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Crop Allocation under Multi-Objective Optimization: Maximizing
Economic Benefits and Crop Suitability
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Abstract

Based on the findings presented in the 2024 National Climate Change Report, it is anticipated
that the ramifications of climate change will lead to an augmentation in precipitation and
streamflow during periods of increased wetness. In contrast, a reduction is foreseen during
arid phases. Such developments are expected to engender more erratic spatial and temporal
rainfall distributions within Taiwan, thereby presenting substantial challenges to local
agricultural practices in integrated water resource management. By the adaptation strategies
and recommendations delineated in the report, agrarian production should implement farming
frameworks that are meticulously customized to specific locales predicated on disaster risk
assessments, to ensure the sustainability of agricultural practices and the stability of food
supplies in the foreseeable future. Consequently, the primary aim of this investigation is to
propose a multi-objective optimization framework for the allocation of crops. This
framework, which is predicated on the extant spatial distribution of crops and takes into
account factors such as suitability maps, employs multi-objective optimization methodologies
to ascertain the optimal spatial arrangement for prevalent crops, including rice and peanuts, at
the county level, thereby maximizing agricultural output and economic advantages.

The optimization methodology employed in this framework is the Non-dominated Sorting
Genetic Algorithm II (NSGA-II), recognized for its rapid computational efficiency, extensive
applicability, and compatibility with other optimization techniques. NSGA-II has been
extensively utilized in allocation-related challenges, including crop allocation (Krityakierne et
al., 2024) and land use allocation (Shaygan et al., 2014; Song & Chen, 2018). The
geographical focus of the study encompasses the central and western segments of Taiwan. To
mitigate the computational burden associated with the multi-objective optimization model, the
study area has been segmented into northern, central, and southern Taiwan, adhering to the
classifications established in the Urban and Regional Development Statistics Compilation. A
grid-based system has been devised, utilizing crop distribution maps as input for the multi-
objective optimization model, with outcomes depicted in the accompanying figures.
Furthermore, data on per-unit area crop yields and agricultural land prices are integrated to
formulate two objective functions: the maximization of crop yield and the maximization of
income value. Given the constraints posed by limited data, the areas of overlap on the

suitability maps are treated as arable land, with the stipulation that only a single crop may be
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cultivated within each grid cell. The efficacy of the model is assessed utilizing the

hypervolume indicator, a standard metric within multi-objective optimization frameworks.

This research establishes a multi-objective optimization framework for crop allocation,
focusing on a multi-objective optimization algorithm. By incorporating parameters such as the
spatial distribution of crops, yield per unit area, and income per unit weight, the framework is
anticipated to furnish decision-makers with valuable insights into the prospective yield and
economic returns of particular crops within specified spatial distributions. This framework
possesses the capacity to integrate with existing land use and food integration models.
Subsequent research endeavors could expand the model to include additional indicators such
as water demand, crop cycles, carbon footprint, and national dietary preferences, thereby

yielding results that are more congruent with practical scenarios.
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South Taiwan: Groundnut suitability
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South Taiwan: Rice suitability
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