAxa cpasHeHy ¢ in-siu uasepsanud. Tazw KoHcmMamaiuus daea ocHogarnwe da ce menpdu, Ye Ha
GE3ama HE MoTyHEeHUME De3yTIMamy & SbIMIKHD HE KOMISMEHMHLME HSUUOHSMHY opasHy da oe mpedocmasy
Hafexdina UHGODMIUUNR CMHOCHD HACMBEAWAUME SeopMatily H3 ISMHSME ROPpE & PSSUcHU, ROUMmo o3
MpofneMamuyHL 35 JUpeHMHY MEDeHHT MEPCSepily, X¥OWme uMam 33 :adaya J3 yomsSHOoeAm HICMBOLMLmMES

deghopmauuL.

Application of satellite SAR data to detect deformations of the Earth's crust
after earthgquakes

Hristo Nikolov!, Mila Atanasova® Valentina Protopopowva®

1Space Research and Technolegy Insfitude — Bulgarian Academy of Soiences
*Nafional institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences
e-mail: mila_at shBabv by, hristo@silbas g

Keywords: DInSAR, nafuwral dizasters, earthquakes

Abstract: The data provided by satelite-based achive radar instruments affer sppropriafe fhemafic
processing are fransformed info nformation that reflects the amount of movements on the Earth's sunface of the
arder of cenfimeters. Such informabion 5 of crucial imporiance for sssessing the consequences of naturs! or
anthropogenic disasfers. Because esarthquakes occwr consfanfly and i s noi possible fo predicf them amy
additional informafion sbouwt the scope of 3 parficular saismic event is essenbal for local and national authorties
who are responsible for mitigating the damages cswsed fo the popuwlation, fo the nfrastucture and fo the
landscape following such events. This study presents the results oblained by joinfly processing fwo sels of SAR
dafs with other addifional dafa fo obizin fwo inferferomednc images thaf prowvide information on the deformafion
processes after a senes of earthgquakes that occcurred on fhree different localions at fhe Balkan peninsw'a — one
close fio isfand of Kos and Bodrum fown, fhe other close fo the island of Zakynthos and fhe third on lonian coasf of
Albanis. The oblained maps reffecting the deformations of the Earth’s crwst affer the menboned evenfs are based
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Abstract

Livingston Island is an Antarciic island in the Southern Ocean, part of the South Shetlands Archipelago. The Bulgarian
bhase "Si. Kliment Ohridski” is located on the Hurd Peninsula some 130 m from the shores of the inner bay Emona. In
this study we use data from the Sentinel-1 satellite constellation to produce velocity maps, covering few key outler
glaciers. During this research used were Sentinel-1 data in GRD format with HH polarisation. We followed the
processing workflow described by international scientific community 1o derive ice velocity maps from pairs of SAR
images using the SNAP software. In this paper are presenied resulis for glaciers found in Livingsion Island and the ice
velocity extracted along the two flow line transects/dlongitudinal and transverse profiles. This study provides a first
demonsiration by authors of the operational radar satellites capacity to map and thus providing frequent and timely
monitoring of the ice sheet flow as well as to monitor the dynamic evolution of the glaciers around the Bulgarian base
"St. Kliment Ohridski”

Keywords: glaciers velocity, Livingsion Island, SAR
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Abstract

The purpose of this study is to provide new means for analysis and assessment of curreni geo processes in the active
landslide located in “Fish-Fish " residential area, northern Black Sea coast of Bulgaria in order to mitigate the risks of
natural and anthropogenic origin. In recent decades, starting in 2002, the study region has been subject of several
calamity events such as landslides, earth masses collapse, eic. To this end, it is essential 1o prepare risk management
plans using information of high quality and regularly monitor the most vulnerable areas in this zone in advance. In this
paper presenied is the developed local geodatabase for the investigated site consisting of several layers all of them
related to the modelling of the processes such as erosion, sea abrasion, eic.. This modelling is based on large variety of
sources - terrain investigations, remotely sensed data from satellites and unmanned aerial systems (UAS).



