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The study examines the issues of rural territorial community household land plots improvement
automation. The peculiarities and advantages of spatial analysis at this process have been
substantiated. The issues of strip farming of rural territorial community household land tenure have
been analysed. The placement optimization of strip farmed land plots based on the spatial analysis
with the development of optimization models has been suggested. The selection of land plots to be
exchanged is carried out by the criteria of optimization of distances to the strip farmed land plots
within the project territory for all the households involved in the project has been substantiated. The
results of practical approvement with the example of Kyiv Region land tenures have been presented.
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Introduction

Rural territorial community household land tenure optimization is of major concern, especially in
Ukraine (Malashevskyi & Malashevska, 2021a). Usually, the scope of land consolidation is
agricultural enterprises and large land owners. The mean rural household land tenure area is 4.6 ha in
Ukraine. Rural household land tenure consists of the mean of 2.7 land plot. It applies to household
land tenures and land usages actually used by their owners for their own needs, i.e., owned and leased
land plots but for leased out ones. Strip farming increases costs and decreases the productivity
(Harasimowicz et al., 2021). The spatial optimization of household strip farming is an important issue
in terms of wellbeing and food security (Looga et al., 2023; Sulonena, Kotilainen, & Hiironen, 2017).

Land reallotment automation facilitates the effectiveness of land tenure and land use spatial
optimization (Janus & Ertunc, 2022), especially, using GIS technology (Len et al., 2023; Ertung,
Uyan, & Tongur, 2020). Spatial analysis for land valuation at land consolidation is widespread
(Demetriou, 2016). The study is aimed at the substantiation of the peculiarities and advantages of
spatial analysis at the rural territorial community household land tenures optimization.

Method and Theory

Rural territorial community household land tenures spatial optimization is the development of a land
tenure with optimal area, configuration, and the land plots placement (Malashevskyi & Malashevska,
2021b). The consolidation of strip farming can be carried out by various criteria. The optimization of rural
territorial community household land tenures strip farming has some peculiarities. Usually, the farm yard is
situated in a settlement, and the strip farmed land plots on the territorial community lands out of the
settlement. The study draws on the cases of land consolidation, when there are "unexchangeable" land
plots within the project territory (Yimer, 2014). These are homestead land plots. Land owners are usually
not interested in the exchange or buying out of such land plots, the process is complicated due to the
financial compensation or buy back price determination. The exchange and reallotment of the strip farmed
land plots is the most practicable of the possible spatial optimization mechanisms (Malashevskyi &
Malashevska, 2022). The modeling is usually carried out based on optimizational and heuristic methods or
their combination (Malashevskyi & Malashevska, 2022).

The gist of optimization is the reducing of distances between land plots by the optimal road network
route. This task can be resolved in many ways, for example, Janus (2020) suggests using a graph. In
this study, ArcGIS Spatial Analyst is suggested for spatial analysis. It can be used for both
optimizational and heuristic method. The selection of land plots to be exchanged is carried out by the
criteria of optimization of distances to the strip farmed land plots within the project territory for all the
households involved in the project. The initial data is the road network, by which the shortest distance
to the strip farmed land plots for each land tenure is determined

Results

The basis (goal function) is the minimization of distances d from the farmstead of i-th household of j-
th land plot within the household land tenure (formula (1)):

F= iii X; — max, 1)

i1 j=1 dij

where xij is the area of the household land plots to be reallotted in the course of optimization; m is the
quantity of land plots within the household land tenure; n is the quantity of households involved in the
project.

The optimizational model has some constraints (formulas (2) - (5)):
» The reallotted household land plots should be peer (Malashevskyi & Malashevska, 2021b):
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where S is the area of the exchanged land plot; B is the average ball-bonitet of the exchanged
land plots; K is the spatial and technological characteristics coefficient of the exchanged land
plots; k is the quantity of land plots, suitable for exchange; | is the number of the executed
exchanges.

¢ The total of land area within each land mass should be equal before and after the optimization:
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where Sy; is the area of i-th land mass.
¢ The total of land area within the project should be equal before and after the optimization:
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The placement optimization of the strip farmed land plots is carried out by the suggested criteria (Fig. 1).
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Figure 1. Strip farmed land plots before optimization.

