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Introduction and relevance of the topic 

In recent years, farmers in the European Union (EU) have faced several challenges 

related to climate change and the more serious ambitions of the Common Agricultural Policy 

(CAP) to protect the environment and reduce greenhouse gas emissions. The development of 

new technologies in the field of precision agriculture and the monitoring of agricultural parcels 

have enabled the contemporary farmer to develop a diverse set of competencies for more 

effectively fulfilment of his role as a custodian of the agricultural land, with its associated 

landscape, natural resources, and biotopes. This has also led to new, closer relationships 

between farmers and the relevant national administrations responsible for their support. The 

latter also had to improve their governance systems in line with the latest technological 

solutions. In the integrated process set out in the CAP, which includes agri-environmental 

advisory services, area-based support, on-the-spot checks, and area-based reporting, a key 

factor is the proper identification and monitoring of land cover and land use. 

There are a number of definitions of land cover. Most of them are analogous and stem 

mainly from the expert communities involved in the use of remotely sensed satellite data to 

capture Earth’s surface. In Europe, the most used definition is the one provided by the 

INSPIRE Directive (Directive 2007/2 / EC), which defines land cover as "Physical and 

biological cover of the Earth's surface including artificial surfaces, agricultural areas, forests, 

(semi-)natural areas, wetlands, water bodies”. The widespread use of satellite imagery in the 

civilian sector, initiated forty years ago with the first Landsat satellite missions, was the catalyst 

for numerous land cover mapping initiatives, producing increasingly detailed datasets along 

with the improvement of sensor spatial and spectral performance. Later, with the advancement 

in computing processing capacity, digital airborne orthoimages became widely available as a 

data capturing source. This technological advancement in remote sensing and associated 

sensors has pushed land cover mapping initiatives forwards. 

Regardless of the sensors, information retrieval tools and classifications used, the 

mapping of the land cover is still largely based on a method whose principles have remained 

unchanged over the years. In this traditional approach, the main emphasis is on the quality of 

representation of the created spatial (cartographic) objects and the optimization of image 

processing. Most mapping initiatives, as well as the accompanying harmonization efforts, seek 

to obtain a reliable description of reality, not directly analysing the physical features on the 

ground, but by observing a set of characteristics in predefined, non-overlapping mapping 

primitives (mostly polygons). They rely on the spatial, spectral, and radiometric parameters of 

a limited number of satellite or aerial images. The choice of observable characteristics and 

their interpretation is determined by the application area of the land cover product, and by the 

specific conceptualization of the biophysical phenomenon (classification) used in mapping 

process. This leads to three main issues: 

 

1. Poor semantic interoperability 

The interoperability of the different land cover data sets is often unsatisfactory due to the 

semantic complexity inherent to the specific classification and conceptualization of each 

cartography-based land cover product (Devos and Milenov, 2012). The same biophysical 

phenomenon can be interpreted and classified with a different outcome in the various land 

cover data sets, due to the specifics of the classifications, each serving concrete application 

area. The semantic inconsistency of the classes applied in the different products over the same 

land cover could affect adversely the informed-based decision-making process (Mosca et al., 

2020). 
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2. Incomplete description of the observed biophysical phenomenon 

Despite their efficiency - a single satellite acquisition can cover a significant area - 

satellite images provide information mainly about the uppermost „layer“ of the biophysical 

phenomenon, present on the ground. The resulting dataset ignores the real three-dimensional 

nature of the biotic substrate (for example, lower layers of vegetation present in permanent 

tree crops are invisible to the satellite due to tree crowns), which plays an important role in the 

exchange of material and energy between vegetation and soil. Also, most land cover 

conceptualizations and accompanying classifications do not provide information on the topsoil. 

The topsoil horizon is an integral part of the material substrate, playing a key role in the 

processes that determine it, such as the case with the organic layer of peatlands. 

 

3. Incomplete description of the behaviour of the observed biophysical phenomenon  

Typically, the analysis of the land cover is performed by visual or semi-automatic expert 

interpretation based on a limited number of images (satellite or airborne), acquired in the period 

determined by the specifications of the cartographic product. The frequency of observations is 

often insufficient to capture the details of the behaviour of the observed biophysical 

feature/phenomenon and its characteristics over time, which is especially evident in the 

analysis of land cover in agricultural areas and applied agricultural practices. 

 

The technological innovations over the last decade have drastically changed the way 

geographic information on land cover, is extracted, processed, stored, and presented. Some 

of these affected the methods for assessing the land cover in agricultural areas, allowing for a 

paradigm shift of the entire technical framework for Earth Observation-based monitoring used 

in the EU Common Agricultural Policy. 
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Goals and objectives of the study 

 The main goal of the thesis is: 

To systematize the key elements and illustrate the potential of a new 

methodological framework for assessing agricultural practices, by dedicated 

monitoring of the land cover behaviour of each individual agricultural parcel, using 

new technologies. 
 

