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Abstract. This study presents an integrated geospatial analysis of arable land in the Sic area, aiming to highlight
the relationships between agricultural land use, soil units, erosion processes, and the delineation of homogeneous territories
through the use of Python and GIS techniques. The research is based on the processing and integration of multiple thematic
spatial datasets, including land use categories, soil types, erosion intensity, and territorial characteristics of the study area.
The methodological workflow involves the use of specialized Python libraries for geospatial analysis, such as GeoPandas,
Rasterio, Matplotlib, and Shapely, enabling efficient data import, management, overlay operations, and spatial interpretation
of both vector and raster data. Arable land areas were extracted and spatially correlated with existing soil units, followed by
the assessment of erosion patterns and the identification of homogeneous territorial units based on similarities in pedological
and morphometric characteristics. The results highlight the spatial distribution of agriculturally suitable lands, areas affected
by erosion, and zones with relatively uniform territorial behavior. These findings provide valuable support for agricultural
management strategies, soil conservation measures, and sustainable land-use planning. Furthermore, the study demonstrates
the effectiveness of integrating Python-based workflows with GIS technologies in conducting reproducible, scalable, and
analytically robust spatial assessments of rural environments.
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INTRODUCTION

Arable land is one of the most important resources in rural areas, as it directly supports agricultural
production, food security, and the sustainable development of local communities. However, the productivity and
long-term stability of agricultural land are strongly influenced by natural factors such as soil characteristics, relief,
slope, hydrological conditions, and erosion processes.
In the Sic area, the interaction between land suitability and soil erosion is particularly relevant because erosion
can reduce soil fertility, affect crop development, and limit the efficient use of arable surfaces. Identifying the
areas where arable land overlaps with different erosion intensity classes is therefore essential for understanding
agricultural vulnerability and for supporting sustainable land management decisions.

This study applies Geographic Information Systems and Python-based spatial analysis to evaluate the
distribution of arable land affected by soil erosion in the Sic area. The thematic layers representing arable land
suitability and soil erosion intensity were processed, overlaid, and analyzed in order to calculate the surface
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affected by low, moderate, and high erosion. The use of Python allowed the automation of geospatial operations,
including spatial intersection, area calculation, classification, and statistical summarization. The results of this
analysis provide a clear spatial overview of the relationship between arable land and erosion intensity. They can
support agricultural planning, the identification of vulnerable areas, and the implementation of appropriate soil
conservation measures.

MATERIAL AND METHOD

The study was carried out in the Sic area, located in Cluj County, Romania, an area characterized by
agricultural land use, varied relief conditions, and soil erosion processes that influence the suitability of land for
cultivation. The analysis focused on identifying and quantifying the arable land affected by different erosion
intensity classes. The spatial database used in this study included thematic layers representing arable land
suitability and soil erosion intensity. These layers were processed in a Geographic Information System
environment and analyzed using Python-based geospatial tools. [1] The arable land layer was used to identify
agricultural surfaces suitable for cultivation, while the soil erosion layer provided information regarding the spatial
distribution of erosion classes. Before performing the spatial analysis, the input data were checked and prepared
to ensure geometric and spatial consistency. The layers were projected into a common coordinate reference
system, and invalid geometries were corrected where necessary. This step was important in order to obtain
accurate overlay results and reliable surface calculations. [2]

The main spatial processing operation consisted of overlaying the arable land layer with the soil erosion

layer using a spatial intersection method. [3] Through this operation, new polygons were generated, representing
the areas where arable land overlaps with different erosion intensity classes. For each resulting polygon, the
surface was calculated in square meters and then converted into hectares. [4]
The attribute data were then processed in Python in order to classify the resulting areas according to erosion
intensity. The erosion classes were grouped into three main categories: low erosion, moderate erosion, and high
erosion. For each class, the total affected surface was calculated, together with its percentage from the total
analyzed arable land area.

Methodological workflow for arable land and soil erosion analysis
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Figure 1. Methodological workflow
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The figure 1 presents the methodological workflow used for the analysis of arable land and soil erosion.
The process begins with a Python-based GIS workflow, which integrates several input spatial layers. These layers
include the arable land suitability layer, the soil erosion layer, and the study area boundary.

After the input data are collected, they are preprocessed in Python to ensure spatial consistency and prepare them
for analysis. This stage may include checking the coordinate reference system, correcting geometries, clipping the
layers to the study area, and organizing the attribute data.

