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ANNOTATION

The significance of Earth Observation and Remote Sensing (RS) for monitoring of forest

health and stress in particular is emphasized in numerous documents, directives, laws

and initiatives of international organizations, such as the European Union (EU), the

United Nations (UN) Food and Agriculture Organization (FAO), and various national

strategies and laws. The study objectives of the present Ph.D. thesis are the coniferous

landscapes in the Teyna River Basin. The study subject is the abiotic stress of

coniferous landscapes caused by uranium mining. The aim of the study is to develop a

model for recognition and assessment of abiotic stress of coniferous landscapes

caused by uranium mining, using ground-based biogeochemical, biophysical and field
spectrometry data, and multispectral and hyperspectral very high resolution (VHR)
satellite data. The methods employed in the study are geoinformation methods,
statistical and geostatistical methods, cartography methods, geochemical and
landscape ecology methods. The Ph.D. Thesis is 163 pages and consists of four

Chapters, Conclusions, Contributions, and three Appendices totalling to 13 pages and

comprising © Tables. The Thesis includes 45 Figures, 19 Tables, and 42 Equations in

the main body text. The References include a total of 285 items, of which 101 are in

Cyrilic, and 184 are in Latin. The results have been published in 9 papers and

presented at 6 national or international scientific events. The main results and

contributions of the study are:

1) An assessment of the use of the existing transfer functions, geometrical and
reflection models in RS for detection and assessment of abiotic stress has been
made. The results prove that the hybrid models and joint use of reflectance,
geometric-optical and atmospheric transmittance models provide for reliable
assessment of the biogeochemical properties of coniferous landscapes, and
respectively, of abiotic stress;

2) A dose-response relationship model has been developed and approbated for the
study area of the Teyna River Basin — the /skra uranium-ore section, for two periods:
1993-1996 and 2011, using ground-based biogeochemical, biophysical, and multi-
and hyperspectral satellite data. The model employs several complimentary models
for establishing the dose-response relationships, such as: 1) Digital Landscape
Model (DLM); 2) Geostatistical models of pigment, Leaf Area Index (LAl), heavy
metals, metalloids and radionuclides, and total technogenic pollution coefficient - Z,
distributions; 3) Model of pigment content derived by broadband and narrowband VI
from multispectral and hyperspectral data, and red-edge position; 4) Geodatabase
model;

3) By testing different geostatistical interpolators for clustered point samplings of
geochemical and biophysical data, it has been found out that the optimal interpolator
is the Inverse Multiquadratic Function from the set of Radial Basis Functions (RBF);

4) Based on the reclassified values of the coefficient of total technogenic pollution — Z,
the classes of polluted and abiotically stressed coniferous landscapes in the Teyna
River Basin have been determined;

5) It has been found out that multispectral data can be used to detect abiotic stress in
coniferous landscapes caused by uranium mining;

6) An abiotic exstress in coniferous landscapes has heen found out, based on the blue
shift and red edge position, depth and asymmetry. The exstress manifestation is in
the higher chlorophyll and carotene content in the needles of coniferous landscapes.
This is also supported by field spectrometry and hyperspectral satellite reflectance
data from EO-1/Hyperion;

7) It has been found out that the VIs TCARI and MCARI, as well as the first principal
component (PC1) of the VIs: TCARI, MCARI, PRI and MTVI 2, can be used to detect
and assess abiotic stress in coniferous landscapes caused by uranium mining.
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Bulgarian Academy of Sciences. Space Research and Technology Institute.
Aerospace Research in Bulgaria. 29, 2017, Sofia

REVIEW OF SPECTRAL VEGETATION INDICES AND METHODS
FOR ESTIMATION OF CROP BIOPHYSICAL VARIABLES

Ilina Kamenova, Lachezar Filchev, Iliana Ilieva

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail. ilina.kamenova@hotmail.com, lachezarhfispace.bas.bg

Abstract

In present article a brief overview is presented on spectral vegefation indices and methods
Jfor estimation of crop main biophysical variables and their proxies. The main VIs used in estimation
of nitrogen and chlorophyll, biomass, LAI and fAPAR, fCover, and photosynthesis are sunimarized.
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Abstract: Land cover is one of the key terrestrial variables uzed for monitoring and as input for
modelling in support of achieving the United MNations Strategical Development Goals. Global and
Continental Land Cover Products (GCLCs) aim to provide the required harmonized information
background across ameas; thus, they ame not being limited by national or other administrative
nomenclature boundaries and their production approaches. Momeover, their increased spatial
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mesolution, and consequently their local relevance, is of high importance for users at a local scale.
Druring the last decade, several GCLCs were developed, including the Global Historical Land-Cover
Change Land-Use Conversions (GLC), the Globeland-30 (GLOB), Corine-2012 (CLC) and GMES/
Copernicus Initial Operation High Resolution Layers (GIOS). Accuracy assessment is of high
importance for product credibility towards incorporation into decision chains and implementation
procedumns, especially at local scales. The present study builds on the collaboration of scientists
participating in the Global Observations of Forest Cover—Global Observations of Land Cover
Dynamics (GOFC-GOLD), South Central and Eastern European Regional Information Network
(SCERIN). The main objective is to quantitatively evaluate the accuracy of commonly used GCLCs at
selected representative study anreas in the SCERIN geographic amea, which is charackrized by extrems
diversity of landscapes and environmental conditions, heavily affected by anthropogenic impacts
with similar major socio-economic drivers. The employed validation strategy for evaluating and
comparing the different products is detailed, representative results for the selected areas from nine
SCERIN countries are presented, the specific regional differences ame identified and their underlying
causes ame discussed. In general, the four GCLCs products achieved relatively high overall accuracy
rates: 74-98% for GLC (mean: 93.8%), 73-92% for GLOB (mean: 90.6%), 74-91% for CLC (mean: 89%)
and 72-98% for GIOS (mean: 91.6%), for all selected areas. In most cases, the CLC product has the
low er scores, while the GLC has the highest, cdosely followed by GIOS and GLOB. The study mevealed
overall high credibility and validity of the GCLCs products at local scale, a result, which shows
expected benefit even for local /regional applications. Identified class dependent specificities in
different landscape types can guide the local users for their reasonable usage in local studies. Valuabke
information is generated for advancing the goals of the intemational GOFC-GOLD program and
aligns well with the agenda of the NASA Land-Cover/ Land-Use Change Program to improve the
quality and consistency of space-derived higher-level products.

Keywords: land cover; earth observation; validation; weighted accuracy; confidence kevels;
inter-comparison; SCERIN
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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 harmaonized with the EUJ
policy of natural hazard risk mitigation.

