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ABSTRACT

In recent decades, the world has witnessed a significant acceleration in
the pace of urban expansion, accompanied by profound changes in land use
patterns. This phenomenon has generated increasing planning and environmental
challenges, particularly in cities experiencing unplanned urban growth. Within
this context, Kirkuk District represents one of the areas that has undergone
notable spatial transformations in land use during recent decades, while lacking
sufficient quantitative tools to predict future trends and support urban planning
decision-making.
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Therefore, this study aims to analyze spatial changes in land use within
Kirkuk District and to predict future urban expansion trends using the Cellular
Automata—Markov (CA-Markov) model, supported by remote sensing and
geographic information systems techniques. Multitemporal Landsat satellite
Imagery for the years 1990, 2015, and 2025 was employed, followed by
preprocessing and supervised classification to produce land use maps. Land use
maps from 1990 and 2015 were used to derive transition probability matrices and
implement the CA-Markov model for spatial prediction. Model accuracy was
assessed by comparing the predicted land use map for 2025 with the actual map
using statistical agreement indices, after which the model was applied to forecast
land use changes up to 2050.

The results revealed a rapid increase in urban land use at the expense of
other land use categories, particularly agricultural land, while demonstrating good
performance of the CA—Markov model in simulating spatial land use changes.
The study recommends the adoption of spatial prediction models to support urban
planning and land management processes, contributing to the mitigation of
unplanned urban expansion and the achievement of sustainable urban
development in Kirkuk District..

Key words:
Cellular Automata, CA—Markov Model, Urban Expansion, Land Use, Spatial
Prediction, Kirkuk District.
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