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SUMMARY 

This paper considers the possibility and briefly describes the process of creating a soil 
brightness index for the territory of Italy. The difficulty of creating such datasets is that it is 
necessary to use the entire time series of satellite images. The soil brightness index is 
calculated for bare soil, the complex task of masking is described in this paper. The authors 
suggest how the calculations can be simplified and briefly describe the creation of the dataset. 
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Introduction 
 
Soils for agriculture are an irreplaceable resource that must be continuously monitored. There are 
many ground and remote methods for this. Terrestrial methods have an undeniable advantage due to 
their accuracy and proven time. Remote methods are already used by farmers all over the world on an 
ongoing basis. The Soil Brightness Index (BI) was used for soil research in this paper. The Soil 
Brightness Index (BI) is a valuable index that can be used to do an express analysis of soil. However 
BI works well with soils on which there is no vegetation at the time of observation from the satellite, 
and the field has been cleaned. Therefore, the difficulty of calculating such a specific index is that it is 
calculated only for fields on which there are no plants. In the scale of the satellite image, it is possible 
to select such fields manually. To create the dataset, automatic methods of selecting fields with no 
vegetation were used. The value of this dataset is that it fully covers the available fields in Italy and 
can be used by farmers as a guide to the quality and diversity of soil in each farmer's field.  
This paper is a continuation of previous studies by the authors (Anpilova et al., 2021a; 2021b; 2022; 
Kaliukh et al., 2015; Karpenko et al., 2021; Myrontsov et al., 2022a; 2022b; Trofimchuk, 2002; 
Trofymchuk et al., 2013; 2015;) in the field of improving the efficiency of management decisions, 
environmental safety issues, development of appropriate software etc. Some of the ecological, 
informational and other aspects of monitoring system models are presented in (Kotsiuba et al., 2022; 
Khrutba et al., 2021; Trofymchuk et al., 2014; 2021).  
 
Methods of investigation 
 
Sentinel-2 satellite images (S2) were used in this work, which were processed using cloud technology 
Google Earth Engine (GEE) and underwent atmospheric correction. To create the dataset, masking 
GEE capabilities were used. To determine the area of interest (AOI) we use open data from Open 
Street Map (OSM). 
 
Data processing and interpretation 
 
GEE is a cloud-based platform with many data over decades that can be processed, analyzed, and 
visualized for science. (Anpilova et al., 2021b) 
The FAO GAUL: Global Administrative Unit Layers 2015, Country Boundaries (FAO GAUL) 
dataset was used to determine AOI, in this case is teritory of Italy. We used the follow code.  In order 
to define AOI and with the help of QGIS and module QField to define agricultural land in the country. 
 

 
Figure 1 Code for export AOI 
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The next step for uploading data is to upload all the agricultural land in Italy. To improve 
understanding, only part of the created dataset will be presented in this paper. We chose the territory 
bordering Rome because of its fullness in OSM and through its physical and geographical 
characteristics. 
You can use machine learning (Zhou et al., 2020) to mask the fields, but another method was used 
based on the brightness of the image. 
 

 
Figure 2 Fields used for calculation are marked in red 
 
BI is related to the brightness of soils, which in turn is influenced by soil moisture, presence of salts 
and organic matter content of soil surface (Escadafal, 1989). 
A dataset was created as part of this investigation. This dataset shows the index BI.  
This index is therefore sensitive to the brightness of soils which is highly correlated with the humidity 
and the presence of salts in surface. The index is calculated according to the formula: 
 

   (1) 
 
Where  this factor depends on the type of soil. Equal to 1,  the part of the 
electromagnetic spectrum that corresponds to the color red,   this factor depends on the 
type of soil. Equal to 1,  part of the electromagnetic spectrum that corresponds to the color 
green. 
Due to the study of a large number of different soils, a factor equal to 1 was chosen. 
It is well known that the index BI is calculated on bare ground, but due to the peculiarities of satellite 
images without creating a special algorithm, it cannot be done for large areas. The algorithm for 
finding a field without vegetation was developed as part of this work. The result is a dataset in which 
the calculated BI index is stored. Satellite data S2 was used as the basis for calculations. Two bands 
were used for S2 it is band 4 respond red and band 3 respond green part of the electromagnetic 
spectrum. 
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Figure 3 Part of the calculated dataset BI index 
 
You can see colorful images of fields, where the brightness of the soil changes from orange to green. 
Orange corresponds to lower brightness, green to higher. As brightness increases, soil fertility 
decreases. The lower the brightness, that is, the soil has lower indicators in the green and red 
spectrum. 
 
Conclusions 
 
As part of this investigation, a dataset of brightness of agricultural fields in Italy was created. The 
dataset is built in such a way that it stores the index BI at the earliest possible date. In each separate 
field obtained using vector data OSM not only the first matching image can be saved. You can store 
the average value for all successful shots without vegetation in the field. This can improve the quality 
of the dataset. It is also possible to offer to save each suitable picture in the dataset for comparison 
and finding regular areas on them. Satellite S2 for the wavelength of green 0.560 nm and red 0.665 
nm has a good range for this research. It is possible to suggest using other satellite data with a similar 
resolution but a slightly different wavelength, for example such as Landsat. The created dataset is 
currently useful because it stores a large amount of data, and the processed collection of information 
starts from 2014 to the present day. Farmers can use this dataset to study their fields, the brightness of 
the soil that corresponds salinity and soil moisture. The second raises the question of the density and 
reliability of the data in the dataset, because soil moisture affects its color. To improve the dataset, use 
weather data to unify the data and use only soils with the same soil moisture. 
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