PE3IOMETA HA HAYYHU TPYOOBE
Ha gou. a-p JaHuwena l7lop.qa|-|oaa ABeTUCSH

npeacTtaBeHU 3a y4vyacTue B KOHKYpPC 3a akageMuyHata anbxHoct ,[llpodecop”,
06sBeH B [lbpxaBeH BeCTHUK 6p. 45 ot 03.06.2025 r. ot MHCTUTYTa 3a KOCMUYECKHU
nscneaBaHus u texHonornn - BAH B obnacrt Ha Bucwe obpasoBaHue 4. MpupoaHm
HayKu, Matematvka M uHdopmatuka, npocgecmoHanHo HanpaBneHue 4.4. Hayku 3a
3emsTa; Hay4YHa cneyuanHocTt ,,JlucTaHUMOHHU uscneaBaHusa Ha 3eMsATa U nnaHeTurte“
3a HyXXAuTe Ha cekuus ,,Aepokocmunyecka nHcdopmauma“ npu UKUT-BAH.
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ABSTRACT

The following study presents the results obtained from a comparative analysis of dry (powder
and hard snow) and wet snow based on satellite data and in situ data methods for monitoring
in the high mountain belt of Bulgaria. The aim of the study is to analyze the effectiveness of
different spectral indices based on satellite data from Synthetic Aperture Radar (SAR), high-
resolution (HR) imagery, and spectrometer data for assessing the state and dynamics of the
snow cover. The methods studied and the results obtained were validated by instrument-
based field observations, with instruments using thermal imaging cameras, spectrometer
measurements, ground control points, and HR imagery. Satellite data offer an ever-widening
view of trends in snow distribution over time. All these data combined provide a detailed
picture of surface temperature and snow properties, which are crucial for understanding
snowmelt processes and the energy balance in the high-altitude belt. The findings suggest
that a multi-method approach, utilizing the combined advantages of SAR satellite data, offers
the most comprehensive and accurate framework for satellite-based snow cover monitoring
in the high mountain regions of Bulgaria, such as Rila Mountain. This integrative strategy not
only improves the precision of snow cover estimates but can also support many water
resource-related studies, such as snowmelt runoff studies, snow avalanche modeling, and
better-informed decisions in the management and maintenance of winter tourism resorts.
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Stankova, N., Avetisyan, D.. Postfire Forest Regrowth Algorithm Using Tasseled-Cap-
Retrieved Indices. Application of Remote Sensing in Forest Fire, 16, 3, Remote Sensing,

2024. SJR (Scopus):1.091 Q1, He ornaesaBa paHrnucTara (Scopus)
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ABSTRACT

Wildfires are a common disturbance factor worldwide, especially over the last decade due to
global climate change. Monitoring postfire forest regrowth provides fundamental information
needed to enhance the management and support of ecosystem recovery after fires. The
purpose of this study is to propose an algorithm for postfire forest regrowth monitoring using
tasseled-cap-derived indices. A complex approach is used for its implementation, for which a
model is developed based on three components—Disturbance Index (DI), Vector of
Instantaneous Condition (VIC), and Direction Angle (DA). The final product—postfire
regrowth (PFIR)—allows for a quantitative assessment of the intensity of regrowth. The
proposed methodology is based on the linear orthogonal transformation of multispectral
satellite images—tasseled cap transformation (TCT)—that increases the degree of
identification of the three main components that change during a fire—soil, vegetation, and
water/moisture—and implies a higher accuracy of the assessments. The results provide a
thematic raster representing the intensity of the regrowth classes, which are defined after the
PFIR threshold values are determined (HRI—high regrowth intensity; MRI—moderate
regrowth intensity; and LRI—low regrowth intensity). The accuracy assessment procedure is
conducted using very-high-resolution (VHR) aerial and satellite data from World View (WV)
sensors, as well as multispectral Sentinel 2A images. Three different forest test sites affected
by fire in Bulgaria are examined. The results show that the classified thematic raster maps
are distinguished by a good performance in monitoring the regrowth dynamics, with an
average overall accuracy of 62.1% for all three test sites, ranging from 73.9% to 48.4% for
the individual forests.
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Performance for Post-Fire Monitoring of Different Forest Environments. Fire, 6, 8, MDPI,
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ABSTRACT

Although wildfires are a common disturbance factor to the environment, some of them can
cause significant environmental and socioeconomic losses, affecting ecosystems and people
worldwide. The wildfire identification and assessment of their effects on damaged forest
areas is of great importance for provision of effective actions on their management and
preservation. Forest regrowth after a fire is a continuously evolving and dynamic process,
and the accuracy assessment of different remote sensing indices for its evaluation is a
complicated task. The implementation of this task cannot rely on the standard procedures.
Therefore, we suggested a method involving delineation of dynamic boundaries between
conditional categories within burnt forest areas by application of spectral reflectance
characteristics (SRC). This study compared the performance of firmly established for fire
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monitoring differenced vegetation indices—Normalized Difference Vegetation Index (dNDVI)
and Normalized Burn Ratio (dNBR) and tested the capabilities of tasseled cap-derived
differenced Disturbance Index (dDI) for post-fire monitoring purposes in different forest
environments (Boreal Mountain Forest (BMF), Mediterranean Mountain Forest (MMF),
Mediterranean Hill Forest (MHF)). The accuracy assessment of the tree indices was
performed using Very High Resolution (VHR) aerial and satellite data. The results show that
dDI has an optimal performance in monitoring post-fire disturbances in more difficult-to-be-
differentiated classes, whereas, for post-fire regrowth, the more appropriate is dNDVI. In the
first case, dDI has an overall accuracy of 50%, whereas the accuracy of dNBR and dNDVI is
barely 35% and 36%. Moreover, dDI shows better performance in 16 accuracy metrics (from
17). In the second case, dNDVI has an overall accuracy of 59%, whereas those of dNBR and
dDI are 55% and 52%, and the accuracy metrics in which dNDVI shows better performance
than the other two indices are 11 (from 13). Generally, the studied indices showed higher
accuracy in assessment of post-fire disturbance rather than of the post-fire forest regrowth,
implicitly at test areas—BMF and MMF, and contrary opposite result in the accuracy at MHF.
This indicates the relation of the indices’ accuracy to the heterogeneity of the environment.
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MDPI, 2023, [ISSN:20724292, DOI:10.3390/rs15061590, A1590-1-A1590-20. SJR
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ABSTRACT