At the optimization, the project territory is subject to the least possible altering (Fig.2): the field roads,
by which the distances are calculated, are left unchanged.
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Figure 2. Strip farmed land plots after optimization.

The distance between the strip farmed land plots and farmstead within the land tenure was decreased
by the mean of 2.5 (Fig.3).
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Figure 3. Distances to the strip farmed land plots before and after the optimization.

Conclusions

The task of land tenure spatial optimization (consolidation) is multidimensional, it depends on the
land optimization priority. The presented study upholds the need for considering the peculiarities of
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rural territorial community household land use and the improvement process automation. For such
land tenures, the optimization of the strip farmed land plots based on the spatial analysis with the
development of optimization models has been suggested. The gist of the model is the minimization of
distances between the farmstead and the strip farmed land plots within the household land tenure. The
suggested criterium allows to consolidate the strip farmed land plots with the least possible alteration
of the project territory. The practical approvement in ArcGIS has approved the effectiveness of the
suggested approach to optimization.

References

Demetriou, D. (2016). The assessment of land valuation in land consolidation schemes: The need for
a new land valuation  framework. Land Use  Policy, 58,  487-498.
https://doi.org/10.1016/j.landusepol.2016.03.008.

Ertung, E., Uyan, M., & Tongur, V. (2020). Land reallocation model with simulated annealing
algorithm. Survey Review, 53, 383 - 389.

Harasimowicz, S., Bacior, S., Gniadek, J., Ertunc, E., & Janus, J. (2021). The impact of the variability
of parameters related to transport costs and parcel shape on land reallocation results. Computers
and Electronics in Agriculture. 185. 106137. https://doi.org/10.1016/j.compag.2021.106137.

Janus, J. & Ertunc, E. (2022). Towards a full automation of land consolidation projects: Fast land
partitioning  algorithm using the land value map. Land Use Policy, 120.
https://doi.org/10.1016/j.landusepol.2022.106282.

Janus, J. (2020). A new approach to calculating distances to parcels: A way to increase the accuracy
of farm efficiency analyses and the assessment of land consolidation projects. Computers and
Electronics in Agriculture, 175, 105512. https://doi.org/10.1016/j.compag.2020.105512.

Len, P., Maciag, K., Maciag, M., Wojcik, J., & Kocur-Bera, K. (2023). Proposed Algorithm for the
Optimisation of the Process of Generating the Geometry of Land Use/Soil Valuation Classes for
Land Consolidation. Sustainability, 15, 8430. https://doi.org/10.3390/su15108430.

Looga, J., Maasikamade, S., Jarve, M., Matveev, E., & Jiirgenson, E. (2023). Land consolidation as one
of the innovation policy instrument for small LGs: The case of Estonian agricultural farms.
Research in Globalization. 100162. https://doi.org/10.1016/j.resglo.2023.100162.

Malashevskyi, M. & Malashevska, O. (2021a). The aims and trends of the sustainable land tenure
formation in Ukraine: The spatial aspect. Geodesy and Cartography, 47(3), 131-138.
https://doi.org/10.3846/gac.2021.12791.

Malashevskyi, M. & Malashevska, O. (2021b). The swapping approach in the course of land
consolidation: Case study of Ukraine. Geodesy and Cartography, 47(4), 200-211.

Malashevskyi, M. & Malashevska, O. (2022). The Theory of Combinations for Land Plot Exchange
Modelling in the Course of Land Consolidation. Geodesy and Cartography, 48(1), 11-19.

Sulonena, K., Kotilainen, S., & Hiironen, J. (2017). Voluntary Land Consolidation Approaches and
Their Adaptability to Experimental Farm-based Land Consolidation in Finland. Nordic Journal of
Surveying and Real Estate Research, 12(1), 59-83.

Yimer, F. A. (2014). Fit-for-purpose Land Consolidation: An Innovative Tool for Re-allotment in
Rural Ethiopia. Ms Thesis, University of Twente Faculty of Geo-Information and Earth
Observation (ITC), Enschede, The Netherlands.

International Conference of Young Professionals “GeoTerrace-2024”
7-9 October 2024, Lviv, Ukraine


https://www.scopus.com/record/display.uri?eid=2-s2.0-85119457866&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85119457866&origin=resultslist&sort=cp-f

