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Abstract

In recent years, the nexus approach has emerged as an interdisciplinary framework for the simultaneous analysis
and management of water, energy, and food resources, yet the pivotal role of soil remains underemphasized. In
this study, we integrated remote sensing (Landsat 8), geostatistics, and in situ data (soil texture and organic matter
at 0-30 cm depth, and groundwater depth), and employed Principal Component Analysis (PCA) to determine each
variable’s contribution to total variance and derive layer weights. Finally, using a hectare-scale grid, we computed
the soil-water—energy—food nexus index for wheat and barley fields in the Qazvin Plain irrigation network (2019—
2020). The results indicate that the resulting nexus map is a practical tool for prioritizing critical areas and devising
strategies to optimize water and energy use and improve soil quality. This study demonstrates that integrating
remote sensing, geostatistics, and nexus analysis offers an effective pathway for sustainable agricultural resource
management.
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