Keywords: Copernicus Program, natural hazard, optical satellite data, radar satellite data, Black Sea region

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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Bulgarian Journal of Agricultural Science, 25 (No 5) 2019, 819-832

Estimation of biophysical and biochemical variables of winter wheat
through Sentinel-2 vegetation indices
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Georgi Jelev!, Alexander Gikov!, Martin Banov?, Veneta Krasteva?, Viktor Kolchakov?, Milena
Kercheva?’, Emil Dimitrov’, Nevena Miteva®
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and GIS, 1113 Sofia, Bulgaria

Agricultural Academy, Institute of Soil Science, Agrotechnologies and Plant Protection “Nikola Poush-
karov”, 1331 Sofia, Bulgaria

*Corresponding author: petar.dimitrov(@mail.space.bas.bg

Abstract

Dimitrov, P., Kamenova, 1., Roumenina, E., Filchev, L., Ilieva, 1., Jelev, G., Gikov, A., Banov, M., Krasteva,
V., Kolehakov, V., Kercheva, M., Dimitrov. E., & Miteva. N. (2019) Estimation of biophysical and biochemi-
cal variables of winter wheat through Sentinel-2 vegetation indices. Bulgarian Journal of Agricultural Sci-
ence, 25(5), 819-832

Traditionally, the growth and physiological status of winter wheat (Triticum aestivum L.) is monitored in the field
by measuring different biophysical and biochemical variables such as Above Ground Biomass (AGB), Nitrogen content
(N), N uptake, Leaf Area Index (LAI), Fraction of vegetation Cover (fCover), Canopy Chlorophyll Content (CCC), and
fraction of Absorbed Photosynthetically Active Radiation (FAPAR). The objective of this study was to investigate the
possibility of estimating these crop variables through statistical regression modelling and spectral vegetation indices de-
rived by the Sentinel-2 satellites. Field data were collected over two growing seasons, 2016/2017 and 2017/2018, in test
fields around Knezha, northern Bulgaria. A combination of spectral data from Sentinel-2 images and field spectroscopy
obtained through the first growing season was used for model calibration and cross-validation. The models were further
validated with Sentinel-2 image data from the second growing season. The accuracy of the models varied widely across
crop variables. According to the cross-validation, the relative RMSE was below 25% for fAPAR, fCover, and fresh AGB,
with particularly good result for FAPAR (13%). For N content and dry AGB the error was between 25% and 30%. The
accuracy was low for CCC, LAI and N uptake (error between 30% and 43%). The models” performance was worse when
they were applied to the data from the second growing season, resulting in relative RMSE which were 3-8% higher in the
general case. The cross-validation results suggested that the variety-specific models are more accurate than the generally
calibrated models for most crop variables. The accuracy obtained in this study for the prediction of fAPAR, fCover and
AGBT through Vs is promising. Future studies and incorporation of new field data will be needed to better account for
variely, season, and site variations in the modelled relationships and to improve their generalisation potential.

Keywords. biomass; canopy chlorophyll: leaf area; nitrogen content; satellite imagery
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Sub-Pixel Crop Type Classification Using PROBA-V
100 m NDVI Time Series and Reference Data from
Sentinel-2 Classifications
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Abstract: This paper presents the results of a sub-pixel classification of crop types in Bulgaria
from PROBA-V 100 m normalized difference vegetation index (NDVI) time series. Two sub-pixel
classification methods, artificial neural network (ANN) and support vector regression (SVR) were
used where the output was a set of area fraction images (AFlIs) at 100 m resolution with pixels
containing estimated area fractions of each class. High-resolution maps of two test sites derived

from Sentinel-2 classifications were used to obtain training data for the sub-pixel classifications.

The estimated area fractions have a good correspondence with the true area fractions when aggregated
to regions of 10 x 10 km?, especially when the SVR method was used. For the five dominant classes
in the test sites the R? obtained after the aggregation was 86% (winter cereals), 81% (sunflower), 92%
(broad-leaved forest), 89% (maize), and 67% (grasslands) when the SVR method was used.

Keywords: crop mapping; Sentinel-2; sub-pixel classification; area fraction images
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CROP TYPE MAPPING USING MULTI-DATE IMAGERY
FROM THE SENTINEL-2 SATELLITES

Alexander Gikov, Petar Dimitrov, Lachezar Filchev,
Eugenia Roumenina, Georgi Jelev

(Submiteed by Comresponding Member P. Velinow on April 19, 2019)

Abstract

This paper presents the results of a crop type mapping exercizse conductaed
in two study areas in Bulgaria and based on data from the Sentinel-2 (52)
satellites. A mmlti-date maximuom likelihood classification approach was nsed
in which nine spectral bands from three cloud-free images, well distribited
across the prowing season, were used. Validation was performed using field
data collected as part of the study and data from the Intesrated Administration
and Control System (IACS) dataset. Depending on the validation dataset and
the study area, an overall accuracy of T4-95%, was achieved after the crop type
maps were post-processed by mode filtering. Further increase in accuracy may
be obtained if parcel boundaries, as defined in the TACS dataset, are used to
apprepate the per-pixel classification to a parcel level

Key words: remote sensing, Sentinel 2, satellite imagery, crop mapping,
maximum likelihood classification
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Web based EMF monitoring in urban environment

Lachezar Filchev®”, Dimitar Teodosiev®, Roumen Nedkov?, Denitsa Borisova®,
Boyan Kehayov”, Ilia Iliev®, Todor Tsvetkov®

* Space Research and Technology Institute - Bulgarian Academy of Sciences (SRTI-BAS),
Acad. Georgi Bonchev str., bl. 1, 1113 Sofia, Bulgaria; b Faculty of Telecommunications, TU-Sofia,
8 Kliment Ohridski Blvd, 1000 Sofia, Bulgaria

ABSTRACT

The development of mobile communications in the past decade imposed a real risk to human health. The ever growing
technology needs and developments in the telecommunication technology are one of the environmental issues of the
urban environments. One solution to accommodate the technology developments is to optimize the mobile
communications network which is a topic of investigation of many scientific and technology teams. In order to optimize
the network it is necessary to make regular measurements and assess the risk on human health and optimize the mobile
network on the basis of software defined radio /SDR/. In European Union /EU/ and in Bulgaria are present regulations
for the control of electromagnetic field /EMF/ emissions. Investigation of the EMF pollution on the territory of Sofia
municipality is performed within the domain from 100 MHz to 7 GHz using standard measurement equipment, and
portative field spectrometer based on SDR. The characteristics of the three spectrometers provide for a more in depth
analysis of the EMF sources. The field measurements are continuous during day and nighttime. The data is stored in a
personal geodatabase format (ESRI Inc., Academic license) and MySQL and stored on the FTP server of Technical
University /TU/ of Sofia IT infrastructure. The data is visualized on a web-portal developed by TU team. In conclusion
is analyzed the opportunities for urban developments in view of urban planning for the development of the city of Sofia
i compliance with national and EU environmental legislation.

Kevwords: EMF monitoring. urban environment, database. EU environmental legislation, Software defined radio

B4 7

1129

Bulgarian Journal of Agricultural Science, 26 (No 6) 2020, 1129-1142

Qualitative evaluation and within-field mapping of winter wheat crop
condition using multispectral remote sensing data
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Abstract

Roumenina. E., Jelev, G., Dimitrov, P., Filchev, L., Kamenova, I., Gikov, A.. Banov. M., Krasteva, V., Kercheva,
M. & Kolchakov. V. (2020). Qualitative evaluation and within-field mapping of winter wheat crop condition using
multispectral remote sensing data. Bulg. J. Agric. Sci., 26 (6). 1129-1142

This study presents a method for evaluation and mapping of winter wheat crop condition using a set of crop variables, e.g.
leaf area index (LAI), fraction of absorbed photosynthetically active radiation (FAPAR), fraction of vegetation cover (fCover),
fresh above ground biomass (AGBf). and Nitrogen uptake derived from multispectral imagery. First, the crop condition is as-
sessed with respect to each variable using a qualitative. three-grade scale. In a second step, these individual assessments are
combined to produce assessment map of the crop’s general condition, discriminating between three possible conditions — Good,
Fair, or Poor. The method was tested on winter wheat fields in Bulgaria in two agricultural years — 2016/2017 at phenological
growth stage (FGS) Z31 to Z34 and 2017/2018 at FGS Z30. The results presented were based on Sentinel-2 satellite imagery
(at 20 m spatial resolution) and imagery from Specialized Unmanned Aerial Vehicle (SUAV) sense FlyeBee Ag, equipped
with Parrot Sequoia camera (resampled to 10 m spatial resolution). The remotely sensed crop condition was validated against
independent ground-based assessments in a number of elementary sampling units (ESUs). The proposed approach proved to
be effective and the crop condition was accurately determined in 87% — 94% of the ESUs depending on the FGS/agricultural
year and the imagery type. We observed only minor differences in the areas of the three crop conditions when mapped with
Sentinel-2 and Parrot Sequoia data.

