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This study applies a pragmatic multi-criteria approach to identify areas with elevated probability of
agricultural land abandonment in Vyhoda territorial hromada (Pre-Carpathians, Ukraine). Using
Sentinel-2 L2A imagery, a 1-arcsec SRTM DEM and infrastructure layers from OpenStreetMap, seven
spectral indices were computed and screened, and NDVI, MSAVI2 and a red-edge chlorophyll index
(RECI) were retained as core spectral predictors. These indices were combined with three contextual
layers (slope, Euclidean distance to roads, Euclidean distance to settlements). All rasters were
normalised, reclassified to a common 1-5 suitability scale and integrated by Weighted Overlay in
ArcGIS Pro to produce a five-class abandonment-probability surface. The resulting map shows clear
spatial structure: high-probability clusters are concentrated mainly in the southern and north-eastern
parts of the hromada, where steep terrain, fragmented parcels and limited accessibility coincide, while
central areas near settlements and roads are dominated by low-probability classes. Targeted
photographic field evidence and visual checks in very-high-resolution imagery corroborate successional
overgrowth and loss of field boundaries on several parcels flagged as high probability, providing
qualitative validation. It is recommended to interpret the map as a prioritisation tool for targeted field
verification and local planning rather than as conclusive parcel-level proof. To strengthen inference and
enable wider application, we recommend a parcel-level accuracy assessment, multi-date time-series
analysis to separate persistent abandonment from temporary fallow, and replication of the workflow in
a scalable environment.

Keywords: land abandonment, Sentinel-2, remote sensing, multi-criteria analysis, weighted overlay,
Pre-Carpathians.
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Introduction

Agricultural land abandonment is a widespread and multifaceted process across Europe, carrying
important consequences for rural livelihoods, landscape dynamics and ecosystem services. In many
post-socialist regions, including parts of the Carpathians, abandonment results from the interaction of
demographic decline, farm fragmentation, market restructuring and marginal biophysical conditions;
these drivers produce spatially complex and locally variable patterns of disuse that are difficult to
capture with coarse-scale datasets (Kuemmerle et al., 2008; Baumann et al., 2011). Recent continental-
scale assessments forecast large areas at risk of long-term disuse, yet they also underline substantial
regional heterogeneity and the need for finer-scale, context-sensitive monitoring approaches (Castillo
et al., 2018; Lesiv et al., 2018). Remote sensing provides scalable, repeatable observations that have
become central to mapping abandonment. Time-series vegetation indices such as NDVI and soil-
adjusted or red-edge variants are widely used to discriminate long-term fallow from seasonal
management and recultivation (Estel et al., 2015; Xiong, Li, & Yue, 2013). However, spectral
approaches face well-known limitations in structurally complex, hilly landscapes where small parcel
sizes, soil background effects and topographic shading reduce separability of land-use classes (Xiong
et al., 2013). This limitation motivates hybrid solutions that combine spectral evidence with spatially
explicit contextual variables (e.g. slope, accessibility and parcel configuration), which can improve
interpretability for local planning and targeting of field interventions (Ustaoglu & Collier, 2018;
Kolecka & Kozak, 2019).

Despite methodological advances, there is still a practical gap at the scale of the local level: while
national and pan-European products provide useful baselines, they rarely resolve the parcel-level
heterogeneity. The need for context-sensitive monitoring is also reflected in regional development
priorities. Ivano-Frankivsk Oblast’s development framework for 2021-2027 and subsequent
programming explicitly recognises the importance of mountain and hilly territories for regional
development and resilience. Recent regional initiatives (2023-2025) emphasise targeted measures for
mountain communities, including infrastructure, agricultural revitalisation and environmental
protection, which require spatially explicit information to prioritise interventions and field actions
(Ivano-Frankivsk Regional State Administration, 2021; Ivano-Frankivsk Regional State
Administration, 2023). This paper addresses that gap by applying an adapted multi-criteria approach to
map the relative probability of agricultural land abandonment in a hilly hromada.

Method

Vyhoda territorial hromada (Kalush district, Ivano-Frankivsk Oblast) is located in the Pre-Carpathian
foothills and typifies the physical and land-use conditions of many hilly Ukrainian communities (Fig.1).
The area features a mosaic of small agricultural parcels, interspersed with mixed forests, meadows and
linear woody vegetation. Elevations in the hromada generally range from about 400 to 900 m a.s.1., and
the landscape is frequently dissected by valleys and erosional forms. Soils develop on Neogene deposits,
alluvial and loess-like loams and include brown soils, buro-podzolic and dernovo-podzolic (gleic) types
characterised by reduced fertility and local erosion - conditions that complicate mechanised cultivation
and increase vulnerability to abandonment. Climatic conditions are moderately continental with annual
precipitation typically in the range reported for the Pre-Carpathians and a vegetation period close to the
regional average; in combination with steep and fragmented slopes (10-25° in cultivated sectors), these
factors produce the small-contour, heterogeneous land-use patterns observed on the ground. Low
density of paved roads and dispersed settlement patterns further constrain economic access and are
commonly cited drivers of decline in similar mountain and foothill communities. For these reasons,
biophysical marginality, parcel fragmentation and infrastructure constraints, Vyhoda is a representative
test case for assessing methods to detect potential agricultural abandonment in hilly hromadas.