To achieve this goal, the thesis centres its narrative around three main anchors: (1) the 

theoretical framework that deals with land cover and soil as being part of the same biological 

cycle of energy and material exchange; (2) the choice of the spatial object to represent the bio-

physical phenomenon and its manifestation on Earth’s surface; (3) the capability of the Earth 

Observation data to reveal the interaction in time between land cover and soil, during the 

agronomic period, by monitoring the chosen spatial object.      

This is shown in detail by conducting the following three main tasks: 

Concepts 

1. Task 1: Introduce a new concept for a joint description of land cover and soil as 

part of the system “soil-vegetation-ground atmosphere”. It is realized by developing 

a method for documenting the key relevant biophysical elements, through a 

semantic meta-model based on industry standards. 

 

Methods 

2. Task 2: Assess the suitability of the individual agricultural parcel (defined as 

"feature of interest") and its corresponding spatial representation in GIS, as a basis 

for monitoring of agricultural practices, by extracting the relevant signal from the 

Sentinel satellite over time. It is realized by developing a Sentinel-based method 

for analysis of the heterogeneity of land cover within the agricultural parcel 

and its behaviour over time. 

3. Task 3: To demonstrate the potential of the Sentinel-based monitoring for 

exploring the relationship between land cover and soil, as well as for 

assessing soil quality characteristics. It is illustrated through analysis, on a test 

area, of the heterogeneity and phenological behaviour of parcels and crops on soils 

with different texture, using so-called "markers". 
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Study area, materials, and research methods 

Study area 

The studied area of the Sandanski-Petrich valley covers the Bulgarian part of the 

catchment area of the river Strimonas -Struma and is located in the South-Western Bulgaria, 

within the municipalities of Petrich and Sandanski, covering an area of about 163,000 ha. The 

study is focused on the municipalities of Damyanitsa, Sandanski, Vulkovo, Petrich, Parvomay 

and Kolarovo (Figure 1). 

 

 
Figure 1 Overview of the test area (background map: Google Terrain Hybrid). Map data ©2019 Google 

  

The topography of the study area varies from slightly sloping valleys to rocky 

mountains. It is considered to be part of the transition zone between the temperate and 

Mediterranean bioclimatic regions. The climate is considered the warmest in Bulgaria. This is 

due to the relatively low altitude, combined with mild winters and dry summers. 

From a geological point of view, the existing soils in the Petrich area comprise mainly 

deluvial and alluvial sediments, formed on quaternary bed rock. The latter were formed under 

the influence of the river Strumeshnitsa and occupy an alluvial valley, dissected by terraces 

built mainly of sandstones. The soil types in the Petrich region are mainly Cambisols 

(moderately to highly eroded) and Fluvisols (moderately thick to thick). The typology of the soil 

in Sandanski is supplemented by some Regosols and Umbrisols. 

About half of the territory is covered with agricultural land, mainly permanent 

grasslands, with some presence of orchards and vegetables, as part of the arable land. Most 

permanent grasslands are semi-natural ones used as pastures, followed by natural grasslands 

used as meadows, as well as sown meadows and pastures located within arable land. Forests 

cover approximately one third of the territory. 
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Materials and data 

Data from the Integrated Administration and Control System (IACS) 

For the purposes of the study and for the selected municipalities, the State Fund 

Agriculture kindly provided, in ESRI shape format, the perimeters of the agricultural parcels 

and relevant attributive information on the declared area and agricultural land use for each 

farm holding, derived from the annual farmer applications for the years 2018, 2019 and 2020. 

In addition, the excerpts from the results of the field visits, as part of the annual on-the-spot 

control of the areas claimed for CAP direct payments, were provided. Also, the spatial data of 

the areas ineligible for claim, as recorded in the dedicated spatial layer in the Land Parcel 

Identification System (LPIS), was made available. According to the latest reports from the 

European Court of Auditors (Special report No 25/2016) and DG AGRI annual activity reports, 

it can be assumed that the expected graphical and thematic accuracy of aid applications in 

Bulgaria is above 95%. It is worth noting that the declared agricultural parcels in 2018, 2019 

and 2020 do not completely overlap; a parcel declared in a given year may not be declared in 

the following year and vice versa (Figure 2). 

 

 

Figure 2 (left) Perimeters of the agricultural parcels in the municipality of Petrich. The aid applications 

from different years are shown in different colours. (right) larger-scale extract showing the declared 

agricultural parcels (in blue) and the graphical measurements from the field inspections (in green) for 2020. 

The image background is the true colour national orthophoto. 

 

Soil and terrain data 

For the purposes of the study and for the selected municipalities, ISSAPP “N. 