Keywords: winter wheat: crop condition; assessment map: Sentinel-2: Parrot Sequoia camera
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Abstract

This article provides an overview of worldwide web and e-Learning resources for Earth
Observation (EQ) education for secondary schools. The main EQ education inifiatives suppoited by
international, EU and national organizations. The article elaborates on future prospects of EQ
education in the education system its relevance for the society and its connection with STEM subjects.
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CROP TYPE MAPPING IN BULGARIA USING SENTINEL-1/2 DATA
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Abstract

Advanced possibilities have emerged in the recent years for semi-automatic crop tpe
mapping at national level due to the availability of Sentinel-1 and -2 satellite data. In this study, 14
crop fype classes were mapped over Bulgaria using three bi-monthly composite image mosaics for 2019
generated in the Google Earth Engine (GEE) cloud computing platform. The overall accuracy when
both Sentinel-1 and -2 mosaics were used was 78%, while the accuracy was slightly less when only
Sentinel-2 data was used (75%). The accuracy was highest for “Cereals”, “Muize”, “Sunflower”,
“Winter rapeseed”, and “Rice” - over 80% for both user’s and producer’s. However, the accuracy for
classes such as “Vegetables”, “Technical crops”, “Forage crops”, “Fallow”, etc. was low. These
classes represent categories suitable for the agricultural practice and stafistics but are too general and
difficult to distinguish using satellite data. It was found also that accuracy tend to be higher for larger
parcels. Using composites with higher frequency and adapting the legend classes to include only erops
which are similar in phenology and morphology are suggested as possible ways forward.
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I'.7. Hayynu my0iuKauuy B U31aHUA, KOUTO ca pedepupaHu U HHAEKCHPAHU B
CBETOBHOM3BECTHH 0a3U JaHHU ¢ Hay4YHa HHopMaus

7.1

Bulgarian Academy of Sciences. Space Research and Technology Institute.
Aerospace Research in Bulgaria. 27, 2015, Sofia

LAND-USE/LAND-COVER CHANGE OF BISTRISHKO BRANISHTE
BIOSPHERE RESERVE USING SENTINEL-2 SIMULATED DATA

Lachezar Filchey

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: lachezarhfi@space.bas.bg

Abstract

The aim of this study is the evaluation of changes in land-use/land-cover on the ferritory of
Bistrishko Branishte biosphere reserve (UNESCO, MAB), Vitosha, with the use of simulated
Sentinel-2 data. For this puipose the CHRIS/PROBA image acquired on 22 June 2012, and on
28 September 2012 are geometrically and armospheric corvected and co-registered. The topographic
normalization is applied fo the second image due fo shadows cast on the slopes of the Valley of the
river Bistrica. In order fo simulate the Sentinel-2 bands, the spectral channels of the CHRIS/PROBA
are spectraly resampled to spectral width of the Sentinel-2 bands. The spatial resampling of the
Sentinel-2 bands 1s done using a Landsat 7 ETM + panhvomatic band (15 m). On the classification of
land-use/land-cover an accuracy assessment and cross-validation is made by using ground-based
data. The resuits show that between 60 ha and 72 ha of coniferous plants were devastated by a forest
fire in 2012. the results obtained demonsirate the ability of the Senfinel-2 mission to detect sudden
changes in land-use/land-cover caused by forest fires.

7.2

Bulgarian Academy of Sciences. Space Research and Technology Institute.
Aerospace Research in Bulgaria. 28, 2016, Sofia

A COMPARATIVE ANALYSIS BETWEEN MODIS LST LEVEL-3
PRODUCT AND IN-SITU TEMPERATURE DATA FOR ESTIMATION
OF URBAN HEAT ISLAND OF SOFIA

Ivan Yanevl, Lachezar Filchey’

i . .
ESRI Bulgaria, Ltd., Sofia, Bulgaria

“Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: ivan.yanevinail@gmail.com

Abstract

In present study we use global eight-day MODIS Land Suiface Temperature (LST) and
Emissivify Level-3 satellife producits (MODI1142 and MYDI1142) with in-situ data from aufomatic
weather stations (AWS) to analyze usability and reliability of satellite derived LST data for Urban
Heat Island estimation for the city of Sofia, Bulgaria. In order to achieve the study aim the tervesmrial
measurements fiom eight AWS were compared fo the extracted pixel values from the MODIS LST
Level-3 products. The so formed time-series were averaged to align with MODIS LST Level-3
products and gap-filled using the established relationship behween the satellite and terrestrial dafa. 4
very strong positive relationship (R°~0.97 at 95% confidence interval) was found for the eight ground
AWS which readings were analyzed on a diurnal and seasonal basis for the vear of 2013. It is
suggested thar the pronounced diurnal and seasonal variations in the trends and correlation berween
satellite and in situ temperature data were primarily velated to the different land-use/land-cover fipe
of the mixed pixel of MODIS.




Bulgarian Academy of Sciences. Space Research and Technology Institute.
Aerospace Research in Bulgaria. 29, 2017, Sofia

ASSESSMENT OF THE LAND SURFACE TEMPERATURE DYNAMICS
IN THE CITY OF SOFIA USING LANDSAT SATELLITE DATA

Ivan Yanev', Lachezar Filchev’

'ESRI Bulgaria Ltd.
“Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: ivan.yanevinail@gmail.com

Abstract
The article presents the first aftempt to analyse the urban heat island of the city of Sofia

using satellite data. For this purpose the thermal data from Landsat ETM+ and TIRS sensors have
been used. A statistical analysis of the results was carvied out as well as an analvsis of the changes in
the surface temperature for the selected fime interval — 2000-2015. The impact of the fype of land
cover was analvzed. For this purpese, a visual land-cover classification has been drawn up, whereby
the surveved tervitory is divided info 16 classes. 4 detailed analvsis of the data over the entire survey
period shows a gradual rise in the cify's temperature due to the change in the urban environment.
One of the conclusions of the stury is that thermal images over time can be successfully used fo detect

changes in the land cover by temporal analysis.

r7.3

Bulgarian Academy of Sciences. Space Research and Technology Institute.
Aerospace Research in Bulgaria. 33, 2021, Sofia

A REVIEW OF EARTH OBSERVATION RESOURCES FOR
SECONDARY SCHOOL EDUCATION - PART II

Lachezar Filchev, Ioannis Manakos’, Rainer Renter’, Garo Mardirossian’,
. . - - . - - . . 22
Tsveta Srebrova", Lubomira Kralevaf, Dimitar Dnmrmv‘, alliroi Marini-,
Andreas Rienow’

ISpace Research and Technology Institute — Bulgarian Academy of Sciences;
e-mail: lachezarhfi@space.bas.bg, G.Mardirossian@space.bas.bg, lkraleva(@eeobss.space,
Tsveta_Srebrova(@space.bas.bg
’Information Technologies Institute of the Centre for Research and Technology Hellas,

(<] u
Thessaloniki, Greece, e-mail: imanakos(@iti.gr, marini{@iti.gr
3Carl von Ossietzky Universitdit Oldenbure, Germany, Germany;
] & ! !
e-mail: rainer.reuter{@uni-oldenburg.de
‘National Instifute in Geophysics, Geodesy and Geography — Bulgarian Acadenmy of
Sciences; e-mail: clgdimi@abv.bg
“Ruhr-University, Bochum, Germany;
e-mail: andreas.rienow@ruhr-uni-bochum.de

Keywords: Secondary school, science education, Earth Observation education, STEM,
EO, e-Learning.