The coal industry is the largest global emitter of carbon dioxide (CO2). However, recent data
suggests that coal mine methane (CH4) emissions worldwide are higher than those of the oil
and gas industry. Furthermore, the coal industry is less active in reducing methane
emissions than the oil and gas sectors due to lower profitability. Although uncertainties
remain in quantifying methane emissions from mines, the use of satellite observations is
revolutionizing the process of monitoring and improving the accuracy of emission accounting.
The methodology presented here allows us to determine background CH4 concentrations
and improve our ability to detect emission events using Sentinel-5P data. Knowing the
background concentrations for the area of interest provides us the opportunity to track
seasonal and annual variations and trends, as well as quickly detect periodic or accidental
emissions from unregulated sources, etc. The methodology and systematic research applied
in this paper for the period of May 2018 to the end of 2022 enables us to detect hundreds of
large-scale emissions of CH4, NO2, and CO from the coal mines in the Kuznetsk Basin (the
Kemerovo region), the largest coal mining area in Russia. We estimated that the amount of
these emissions is significantly higher than the emissions reported by various authors for
other coal mining regions such as Poland and Australia. We found that in cases of high
methane quantity there is a positive correlation between NO2 and CO emissions in time and
location. The source of emissions in the study area is homogeneous, which allows it to be
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used as a benchmark for building models to estimate and track emissions in heterogeneous
areas.
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ABSTRACT

Wildfires have significant environmental and socio-economic impacts, affecting ecosystems
and people worldwide. Over the coming decades, it is expected that the intensity and impact
of wildfires will grow depending on the variability of climate parameters. Although Bulgaria is
not situated within the geographical borders of the Mediterranean region, which is one of the
most vulnerable regions to the impacts of temperature extremes, the climate is strongly
influenced by it. Forests are amongst the most vulnerable ecosystems affected by wildfires.
They are insufficiently adapted to fire, and the monitoring of fire impacts and post-fire
recovery processes is of utmost importance for suggesting actions to mitigate the risk and
impact of that catastrophic event. This paper investigated the forest vegetation recovery
process after a wildfire in the Ardino region, southeast Bulgaria from the period between
2016 and 2021. The study aimed to present a monitoring approach for the estimation of the
post-fire vegetation state with an emphasis on fire-affected territory mapping, evaluation of
vegetation damage, fire and burn severity estimation, and assessment of their influence on
vegetation recovery. The study used satellite remotely sensed imagery and respective
indices of greenness, moisture, and fire severity from Sentinel-2. It utilized the potential of
the landscape approach in monitoring processes occurring in fire-affected forest ecosystems.
Ancillary data about pre-fire vegetation state and slope inclinations were used to supplement
our analysis for a better understanding of the fire regime and post-fire vegetation damages.
Slope aspects were used to estimate and compare their impact on the ecosystems’ post-fire
recovery capacity. Soil data were involved in the interpretation of the results.
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ABSTRACT

Agriculture is one of the leading sectors, directly affected by the negative impacts of climate
change and in particular of drought. Water stress is amongst the key growth limiting factors
in crop production. It is expected that in the next decades Bulgaria will be affected by
warming of air temperatures and reduction of precipitation sum that will significantly increase
the risk of droughts. Although, sunflower (Helianthus annuus L.) is known to be a drought
tolerant crop, sufficient and optimized agrotechnical activities are needed to achieve yield
increase under changing environmental conditions and depletion of natural resources. The
proper irrigation scheduling, for example, requires determination of biologically optimal health
and water status for different sunflower varieties, at different stages of ontogeny. The
research suggests a remote sensing methodology, integrating vegetation indices and
orthogonalization of multispectral satellite data for studying phenological development of
selected sunflower hybrids under drought conditions. Two indices — Normalized Differential
Greenness Index (NDGI), and Normalized Differential Wetness Index (NDWNI), based on
Tasseled Cap Transformation are introduced for agricultural assessments. The results show
the dynamics of water and health status of the studied agroecosystems in the different
growth stages, defined according to BBCH scale. NDGI and NDWNI appear to be especially
suitable for determination of timing and duration of growth stages and for monitoring of the
status of the studied crops during these stages. The methodology possesses a great
potential for better understanding of drought impact on crop dynamics and functioning.
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JCR-IF (Web of Science):0.1 Q4 (Web of Science)

MHpekcupana B: Web of Science
JInHK KbM nyénukauudara: https://www.webofscience.com/wos/woscc/full-
record/W0S:001235955300002

ABSTRACT

Monitoring post-fire forest disturbances and subsequent recovery is vital for the management
and preservation purposes of the forest ecosystems. This study aimed to assess forests’
damages and regrowth dynamics after fire using remotely sensed data and to compare its
reliability for post-fire monitoring in different forest environments. This paper compared forest
regrowth dynamics applying selected spectral indices — Differenced Normalized Difference
Vegetation Index (dNDVI), Differenced Normalized Burn Ratio (dNBR), and Differenced
Disturbance Index (dDI). The post-fire environmental impact and recovery processes were
performed on the territory of the three fires in Bulgaria — Ardino, Bistrishko branishte, and
Perperek.
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ABSTRACT

