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Obijective: The city of Erbil, as one of the oldest and most historic human settlements in
the world, has experienced significant changes in the last few decades, which has been
mainly affected by rapid urban and economic developments caused by political and social
factors. This research analyzes land use changes and assesses the sustainability of the
urban landscape of Erbil using multitemporal satellite images, and specifically identifies
the urban growth trend and its effects on spatial structure and land use in the period 2000
to 2024.

Methods: The research was conducted using Landsat 5, 8, and 9 satellite images, and after
preprocessing the images with ENVI software, the object-oriented analysis (OBIA)
method and eCognition software were used to classify different land uses. The
classification results were transferred to Fragstats software and landscape analyses were
performed based on different metrics. The classification accuracy was also evaluated using
random reference points and calculating the overall accuracy and kappa coefficient indices.
Results: The results indicate significant changes in the spatial structure and land use of
Erbil city during the period 2000 to 2024; the urban built-up areas increased from 89.12
km? (equivalent to 6.18% of the total area) in 2000 to 347.81 km? (equivalent to 24.11%)
in 2024. In contrast, agricultural lands and forests decreased, such that agricultural lands
decreased from 86.59 to 46.94 km? and forests decreased from 27.13 to 17.19 kmz2. Also,
although green spaces have increased, they still constitute a small share of the spatial
structure of the city. The analysis of landscape metrics shows that CLUMPY and
COHESION indices have continuously increased in human uses, while a decrease has been
observed in natural uses.

Conclusions: These changes indicate the trend of environmental instability and unplanned
urban development, which highlights the need for smart land use management and
restoration of natural covers.
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Introduction

Erbil, one of the world's oldest continuously inhabited cities, has undergone significant transformations in its
spatial structure in recent decades due to rapid economic, demographic, and political developments. The rapid
urban expansion, often disregarding sustainable planning principles, has led to the loss of agricultural land,
degradation of natural vegetation, and an increase in urban heat islands. Therefore, analyzing land-use changes
and assessing urban landscape sustainability using remote sensing and GIS tools can provide valuable insights
for optimal land-use planning and sustainable management of the region's natural resources. This study aims to
examine the spatiotemporal changes in land use within Erbil city and evaluate landscape sustainability indicators
between 2000 and 2024.

Materials and Methods

This study utilized multi-temporal Landsat satellite imagery, including Landsat 5 (TM), Landsat 8 (OLI), and
Landsat 9, for the years 2000, 2008, 2016, and 2024. After initial preprocessing steps, such as image subsetting
and band compositing in ENVI software, the classification process was carried out using Object-Based Image
Analysis (OBIA) in eCognition software. The land use classes extracted included built-up areas, cultivated and
fallow agricultural land, forest, green spaces, and barren land.To assess classification accuracy, random control
points were used, along with the calculation of Overall Accuracy and the Kappa Coefficient. Additionally,
FRAGSTATS software was employed to quantify land use/land cover changes in Erbil City and its surrounding
areas. Following the object-based classification of satellite imagery, 12 class-level metrics and 17 landscape-
level metrics—such as CA, NP, LPIl, CLUMPY, 1JI, COHESION, MESH, and others—were selected. These
metrics reflect the composition and configuration characteristics of the landscape.

Results

The classification results revealed that built-up urban areas in Erbil expanded from 89.12 km2 (6.18% of the total
area) in 2000 to 347.81 km? (24.11%) by 2024. During this period, agricultural land decreased from 86.59 km? to
46.94 kmz2, while forested areas shrank from 27.13 km?2 to 17.19 km2 Although green spaces saw a slight
increase, they still occupy a marginal share of the city’s spatial structure. Landscape metrics analysis indicates a
steady rise in CLUMPY and COHESION indices for human-dominated land uses, contrasting with a decline in
natural land covers. These shifts highlight unchecked urban sprawl and worsening ecological instability,
underscoring the urgent need for smarter land-use management and natural habitat restoration. Changes in LSI,
1JI, and Al metrics further suggest the city has transitioned from a highly fragmented landscape to a more
regular—yet less diverse—spatial pattern. This trend has eroded urban resilience against environmental threats
such as droughts, dust storms, and floods.

Conclusion

The results of this study indicate that Erbil’s current urban expansion is heading toward spatial instability and
environmental degradation due to its neglect of ecological, social, and even economic principles in land
management. Future development patterns must shift toward an integrated approach to urban planning—one that
prioritizes environmental sustainability. These spatial transformations reflect growing ecological instability in
the city’s landscape, signaling an urgent need for municipal authorities to intervene. Key measures should
include restoring natural vegetation, controlling unchecked urban sprawl, and implementing smarter land-use
anagement strategies. Analytical techniques such as landscape structure assessment and quantitative metrics can
serve as valuable tools for monitoring and guiding future spatial planning in rapidly growing cities like Erbil. To
ensure sustainable development, targeted use of vacant land for smart urban growth should be prioritized,
alongside expanding green spaces, rehabilitating forested areas, and protecting agricultural land. Ultimately,
achieving a balanced and sustainable future for Erbil will require close collaboration between local institutions,
urban planners, and citizens—ensuring that growth, spatial equity, and ecological health are all properly
addressed.
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Fig 5. Land Use/Land Cover (LULC) Map of Erbil City in 2000
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Fig 6. Land Use/Land Cover (LULC) Map of Erbil City in 2008
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Fig 7. Land Use/Land Cover (LULC) Map of Erbil City in 2016
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Fig 8. Land Use/Land Cover (LULC) Map of Erbil City in 2024
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