Abstract

This article is a continuation of an overview of the contemporary resources for Earth
Observation (EQ) education for secondary schools. The themes covered by the sequel are the main
EO education initiatives supported by internatfional, EU and nafional organizations, outreach
activities, citizen scientists ' projects and fiee and open source software (FOSS) EO fools. The article
elaborates on firture prospects of EQ resources developments in the education system its relevance
for the society and its connection with STEM subjects.
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I'.8. Hayuna ny6aukanusi B HepedepupaHu CIHCAHUS ¢ HAYYHO pelleH3UpaHe WIH B
pelaKTHPAHH KOJEeKTHBHH TOMOBE

S E S 201 4
Tenth Anniversary Scientific Conference with International Participation
SPACE, ECOLOGY, SAFETY
12 - 14 November 2014, Sofia, Bulgaria

OOBPW NPAKTUKWU B BBIITAPWUA 3A NPUNOXEHUE
HA CMbTHUKOBW OAHHW B SEMEAENWETO U NAHOWA®THO-
EKONOr’M4HUA MOHUTOPUHI

Feopru Xene., NTtbyesap ®unyes, BaHa CtameHoBa, Bacun Bacunes,
MeTbp OumutpoB, AnekcaHabp Mukos, EBreHna PymeHuHa, Ctecpad CtameHOB

HHemumym 3a KocMuvecku uscriedsaHus u mexHonoaul — Bbnzsapcka akademus Ha Haykume
e-mail: gjelev@space.bas.bg

Knroyosu Qymu: ciemAukosu daHHU, 3eMedenue, eKonosuvHUA MOHUMOPUHE

Pe3toMe: Pabomama e roceemeHa Ha HAKOU OM OCHOSHUME u3cnedsaHus 6 obnacmma Ha
MpUMoXeHUeMo Ha aepoKOCMUYeckU OaHHU & 3emederniuemo U NaHoWaghmHo-eKoNo2UYHUS MOHLUMOPUHE
Ha mepumopusama Ha bvnzapus, nposedeHu om 4neHoseme Ha Cekyus JucmaHyuoHHU uscnedsaHus u
MICY kbm VIHCmumym 3a kocMuYecku uscnedsaHus u mexHonozsuu — BAH.

BEST PRACTICES IN SATELLITE DATA APPLICATIONS FOR AGRICULTURE
AND LANDSCAPE-ECOLOGICAL MONITORING IN BULGARIA

Georgi Jelev, Lachezar Filchev, Vanya Stamenova, Vassil Vassilev,
Petar Dimitrov, Aleksandar Gikov, Eugenia Roumenina, Stefan Stamenov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: gjelev@space.bas.bg
Keywords: satellite data, agriculture, environmental monitoring
Abstract: The work is dedicated to some of the basic research in the application of aerospace data in

agriculture and landscape-ecological monitoring on the territory of Bulgaria, carried out by members of the
Section "Remote Sensing and GIS" at the Space Research and Technologies Institute - BAS.

rs_1

FOURTEENTH INTERNATIONAL CONFERENCE ON MARINE SCIENCES AND TECHNOLOGIES %gil:

SATWEBMARE PRODUCTS AND SERVICES IN SUPPORT OF THE
SUSTAINABLE MANAGEMENT OF THE BULGARIAN COASTAL ZONE

O. Kounchev, L. Pashova, L.Filchev, D. Kalaglarski, V. Craciunescu, V. Galabov, E. Peneva,
M. Ilieva, B. Srebrov, Z. Bibov

* Institute of Mathematics and Informatics — Bulgarian Academy of Sciences, Bulgaria,
https://satwebmare.wordpress.comy

Abstract. The coastal zones have important ecological. social, and economic impact on the human life
and are undergoing the severe anthropogenic degradation that is happening against the backdrop of
environmental alterations due to climate change. To address the challenges of present and future
environmental changes in coastal areas, this article aims to represent a prototype of Web-based integrated
system SatWebMare designed to provide through geo-portal innovative products and services for
integrated coastal zone management of the Bulgarian coastal zone. inline with the nowadays concepts of
Big Data. The SatWebMare prototype system will combine geo-database sets from different sources,
which will be used for improving a spatial and temporal accuracy of modeling the air-land-sea inferaction
processes and their forecast. An overview of the system architecture consisting of three main modules
will be presented. The SatWebMare geo-portal aims to provide an access to products and services with
added-value information for ministries, agencies, local authorities, and other stakeholders in support of
the integrated coastal zone management.

Keywords: Earth Observation, Bulgarian coastal zone, Geoportal. Open Source, Big Data
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BigSkyvEarth conference: AstroGeolnformatics. Tenerife, Spain. December 17-19, 2018

Challenges and Solutions for Utilizing Earth Observations in

the "Big Data" era

Lachezar Filchev

Space Research and Technology Institute,
Bulgarian Academy of Sciences - SRTI-BAS,
URL: hitp://www.space.bas.bg/Eng/Eng.html

Lyubka Pashova

National Institute of Geophysics, Geodesy and
Geography, the Bulgarian Academy of
Sciences - NIGGG-BAS,

URL: hitp:/mwww.niggg.bas.bg/en/

Vasil Kolev

Institute of mformation and Communication
Technologies, the Bulgarian Academy of
Sciences - IICT-BAS,

URL: hitp./Awww.iict.bas.bg/EN/

Stuart Frye

National Aeronautics and Space
Administration — NASA,

URL: hitps:/Anvw.nasa.gov/

lachezarhf{@space.bas.bg

Ipashova.niggg@gmail.com

kolev_acad@abv.bg

stuart.w.fiye@nasa.gov

Abstract

The ever-growing need of data preservation and their systematic analysis
contributing to sustainable development of the society spurred in the past decade,
numerous Big Data projects and initiatives are focusing on the Earth Observation
(EO). The number of Big Data EO applications has grown extremely worldwide
almost simultaneously with other scientific and technological areas of the human
knowledge due to the revolutionary technological progress in the space and
information technology sciences. The substantial contribution to this development are
the space programs of the renowned space agencies, such as NASA. ESA,
Roskosmos. JAXA. DLR. INPE. ISRO. CNES etc. A snap-shot of the current Big
Data sets from available satellite missions covering the Bulgarian territory is also
presented. This short overview of the geoscience Big Data collection with a focus on
EO will emphasize to the multiple Vs of EO in order to provide a snapshot on the
current state-of-the-art in EQ data preservation and manipulation. Main modern
approaches for compressing, clustering and modelling EO in the geoinformation
science for Big Data analysis, interpretation and visualization for a variety of
applications are outlined. Special attention is paid to the contemporary EQ data
modelling and visualization systems.

Keywords: Geo-sensor networks, Earth Observations. Big Data, Data bases. EO
Analytics
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International Soil Congress 2019

17-19 June 2019 Ankara, Turkey

Complex Assessment of Winter Wheat Growing Conditions in Northwestern Bulgaria

Viktor KOLCHAKOV', Milena KERCHEVA* Martin BANOV?, Veneta KRASTEVA®, Eugenia
ROUMENINA?, Petar DIMITROV®, Georgi JELEV’, Lachezar FILCHEV?, Emil DIMITROV?,
Alexander GIKOV!"

