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SUMMARY 

The use of batch processing of Sentinel-1 time series data is proposed for the assessment of 
provisioning ecosystem services of agricultural lands as an effective instrument in analyzing 
structural changes in agro-landscapes and assessing ecosystem services. The study outlines 
approach to batch processing of Sentinel-1 time series data in the context of radar interferometry 
and backscatter analysis which allow for the examination of crop structure, soil moisture, etc., 
correlating satellite-derived indicators with ground-based data. To study the temporal dynamics 
of vegetation changes – a key supplier of ecosystem services – Sentinel-1 radar data (C-SAR) 
VH polarization was used due to their increased sensitivity to plant structures, covering the 
vegetation period. By visualizing time-dependent changes in backscatter intensity values for 
individual pixels over a specified period on a line graph for VH polarization, it was found that 
the backscatter values for each acquisition date represent the temporal signature of a pixel and 
serve as a strong indicator of the phenological changes in crops. It also focuses on identifying 
patterns in vegetation cover dynamics, soil moisture, crop rotation practices, and their impact on 
agroecosystem sustainability. The proposed approach enhances the accuracy of agroecological 
monitoring and contributes to the sustainable development of agriculture. 
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Introduction  
Assessing of ecosystem services, particularly those provided by agricultural lands, is a key element of 
sustainable natural resource management. It allows for the evaluation of the impact of agricultural 
practices on soil fertility, biodiversity, water balance, and climate regulation. Satellite data, particularly 
radar imagery from Sentinel-1 (SAR – Synthetic Aperture Radar), enable real-time, weather-independent, 
and objective monitoring of agroecosystems, which is especially important in the context of climate 
change and is critical for agricultural monitoring. Radar interferometry (Rosen et al., 2000) and 
backscatter analysis (Martinis et al., 2015) allow for the examination of crop structure, soil moisture, 
plant growth stages, and land use changes with high accuracy. The use of such methods eliminates 
limitations associated with cloud cover, which is a significant challenge for optical remote sensing. 
A particularly important aspect in this context is the study of crop rotation, as it directly influences long-
term soil productivity, nutrient balance, erosion risk reduction, and the development of beneficial 
microbiological processes. The processing of large volumes of radar data in the form of time series 
enables the automatic detection of crop change patterns, the assessment of crop rotation impacts on soil 
conditions and moisture, and the identification of land degradation processes. This significantly improves 
the accuracy of predictions regarding land productivity and the effectiveness of ecological strategies in 
agriculture. Automated crop rotation analysis, conducted by the author, and based on satellite data and the 
application of batch processing of Sentinel-1 time series (Dumeur et al., 2024), was for the first time 
applied within an intensively farmed region to analyze and assess provisioning ecosystem services using 
radar data with VH polarization due to its increased sensitivity to plant structures. This novel approach 
enables the analysis of dynamic processes in agroecosystems over large areas and extended time periods, 
the evaluation of their ecological impact, the identification of optimal agricultural strategies, and the 
facilitation of a transition to more sustainable land-use practices. 
To test the proposed methods and conduct research on the assessment of ecosystem services, particularly 
those provided by agricultural lands, a model study area (the area of interest (AOI)) was selected within 
the agricultural lands of the Yahotyn community in the southeastern part of Kyiv Oblast. This region was 
chosen due to its high level of agricultural development, diverse crop structure, and the use of intensive 
farming technologies, which allows for a comprehensive assessment of the impact of different crop 
rotation types on ecosystem services. Additionally, the agricultural lands of the Yahotyn community 
exhibit a mosaic of soil and climatic conditions, enabling the study of relationships between vegetation 
dynamics, soil moisture, and plant growth stages using Sentinel-1 satellite data. 
 
