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Abstract 
The Bulgarian coastal zone is exposed to wide variety of natural hazards, where their complex impact may cause 
negative social and economic consequences and environmental changes. To improve the understanding of such 
dangerous and destructive processes, a new knowledge and techniques are required. Satellite imagery is critical to 
deliver a clear picture on the extent of devastation after any disaster that is happening on Bulgarian territory. In recent 
years, with becoming operational, Copernicus data and products become as well freely available to the scientific 
community and end users. To address the national needs and priorities, set out in the National Strategy for Disaster 
Risk Reduction 2017–2030, this paper provides a systematic analysis of the Copernicus data for the purposes of 
compiling different cartographic products and maps for monitoring of equatorial and adjacent terrestrial ecosystems. A 
comparative review of optical and radar satellite images comprising the data archive since the beginning of 90th and 
data from Copernicus initiative till now covering the western Black Sea area is presented. The data analysis will 
contribute to develop wide-range monitoring of the potential endangered areas, detection of slow surface movements 
and delineation of destructive natural hazard events. We complimented the analysis with tracking time changes of the 
coastal area for the last three decades for the test risk region of northern Bulgarian coast. This region is undergone on 
the recent vertical crustal movements, active landslide processes, and coastal abrasion; it is one of the regions in 
Bulgaria with a high seismic risk. The importance of Sentinel data for monitoring in Bulgaria is discussed, taking into 
account that the Bulgarian National program for disasters preparedness and risk mitigation is harmonized with the EU 
policy of natural hazard risk mitigation. 
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INTRODUCTION 

Natural hazards monitoring is one of the important activities included in the disaster risk reduction (DRR) strategies on 
different management level. The national policy of Bulgaria in this field is regulated by a number of normative 
documents, which determine the roles of involved stakeholders and their responsibilities, regulate the terms and 
conditions for the functioning of the National System for early warning and alert, and the establishing of scientific 
monitoring networks.  
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Frequency of floods, forest fires, storms, droughts, landslides and earthquakes are more and more common in European 
countries in recent decades. This necessitate the European Union to undertake sustained efforts, targeted on 
accumulation of expert knowledge on the natural phenomenon and related processes, and seek to incorporate disaster 
risk reduction into development the cooperation activities. Formulation and implementation of innovative advanced 
prevention/mitigation strategies and actions are priorities of the EU policy realized through the different scientific 
initiatives and programs (EC, 2013). To perform successful efforts on national and trans-national level, it is necessary to 
find the optimum approach to implement the global strategies at local scales.  

Among the other sources of geospatial data used in EU, the Earth observations (EO) from various satellite missions 
provide multiple data and useful information for the full disaster management cycle: prevention, mitigation, 
preparedness, operations, relief, recovery, and lessons-learned. The European Copernicus programme is designed to 
meet the needs of the public sector for space-derived, geospatial information in support of policy making as well as to 
support economic goals through commercial use of the data and information that it produces. They Copernicus/EO data 
are becoming an increasingly important source for creating knowledge that is effectively communicated to decision-
makers to take appropriate measures in advance in DRR policy.  

Natural hazards are inevitable natural phenomena and do not affect evenly the territory of Bulgaria (Pashova et al., 
2016). The statistics shows that since the beginning of last century the eastern part of the country territory is affected by 
geological (earthquake, landslide, subsidence), hydrological (flood, landslides, storm surge), meteorological (extreme 
temperatures, fog, storm), and climatological (drought, wildfire) dangerous processes and phenomena of varying 
intensity and the affected area (EM-DAT, 2018; NSI, 2018). More particularly, the highest seismic activity along the 
Bulgarian Black Sea shore occur between Kavarna and Shabla where in 1901 two strong earthquakes with magnitudes 
7.2 and 7.1 had happened. The Danube plain ends with steep and high bank at the northern part of the Bulgarian sea 
coast. There landslide processes are triggered by rising of groundwater and sea abrasion, expressed for 70 % of the 
Bulgarian Sea coastline, but mainly between Shabla and Batova Rivers, Kranevo, Ravda and Sarafovo. In some areas, 
an absence of drainage systems is another additional sliding factor as well as the unregulated construction in the last 25 
years. Northern from Burgas, around Sarafovo, have two active landslides lying on Pliocene clays. There are numerous 
smaller and shallower landslides in the southern part of the Bulgarian shore caused by prolonged water logging in 
winter and spring in deluvial-proluvial layers sliding on clay and basic rocks. In the last decade the total precipitation 
and extreme weather frequency have increased, with heavy rains causing severe floods, especially in 2014 in 
neighbourhood Asparuhovo, Varna (Bandrova et al., 2016). In published on January 5, 2018 Project of Strategy for 
disaster risk reduction of Bulgaria, an attention is already drawn to the implementation of multi-sectoral measures, 
focusing on the safety of people and ensuring the achievement of sustainability in various, including cascading and 
interacting natural hazards (Bulgaria- government, 2018).  