Abstract

The objective of the study is to make a complex assessment of the winter wheat (Triticum aestivum L.) statusin
case of two commonly used varieties in Bulgaria - , Annapurna” and ,Enola”, grown on Chernozems
mNorthwestern Bulgaria. Thirty elementary sampling units (ESUs) have been located on the field units’
territory for performing the observations on phenological stages, presence of weeds, crop disease and pests
and for collecting of soil and plant samples for laboratory analyzes. The following indicators were used to
evaluate the growing conditions of the crop during the phenophases: sum of precipitation; land evaluation; soil
nutrient supply: soil moisture supply: number of emerged plants per area; height of plants; weight of the
aboveground dry biomass; number of stems per area; number of productive tillers per area; Nitrogen uptake
by plants; presence of weeds:crop damage caused by diseases and pests.A three-stage ranking of the crop
conditions was defined: 3 - high, 2 - average and 1 - low. The complex evaluation of the development of the
crop throughout the growing season is presented as an arithmetic mean of the indicators estimates for each
phenological phase. The complex assessment for the studied field Units ranges from average to high according
to the conditions and the state of the crop during the whole growing season.

Keywords: winter wheat, growing conditions, ranking, Chernozems

I8 4

DISSEMINATION OF KNOWLEDGE ON EARTH OBSERVATION
FROM SPACE AMONG STUDENTS
Garo Mardiressian, Lachezar Filchev

Absrtact: One of the most powerful and effective applications of space science and technology is in earth
observation from space. Despite its great importance, which will inevitably grow in the future, the theme of
these space technologies is absent from traditional school education. This motivates the importance of spreading
space knowledge among learners, in particular for studying Earth from space. The article briefly examines the
perennial activities of scientists from the Space Research and Technology Institute at the Bulgarian Academy
of Sciences for the dissemination of knowledge on the study of Earth from space among learners. Specific
examples outline the main guidelines in this activity — publishing books and brochures, realization of targeted
projects, seminars and lectures, organization of exhibitions, publication of scientifically popular articles in
school newspapers, etc.

Kev words: space science and technology, earth observation from space, activities, dissemination of knowledge,
learners
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SATWEBMARE INTERACTIVE WEB-MAPPING SYSTEM
IN SUPPORT OF THE SUSTAINABLE MANAGEMENT
OF THE BULGARIAN COASTAL ZONE

Vasile Craciunescu', Ognyan Kounchev?, Damyan Kalaglarski’, Lyubka Pashova®,
Lachezar Filchev?®, Vasko Galabov®, Maya Ilieva’, Bozhidar Srebrov?

!Romanian National Meteorological Administration (Meteo Romania),
Soseaua Bucuresti-Ploiesti 97, Bucharest, Romania
Institute of Mathematics and Informatics — Bulgarian Academy of Sciences
*Intellics Engineering Ltd.
*National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences,
Sofia, Bulgaria
*Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria
®National Institute of Meteorology and Hydrology, Sofia, Bulgaria
"Wroclaw University of Environmental and Life Sciences,
Institute of Geodesy and Geoinformatics, Wroctaw, Poland

PE3IOME

B cmamusma e npedcmasen npezned Ha
paspaGomean  HPOMOMUN  HA  UHMEPAKMUBHA
ye6 xapmozpagpcka cucmema SatWebMare 3a
Gonzapckamaxpaibpencna sona. Mnmepaxmusnama
cucmema e npoexmupana 0a npedocmass pes
260H0PMAN UHOBAMUSHI HPOJYKMLU U YCayel 3a
uHmezpupano  ynpasieue Ha - xpatibpexcxama
30Ha. Yeb wxapmozpagcxama cucmema KomMOuHupa
2e00aHHU

om pasnufmu USMOYHULLU Kamao

camenumHy  U306PANEHUS, KAPMU, 8eKIMOopHU
caoege u Opyeu mabopu om Oannu. Haxpamio
e pazenedaro cedepicaruemo Ha SatWebMare
eeonopmana. Upes cucmemnus ye6 urmeppeiic
uje 6vde ocuzypern Oocmen 00 NPUACNECHUS U
npodykmu ¢ nodoGpeHa nPOCHMPAHCMBEHA U BPeMesd
pasdenumenta cnocobHocm 3a mpu 00nACU HA
UMMEPEC — MOPCKU BBIHOBU KIUMAM, HPUPOOHU
ONACHOCHOCIIU 1 260MAZHEMUIBM 3a 0bN2APCKOMO
ipatibpexcue. Yeo wapmoepagpcrama cucmema ce
paspabomsa ¢ usnonszgave Ha c8ob00eH copmyep ¢
omsopen x0d, OGS cmandapmu u 6 coomeemcmeue
¢ npenopexume na Esponeiickama Oupexmuea
INSPIRE. Cned wenxHomo paspabomeare Ha
HPOMOMUNHAMA CUCIEMd, A e H0360nU da ce
ocueypu docmen do npodykmi U ycayeu ¢ dobasena
CMOLIHOCH, KOUMO ca NONE3HU 3d MUHUCIMEPCMEA,
A2eHLULL, MECIMHU BAACHY U 0Pyl 3AUHMEPECOBAH
cmpati 8 NOOKPenda Ha B3EMAHEMO HA PELUEHLS.

Kmouosu gymmn: npoexm SatWebMare, ye6
kapmozpagupare, Habrwoderue Ha Semama,
uHmezpuparo ynpasnenue Ha 6pezosama 3ona, Yepro
mope, benzapcxo kpaiibpencue

ABSTRACT

The article aims to represent a general overview
of the prototype web-mapping interactive system
SatWebMare for the Bulgarian coastal zome. The
interactive system is designed to provide through geo-
portal innovative products and services for integrated
coastal zone management. The web-mapping system
combines geo-databases from different sources such
as satellite imagery, maps, vector layers and other

datasets. The content of the SatWebMare Geo-Portal
is briefly outlined. The web-interface system will
provide access to applications and products with an
improved spatial and temporal resolution for three
areas of inlerest - sea waves, natural hazards and
geomagnetism in the Area of Interest (AOI). The web-
mapping system is developing based on the free and
open-source software, OGS standards and following
the EU INSPIRE Directive recommendations. Once
the prototype system is fully developed, it will enable
to provide access to value-added products and services
that are useful to ministries, agencies, local authorities
and other stakeholders in support of the decision
making.

Keywords: SatWebMare project, Web-mapping, Earth
observation, integrated coastal zone management, the
Black Sea, Bulgarian coastal zone
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S E S 2020
Sixteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
4 - 6 November 2020, Sofia, Bulgaria

BBb3MOXHOCTU 3A NMPOrHO3UPAHE HA IOBMUBA OT BUOITOrM4YHA
MWEHWUA C U3NOJN3BAHE HA AEPOKOCMUYECKMU METOU

MwuneH Yanes, lTbuesap $unyues

MHecmumym 3a kocmMudecku uscrnedsanus u mexHonozuu — Bvrzapcka akademMus Ha Haykume
e-mail: mchanev@space.bas.bg; lachezarhf@space.bas.bg

Knroyosu dymu: ducmaHuuoHHU uscnedsanus, buonozuyHo semedenue, modenu 3a nposHosupaHe Ha
dobusa om nweHuua

Pestome: C usMeHeHuemo Ha KAUMama &ce no-4ecmu cmaeam HebnazonpusmHume [pupodHU
S€MeHUs, kamo HasodHeHUe u Cylwa, Koumo om CE0s CmpaHa ca oCHosHa 3annaxa 3a dobusume om nuweHuya.
MMoyYmu scuYKU pesucHU Ha nnaHemama ca yassumu om nodobHU KnumMamuyHu cbbumus. JucmaHyuoHHuUme
memodu mozam da nomozHam Ha 3emedenckume npoussodumenu dasalku UM akmyanHa uHghopMmauyus 3a
CbCMOSHUEMO Ha focesume U nposHosa Ha dobusume om nwieHUUa, Kamo 1o Mo3u HaduH MUHUMU3Upam
pucKa om KnuMamuyHume MpoMeHu.