The next step consists of a spatial intersection between the arable land suitability layer and the soil
erosion layer. This operation identifies the areas where arable land overlaps with different soil erosion classes. As
a result, the analysis highlights the arable surfaces affected by low, moderate, or high erosion intensity. The
resulting data are then used for area calculation in hectares, vulnerability classification, and the generation of
statistical tables and charts. These outputs support the interpretation of the spatial distribution of erosion-affected
arable land. Finally, the workflow leads to the production of final maps, results, and conclusions, which can be
used to support sustainable agricultural planning and soil conservation measures in the study area.

The workflow was automated using Python libraries for geospatial and tabular data processing.
GeoPandas was used for reading, processing, and intersecting vector layers, while Pandas was used for statistical
summarization and table generation. [5] Matplotlib was used for creating graphical representations of the results.
This automated workflow ensured reproducibility, reduced manual processing errors, and allowed a rapid
extraction of relevant spatial indicators. The final outputs consisted of thematic maps, statistical tables, and
graphical representations showing the distribution of arable land according to soil erosion intensity. These results
were used to assess agricultural vulnerability and to support the identification of areas where soil conservation
measures are necessary.

RESULTS AND DISCUSSION

The results obtained from the spatial analysis highlight the relationship between arable land suitability
and soil erosion intensity in the Sic area. By applying the Python-based GIS workflow, the input thematic layers
were processed and intersected in order to identify the arable surfaces affected by different erosion classes. The
spatial intersection generated new polygons that combine information from both the arable land layer and the soil
erosion layer. This made it possible to quantify the affected areas and to classify them according to erosion
intensity. As a result, the analysis provides both a spatial and statistical overview of agricultural vulnerability in
the study area.

The interpretation of the results is based on thematic maps, area calculations, and summary statistics.
The maps illustrate the spatial distribution of arable land affected by erosion, while the statistical tables and charts
provide quantitative information regarding the surface occupied by each erosion class. Overall, the results indicate
that GIS and Python-based spatial processing represent an efficient approach for evaluating erosion-related
constraints on agricultural land. The following maps and statistical outputs present in detail the distribution of
arable land affected by low, moderate, and high erosion.
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Figure 2. Initial map of arable land suitability classes (left) and arable land suitability score map (right).

Figure 2 illustrates the spatial distribution of arable land suitability in the Sic area. The map on the left
presents the initial arable land classes, while the map on the right shows the reclassified suitability map, grouped
into low, medium, and high suitability categories. These classes provide an initial overview of the agricultural
potential of the study area before integrating the soil erosion factor.

The results indicate that high-suitability arable land is widely distributed across the study area, especially
in the central and eastern sectors. Medium-suitability areas are also present, mainly forming transitional zones
between the most favorable arable surfaces and areas with lower suitability. Low-suitability arable land occupies
smaller and more fragmented areas, indicating zones where natural conditions may limit agricultural use.

This classification is important because it represents the starting point for evaluating agricultural
vulnerability. When combined with the soil erosion layer, the arable land suitability classes allow the identification
of areas where productive agricultural land may be affected by erosion processes. Therefore, Figure 2 provides
the spatial basis for the subsequent intersection analysis between arable land and soil erosion.
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Figure 3. Initial map of soil erosion types (left) and soil erosion intensity map (right).

Figure 3 illustrates the spatial distribution of soil erosion types in the Sic area. The map on the left
presents the initial erosion classification, including deep erosion, excessively eroded soil, strongly eroded soil,
and slightly eroded soil. The map on the right shows the reclassified erosion intensity map, grouped into low,
moderate, and high erosion categories.

The results indicate that low erosion areas are widely distributed across the study area, especially in the
central and northern sectors. Moderate erosion appears in more fragmented zones, mainly along slopes and
transitional areas. High erosion occupies smaller surfaces but represents the most vulnerable zones, where soil
degradation processes are more intense.

This classification is important because soil erosion directly affects the agricultural potential and long-
term productivity of arable land. When combined with the arable land suitability layer, the erosion intensity classes
allow the identification of agricultural areas exposed to different levels of degradation risk. Therefore, Figure 3
provides the spatial basis for assessing vulnerable arable land and for supporting soil conservation measures in
the Sic area.