Method and Theory 
Ecosystem services, as benefits that people derive from natural ecosystems, provide us with resources, 
maintain ecological balance, and contribute to well-being. The productivity and resilience of 
agroecosystems are influenced by the full range of ecosystem service types (regulating, provisioning, 
supporting, and cultural). However, given the nature of the subject of this study – agricultural lands – we 
will focus on the assessment of provisioning ecosystem services (PES), particularly on the diversity of 
cultivated crops and their structural aspects. This is crucial as it provides insights into the stability of 
agroecosystems and their dependence on external resources (water, fertilizers, pesticides). Moreover, crop 
rotation contributes to the preservation of beneficial insects, birds, and microorganisms that support 
ecosystem processes, optimizes the use of natural resources, and ensures the sustainable development of 
regional agriculture as a whole. 
The study of crop rotation in agricultural lands based on Sentinel-1 data for PES evaluation and 
subsequent analysis requires processing large volumes of data, necessitating the repetition of sequential 
operations. Therefore, to automate the workflow, we propose the use of batch processing tools for time 
series analysis and a graph builder, along with specific multi-temporal analysis tools for agricultural 
crop recognition. This approach allows the developed algorithm to be applied to satellite data by 
implementing the following algorithmized sequence of steps and actions: 
1. Building a preprocessing workflow for radar images to assess the condition of agricultural lands 
using the Graph Builder tool, which allows for defining a series of sequential operations necessary for 
preparing Sentinel-1 GRD products for analyzing multi-temporal data trends by adding the following 
operators: 1) Radar → Radiometric → Thermal Noise Removal (with VH polarization). 2) Radar → 
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Apply Orbit File. 3) Radar → Radiometric → Calibration. 4) Radar → Geometric → Terrain Correction 
(SRTM 1Sec HGT (AutoDownload)). 5) Raster → Data Conversion → Linear to/from dB. 6) Raster → 
Subset (according to Geographic Coordinates). 
2. Executing batch processing of multiple downloaded satellite images using the Batch Processing 
tool based on the saved graph builder algorithm via Load Graph processing. As a result, we obtain 
preprocessed products containing calibrated backscatter intensity (Sigma0) in VH polarization, geocoded 
and projected onto WGS84. 
3. Creating a unified multi-temporal stack with separate channels for different dates of the vegetation 
period using Radar → Coregistration → Stack Tools → Create Stack, applying the Initial Offset Method 
for Product Geolocation. 
4. Applying a speckle filter to the multi-temporal stack, which is necessary because areas with 
homogeneous backscatter intensity tend to exhibit grainy structures caused by various constructive and 
destructive influences of different scattering mechanisms below the pixel resolution. This is done using 
Radar → Speckle Filter → Multi-temporal Speckle Filter and a Boxcar filter with a 3x3 pixel size. 
5. Generating multi-temporal color composites in the form of RGB images, which visually represent 
how the vegetation characteristics of agricultural fields change over time due to variations in backscatter 
intensity caused by the development of stems, leaves, and grains. This temporal feature is essential for 
distinguishing specific crop types. 
6. Computing the temporal statistics of the multi-temporal stack (Schwartz et al., 2018), including 
mean, minimum, maximum values, and standard deviation, using Radar → Coregistration → Stack 
Tools → Stack Averaging. The Mean Average result provides a relatively clear image of the input stack 
but lacks additional temporal information, whereas the Standard Deviation highlights areas with the most 
significant changes over the study period. This measure is typically high for agricultural lands with 
varying mean values and strong phenological variations, making it valuable for image interpretation and 
crop type identification. 
7. Importing temporal statistical indicators as additional channels into the multi-temporal stack via 
Band Maths. As a result, temporal statistics become an integral part of the stack and can be used for 
visualization and classification. For example, HSV images can be created with three bands representing 
mean temporal value, maximum value, and standard deviation, respectively. Each colour is generated 
based on backscatter intensity indicators, where the hue corresponds to Sigma0_VH_db_avg, saturation 
to Sigma0_VH_db_max, and value (brightness) to Sigma0_VH_db_std. This approach enables the 
identification of additional similarities, differences, and patterns among different crop types. 
8. Performing a Time Series analysis of agricultural lands using the Time Series tool, based on a 
loaded and visualized shapefile of identified crop rotations. This involves visualizing time-dependent 
changes through View → Tool Windows → Radar → Time Series and Filter bands → Sigma0_VH_db. 
The tool plots a time series of backscatter intensity values for individual pixels over a specified period as 
a linear graph. VH polarization is used as an indicator of crop canopy structure dynamics throughout the 
growing season. 
 
Results 
By comparing time series of multiple pixels within a single field using Pin Manager, it was determined 
that sunflower and maize spatially dominate the structure of the agricultural lands. This, in turn, 
significantly impacts ecosystem services, particularly provisioning ecosystem services. Additionally, the 
reference area includes wheat, soybeans, sugar beet, pea, canola, alfalfa, and winter barley (Fig. 1). 
By visualizing time-dependent changes in backscatter intensity values for individual pixels over a 
specified period on a line graph for VH polarization, which serves as an indicator of crop canopy 
structure dynamics throughout the growing season, it was found that the backscatter values for each 
acquisition date, connected by a line, represent the temporal signature of a pixel and serve as a strong 
indicator of the phenological changes in crops over time (Fig. 2). 
According to the obtained results, it can be stated that agricultural lands exhibit a pronounced seasonality, 
following a periodic curve associated with stem, leaf, and grain development, as well as their maturation 
and harvesting. Each crop type has a characteristic curve, defined by several factors: 1) Intensity and date 
of the minimum value. 2) Intensity and date of the maximum value. 3) Shape and steepness of the 
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increasing backscatter trend (linear, convex, or concave). 4) Decrease in backscatter after maturation and 
harvesting (sharp or gradual). 
 