POSSIBILITIES FOR FORECASTING THE YIELD OF ORGANIC WHEAT
USING AEROSPACE METHODS

Milen Chanev, Lachezar Filchev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: mchanev@space.bas.bg; lachezarhf@space.bas.bg

Keywords: remote sensing, organic farming, models for forecasting wheat yield

Abstract: With climate change, adverse natural phenomena, such as floods and droughts, are becoming
more common, which in turn are a major threat to wheat yields. Almost all regions of the planet are vulnerable fo
such climatic events. Remote sensing methods can help farmers by giving them up-to-date information on the
condition and yield forecasting of wheat crops, thus minimizing the risk of climate change.
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MOOEJNIN HATEOCUCTEMUA U ABUOTUYEH CTPEC
B AUCTAHUNOHHUTE U3CNEOBAHUA

Nbyesap $unyes

HMHemumym 3a kocMudecku uscrnedsaHus u mexHonoauu — Bbnzapcka akadeMus Ha Haykume
e-mail: lachezarh@space.bas.bg

Knroyosu dymu: abuomuver cmpec, ModenupaHe, 2eocucmemu

Pestome: B obnacmma Ha cbspemeHHume OuUCMarUuUoHHU uscnedsaHus ce nonazam ycunus no
ModenupaHe Ha npedasamenHume ceolicmea Ha ammMocgbepama, Kakmo U Ha ompaxamenHume csolicmsea Ha
obekmume om 3eMHama u akeamopuarHama fosbpxHocm. C nomowjma Ha me3u Modenu e Sb3IMOKHO
pewasaHemo Ha npasa u obpamHa 3adadya, m.e. 2eHepupaHe Ha creKkmpaneH KoecbUuUUeHm Ha ompaxeHue
(CKO) sbe sudumama u bnuskama uHgbpadvepeeHa obnacm Ha criekmbpa Oom XUMUYHU CbCMasku, Kamo
nueMeHmu - Xxnopoghus, KapomuH, 800HO chObpXaHue, asomHo cbdbpxanue, U dp. u obpamHo, nony4asaHe Ha
XUMUYHU cbemasku om CKO u buochusuyHu u BuoMempuyvHU napamempu Ha uefonucmHama pacmumernHa
Mokpuska, kamo fucmeH uHOeKc, eucoyuHa Ha dbpsemama, obukonka Ha Jdbpsocmoume, MPOEKMUSHO
nokpumue u dp.

MODELS OF GEOSYSTEMS AND ABIOTIC STRESS
IN REMOTE SENSING

Lachezar Filchev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: lachezarh@space.bas.bg

Keywords: abiotic stress, modelling, geosystems

Abstract: In the field of modern remote sensing, efforts are made to model the transmission properties
of the atmosphere, as well as the reflective properties of objects from the land and water surface. With the help of
these models, it is possible to solve a straight and reverse task, i.e. generating a spectral response in the visible
and near-infrared area of the spectrum of chemical ingredients, such as pigments - chlorophyil, carotene, water
content, nifrogen content, etc. conversely, obtaining chemical ingredients from spectra and biophysical and
biometric parameters of coniferous plant cover, such as leaf index, tree height, tree circumference, canopy forest
cover, efc.
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MOOENUPAHE HA TEXHOMEHHOTO 3AMBPCABAHE
HA BOOOCBEOPA HA PEKA TAMHA

Nbyesap Punyes

HMHecmumym 3a kocMudecku uscnedsaHus u mexHonozuu — Bbnzapcka akademus Ha Haykume
e-mail: lachezarh@space.bas.bg

Knoyosu oyMU,' mexku Memanu, mMemanoudu, MmexHO2EeHHO JamMbpcAsaHe, KOQ(#)UL{USH!T] Ha
mexHoseHHa KOHUeHmpalusa

Pe3rome: Ha ocHosama Ha nonemama Ha cmolHocmume Ha cbObpXaHUAMa Ha mexxKume Memanu,
Memarnoudume, ecmecmserume U usKycmeeru paduoHyknudu ca cbcmaseHu Modenu Ha nofemama Ha
cmolHocmume Ha KoeghuUuueHma Ha MmexHoseHHa KOoHUeHmpauus & nodsume & bacellHa Ha p. TauHa - Ko
u3rnon3salku nony4YeHume cmolHOCmU 38 MECMHUS roYyseHozeoxumuYyeH ¢hoH 3a 1993 (1996) 2. u 2011 2. Taka
nony4YeHume rofema ca U3non3saHu 3a U3yucfidsaHe Ha CyMapHUs KoedghuuyueHm - Zg yuumo cmoliHocmu 3a
mexkume Memanu & noysume 3a 1993 (1996) 2. sapupam om 3.13 8o 129.24, a 3a 2011 2. om 8.29 do 32.18.
TecmsaHu ca pasnuqyHUu UHMepronayuoHHu Modenu Ha cmolHocmume u oueHKa Ha gpelukama ¢ ozned
u3nonssaHemo Ha Hau-yda4yHus modersn.

MODELING OF THE TECHNOGENICAL CONTAMINATION
OF THE TAINA RIVER CATCHMENT

Lachezar Filchev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: lachezarh@space.bas.bg

Keywords: heavy metals, metalloids, technogenic contamination, technogenic concentration factor

Abstract: On the basis of the values of the contents of heavy metals, metalloids, natural and artificial
radionuclides, models of the fields of the values of the technogenic concentration factor in soils in the basin of the
Taina River - K using the obtained values for the local soil-based chemical background for 1993 (1996) and
2011. Using the interpolated fields is calculated the total pollution coefficient — Z: which values for the heavy
metals in the soils for 1993 (1996) vary between 3.13 and 129.24 and for 2011 from 8.29 to 32.18. Various
interpolation models of values and error assessment have been tested with a view to using the most appropriate
model.
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Conference Proceedings
“Climate, atmosphere and water resources in the face of climate change”. Volume 2
Sofia, 15 - 16 October 2020

H3caenpaHe Ha BoaHA MHI'DAIIHA Ha TeKKH METAJIH H MeTAJIOHIH B
MOBBPXHOCTHOTEYAIIHN H NIOA3¢MHH BOIH BLB BOIIOCﬁOpa Ha Pp. Taiina

JIpuesap @urden
ITHCTHTYT 3a KOCMHYECKH H3C/IeIBAHHA H TeXHOIOTHH, bhiIrapcka akageMus Ha HaykuTe, Coua. bearapus
E-mail: lachezarhf@space bas.bg