Wildfires have become increasingly prevalent and destructive in forest ecosystems
worldwide, necessitating a comprehensive understanding of post-fire recovery dynamics for
effective conservation and management. Remote sensing technology, coupled with
vegetation indices such as Normalized Burn Ratio (NBR), Normalized Difference Vegetation
Index (NDVI), Green Red Vegetation Index (GRVI), and Red Vegetation Index (RVI), offers a
powerful means to investigate these processes. In this study, we utilize remote sensing
techniques to conduct a comparative analysis of secondary ecological succession following
wildfires in three distinct forest types (Coniferous, Sclerophyll, and Mixed) of a forest affected
by fire near Moguer, Spain. Through the acquisition and analysis of multispectral satellite
imagery, we monitored changes in vegetation health and recovery across the region of
interest. The NBR index allowed us to assess the severity and extent of wildfire damage,
while NDVI quantified vegetation greenness and regrowth. GRVI and RVI provided insights
into subtle variations in vegetation composition and health. We identified distinct temporal
and spatial patterns in post-fire recovery among the different forest types by applying these
indices for the period between 2017 and 2021. Our findings underscore the significance of
understanding the diverse responses of these ecosystems to wildfires. While common
recovery patterns emerged, such as an initial decrease in NDVI followed by regeneration,
variations were observed in the timing and magnitude of recovery. These distinctions are
attributed to differences in species composition, fire adaptations, and ecological processes
specific to each forest type. In conclusion, the utilization of NBR, NDVI, GRVI, and RVI
indices allows for a more nuanced evaluation of post-fire recovery dynamics.

r7.4

CraHkoBa, H., ABeTnucsiH, [l.. MOHUTOPUMHI Ha CbCTOSIHUETO N Bb3CTAHOBUTENHUTE NPOLECH
cnep Tpy ropcky noxapa B bbnrapua ¢ n3nonssaHeTo Ha AUCTaHUMOHHU MeToan. [eorpad,
VII — VIII, 7, CHLY, ,Bwnrapcku reorpadckm noptan — Neorpad BI, 2023, ISSN:2534-949X,
62-68.

FopcknTe noxapu ca Bce no-ronsiM npobnem 3a ctpaHute oT EC, pa3nonoXeHn B HXHUTE
YyacTu Ha EBpona, KaTo MU3BMEeHEHNETO Ha Knumarta ce cMsiTa 3a e4Ha OT OCHOBHUTE MPUYUHM

3a NoBULLIABAHETO Ha TexHus Gpoii. [opckMTe noxapu ca NPUPOOHM €KOCUCTEMHU NpoLecu
CbC 3HaAYMTENHO BbL3AENCTBME BbPXy OKONHaTa cpeda, 3aTtoBa HABPEMEHHOTO WM
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OTKpUBaHE, KaKTO M MOHUTOPUHIbT Ha Bb3CTAHOBUTESNHUTE MPOLIECU Ca XU3HEHOBAXHMU 3a
€eKonormyHuTe unscnepBaHus. EkonormyHute nocneactems OT  roOpckuTe noxapwu ca
MHOrocTpaHHu — obesnecsiBaHe W €epo3usi Ha MNOYBUTE; YHULLOXaBaHE Ha YHUKaIHU
Haxoaulia Ha pedku, 3aluMTeHM BUOOBE W E€HOEMUYHW BWOOBE, OrpaHMYaBaHE Ha
Ouonorn4yHoTo pasHoobpasne; BrollaBaHe Ha CaHNTAPHOTO CbCTOSAAHME Ha rOpUTE; NPOMSIHA
Ha BOOHUSA OTTOK, HapylwaBaHe Ha TOMMAMHHMA W BOAHWS GanaHC Ha €eKOCUCTEMMUITE;
HapylwaBaHe Ha uukbna Ha CO, B npupogara.

OnCcTaHUMOHHMTE aepOKOCMUYECKM METOAM Ca WMHCTPYMEHT, KOWTO urpae ponsi B 4YeTupu
pas3fiMyHN HanpaelieHWs: NMPOrHo3MpaHe, MOHUTOPUHT, KapTorpadupaHe U BbL3CTaHOBSIBAHE
Ha wu3ropenuTe nnowu. B komGuHaums ¢ 6bp3o pasBuBawmTe ce [eorpadcku
WHdopmaumoHHn  cuctemn  (FT’MNC),  AUCTAHUMOHHUTE  UM3cnefBaHWs  NpeaocTaBAT
Bb3MOXHOCTM 3a Cb3daBaHE Ha €EKOMOrM4YyHM MOAEeNM B LWIMPOK Mawab — m3yyaBaHe Ha
nocrneacTeBusATa crneg noxapHute edekT M Bb3CTAHOBUTENHUTE MpOLecK, NpoTuyalu B
ekocucrtema cneq noxap. AepokocMmyeckute  ANCTaAHLMOHHU meToam ca
BMCOKOTEXHOMOMMYEH WHCTPYMEHT 3a HagexaeH W MawabeH MOHUTOPUMHI  Ha
Bb3CTaHOBUTENHUTE MPOLIECH, NPOTUYALLN B FTOPCKUTE ekocucTemmn cneg noxap (Stankova,
Nedkov, 2015; Stankova, et. al., 2018). MOHUTOPMHIBLT Ha Bb3CTAHOBSIBAHETO Ha
N3ropenuTe ropckn eKocUcTeMUM € MNO-TPYAEH B CpPaBHEHME C UAEHTUMUUMPAHETO WM,
OCHOBHO 3apagu Mno-Mankmst mMawabd Ha Bb3CTaHOBEHUTE y4vacTbLW, CpaBHEHM C obuwaTa
nrow, KakTto W 3apagu egBa 3abenexumara MNpomsiHa B curHatypata B HadanHute
Bb3CTAHOBUTENHN eTanw.
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Spasova, T., Ivanova, Il., Avetisyan, D., Dancheva, A.. Assessment of heat islands and
renewable energy sources in the north - east planning region of Bulgaria by remote sensing.
Proceedings of SPIE - The International Society for Optical Engineering, 13083, SPIE, 2024,
ISSN:0277786X, 1996756X, DOIl:https://doi.org/10.1117/12.3012240, SJR (Scopus):0.15
SJR, Henonagaly B Q kateropus (Scopus)
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JIvHk kbM NyBrvkauuaTa: hitps://www.scopus.com/pages/publications/85195504050