To improve the understanding of such dangerous and destructive processes, a new knowledge and techniques are 
required. Satellite imagery is critical to deliver a clear picture on the extent of devastation after any disaster that is 
happening on Bulgarian territory. In recent years, with becoming operational, the Copernicus services provide data and 
products, which are freely available to the scientific community and end-users. To address the national needs and 
priorities, set out in the National Strategy for Disaster Risk Reduction 2017 – 2030, this paper provides a systematic 
analysis of the Copernicus data for the purposes of compiling different cartographic products and maps for monitoring 
of acquatorial and adjacent terrestrial ecosystems in the eastern part of Bulgarian territory. 

This paper aims to make inventory of available Sentinel and Contributing missions data sets up to 2017 that cover the 
eastern Bulgarian territory within the boundaries 41° ≤ ϕ ≤ 44°, 27° ≤ λ ≤ 29°. A comparative review of optical and 
radar satellite images comprising the data archive since the beginning of 90th and data from Copernicus initiative till 
now covering the western Black Sea area is presented. The data analysis will contribute to develop wide-range 
monitoring of the potential endangered areas, detection of slow surface movements and delineation of destructive 
natural hazard events. We complimented the analysis with tracking time changes of the coastal area for the last three 
decades for the test risk region of northern Bulgarian coast. This region is undergone on the recent vertical crustal 
movements, active landslide processes, and coastal abrasion; it is one of the regions in Bulgaria with a high seismic 
risk. Suitable applications using Sentinel data for natural hazard monitoring in Bulgaria are discussed, considering that 
the Bulgarian National program for disasters preparedness and risk mitigation is harmonized with the EU policy of 
natural hazard risk mitigation. 

COPERNICUS PROGRAM 

Copernicus program is an EO program realized by the European Union as a continuation of Global Monitoring for 
Environment and Security (GMES) programme headed by the European Commission (EC). It is based on dedicated and 
contributing satellites as well as on in situ observations. The ESA’s Sentinel family of dedicated satellites will comprise 
almost 20 satellites till 2030. The realization of the program started in 2014 with the launch of Sentinel-1A satellite and 
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at the current moment six satellites are in orbit (Fig. 1). The current status of the data provision of Copernicus services 
is fully logged at the ESA website on Copernicus (ESA, 2018a). Due to the constantly acquired imagery over the Globe, 
the Sentinel data is archived in an ESA rolling archive. Some of the data is archived on USGS, Google and Amazon 
cloud services. For the South-East Europe there is a Collaborative Ground Segment with Sentinel archived data located 
in National Observatory of Athens (NOA), Greece (HNSDMS, 2018). The mirror is powered by the EU GEANT 
infrastructure. 

 

Figure 1. Sentinel satellites family (source: CNES, 2017) 

RADAR SATELLITE IMAGES - SENTINEL-1 MISSION 

In comparison with the optical satellite missions (reviewed in the next section) the radar data has the advantage of the 
active monitoring systems – they are independent from the solar radiation since they transmit microwave 
electromagnetic signal and do not rely on the sun illumination of the Earth. Furthermore, the radar radiation is less 
affected by the cloud coverage and precipitation. Some disadvantages come from the oblique geometry of the system 
which could bring effects of layover and shadows in the acquired images. 

The Copernicus Sentinel-1 A and B satellites are successors of ESA’s ERS-1, ERS-2 and ENVISAT C-band missions. 
The first European Remote Sensing (ERS-1) satellite was launched in July 1991 carrying Active Microwave Instrument 
(AMI) – a radar sensor for remote monitoring of Earth’s crust. By the launch of ERS-2 in April 1995 in the same orbital 
plane as ERS-1 but in one day separation a two-year tandem mission is formed in order to collect data for generation of 
Digital elevation model of Earth’s surface. In March 2002 next generation of observing system was launched. 
ENVISAT was operational for 10 years and had 10 different monitoring instruments onboard one of which was 
Advanced Synthetic Aperture Radar (ASAR). 