Figure 4 illustrates the spatial intersection between the arable land suitability layer and the soil erosion
intensity layer in the Sic area. The maps on the left represent the input thematic layers used in the analysis: the
arable land suitability map and the soil erosion intensity map. These layers were overlaid in order to identify the
arable surfaces affected by different levels of erosion.

The map on the right presents the result of the intersection analysis, highlighting the areas classified as
vulnerable agricultural land. The red areas indicate arable land affected by soil erosion and therefore represent
zones with increased agricultural vulnerability. The light-colored areas correspond to low vulnerability zones,
where the impact of erosion on arable land is reduced.

The results show that vulnerable agricultural areas are widely distributed across the study area, with
several concentrated zones in the central, western, and eastern sectors. This spatial pattern indicates that soil
erosion represents an important limiting factor for agricultural use in the Sic area.
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Figure 4. Arable land suitability map and soil erosion intensity map used for spatial intersection (left) and resulting
vulnerable agricultural areas (right).

This analysis is important because it combines land suitability information with erosion intensity,
allowing a more detailed evaluation of agricultural vulnerability. Therefore, Figure 4 provides the basis for
calculating affected surfaces, generating statistical tables, and identifying priority areas where soil conservation
and sustainable land management measures are required.

Arable areas affected by erosion classes

7000

6000

5000

4000 A

Area [ha]

3000 1

20004

1000 4

o Ao
o o
& oo
& ol Xe
W @ &

Erosion class

Figure 5. Distribution of arable areas affected by soil erosion classes

Figure 5 presents the distribution of arable land affected by different soil erosion classes, expressed both
in hectares and percentages. The results show that the largest share of the analyzed arable land is affected by high
erosion, representing 75.72% of the total area. This indicates that a significant part of the agricultural land in the
Sic area is exposed to severe erosion-related constraints.
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Low erosion affects 22.62%o of the arable land, representing areas where soil degradation is less intense
and agricultural use is less restricted. Moderate erosion occupies only 1.66% of the total analyzed area, indicating
a limited spatial extent compared to the other erosion classes.

The dominance of high erosion areas suggests a high level of agricultural vulnerability in the study area.
These results confirm the importance of integrating soil erosion data into arable land suitability analysis. The
affected areas should be considered priority zones for soil conservation measures, sustainable land management,
and erosion control practices.

Figure 6 presents the distribution of agricultural land according to vulnerability level after the spatial
intersection between arable land suitability and soil erosion intensity. The results show that the largest part of the
analyzed agricultural area is classified as vulnerable agricultural area, covering 6,946.46 ha, which represents
77.38% of the total area.

In contrast, areas with low vulnerability cover 2,030.09 ha, representing 22.62% of the total analyzed
agricultural land. These areas indicate zones where the impact of soil erosion on arable land is lower and where
agricultural use is less constrained by erosion processes.

Distribution of vulnerable agricultural areas

Figure 6. Distribution of vulnerable agricultural areas in the Sic area.

The dominance of vulnerable agricultural areas suggests that soil erosion has a strong influence on the
agricultural potential of the Sic area. This result highlights the need for targeted soil conservation measures,
especially in zones where arable land overlaps with high erosion intensity. Therefore, the vulnerable agricultural
areas identified in this analysis should be considered priority zones for sustainable land management and erosion
control interventions.

CONCLUSIONS

The study demonstrates the usefulness of integrating GIS techniques with Python-based spatial
processing for the assessment of arable land affected by soil erosion in the Sic area. By combining the arable land
suitability layer with the soil erosion intensity layer, it was possible to identify, classify, and quantify agricultural
areas exposed to different levels of erosion risk.
The results show that soil erosion represents an important limiting factor for agricultural land use in the study
area. A significant proportion of the analyzed arable land was classified as vulnerable agricultural area, indicating
that erosion processes strongly influence the agricultural potential and long-term productivity of the territory. The
spatial intersection analysis provided both cartographic and statistical outputs. The thematic maps allowed the
visualization of vulnerable zones, while the calculated areas and percentages offered a quantitative basis for
interpreting the severity of erosion impact on arable land.
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The Python-based workflow proved to be efficient, reproducible, and suitable for automated geospatial
analysis. It allowed the rapid processing of spatial layers, area calculation, vulnerability classification, and the
generation of statistical tables and charts. Overall, the results can support agricultural planning and sustainable
land management in the Sic area. The vulnerable agricultural areas identified in this study should be considered
priority zones for soil conservation measures, erosion control practices, and future land-use planning decisions.
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