ABSTRACT

Surface and ground air temperatures are one of the variables that best distinguish and
characterize the specific climate in urbanized spaces. Over the years, research has shown
that urbanized spaces have experienced persistently higher temperatures, which is defined
as the urban heat island effect (Urban Heat Island-UHI). Wind turbines and solar panels are
two of the main types of renewable energy sources used in Bulgaria. The presence of too
many different facilities related to renewable energy sources often has an impact, but
sometimes this impact can be negative for specific territories even if they are not highly
urbanized, such as the selected territory in Western Pontic steppes, North-East Planning
Region (BG33). The study covers examples from the planning region defined in the Law on
Regional Development of the Republic of Bulgaria under Art. 111, which will support the
Integrated Territorial Strategy for the Development of NUTS 2 planning district. These are
territories whose selection is determined by the fact that they have extremely high economic
and ecological importance for monitoring the normal course of natural processes, disasters
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and consequences of sudden changes. The aim of the research is to create a methodology
for monitoring through a complex approach, to be used by experts and non-experts, in order
to make decisions for the management of the territories occupied with renewable energy
sources. Different indicators and indices from the optical range, such as Normalized
Differential Greenness Index (NDGI), Tasseled cap transformation (TCT), Normalized
Difference Vegetation Index (NDVI) and Land surface temperature (LST), were used for the
different groups of objects. The spectral reflectance characteristics of natural and
anthropogenic objects have been used to classify temperatures. Open data2,3, data from the
National Spatial Data Portal (Inspire)4, Orthophoto and aircraft images from 100 years ago
were used for the needs of the methodology.
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ABSTRACT

The study of unregulated and regulated (legal and illegal) landfills on the basis satellite and
field data allows complex monitoring and analysis of waste sites. This approach combines
high-resolution satellite imagery to identify and map landfills with detailed field observations
to verify data and assess their condition. This provides up-to-date information on the location,
volume and potential impact of landfills on the environment, which is critical for effective
waste management and nature conservation. The study covers examples of different NUTS
2 planning areas (under the Regional Development and Improvement Act) such as South
East (BG 41) and South Central (BG 42). The data generated is for a period of at least five
years. Regulated landfills are of national importance and selected events from the territory of
Bulgaria have been investigated and monitored through a complex approach based on
satellite data, Unmanned Aerial Systems (UAS) and ground-based spectrometric equipment,
a thermal camera and an Automatic recording weather station (AWG).The optical monitoring
indices used are Normalized Difference Vegetation Index (NDVI),Tasseled cap
transformation (TCT) and Normalized Differential Greenness Index (NDGI). The satellite data
used are Sentinel 2MSI, Landsat 9 (OLI/TIRS), Sentinel 3 SLTRS and Sentinel 1SAR. The
study of landfills based on complex methods of remote sensing and validation of the results
through ground data brings significant benefits to the administration, society and NGOs. It
facilitates the identification and monitoring of illegal landfills and dumps, supports the
planning of cleanup measures and pollution prevention. This improves waste management,
protects the environment and ensures a healthier life for people, while reducing costs for
society and administration in the long term.
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ABSTRACT

The Research, Innovation and Digitalisation Programme for Economic Transformation in
Bulgaria is one of the tools to respond to the country's strategic needs and priorities for the
implementation of a common research and innovation development policy in favour of the
country's accelerated economic development. It also responds to the need to speed up the
processes of public sector digitalisation and to build an enabling digital environment that
ensures high-quality and secure exchange of information between different spheres of life
and enhance the effects of their interaction. Developing a useful hybrid spectral analysis
model to track climate change is the aim of this research. The subject of research is the
dynamics tracked by the hybrid model for spectral analysis of unregulated landfills. For this
purpose, a database of several identical climatic seasons (10 years) was created and
processed to verify and validate the research based on satellite and in situ data. The study
covers an example from NUTS2, the North East (BG33) planning region (under the Regional
Development and Improvement Act). The generated data is of high value according to the
European Commission. They are for a period of at least five years. The study of the
unregulated landfills is of national importance and the selected events from the territory of
Bulgaria have been studied and monitored through a complex approach based on satellite
data and ground-based innovative spectrometric equipment through a mobile spectrometer
and a thermal camera. Indices such as Normalized Difference Vegetation Index (NDVI),
Normalized Differential Greenness Index (NDGI) and Tasseled cap transformation (TCT) are
also applied. Data from Orthophoto, Landsat-9 OLI-2/TIRS-2, Sentinel 2MSI and Sentinel-3
SLTRS satellites were used. Data from Corine Land Cover 2018 Copernicus and Open data
were also used in the study. Through this research, the data being generated for unregulated
landfills can be supplemented and will be used to create of register and their use by various
stakeholders.
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thermal pollution from waste disposal sites. Proceeding SES 2024, Space research and
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The problem of waste management has existed since ancient times. In the modern world,
waste generation is directly related to human activity. A large percentage is related to the
production of household waste caused by the consumerism of each household. Toxins,
leachate and greenhouse gases are one of the main causes of environmental pollution as a
result of landfills. Over time, these toxins seep into the soil and groundwater, affecting the
quality of the soil itself and drinking water in the area. Leachate, on the other hand, is a
highly toxic liquid that forms when waste breaks down in a landfill and water filters through
the waste. It is of great importance to take strict measures and monitor the landfills. Thanks
to GIS and Remote sensing, efficient and complex monitoring of regulated and unregulated
waste landfills can be done. The aim of the present work is to explore the possibilities of
aerospace data analysis and to show different methods of processing, interpretation and
visualization. Optical images from the Multispectral Instrument (MSI) on the Sentinel 2
platform of the European Space Agency’s Copernicus program were used. Thermal bands
from the Landsat 5 — 7 (ETM) and Landsat 8/9 (OLI / TIRS) sensors of the Landsat program
were used to calculate land surface temperature. For the purpose of primary recognition of
the studied objects, the satellite images are orthogonalized.
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Spasova, T., Dancheva, A., Avetisyan, D., lvanova, |., Popov, I., Shirov, B.. Monitoring of
renewable energy sources with remote sensing, open data, and field data in Bulgaria. Proc.
SPIE 12733, Image and Signal Processing for Remote Sensing XXIX, 12733, SPIE, 2023,
ISSN:0277786X, DOIl:https://doi.org/10.1117/12.2680495, 1273311-1-1273311-20. SJR
(Scopus):0.17 SJR, Henonagaw, B Q kateropus (Scopus)

MHpekcnpaHa B: Scopus
NuHk kbM NyBnukauuara: https://www.scopus.com/pages/publications/85179548690