On 3rd of April 2014 the first one of the Sentinel family satellites, namely Sentinel-1A, was launched carrying C-SAR 
instrument (C-band Synthetic Aperture Radar) and on 25th of April 2016 the second from the Sentinel-1 set – B, was 
launched. Two more satellites C and D are in development. The concept of the constellation brings new opportunities to 
the user community – the revisiting time of both operating satellites is 12 days and their position in the orbit are 
opposite so in this way the revisiting time is decreased to 6 days. This improvement together with the refined orbit 
“tube” (radius of about 50 m) leads to significantly better quality of the interferometric products generated from the 
Sentinel radar data needed in the geodynamic investigations. The radar instrument operates with C-band frequency (the 
same as in the previous ESA radar missions) of 5.405 GHz and supports dual polarization (HH+HV and VV+VH) 
applicable for different land-cover studies.  

The new radar system has several operational modes (Figure 2): 

● Strip map (SM) – coverage of narrow swath (80km) like for the predecessors ERS and ENVISAT with 
resolution of 5 m by 5 m; 
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● Interferometric Wide swath (IW) – large coverage of 250 km with moderate resolution of 5 m by 20 m. The 
product is combination of three sub-swaths and is produced by the TOPSAR (Terrain Observation with 
Progressive Scans SAR) technique; 

● Extra-Wide swath (EW) – similar to IW but it comprises five sub-swaths but with lower resolution – 20 m by 
40 m. It is dedicated for provision the maritime, ice and polar investigations; 

● Wave mode (WV) – specialized mode for determination of direction, wavelength and heights of waves on the 
open oceans. 

 

  
Figure 2. Sentinel-1 operational modes (source: ESA) 

 
● The Sentinel-1 data are provided freely to the scientific community on several levels: 

Level-0 – compressed unfocused SAR raw data which for further utilization must be decompressed and 
processed with SAR processor; 

● Level-1 – Single Look Complex (SLC) and Ground Range Detected (GRD) products. SLC are focused SAR 
data that were geo-referenced using orbit and altitude data from the satellite. GRD are SAR data that were 
multi-looked and projected to ground range using Earth ellipsoid model so that the phase information is 
preserved. They can be provided in three different resolutions: Full resolution (FR), High resolution (HR) and 
Medium resolution (MR); 

● Level-2 – provides two components: Ocean Wind Fields (OWI) and Surface Radial Velocities (RVL). OWI is 
a two-dimensional ocean surface swell spectrum, while RVL is a ground range gridded difference between the 
measured Level-2 Doppler grid and the Level-1 calculated geometrical Doppler. 

 
The data are freely available through the Sentinel data hub while the big archive of ERS and ENVISAT data are 
reachable through the ESA’s EOLi-SA catalogue.  

For the hazard study of Bulgarian Black Sea coast, the most appropriate mode of images is Level 1 (SLC) images in IW 
mode in VV polarization with resolution of 5 m by 20 m. The preliminary investigation of the available Sentinel-1 data 
shows that for the purposes of the Black Sea coastal zone study the rough number of satellite images from the two pass 
modes for the timespan November 2014 - December 2017 are available as follows (Figure 3):  

● Ascending pass - orbit 058 - 317 images, orbit 131 - 288 images; 

● Descending pass - orbit 036 - 356 images, orbit 109 - 225 images. 
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Figure 3. Scheme of coverage Sentinel-1 imagery appropriate for Bulgarian Black Sea coast study 

In the case of radar images, the cloud coverage does not have such a big role for the quality of the data as it is for 
optical ones. The troposphere influence could be reduced by applying of numerical models or by stacking of the 
produced interferograms. The most influential criteria for the quality of the radar products is the coherence of the 
images which depends on the temporal and perpendicular baselines between the images. Not all the images from the 
acquisition scenario are available and there are cases in which the 6-days timespan of Sentinel-1 images is not fulfilled. 
Nevertheless, these gaps in the data, the timespan of 12-days is short enough for slow-motion surface studies. Another 
challenge in the land surface hazards studies is the influence of the vast non-coherent surrounding areas - sea territories, 
to the unwrapping procedure of the interferometric phases. For dealing this problem specific mask should be applied.  

In Figure 4 an example of one 6-days (16 Dec 2017 - 22 Dec 2017) ascending interferogram is shown for the area of 
Kaliakra headland as well as the corresponding coherence map. The atmospheric influence that present in the 
interferogram can be reduced by applying of different methods like TEC data, WRF models, stacking of interferograms, 
etc. The coherence (similarity between the two images) is high most probably because of the low vegetation changes in 
this season and lack of snow cover.  

 a)  b) 

Figure 4. An example of 6-days interferogram (a) and corresponding coherence map (b) for an area in the northern 
Bulgarian Black Sea coast  

OPTICAL SATELLITE IMAGES - SENTINEL-2 AND SENTINEL-3 MISSIONS 

The Sentinel-2 mission provides high-resolution optical images for land and coastal zone monitoring, emergency 
response and security services (https://www.sentinel-hub.com/sentinel-2). It ensures data continuity of former SPOT 
and Landsat multispectral missions.  The two satellites provide a global coverage with a wide field of view (290 km), a 
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high revisit (5 days), a high resolution (10 m, 20 m, and 60 m) and multi-spectral imagery (13 spectral bands in visible 
and near infrared to the shortwave infrared domains). 