Pushkarov” kindly provided, in ESRI shape format, excerpts from the digital soil maps at scales 

of 10: 000 and 1: 400 000. The data contain spatial features of mapped soil units, together with 

a wide range of attributes: soil classes and subtypes, soil texture, soil stoniness, soil quality 

and others. They were accompanied by point data from the soil samples taken in the 1990s, 

together with detailed reports of the measurements made (Figure 3). ISSAPP “N. Pushkarov” 

also provided some additional datasets from the LPIS for the selected municipalities, which, 

although not completely up to date, provide valuable information. These include a national 

aerial orthophoto taken in 2013, as well as an excerpt from the reference parcels (physical 

blocks) in 2018. 
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Figure 3 (a) Location of the soil samples (red points) overlaid on the soil polygons from the digital map at a 

scale of 1: 10000 (b) large- scale extract showing the LPIS physical blocks on the aerial orthophoto. 

 

The EU-DEM v1.0 obtained from the Copernicus Land Services 

(https://land.copernicus.eu/ ) was used for the digital surface model. This is a digital hybrid 

product representing a model of the surface of the EEA39 countries, based on data from the 

SRTM and ASTER satellite missions (Figure 4). The overall vertical accuracy obtained is 2.9 

meters (measured as root mean square error). 

 

 

Figure 4 Extract of the terrain and soil data for the municipalities of Sandanski and Vulkovo, with the 

agricultural parcels declared in 2020. Left: Copernicus Land Service: EU-DEM v1.1; Right: ISSAPP “N. 

Pushkarov”: Digital soil map (1:10 000), based on soils sampling, orthophoto and topographic data. 
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Meteorological data 

Temperature, rainfall, and snowfall data were extracted from the archive repository of 

the Copernicus Climate Change Service ( https://cds.climate.copernicus.eu ). 

The dataset used was the ERA5, which provides bias-corrected reconstruction of near-

surface meteorological variables derived from the fifth generation of the European Centre for 

Medium-Range Weather Forecasts (ECMWF) atmospheric re-analysis. The data have been 

re-gridded to a half-degree resolution (roughly 55x55 km). The average daily values for 

temperature and rainfall for the period 2018-2020 were derived for a point located in the test 

area (Lat 41.5; Long 23.25). Some of the extracted data are shown in Figure 5. 

 

Temperature Rainfall 

Figure 5 Daily values for temperature and rainfall for the observation point in the study area for 2020 

(source: https://cds.climate.copernicus.eu/ ) 

 

Satellite data 

The most important technological innovation that changed the "rules of the game" in 

the agricultural monitoring was the launch and operational deployment of the constellation of 

European satellites “Sentinels” under the Copernicus Programme. The constellation 

provides free of charge and freely available satellite images for the whole world, and for the 

European Union in particular, from the Sentinel pairs 1A / 1B (S-1, microwave, active sensor) 

and the Sentinel pairs 2A / 2B (S-2, optical, passive sensor), with high spatial and very high 

temporal resolution. Both types of satellite sensors are equally important for monitoring 

agricultural land, as they cover different and often complementary physical aspects of the land 

cover. In January 2022, data collection from Sentinel-1B was suspended due to a technical 

problem with the satellite. The European Space Agency is currently discussing the possibility 

of an earlier launch of the Sentinel-1 C to replace it. 

Since part of the study focuses on the analysis of vegetation phenology, using the 

appropriate vegetation indices, the proposed methodology uses the spectral capabilities of the 

atmospherically corrected images from the optical Sentinel-2 pairs. The two polar-orbiting 

satellites (S2A and S2B) are placed in the same sun-synchronous orbit, phased at 180° to 
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each other. With their wide swath width (290 km), they both ensure a revisit time of up to 2-3 

days under cloud free conditions. Sentinel -2 imagery is provided in the form of geo-referenced 

scenes called "granules" with a size of 100 km. by 100 km. in the coordinate reference system 

Universal Transverse Mercator (UTM). The frequency of observations could be considered as 

sufficiently high to reflect the main characteristic points of the phenology curve, in line with the 

provisions of the Nyquist–Shannon–Kotelnikov theorem (Milenov et al., 2021). The presence 

of clouds undoubtedly affects adversely the density of observations; thus, creating data gaps. 

For this reason, the proposed methodology uses a specific Sentinel-2 image data extraction 

approach, designed by the GTCAP group of the Food Security Unit of the Joint Research 

Institute (JRC) of the European Commission. The approach individually assesses the cloud 

cover for each agricultural parcel and extracts the data only if there are enough pixels 

unaffected by clouds or their shadows. In this way, each Sentinel-2 scene is used optimally, 

even when 90% cloudy, as far as there is enough usable area to cover the studied agricultural 

parcels. 