    

Figure 1 Reference mask on the multi-temporal stack in the channel combination (May, June, July) within 
the AOI. 
 The assessment of provisioning ecosystem 

services in this crop rotation suggests that it is 
characterized by: 
 High biomass productivity and energy 
potential: corn and sunflowers are high-yield 
crops, contributing to the production of large 
quantities of grain and oil. 
 Unilateral soil depletion and reduced agro-
biodiversity: corn and sunflower are nutrient-
exhausting crops, intensively absorbing 
nitrogen and potassium, which leads to soil 
degradation and increased fertilizer 
requirements. Additionally, the low proportion 
of leguminous crops (soybeans, peas, and 
alfalfa) reduces natural nitrogen enrichment in 
the soil. 
 Risks to the water balance and soil erosion: 
both dominant crops have high water 
requirements, increasing the risk of moisture 
deficiency and reducing agroecosystem 
resilience in drought conditions. Moreover, the 
lack of a significant share of cover crops and 
deep-rooted plants raises the risk of soil 
erosion and organic matter loss. 

Figure 2 Temporal signatures of agricultural lands 
(crop rotations) within the AOI. 

 Decline in pollinator support and biodiversity: while sunflower is a nectar-producing crop that 
supports bee populations, its monocultural dominance reduces the diversity of nectar-bearing plants. 
Additionally, the absence of a significant proportion of perennial grasses, such as alfalfa, limits the 
habitats of pollinating insects and predatory insects that naturally control pests. 

For a greater ecological effect, it is advisable to include cover crops in the crop rotation being analyzed 
(Peng et al., 2024) between main crops. Such crops can be those sown to improve soil structure, enrich it 
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with nutrients, combat erosion, and support biodiversity, including a) legumes as nitrogen fixers, which 
help enrich the soil with nitrogen through symbiotic bacteria (clover, alfalfa, vetch, and winter pea); b) 
cereals (soil structure formers) that improve water infiltration and prevent erosion (winter rye, oats); c) 
crucifers (phytosanitary crops) that reduce nematodes and pests (white mustard, oilseed radish, winter 
canola); d) buckwheat and amaranth, which improve phosphorus availability (buckwheat, amaranth); and 
e) mixed cover crops – combinations of several species for maximum effect (e.g., mixtures of legumes, 
cereals, and crucifers). Including such crops in the rotation will contribute to making the local 
agroecosystem increasingly resilient and ecologically balanced through improved soil structure and 
fertility, reduced nutrient leaching (especially nitrogen), support for biodiversity, attracting pollinators, 
controlling erosion processes, and regulating soil moisture balance. 
 
Conclusions 
Thus, agroecosystems, which provide resources and conditions for supporting agricultural production, are 
considered suppliers of ecosystem services that, through proper management (crop rotation), maintain soil 
fertility and yield. To study the temporal dynamics of vegetation changes – a key supplier of ecosystem 
services – Sentinel-1 radar data (C-SAR) VH polarization was used due to their increased sensitivity to 
plant structures, covering the vegetation period (one image for each month). By visualizing time-
dependent changes in backscatter intensity values for individual pixels over a specified period on a line 
graph for VH polarization, which serves as an indicator of crop canopy structure dynamics throughout the 
growing season, it was found that the backscatter values for each acquisition date, connected by a line, 
represent the temporal signature of a pixel and serve as a strong indicator of the phenological changes in 
crops over time. By applying batch processing tools for time series and chart creation, as well as specific 
tools for time-differential analysis to identify crops through the implementation of a developed algorithm 
for satellite data, it was established that crop rotation in the study area has some extent for supporting 
ecosystem services. The dominance of maize and sunflower in the crop rotation structure contributes to 
the high productivity of supply services in the form of food and feed resources but simultaneously 
increases ecological risks – soil depletion, reduced biodiversity, and growing demand for water and 
mineral resources. Therefore, to balance the supply of ecosystem services, it is worth considering the 
implementation of measures such as increasing the share of legumes (soy, peas, alfalfa) for natural 
nitrogen enrichment of the soil, including cover crops to reduce erosion, and optimizing crop rotation to 
ensure sustainable resource use. 
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