Sentinel-2A and Sentinel-2B occupy the same orbit but separated by 180 degrees. The mean orbital altitude is 786 km. The 
orbit inclination is 98.62° and the Mean Local Solar Time (MLST) at the descending node is 10:30 (am). The MLST value 
is close to the local overpass time of Landsat and almost identical to that of SPOT-5, permitting the integration of Sentinel-
2 data with existing and historical missions (ESA, 2018c). Furthermore, the Sentinel-2 mission acquires all coastal waters 
up to 20 km from the shore as well as all inner seas, which means that the whole of the Black Sea aquatory is covered. The 
orbits of Sentinel-2A, which cover Bulgarian Black Sea coast, are: relative orbit 7 (-150.048951°), and relative orbit 71 
(38.762238°). 

The Sentinel-3 orbit is similar to the orbit of ENVISAT allowing continuation of the ERS/Envisat time series. Sentinel-
3 uses a high inclination (98.65°) near-polar, sun-synchronous orbit with a descending node equatorial crossing at 10:00 
h Mean Local Solar time for optimal coverage of ice and snow parameters in high latitudes. The orbit reference altitude 
is 814.5 km, and the orbital cycle is 27 days (14+7/27 orbits per day, 385 orbits per cycle). Sentinel-3B's orbit is 
identical to Sentinel-3A's orbit but flies +/-140° out of phase with Sentinel-3A. The two in-orbit Sentinel-3 satellites 
enable a short revisit time of less than two days for OLCI and less than one day for SLSTR at the equator (ESA, 2018d). 
The relative orbits of Sentinel-3A over Bulgarian Black Sea coast are: pass No. 55 (Relative orbit No. 28, ascending, 
38.95°), pass No. 14 (Relative orbit No. 7, descending, -150.92°), pass No. 128 (Relative orbit No. 64, descending, -
150.04°), pass No. 169 (Relative orbit No. 85, ascending, 39.83°). For Sentinel-3B the Black Sea Coast orbits are: pass 
No. 55 (Relative orbit No. 28, ascending, 38.48°), pass No. 14 (Relative orbit No. 7, descending, -151.38°), pass No. 
128 (Relative orbit No. 64, descending, -150.51°), pass No. 169 (Relative orbit No. 85, ascending, 39.36°). 

The image products include four levels: 

- Level-0 - raw compressed data (limited to internal calibration purposes); 
- Level-1A - uncompressed data (limited to internal calibration purposes); 
- Level-1B - first public product: it comprises radiometric corrections (dark signal, pixels response non-

uniformity, crosstalk, defective pixels, restoration, and binning for 60m bands); and an enhanced physical 
geometric model appended to the product but not applied; 

- Level-1C provides ortho-rectified top of atmosphere reflectance with a sub-pixel multi-spectral and multi-date 
registration; a cloud and land/water mask is associated to the product. Note that the cloud mask also provides 
an indication about cirrus. Each tile/granule is ~600 MB in size. 

- Level 2A provides bottom of atmosphere (BoA) reflectance in cartographic geometry. Each tile/granule is 
~800 MB in size. 

The ground sampling distance (GSD) of Level-1C product is 10 m, 20 m, or 60 m according to the spectral band. The 
final Level-1C product is tiled following a pre-defined grid of 100 x 100 km², based on UTM/WGS84 reference frame. 
The geo-location accuracy for both cases is specified to be respectively - the absolute is better than 12.5m and the multi-
temporal is better than 0.3 pixels. 

The Sentinel-2 and Sentinel-3 images acquired in the period since the launch of the satellite platform by 31 December 
2017 at Open Data Hub of Copernicus for Bulgarian Black Sea coast are totalling of 2401, where the images suitable 
for interpretation with a cloud cover of less than 10 % of the scene for Sentinel-2 are just 25, Figure 5a. This can be 
explained with the specific sea meteorological conditions throughout the year. For Sentinel-3 the images (cloud-free 
strips) which fully or partially cover the Bulgarian Black Sea coast in the investigated period are 756, see Figure 5b. 
Most of the optical data from both Sentinel optical missions provide for a high-temporal image analysis, image fusion, 
and data assimilation in physical models. However, the main disadvantage of the optical satellite missions - the image 
availability in fully cloud covered conditions - is compensated by the radar satellite mission Sentinel-1. 
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a) b) 