Pesrome. TIpe3 mocieqHHTe [eCETHIETHA AHTPOIOTEHHOTO Bb3JeiiCTBHE BBPXY OKONHATA Cpela Ce YBEIHYH
3HAUMTETHO, KOETO JOBEIE 10 CEPHO3HH €KONOTHUHH IPOOAeMH BBB BCHUKH ACHEKTH Ha IPHPOOHHTE H
HKOHOMHYECKHTE CHCTEMH. KaKBHTO ca TaHAMAPTHTe. XIMHIECKHAT ChCTaB HA MOBBPXHOCTHHTE H IIOJ3EMHHTE BOIH €
OT CBINECTBEHO 3HAYEHHE 3a XPAHEHETO HA PAcTeHHATAa H 3a Ka4ecTBOTO HA MHTeHHATa BOJA. KAaTO CBIIECTBEHO
IONpPHHACAT 3a (JOPMHpaHe Ha €KONOTHYHOTO CBCTOAHHE H WYOBEIIKOTO 34paBe. ToBa H3C/EIBaHe OTpa3ABa
CBIBPKAHHETO Ha TeXKHTe MeTamn (mg/l) mpeau BIuBaHETO Ha peka TaitHa B peka Mckwp — XMC-Kypuno. rp. Horu
Hexsp. IpeacTas ce H3UHCISHHAT "KOe(PHIIMEHT Ha BOJHA MHrpanus’ — Ky [0 OTHOIIEHHE Ha ChIBPKAHHETO Ha
XHMHYHHTE €I€MEHTH B IIOUBHTE B JOIHOTO TedeHHEe Ha peka Taiima. CroliHocTHTe Ha koe)HUHeHTa K, ca BaxHH 3a
OIIEHABAHE HA CTEIEHTAa HA Pa3TBApAHE HA CKAINTE, CTEIEHTAa HA PA3TBOPHMOCT HA OTACIHHTE SIEMEHTH H XHMHYHIL
Che[IHHEHHS, TAXHATa KOHIIEHTpALlHA BBB BOJHATa cpela B Ipoleca Ha MHTPAlHid H XHMHYHHA ChCTaB Ha BOJHTE B
nagamadra.

Knwouosn Oymu: TeOXUMHA Ha NOZ3EMHHTE BOON. TEXKH METATH. OCHOBHH CKATH. IIOUBH. KOe()HLHEHT Ha BOIHA
MHTpaIHa

Study of water migration of heavy metals and metalloids in surface flowing and
groundwater in the catchment area of the Taina River

Lachezar Filchev
Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria
E-mail: lachezarhf{@space.bas.bg

Abstract. In recent decades, the anthropogenic impact on the natural environment has increased, leading to serious
environmental problems in all aspects of natural and economic systems, such as landscapes. The chemical composition
of surface water and groundwater is essential for plant nutrition and the quality of drinking water thus shaping out
environmental and human health. This study reflects the contents of heavy metals in (ing/l) before the inflow point of the
Taina River into the Iskar River — HMS-Kurillo. town of Novi Iskar and before the inflow of the Taina in the Iskar River
on the road to the town of Svoge - according to data from the Ministry of Environment and Water. It also presents the
calculated “coefficient of water migration” — K in terms of the content of chemical elements in the soils of the lower
reaches of the River Taina. The values of the K, coefficient are important in terms of the degree of decomposition of the
bedrocks, the degree of solubility of the individual elements and chemical compounds, their concentration in the aquatic
environment in the process of migration and the chemical composition of the migratory waters in the landscape.

Keywords: groundwater geochemisiry. heavy metals. bedrocks. soils. water migration coefficient
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Opportunities for Remote Sensing Applications in Organic Cultivation of Cereals — a Review
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ABSTRACT
Key words: In recent years, a number of studies have proven that the conventional agricultural system is not
Remote Sensing methods, sustainable, toxic to the environment, human health, and its potential to feed humanity is limited
Precision farming, to the next 50 years. With this in mind, as well as the increasing demand for healthy and safe foods,
Organic farming, Cereals and the increase in the proportion of people who care about how the food they consume was pro-
duced, how much it does not harm the environment and health, farmers are starting to reorient
their production into organic. Over the past 40 years, remote sensing methods and technologies
have increasingly been used in agriculture. They have proved extremely useful for optimizing the
working processes in the sector, as well as solving many of the problems in it. With this report, we
aim to draw the scientific community's attention to the possibilities provided by remote sensing
methods and technologies to solve a range of problems related to organic cultivation of cereals.
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Application of Satellite Remote Sensing for Detection of Abiotic Stress
in Coniferous Landscapes
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Lachezar Filchev
Space Research and Technology Institute — Bulgarian Academy of Sciences, Department “Remote Sensing and GIS”,
1113 Sofia, Bulgaria, Acad. Georgi Bonchev str., bl. 1

ABSTRACT
Key words: In the article is made an overview of the application of different satellite remote sensing methods
satellite remote sensing, abiotic and technologies in detection of the abiotic stress in coniferous landscapes. The review paper
stress, coniferous landscapes, is discussing in short the application of different remote sensing technologies such as: satellite
multispectral remote sensing, multispectral and infrared (thermal), imaging spectrometry and fluorescence imaging. The stud-
imaging spectrometry, ied period spans from the onset of the satellite remote sensing in the 1960s until present day. In
fluorescence imaging conclusion, are drawn requirements for the perspective technologies in satellite remote sensing

which should address the fast and reliable detection of the manifestation of abiotic stress in co-
niferous landscapes.
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ANALYSIS OF THE DYNAMICS OF BUILT-UP AREAS AND
ARTIFICTAL IMPERVIOUS SURFACES OF THE BULGARIAN
COASTAL MUNICIPALITIES USING GHSL AND GAIA DATA

Lachezar Filchev, Lyubka Pashova
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Abstract

Socio-economic development and intensive urbanisation in coastal areas in many parts of the world in recent decades
have led to a rapid increase in built-up areas. These activities have negatively affected the environment and upset the
balance in the vulnerable coastal ecosystems. The Global Artificial Impervious Areas (GAIA) data analvsis indicates an
Artificial Impervious Surfaces (AIS) increase of 1.5 times since 1990. Since the 1960s, AIS has been dvnamically
expanded along the Bulgarian coastal zone. The main factors contributing to increasing AIS are urbanisation,
industrialisation and tourism development processes. This studv aims to assess the dvnamics of impervious surface
Bulgarian coastal vegion in the period 1975-2018, the not studied in detail so far. The analvsis is carvied out for the Black
Sea coastal municipalities using Google Earth Engine platform of the Global Man-inade Impervious Surface (GMIS),
GHSL (JRC-EC) and GAIA data. Some inferences about the temporal trend of growing and spreading of AIS for four-
decadal changes are made. Furthermore, recommendations for national spatial planning for responsible national

authorities are provided.

Keywords: Impervious surface, Built-up, GHSL, GAIA, Copernicus Program, Landsat, Bulgarian Black Sea coast
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REVIEW OF BULGARIAN SPACE-RELATED ACTIVITIES WITHIN
THE GEO INITIATIVE AND THE EU COPERNICUS PROGRAM

L. PASHOVA! and L. FILCHEV?

\National Institute of Geophysics, Geodesy, and Geography - Bulgarian Academy
of Sciences, Sofia, Bulgaria,
E-mail: Ipashova.niggg(@geophys.bas.bg

2Space Research and Technology Institute - Bulgarian Academy of Sciences,
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Abstract: The free and open data policy of the Group on Earth Observation (GEO) and the
EU Copemicus program helps many Bulgarian scientists, start-ups, and SMEs to choose
Earth Observation (EO) data as a core for their research projects, development of applied
products and services. This review summarizes the organizational activities undertaken at
different levels to coordinate the efforts of stakeholders for technological development and
innovation in the field of space in Bulgaria, directly or indirectly related to the use of EO
over the past three decades from a scientific point of view. Bulgarian participation in GEO
and ESA Plan for European Cooperative State (PECS) Agreement is also discussed. A review
of normative documents, international agreements, the country's participation in space-
related programs, research and applied projects, organizational activities, educational
initiatives, and training is carried out. The main challenges facing the scientific community
in Bulgaria and its efforts to participate actively in space-related international programs,
projects and initiatives are outlined. Finally, opportunities for future cooperation within the
global initiatives and programs with special consideration such as GEO, EuroGEO, Galileo,
Copernicus, EGNOS, and others are given.

