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Hydrological Modeling of Dynamic Change Patterns in the Surface Waters of

Lake Darbandikhan and Their Environmental Impacts
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Abstract:

This study aims to employ hydrological modeling to monitor and track changes in the surface water dynamics
of Darbandikhan Lake and to analyze their environmental implications. The lake holds strategic importance as
one of the vital water resources in the Kurdistan Region of Iraq, playing a central role in meeting agricultural,
drinking water, and hydropower needs, in addition to serving as a major habitat for biodiversity.The study
utilized Landsat-8 satellite data equipped with the OLI sensor to observe historical changes in the lake's levels
during the period from 1990 to 2025. Additionally, the CA—Markov model was applied within the TerrSet
environment to predict future changes in the lake's volume for the years 2030 and 2040, along with an
assessment of the associated environmental impacts.The results showed that Darbandikhan Lake experienced
significant fluctuations in its water surface area between 1985 and 2025, with an increase of (+26%) in 1990,
followed by a decrease of (—19.9%) in 1995, reaching its lowest level in 2005 (=10.9%), before improving by
(+34.9%) in 2010 and (+54.3%) in 2015, then declining again by (—14.7%) in 2020 with a slight increase of
(+2.7%) in 2025. These fluctuations reflect the interaction of climatic, hydrological, and human
factors.Furthermore, the results indicate that Darbandikhan Lake will continue its future decline according to
the CA—Markov model, with its area expected to decrease from 67.58 km? (51.93%) in 2030 to 35.94 km?
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(27.62%) in 2035, and further to 26.62 km? (20.46%) in 2040. This ongoing reduction represents a natural
continuation of the current climatic and hydrological conditions, confirming that the projected changes are a
temporal continuity of the current reality rather than a sudden shift in the lake’s water system.Keywords:
Hydrological Modeling, Lake Darbandikhan, Satellites, Landsat-8 OLI, TerrSet CA—Markov, Surface Water
Dynamics, Environmental Changes.
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