Sentinel-2 Level-2A scenes were used as the primary spectral data (Copernicus). A 1-arcsec SRTM
DEM (USGS) provided topographic control. Infrastructure layers (roads, buildings) were obtained from
OpenStreetMap and rasterised to the working grid. Field photographs taken in July 2024 were used for
targeted qualitative validation. All spatial data were projected to UTM Zone 34N and harmonised to a
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common 10 m grid; cubic interpolation was applied where resampling was required. Sentinel-2 L2A
products were selected for low cloud cover (<10%) and matching growing-season phenology (mid-
August) to reduce seasonal bias. Forested areas were masked using the preliminary classification and
manual inspection to focus analyses on agricultural and open lands.
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Figure 1. Research area

Seven indices were computed as candidate spectral predictors from Sentinel-2: NDVI, MSAVI2, Red-
Edge Chlorophyll Index (RECI), NDMI, BSI, NBR and GNDVI. Based on exploratory histogram
analysis and sensitivity to local signatures, three indices (NDVI, MSAVI2 and RECI) were retained for
the final model because they best differentiated active cultivation, sparse/herbaceous cover and early
successional woody growth in the study landscape. Contextual variables included slope (derived from
SRTM) and Euclidean distances to roads and to settlements (computed in ArcGIS Pro). Each raster
layer was normalised and reclassified to a common suitability scale (1-5), where higher values
correspond to a greater likelihood of abandonment. Reclassification schemes were derived from the
distribution of values in the study area (histogram-based thresholds) and expert assessment. Normalised
rasters were combined using a Weighted Overlay procedure implemented in ArcGIS Pro. Weights were
defined after iterative testing and expert judgement, supported by regional considerations, literature
review, and empirical evaluation of criterion performance. NDVI and MSAVI2 received the highest
weights (20% each) as indicators of vegetation condition, followed by distance to roads (20%), slope
(15%), and RECI (15%). Distance from built-up areas was assigned a lower weight (10%). The
Weighted Overlay produced an abandonment-probability raster (Fig.2), categorised into five classes (1
- very low probability to 5 - very high probability).

Figure 2. The result of the spatial classification of the territory of the Vygodsk community by the
degree of neglect: from I (minimum probability) to 5 (high probability)

Thus, based on the selected biophysical, topographic and infrastructural criteria, the spatial distribution
of potentially abandoned agricultural lands was obtained.
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Results

High-probability clusters (classes 4-5) occur mainly in the southern and north-eastern parts, where steep
terrain, fragmented parcels and poor accessibility coincide. Central areas near settlements and roads are
dominated by low-probability classes (1-2), indicating continued agricultural use. Comparison of
Sentinel-2 composites for August 2017 and August 2024 (Fig. 3a-b) shows a loss of clear field
boundaries and increased heterogeneity in vegetation texture on many parcels. The Weighted Overlay
result for the same extent (Fig. 3c) spatially corresponds to these visible changes, marking affected
parcels as higher-risk.

2017 2024 Weighted over.!ay for 2024
Figure 3. Comparison of land cover changes in the selected area: Sentinel-2 (2017 on the left, 2024
in the middle) and the result of Weighted Overlay (2024) on the right

Validation combines georeferenced field photographs (July 2024) and visual checks in very-high-
resolution imagery (Google Earth) for a stratified sample of hotspots and low-risk sites. Photographs
from the comparison area confirm successional overgrowth and boundary loss on parcels flagged as
high probability; these photos are shown as insets on the main map (Fig. 4), providing qualitative
support for the model outputs.

Figure 4. Field validation using Photographs are georeferenced

Overall, the spatial patterns align with expected drivers (slope, distance to roads/settlements) and offer
actionable spatial guidance for prioritised field verification and local planning. A parcel-level
quantitative accuracy assessment is recommended as a future step.

Conclusions

The Sentinel-2 based multi-criteria workflow produced a thematically coherent abandonment-
probability map for Vyhoda hromada: high-probability clusters coincide with steep, peripheral and
poorly accessible parcels, while central, well-served areas show low probability. Georeferenced field
photographs (July 2024) and targeted checks in very-high-resolution imagery corroborate successional
overgrowth and boundary loss on several flagged parcels, providing qualitative validation of the model
outputs. Results are best interpreted as a prioritisation tool for targeted field verification and local
planning rather than as definitive parcel-level proof of long-term abandonment. For stronger inference
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and broader application we recommend a parcel-level accuracy assessment, time-series analysis for
persistence detection, and replication of the workflow in a scalable environment.
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