ABSTRACT

Monitoring through satellite data, in situ (including spectrometer data, GPS, thermal camera),
open data, data from various devices and Unmanned Aerial Vehicles (UAV) in the selected
anthropogenic sites is of extremely high ecological importance for tracking natural processes,
the consequences of climate changes and the creation of a useful model for the analysis of
spectral characteristics based on machine learning. The timeliness of the data and the
spatial extent of the observed objects allow satellite information to be reliable in monitoring
and making predictions about the risk and potential risk of natural disasters, rise of average
air temperatures and anthropogenic pollution. The sites were pre-marked based on open
data from Non-Governmental Organizations (NGOs) and administration. Data from the
Multispectral Instrument (MSI) of the Sentinel 2 platform and SAR of the European Space
Agency's Copernicus program, spectrometer (380 nm to 780 nm) and drone data were used.
Landsat sensors and data from Sentinel 3 (EUMETSAT) were used to calculate the surface
temperature of renewable energy sites such as photovoltaic parks. Data from different years
were used in order to track the studied territories according to NUTS2. The result is the
development of a useful hybrid model for spectral analysis and tracking of spatial dynamics
and surface changes of objects of interest based on satellite and field surveys. Data from the
ground mobile and autonomous weather station AWG 1, powered by an environmentally
friendly magnesium-air battery was improved specifically for the project. Another important
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task is the creation of an energy atlas for the benefit of the Earth's Digital Twins. The data is
part of an open data catalog of the NGO Eco Global Monitoring TA2.
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Yanakieva, N., Avetisyan, D.. Testing optical spectral indices for assessment of surface
changes due to permafrost melting on Livingston Island, Antarctica. Aerospace Research in
Bulgaria, 36, Bulgarian Academy of Sciences. Space Research and Technology Institute,
2024, ISSN:1313-0927, DOLl:https://doi.org/10.3897/arb.v36.e07, 79-93. JCR-IF (Web of
Science):0.1 Q4 (Web of Science)
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JIMHK KbM nybnukauudara: https://www.webofscience.com/wos/woscc/full-
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ABSTRACT

The present study aims to examine the potential of optical satellite data and spectral indices
to assess surface changes induced by permafrost melting. Surface changes related to
permafrost melting on Livingston Island, Antarctica, were examined using optical satellite
data from Sentinel-2 sensors of the European Space Agency (ESA). The study area
coincides with previous field studies by electrical resistivity tomographic profiles made to
establish and visualize the presence of permafrost. Utilizing the advantages of remote
sensing methods and calculation of optical indices, it was tracked whether and to what extent
there was a surface change and melting of the permafrost in the study area. The observation
period encompasses the astral summer seasons from 2016 to 2023. The results show that
the combination of different optical indices gives a better understanding of changes in the
terrain. The combined use of the Normalized Difference Glacier Index (NDGI), Normalized
Difference Snow Index (NDSI), Normalized Difference Snow and Ice Index (NDSII),
Normalized Difference Water Index (NDWI1), Normalized Difference Vegetation Index (NDVI),
and Moisture Stress Index (MSI) indicates for a pronounced trend of melting of the active
layer of the permafrost periglacial area of research in March 2016 and 2017, and from
January to mid of March 2023.
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Yanakieva, N., Avetisyan, D.. Application of SAR for Monitoring of Permafrost Ground
Changes on Livingston Island, Antarctica. International Geoscience and Remote Sensing
Symposium (IGARSS), Institute of Electrical and Electronics Engineers Inc., United States,
2024, SJR (Scopus):0.26 SJR, Henonagawy B Q kateropus (Scopus)
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ABSTRACT
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The present study aims to examine the potential of radar satellite data to assess surface
changes induced by permafrost melting. Surface changes related to permafrost melting on
Livingston Island, Antarctica were examined using Synthetic Aperture Radar (SAR) satellite
data from Sentinel-1 sensors of the European Space Agency (ESA). The study area
coincides with previous field studies of permafrost melting performed by electrical resistivity
tomographic profiles and satellite-based monitoring using Sentinel-2 optical images. The
observation period encompasses the month of February from 2017 to 2024.The results show
that the radar measurements confirm the observed trend of melting of the active layer of the
permafrost periglacial area during the Austral summer of 2017.
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Spasova, T., Avetisyan, D., Stoyanov, A.. Snow Cover Mapping Based on a Multi-Index
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ABSTRACT

Snow cover over the Northern Hemisphere plays a crucial role in the Earth’s hydrology and
surface energy balance, and modulates feedbacks that control variations of global climatel.
Seasonal snow coveris the most dynamic element of the cryosphere. It responds rapidly to
atmospheric conditions on timescales of days to weeks and, in fact, exhibits the greatest
seasonal variation of any geophysical element on Earth's surface2. While large changes in
snow cover are useful as indicators of climate change, snow also affects other components
of the Earth system at different scales. The aim of the study is to track the use of different
data and a differentiated approach to track the state of the snow cover. The object of
research is the snow cover and its condition around Vitosha, Rila and Pirin mountains. The
objects are mapped according to data of the European Space Agency (ESA) - Copernicus
program. Data from different spectral snow mapping are obtained, which can be used to
estimate results for quantitative changes in snow cover and wet snow cover. The data used
are of high spatial resolution. The snow mapping system has sufficient temporal and spatial
resolution. The research also emphasizes the possibilities that field data provide for
validating the results of satellite data. Field data were collected from three different areas of
interest in mountainous conditions. These are data from a mobile spectrometer Sekonic C-
800 with a wavelength of 380 to 780nm and a thermal camera with a wavelength of 8 - 14
pum. A differentiated approach was used in spectral mapping based on data from spectral
indices such as Normalized Difference Forest Snow Index (NDFSI), Normalized Difference
Snow Index (NDSI) and Normalized Difference Vegetation Index (NDVI). The study doesn't
make a detailed characterization of each of the example areas, but demonstrates the use
and combination of the integrated methodology for monitoring a database from different
ranges of the Electromagnetic Spectrum.
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Spasova, T., Avetisyan, D., lvanova, I., Stankova, N.. Assessment of mosses in Antarctica
based on remote sensing and chlorophyll fluorescence. SPIE Proceedings Volume 13191,
Remote Sensing for Agriculture, Ecosystems, and Hydrology XXVI; 131910V, SPIE, 2024,
DOI: https://doi.org/10.1117/12.3031486, SJR (Scopus):0.15 SJR, Henonagaw, B Q
kateropus (Scopus)
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ABSTRACT

