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Abstract:
This study aims to analyze the impact of the shift toward digital agriculture on the spatial reorganization of rural
areas in the province of Najaf, using an integrated methodology that combines spatial statistical modeling,
artificial intelligence techniques, and economic analysis. Structural equation modeling (SEM) was used to test
the determinants of farmers’ technology acceptance within the TAM framework, and geographically weighted
regression (GWR) was employed to monitor the spatial variation of the impact of digitization on crop structure
across the governorate’s districts. Machine learning algorithms (Random Forest and SVM) were also employed
to predict the spatial expansion dynamics of human settlements and agricultural services through 2050,
alongside Data Envelopment Analysis (DEA) to measure the spatio-economic efficiency of agricultural units

and identify sources of waste in water and fertilizer resources. The results showed that “perceived benefit” was
the strongest determinant of digital adoption intention ($=0.82), with clear spatial variation in the districts’
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response to digitization; the Kufa district led with a local R? value of 0.84, while the Haydaria district suffered
from low economic efficiency (0.441) and water waste of 42.1%. The random forest algorithm also achieved
high predictive accuracy (0.982), and DEA analysis demonstrated the potential to reduce agricultural inputs by
up to 63.59% in inefficient units without compromising current production levels. The results confirm that
digital transformation is not merely a tool for increasing productivity, but rather a strategic gateway to re-
engineering Najaf’s rural landscape through tailored spatial management policies, establishing pioneering
digital villages, and employing spatial intelligence in agricultural planning, thereby ensuring environmental and
economic sustainability and enhancing food security in Iraq
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