For the purposes of this study, two types of Sentinel-2 atmospherically corrected data 

(processing level 2A): were extracted from the JRC Earth Observation Data and Processing 

Platform of (JEODPP): 

1. At the level of an individual agricultural parcel 

The time series of the mean values and the values of the standard deviation of the 

Normalized Difference Vegetation Index (NDVI), were extracted for all agricultural parcels 

provided, and for all the years of survey (2018, 2019, and 2020). The NDVI is considered a 

good indicator for vegetation phenology (Vrieling et al. 2018). A cloud raster mask provided by 

the European Space Agency (ESA) was used to filter the clouds. It takes into account both 

dense low clouds and high feather clouds. The statistical values are obtained from each S-2 

scene having negligible cloud cover in the selected period. For each parcel, the NDVI values 

were calculated through zonal statistics, using all cloud free pixels with centroids within the 

polygon that defines the perimeter of the agricultural parcel (the feature of interest). A specially 

designed JRC algorithm based on Jypiter Notebook and Python, was used (Figure 6). The 

frequency of the cloud free images obtained from Sentinel-2, for the study area, was 

considered sufficient. 
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Figure 6 Sentinel-2 extract for agricultural parcel in the study area declared with winter barley in 2020. (a) 

a calendar view of imagettes (b) time series of the Normalized Difference Vegetation Index – NDVI. ( c ) 

agricultural parcel shown on the national orthophoto with the attribute data of the annual declaration. The 

lack of adequate S2 data from middle of May to the end of June, due to cloud cover, hinders the monitoring 

of the ripening and senescence phases. However, data is still sufficient to confirm that the observed 

phenological behaviour is compatible with annual winter crops on arable land. 

 

The calculation of NDVI is based on the following equation: 

NDVI = 
𝑩𝟖ି𝑩𝟒𝑩𝟖ା𝑩𝟒       (1) 

where B8 is the Sentinel-2 spectral band associated with the near infrared wavelength range 

(centred at 842 nm) and B4 is the Sentinel-2 spectral band associated with the red wavelength 

range (centred at 665 nm). The DN values of the image bands represent Bottom Of 

Atmosphere (BOA) surface reflectance, scaled between 1 and 10000. For both bands, the pixel 

size is 10 meters. 

 

2. At the individual scene of Sentinel-2 

While the analysis is performed at the individual agricultural parcel, there are certain 

parameters related to the landscape context that require data collected from the available 

cloud-free pixels of the entire scene. For that reason, all available scenes of Sentinel-2 with 

less than 10% cloud cover and selected set of spectral bands (range from 490 nm to 1610 nm) 

for the agronomic seasons 2018, 2019 and 2020, were extracted (Figure 7). The images were 

further visually inspected for the absence of clouds over the studied municipalities of 

Sandanski and Petrich. The frequency of observations was five cloud free Sentinel-2 scenes 

per month on average, and preferably at regular time interval. It was considered adequate to 

assess the heterogeneity of vegetation in the agricultural parcel and its change. The minimum 
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required frequency of observations for arable crops is three to four images per month for arable 

crops, while for permanent crops and permanent grasslands, it is at least one image per month 

(Milenov et al., 2021). 

 

Figure 7 Sentinel -2 spectral bands extracted at the individual scene level 

 

Field data 

Another important technological innovation, whose importance is not yet sufficiently 

apparent, but will gradually become noticeable in the long run, is the dramatic improvement in 

geolocation services provided by the satellite constellation of the Global Navigation Satellite 

Systems (GNSS). It was launched and deployed under the Galileo Programme of the 

European Union. The EU Agency for the Space Programme (EUSPA) provides several pan-

European services that are particularly suitable for agriculture. They open opportunities for 

collecting field-based information on agricultural land use and specific agricultural practices 

directly from the farmers. Dedicated mobile applications for smartphones will allow them to 

provide evidence of their agricultural activities through "geotagged photos". 

The present study uses similar field data, collected in 2010 in the scope the European 

FP6 project Geoland-2 and the development of a product for assessing the degree of farmland 

abandonment (AE-02 ' Agricultural Trends '). Targeted field measurements with GNSS devices 

were then performed over the same study area. A representative set of 130 LPIS reference 

parcels was selected and visited. Parcels were initially identified on the satellite images 

provided by the French satellites SPOT 4 and 5  and on archive images from US satellites with 

very high resolution. The aim was to gather information on the status of agricultural land in 

terms of its potential abandonment (Milenov et al., 2014). The evaluation was carried out jointly 

with experts from ISSAPP “N. Pushkarov”. It was supplemented with panoramic photos in 

different directions (azimuth) taken from inside the reference parcel. Although non-

contemporary, the data are extremely useful for the present study, as they provide an insight 

of the physical appearance of the potentially abandoned agricultural areas with different land 

cover and type of agricultural land use, given the similar spectral and spatial characteristics 

between SPOT satellites used by Geoland-2, and Sentinel -2 (Figure 8). 


























