Chlorophyll fluorescence refers to the emission of light by chlorophyll molecules when they
are excited by absorbed light. Chlorophyll is the pigment responsible for photosynthesis - the
process through which plants and other photosynthetic organisms convert light energy into
chemical energy. The intensity of chlorophyll fluorescence can vary based on geographical
latitude as well as other environmental factors. In Antarctica, where the extreme climatic
conditions define the ecosystem, mosses are one of the few land-based organisms that can
survive and thrive. The Antarctic Peninsula is especially known for its sparse but resistant
vegetation, including several moss species that have adapted to extreme conditions like low
temperatures, intense ultraviolet (UV) radiation, and repeated freeze-thaw cycles. These
mosses are essential for maintaining the ecological balance in the region and offer important
insights into how extreme environments affect plant physiology. This research aims to
compare the spectral properties of mosses and lichens, with a focus on differences in their
fluorescence intensity on Livingston Island, Antarctica, during the summer season. Field
research in Antarctica was carried out in order to validate data obtained from Sentinel 2 MSI
satellite images, drone photography, and photogrammetry. A spectrometer was used to
analyze the visible spectrum ranging from 380 nm to 780 nm, corresponding to the spectral
ranges utilized by the Sentinel 2 MSI and Sentinel 3 SLSTR satellites. The main research
methods involve evaluating chlorophyll fluorescence response and applying various optical
indices for remote sensing, including Normalized Difference Vegetation Index (NDVI),
Normalized Difference Water Index (NDWI), and Moisture Stress Index (MSI). A radar index
generated from processing Sentinel 1 data is utilized as well. These methods enable a
thorough analysis of photosynthetic activity and plant health in extreme conditions, providing
insights into the adaptive mechanisms of mosses in polar environments.
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ABSTRACT

The present study aims to monitor the Snow Cover Extent (SCE) of the mountainous region
of Bulgaria (13 905 km?), located 1000m above sea level, for eight years. Information is
important for calculation of Snow Water Equivalent (SWE), hydrological runoff modeling,
forecasting, and assessing flood events. Global Warming and Climate Change and their
impacts, such as a constant increase in recorded high-temperature levels, frequent droughts,
water scarcity in the summers, and less-snow winters, have a significant effect on
agriculture, hydrology, forests, and ecology in Bulgaria. The present research uses the
available cloudless optical data of Sentinel-2 —MSI for snow cover monitoring concerning the
decrease in snow distribution during the last decade. Sentinel-2 satellite imagery, from
October to May, for the period between 2016 and 2023, was generated and exported from
Google Earth Engine (GEE). Normalized Differential Snow Index (NDSI) and Snow Water
Index (SWI) were calculated, and the resulting output indices rasters were post-processed
and inspected additionally to obtain thresholding classifications, masking out the areas
covered by shadows (topographic), water bodies, forests, etc., and snow cover area
distribution. The results obtained in the study can be used and integrated for climate change
observations and research at the local and regional levels.
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JIvHk kbM nyGnvkauuata: https://www.scopus.com/pages/publications/85174305142

ABSTRACT

Data-driven innovations bring significant benefits to societies directly affected by global
warming, as they underpin Global and European climate change policy. The application of a
synchronous approach and interoperability of data from different sources for environmental
monitoring in one of the most vulnerable to climate change regions in the World is the aim of
this research. The research was conducted at Hannah Point peninsula, near the Bulgarian
Antarctic base "St. Kliment Ohridski"on Livingstone Island, South Shetland Islands,
Antarctica. The study area has high ecological importance for tracking the dynamics of
processes not only on a local but also on a global scale. Various research sites with different
groups of objects serving as environmental benchmarks were selected to be studied. The
study objects include snow cover, wet snow, water, ice (including sea ice), herbaceous
vegetation, lichens, mosses, soils, and sand. For each of the objects, ground GPS points
were defined and in situ spectrometric measurements were performed. Data from an
innovative automatic recording weather station (AWG), as well as various indicators and
indices based on the spectral reflectance characteristics of the investigated objects in the
optical and microwave range, were used. For their generation were used satellite images
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from Sentinel-1 and Sentinel-2 sensors of European Space Agency. Multiple optical indices
were used to demonstrate the changes in the state of the objects for the summer season of
2022-2023. The data obtained and models used will serve the Bulgarian initiative for the
construction of the Digital Twins, which is being on pilot developed in the Department of
Aerospace Information (SRTI-BAS) and could be used by a wide range of scientists in the
field of polar research as well as for climate change education. Open Data were used in this
study, to promote the Open science policy and FAIR principles as much as possible.
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ABSTRACT

Snow cover is among the most important features of the Earth's surface and a crucial
element of the cryosphere that affects the global energy balance, water, and carbon cycles.
Accurate monitoring of this land surface component is of particular significance as snowmelt
provides between 50%—80% of the annual runoff in the temperate (boreal) regions and
significantly impacts the hydrological balance during the warm season. Limited reserves of
soil moisture during the winter period can lead to all types of droughts, including green-water
drought, which is expressed by reduced water storage in soil and vegetation. Green-water
drought causes a variable effect across landscape components, on the functions and
ecosystem services (ES) they provide. The present study aims to track the snow cover
dynamics in the transitional seasons of the year when the snow cover is most unstable and
to differentiate its territorial distribution depending on elevation and slope exposure. The
study area covers the mountainous territories of Bulgaria and the seasons from 2016 to
2022. To achieve the aim of the study, we used Sentinel-2 images and calculated the Snow
Water Index (SWI). SWI uses spectral characteristics of the visible, shortwave infrared
(SWIR), and near-infrared (NIR) bands to distinguish snow and ice pixels from other pixels,
including water bodies which is crucial for the accurate monitoring of snow cover dynamics.
The obtained results were validated using VHR images for pre-selected test areas.
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ABSTRACT

