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Hydrological Analysis for the Assessment of
Groundwater Wells and Soil Characteristics to
Select Optimal Agricultural Sites in Malla Qara
Subdistrict Using the Gradient Tree Boosting
(GTB) Algorithm

Abstract

The present study aims to analyze and evaluate
the agricultural land suitability in Mulla Qara
District, northern Iraqg, through the integration of
remote sensing and geographic information
system (GIS) techniques, supported by artificial
intelligence algorithms. The research relied on
combining soil data (such as pH, electrical
conductivity, organic matter, calcium carbonate,
and nutrient elements) with groundwater quality
parameters, which enabled the construction of a
comprehensive spatial database reflecting the
environmental and agricultural reality of the
area.

These datasets were processed within an
artificial intelligence environment using the
Gradient Tree Boosting algorithm at a high
spatial resolution (10 m) to generate both
classification and probability maps representing
levels of agricultural suitability. The
classification map categorized the lands into
three main classes:

*Highly suitable lands: characterized by optimal
properties, including balanced soil pH (6.5-7.5),
low salinity (< 2 dS/m), and favorable
groundwater depth (< 80 m), making them
suitable for intensive agricultural investment
and the cultivation of high-value crops.
*Moderately suitable lands: defined by moderate
salinity (2-4 dS/m) and deeper groundwater
levels (80-120 m). These lands are viable for
agriculture provided that precise soil and water
management practices are applied, along with
the cultivation of salt-tolerant crops.

*Marginally suitable lands: affected by high
salinity (> 4 dS/m) or excessive alkalinity (> 8),
in addition to deep groundwater levels (> 120
m), which restrict their agricultural potential and
make them more appropriate for rangeland use
or saline-resistant crops.
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