Keywords: GEO, Copernicus, Academia, Industry, National space policy.
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I'.9. Ily6iukyBaHa rjiaBa oT KoJIeKTUBHA MoOHOrpadust

CHAPTER 6

Surveys, Catalogues,
Databases/Archives, and
State-of-the-Art Methods for
Geoscience Data Processing

LACHEZAR FILCHEV, ASSOC PROF, PHD =«
LYUBKA PASHOVA, ASSOC PROF, PHD « VASIL KOLEV, MSC »

STUART FRYE, MSC

6.1 GEOSPATIAL SURVEYING

6.1.1 Collecting Geospatial Data Through
in Situ, Aerial, and Satellite Surveying

During the 2000s and 2010s, among the many modern
applications of big datasets, their number in the field of
Earth sciences has grown extremely worldwide thanks
to the development of industrial technologies and the
space programs of the leading countries in space ex-
plorations. The precise and cutting-edge data provided
by geospatial technologies empowered modern society
to tackle environmental and climate change issues. In
the digital age, the rapid growth of processing power
and global connectivity of geosensor networks allow to
collect, share, and analyze the vast amount of Earth ob-
servations (EO) data from geospatial surveying.

Geospatial data are Big Data, the number of which
now has grown significantly with the accumulation
of satellite images of over 660 satellites performing
EOs, as listed by the Union of Concerned Scientists

(https://www.ucsusa.org/; https://www.pixalytics.com/).

New tools and technologies are now available 1o deal
with Big Geo Data analytics and visualization. Geospa-
tial information is advancing in all the dimensions of
Big Data. The high-resolution observations collected by
satellites are growing by a few terabytes every day. The
worldwide observation information will likely surpass
one exabyte according to insights of the Open Geospa-
tial Consortium (OGC) (OGC, 2017).

Advanced Big Data techniques are useful for com-
pressing, clustering, and modeling EO data during anal-
ysis, interpretation, and visualization in a variety of ap-
plications. The data flow from satellite, airborne, and in
situ remote sensing is dramatically increasing and needs
to be processing thanks to the “new” Big Data tools,

including with a new combination of former classical

approaches.

Geospatial information and EO, together with mod-
ern data processing and Big Data analytics, offer un-
precedented opportunities to modernize national statis-
tical systems and consequently to make a quantum leap
in the capacities of countries to efficiently track all facets
of sustainable development. The GEO/CEOS study sug-
gests that EO data has a role to play concerning most
of the 17 sustainable development goals (SDGs). More
specifically, around 40 of the 169 targets (representing
about a quarter) and around 30 of the 232 indicators
(about an eighth) are supported (CEOS_EOHB, 2018;
EO4SDC, 2018).

The benefits of satellite EO are already well under-
stood across many areas of government, industry, and
science as a valuable information source in support of
many sectors of society. Key benefits of satellite EO
data for the SDGs reporting against the indicators are
(CEOS_EOHB, 2018):

« satellite EO data making the prospect of a global in-
dicator framework for the SDGs viable;

o the potential to allow more timely statistical outputs,
to reduce the frequency of surveys, to reduce respon-
dent burden and other costs, and to provide data at a
more disaggregated level for informed decision mak-
ing;

« improved accuracy in reporting by ensuring that data
are more spatially explicit.

Big Data are both a challenge and an opportunity.
Big Data require adopting a distributed approach to par-
allelizing data management, i.e., data storage and pro-
cessing. According to “ISO/IEC 20546:2019 Informa-
tion Technology-Big Data-Overview and Vocabulary,”

Knowledge Discovery in Big Data from Astronomy and Farth Observation. https;//doi.org/10.1016/B978-0-12-819154-5.0001 6-3 103

Copyright © 2020 Elsevier Inc. All rights reserved.
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Chapter 1

LAND COVER MAPPING USING SENTINEL
AND LANDSAT DATA: POTENTIAL AND CHALLENGES
IN THE CONTEXT OF THE NATIONAL REPORTING
OF GREENHOUSE GAS EMISSIONS IN BULGARIA

Petar Dimitrov, Lachezar Filchev,

FEugenia Roumenina and Georgi Jelev
Space Research and Technology Institute - Bulgarian Academy of Sciences,
Sofia, Bulgaria

ABSTRACT

The aim of this study is to test the possibilities for mapping land cover at national
scale using semi-automatic classification of satellite data from Sentinel-1/-2 and Landsat
for the period 2012-2018. Land cover classes were defined to closely correspond to land
use categories used to report greenhouse gas emissions and removals from the Land use,
Land-use Change and Forestry (LULUCF) sector. The overall accuracy of the land cover
maps varied from 66% in 2013 to 81% in 2018 and maps produced by using Sentinel data
were more accurate (79% on average) than those using Landsat (69% on average). Broad-
leaved forest and Coniferous forest classes showed good accuracy (>85% for both user’s
and producer’s accuracy in all years). For some other classes. however, such as Orchards
and vineyards, and Shrublands the accuracy was insufficient. We conclude that further
studies are needed to increase accuracy and make classification results consistent through
all mapped land cover classes. It was also pointed out that land cover information should
be combined with other sources of spatial information, such as cadastre, in order to derive
the land use information needed for LULUCF reporting.

Keywords: land cover, Google Earth Engine, Random Forest, LULUCF
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Assessing of Soil Erosion Risk Through | (R
Geoinformation Sciences and Remote el
Sensing—A Review

Lachezar Filchev and Vasil Kolev

Abstract During past decades a marked manifestation of widespread erosion
phenomena was studied worldwide. Global conservation community has launched
campaigns at local, regional and continental level in developing countries for preser-
vation of soil resources in order not only to stop or mitigate human impact on nature
but also to improve life in rural areas introducing new approaches for soil cultivation.
After the adoption of Sustainable Development Goals of UNs and launching several
world initiatives such as the Land Degradation Neutrality (LDN) the world came to
realize the very importance of the soil resources on which the biosphere relies for
its existence. The main goal of the chapter is to review different types and structures
erosion models as well as their applications. Several methods using spatial analysis
capabilities of geographic information systems (GIS) are in operation for soil erosion
risk assessment, such as Universal Soil Loss Equation (USLE). Revised Universal
Soil Loss Equation (RUSLE) in operation worldwide and in the USA and Mod¢le
d’Evaluation Spatiale de I’ALéa Erosion des Sols (MESALES) model. These and
more models are being discussed in the present work alongside more experimental
models and methods for assessing soil erosion risk such as Artificial Intelligence
(AI), Machine and Deep Learning, etc. At the end of this work, a prospectus for the
future development of soil erosion risk assessment s drawn.

Keywords Artificial Intelligence (AI) - Soil erosion - Assessment risk - Universal
soil loss equation (USLE) - Revised universal soil loss equation (RUSLE) -
RUSLE2 (revised universal soil loss equation version 2.0) - Machine learning
(ML) - Geographical information systems (GIS) « Artificial neural networks
(ANN) - Convolutional neural network (CNN)
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