Figure 5. Scheme of coverage of cloud-free (less than 10 % cloud cover) a) Sentinel-2 images for Bulgarian Black Sea 
coast, b) Sentinel-3A and -3B orbits 

COPERNICUS CONTRIBUTING MISSIONS 

There are around 30 existing or planned Contributing Missions for Copernicus. They fall into the following categories: 
1) Synthetic Aperture Radar (SAR) to observe day and night the land and the ocean; 2) Optical sensors to monitor land 
activities and ocean dynamics; 3) Altimetry systems for sea-level measurement; 4) Radiometers to monitor land and 
ocean temperature; 5) Spectrometers for measurements of air quality (Copernicus, 2018). A full list of the current 
Copernicus Contributing Missions is provided at the European Space Agency website (ESA, 2018e). At present, most 
of the Copernicus Contributing Missions data are disseminated through the ESA Third Party Mission website which 
contains satellite data archive with the following missions: ALOS, GOSAT (GOSAT CAI, GOSAT FTS), IKONOS, 
JERS-1 (JERS-1 SAR Level 1 Precision Image, JERS-1 OPS Very Near Infrared Radiometer, JERS-1 SAR Level 1 
Single Look Complex Image), Kompsat-2, LANDSAT (Landsat 5, Landsat 7, Landsat 5/7 Cloud Free, Landsat 8 NRT 
data), OCEANSAT-2 (Oceansat-2 NRT), PLEIADES, PROBA-1 (Proba-1 CHRIS and HRC), RAPIDEYE (RapidEye 
time series for Sentinel-2), SEASAT, SPOT (Spot 1-5; Spot 6-7), WORLDVIEW-2, and Special Collections (Image 
2006 and Tropforest datasets) (ESA, 2018f). The entire Copernicus core services datasets and the missions are 
accessible from ESA EOLi-SA standalone software as a Copernicus authorised user (ESA, 2018b). 

COPERNICUS MARINE ENVIRONMENT MONITORING SERVICE - CMEMS 

Copernicus Programme does provide as well products in its core services. The Copernicus Marine Environment 
Monitoring Service - CMEMS started to operate in April 2015, see Figure 6. Its prototype is a system developed during 
the implementation of the European projects: MyOcean and MyOcean2 (Kholod, 2017). Within CMEMS the 
Copernicus data, acquired by the space component, is combined with in-situ observations and other archival data, where 
assimilated into specific models are provided a near-real time products starting from 1993 (von Schuckmann et al. 
2016). At present, there are 29 products for Black Sea which are grouped in Phy, Bio, and Wav each of them has a 
source either a modelled outputs or in-situ/satellite observations (CMEMS, 2018). 

 

Figure 6. Scheme of CMEMS representing the regional European seas (source: von Schuckmann et al., 2016) 
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DISCUSSIONS AND CONCLUSIONS 

The policy of ESA for open data as well as the big data archive of historical satellites missions gives to the scientific 
community a big advantage in the Earth’s studies. By gathering the scientific expertise on national and regional level 
with the Sentinel data and services the geohazard management policy will become open and widely accessible to face 
the societal challenges like geo-hazards and geo-resources. This will bring contributions to key national and 
international initiatives, projects, to a wide range of users and stakeholders, to producing of integrated thematic and 
multidisciplinary services for users like e-infrastructures. 

In 2014 ESA started initiative for development of Earth Observation exploitation platforms with the idea to provide 
environment for data and processing tools. In 2017 this idea is transformed to the so-called Thematic Exploitation 
Platforms (TEPs) for different aspects of Earth’s environment namely: Coastal, Forestry, Hydrology, Geohazards, Polar, 
Urban themes and Flood Security. These platforms bring new horizons to the scientific community, but they are still under 
development and need of further improvement to show the full potential for many applications of Copernicus data.  

The aim of this preliminary study was to make a review of the availability, quality and potential of the Copernicus data 
which covered eastern Bulgarian territory. These EO data will serve as a base for more detailed study of the natural 
hazards along the Bulgarian Black Sea Coastal Zone. The study will be performed in the frameworks of the scientific 
project “Satellite-based Maritime Web-services for Bulgarian coastal area- SatWebMare” of the Institute of 
Mathematics and Informatics of the Bulgarian Academy of Sciences supported by the European Space Agency. The 
project aims to create a prototype of Web-based System Integrated with a Geo-portal that provides innovative products 
to the end-users for maritime applications in the Black Sea coastal area.  
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