The Polar Regions are remote and hard to reach and in the meantime they are distinguished
by unique conditions, influencing in specific way processes occurring on the Earth’s surface.
Their study is a challenging task that needs to utilize the whole potential of the available
technologies to be solved. This paper outlines Copernicus data utilization for polar research
and monitoring purposes using remote sensing methods for the retrieval of additional and
valuable information. In our study, we present the ability of remote sensing technology for
monitoring and assessment of processes influenced by climate change and global warming
combining the advantages of three of the Copernicus satellites — Sentinel 1, 2, and 3. The
satellite data used and the applied methods for retrieval of information were validated
through field observation of distinct objects on the Earth’s surface including snow cover, wet
show, water, ice (glaciers and sea ice), vegetation (lichens and mosses), permafrost, and
rocks. The monitoring of the fragile environment of the Polar Regions has extremely high
ecological importance for tracking the dynamics of processes induced by climate change not
only on a local but also on a global scale.
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Avetisyan, D., Spasova, T.. lpunoxeHve Ha OUCTaHUWOHHWTE METOAM 3a M3crneaBaHe
Bb3JENCTBMETO Ha KIMMATUYHUTE U3MEHEHUS B MONSAPHUTE pPaWoOHM KaToO 4YacT oOT
pectvHaumst 3emsi AHTapkTuka. [eorpadp, 8, CHL, ,Bvnrapckm reorpadckm noprtan —
leorpach B, 2024, ISSN:2534-949X, 45-56.

WNarpaxgaHeTo Ha AurntanHo NPOCTPAHCTBO 3a MOMSiPHMTE paloHM NO3BOMSABA CbXpaHeHue,
crnofensiHe n Nper3non3BaHe Ha oNepaTUBHO CbBMECTUMM AaHHU OT HAay4YHWU U3cnenBaHus u
Mo TO3M HauMH cnocobcTBa NPMAOOMBAHETO HA NO-3a4bNO0YEHM NO3HAHNS 3a EKONOTMYHUTE
npean3BuKaTencTea B MNOMNAPHUTE pPaWiOHM WU OTKPMBAHETO Ha €QEKTUBHW MeEpKU Mpu
bopbarta c HeratmBHMTE edekTn OT BCE MO-4eCcTO Habnwgaealim ce HebnaronpusaTHM 3a
MECTHUTE E€KOCUCTEMU ABMEHUSA. Ype3 MOHUTOPUHI, aHanu3 U CMMynvpaHe Ha AVHAMUYHU
npouecu, NpoTuyaLLM B 3eMHaTa cuctemMa n oLeHKa Ha B3aMMOBPb3KUTE MEXAy OTAENHUTE
U KOMMOHEHTN MoraTt Aa ce MPOrHo3vpaTt MOoTEHUMANHUTE HEraTMBHU eekTU OT PasfUyHK
Bb34ENCTBUSA, TAXHOTO MPOSIBIEHME U CBOEBPEMEHHO Aa ce npeanpuemart LEeWCTBUSA 3a
TAXHOTO OrpaHNYyaBaHe.

B AHTapKTuKa HeraTuBHUTE ehekTU, CBbP3aHN C UAMEHEHMETO Ha KMMaTa ce NposiBABaT Mo
Pas3nNMYyHN HauUMHW, BKITOYUTENHO Ype3 Bb3HMKBAHE Ha KaTtacTpoUYHM CbOUTMA U
E€KCTPEMHM KNMMATUYHN SIBIIEHUS KAaTO CpyTBaHe Ha wendoB nea; cnag B KONIMYECTBOTO Ha
MOPCKKN nea; 6bp3a NpoMsiHa B YCroBMATa Ha OKONHaTa cpeda U CBbp3aHuTe C ToBa Obpan
N3MEHEHNS B CbCTaBa Ha BUAOBETE U T.H.

OCHOBHO npeaun3BMKaTeNCTBO, CBbP3aHO C U3CNeABaHeTO Ha NOMSiPHUTE PaNoHW e TaxHaTa
OoTAaneyYeHoCT M TpygHa OOCTBMNHOCT. TAXHOTO M3crneadBaHe e npeausBukaTenHa 3agaqa,
KosTo TpsAbBa Oa M3nonsea Lenua noTeHuMarn Ha HanuuHuTe TexHonormu, 3a ga obae
pelweHa. [OucTaHuMoHHMTE MeToau 3a m3cnegBaHe Ha 3emsiTa yYpe3 CMbTHUKOBWU OaHHW
cnocobCcTBaT 3a pelwaBaHeTo Ha Tasu TpyAaHa 3agada. Tasu ctatus npeacraBs MeToaum 3a
N3BMMYaHe Ha AOMbIIHUTENHA MH(OPMaUMs OT CMbTHUKOBM AaHHW M OLEHKa Ha npouecw,
MOBMMAHN OT W3MEHEHMETO Ha kKnuMMarta W rnobanHoTo 3aTonnsiHe, KOMOWHMpanKM
npeguMMmcTBata Ha pasnUYHM CMbTHUUM M anapaTtypa 3a TEepeHHO BepuduumpaHe Ha

16



nonyyeHuTe pesyntatu. M3nonssaHuTe CNbTHUKOBU LAHHM W NPUNOXEHUTE METoAM 3a
n3BnNu4aHe Ha MHopmauusa ca BanuanpaHn Ypes TepeHHn HabnageHns Ha oTaenHN obekTu
OT 3eMHaTa NOBBbPXHOCT, BKIOYMTENHO CHEXHAa MOKPMBKA, MOKbP CHAr, BoAa, nen (negHuum
N MOPCKM nep), pacTUTENHOCT (NWen 1 MbXxoBe), nepMadpocCT 1 cKanu.

B pesynTtat Ha npoekTa ,JlectuHauns 3ems AHTapKkTuka — JurutanHo npocTpaHCTBO 3a

OaHHKW, NUNOTEeH NpOoeKT*, uHaHcupaH OoT bbnrapckns aHTapKTUY4EeCKU WHCTUTYT MO
nporpama ,lMongpHn Hay4yHn mn3cnegBaHus 3a mnagu ydeHu“ npes 2022 r. € M3roTBeHO n
,PBKOBOACTBO 3a AMCTaAHUMOHHW m3cnegBaHus B nonsipHute obnactn® (Cnacoa u gp.,
2024), Haco4yeHO KbM LIMPOKA 4uTaTernicka ayauTopua € WHTepec KbM W3yyaBaHe Ha
NONAPHUTE PanNoHU M U3CNeaBaHe Ha KNMMaTUYHUTE MPOMEHUN M OKONHaTa cpena, B obxearta
Ha Komnnekca ot Hayku 3a 3emsaTa.
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ABSTRACT

The increase in concentrations of major atmospheric pollutants such as NO2, CO, CH4 as
result of human activities is one of the main causes of the dynamic climate changes
observed in recent years. These rapid changes have a strong influence on air quality at local
and global levels and directly affect human health. This is one of the main reasons for faster
global warming. The concentration of methane in the atmosphere is increasing at an
accelerating rate. Three sectors are responsible for most anthropogenic CH4 emissions:
fossil fuels, waste and agriculture. Locating, tracking and quantifying all these emissions is
an important step towards a more accurate inventory. The use of satellite observations rises
at a new label the monitoring process and improves the accuracy of emissions reporting.
Medium-resolution satellite data, such as that provided by the TROPOMI sensor on the
European Sentinel-5P satellite, is a powerful tool for detecting and tracking large emissions
of air pollutants. The methodology presented here enables us to determine background
concentrations of CH4, NO2, CO relatively quickly and efficiently. It improves our ability to
quickly detect periodic or occasional emissions from unregulated sources, track seasonal
and annual variations in concentrations of these air pollutants, etc. Hundreds of cases of high
methane, NO2 and CO emissions in coal mining areas have been registered using this
methodology. The method is also applicable to lower-intensity emission sources, such as
landfills, agriculture or recording methane emissions from wetlands.
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ABSTRACT

In recent years a steady trend of increasing concentrations of major air pollutants is
observed. The nature and dynamics of this trend vary according to the type of pollutant,
source of emissions, and location. Because of these differences, it is important to
comprehensively analyze the spatial and temporal behavior of the most important air
pollutants using satellite and ground-based measurement data. An important step in this
process is locating, tracking, and quantifying the emissions. This paper presents the results
of air pollution monitoring based on the analysis of data obtained from 32 Ground-based
Automatic Measuring Stations (GAMS) located throughout Bulgaria. The spatial and
temporal behavior of major air pollutants such as NO, NO2, SO2, CO, and benzene for the
period 2015 - 2022 was investigated. However, not all GAMS have data for all types of
pollutants. The largest amount of information is available for SO2 and NO2, while small
numbers of GAMS provide data for CO. For pollutants such as NO2, SO2, and CO an
analysis with satellite data from the European Sentinel-5P satellite was performed. Due to
the uneven distribution of the available information from ground measurements, the spatial
behavior of the pollutants studied is presented using a unified methodology for selected
regions. Monthly and annual average data were also analyzed in our study.
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ABSTRACT

Air pollution is one of the most significant environmental problems in the world nowadays. A
considerable part of anthropogenic emissions is produced by industry and Bulgaria is no
exception. The most important air pollutants that have a significant impact on the air quality

18


https://www.scopus.com/pages/publications/85180013873
https://www.scopus.com/pages/publications/85174259613

and have a direct or indirect influence on climate change are nitrogen dioxide (NO,), carbon
monoxide (CO), methane (CH,4) and sulphur dioxide (SO,). This paper reports on pollution
monitoring results in Bulgaria's largest industrial area, located in the triangle between the
cities of Stara Zagora, Haskovo and Plovdiv. Daily satellite data from the Sentinel 5P -
TROPOMI instrument were used to study high levels of nitrogen dioxide, carbon monoxide,
methane and sulphur dioxide emissions from October 2018 to December 2022. Validation of
the results was carried out using ground data from the nearest Automatic Identification
System (AIS) station. The monitoring results show that the study area has the highest levels
of NO, pollution. However, many cases of SO, pollution have also been recorded.
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ABSTRACT

Increased emissions and thus higher concentrations of greenhouse gases in the atmosphere
as a result of human activities are one of the main reasons for the observed rise in
temperatures in recent years. Methane is the second most abundant greenhouse gas and
plays a significant role in global warming. With the oil and gas industry and coal mining
accounting for the majority of anthropogenic emissions, atmospheric methane concentrations
are increasing at an accelerating rate. In this paper, using satellite data from the Sentinel-5P
for the period of May 2018 to December 2022, we present an efficient and fast method to
calculate background atmospheric CH4 concentrations. The emission source in the study
area is homogeneous, allowing the proposed method to be used as a benchmark for building
models to estimate and track emissions in heterogeneous regions. The knowledge of
background concentrations allows the tracking of seasonal and annual variations and trends,
as well as the rapid detection of regular or accidental emissions from unregulated sources.
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ABSTRACT

A fundamental problem in the transmission of measurement information in contemporary
information management systems is the distortion of the signals as an outcome of uneven
frequency characteristics of the connection channels. The link channel, as the signal
propagation medium, is part of the cascades, as at the transmitter as well at the receiver.
The linear distortions of the signal consist in a change in its information parameters, and they
can be related to its amplitude and phase spectrum. Compensation of signal distortions is an
effective and operative method for increasing the speed of transmitted information and the
guality of measurement systems. To compensate for amplitude and phase distortions of the
signals, correctors are gained, which are connected coherently to the link channel. The
properties of the correctors are identified by their transfer function, frequency response and
attenuation. Depending on the assign of elements in the circuit of the corrector, different
frequency characteristics and attenuation are derived. Of particular importance is the
guestion of their sensitivity, both to a change in a certain parameter of the scheme, and to
the frequency. In the presented work, a fusion of a digital corrector is proponed for the
compensation of linear distortions in the transmission of discrete signals. Its characteristics
have been explored and analyzed, and conclusions have been drawn regarding its
effectiveness and application.
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