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Introduction Methods and Materials

This study provides a comprehensive geospatial analysis of urban expansion in Data Collection:
Abeokuta by situating the city’s growth within its broader economic development  Satellite imagery from Landsat 7 ETM+, Landsat 8 OLI/TIRS, and Landsat 9 OLI-
cluster. The research departs from traditional concentric zone analyses by employing the 2/TIRS-2 for the years 2003, 2013, and 2023.
multiple nuclei theory, which recognises that contemporary urban areas often expand Land Use Classification:
from several growth points rather than a single central business district. * Remote sensing supervised classification using the Random Forest algorithm.
Context: Spatial Analysis:

* Rapid urbanisation in Abeokuta, a secondary polycentric city in Nigeria. * GIS application of Batty’s entropy in concentric ring zones around three growth

* Economic Development Cluster initiative by the Ogun State Government. nuclei: King’s Palace, Old Governor’s Office, and New Governor’s Office

Challenge:
 Traditional concentric zone theory is inadequate for polycentric urban growth.234>
Objective:
« To analyse urban expansion trends (2003-2023) using a geospatial framework that integrates
machine learning and spatial entropy methods. satellite imagery
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Fig. 1. Ogun State Industrial Zone Fig. 2. Significance of Abeokuta Multi-Centres

accuracy assessment urban expansion estimation
ReS u l tS (hyperparameter tuning + confusion matrix) (urban class extracion + analysis)
Land Cover Changes:
Dense vegetation decreased by 43.3% over 20 years LULC 2003 — LULC2013 — LULC 2020 urban 2003 urban 2013 urban 2020
. Built-up areas and bare land increased by 29.3%. l l l l
. Test Overall Accuracies: 74.05, 82.16% and 89.24% for 2003, 2013 and 2023 _ : :
. . change detection Batty's entropy analysis
Spatlal ExpanSlon Patterns: (post classification = 2003, 2013, 2023) (urban quantification)
. Highest urban expansion observed around the Old Governor’s Office (Normalised l
entropy AHBnorm = 0.13). ,
. Followed by the King’s Palace (AHBnorm = 0.11) and New Governor’s Office (AHBnorm = o L
visualisation visualisation
0.07). (LULCC map 2003, 2013, 2020) (entropy map 2003, 2013, 2020)
Interpretation: ! ] '
—

. Multiple growth nuclei provide a more accurate picture of polycentric urban sprawl

compared to a single central point.
Fig. 3. Methodological Framework Urban Expansion of Al
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| Discussion

Theoretical Insight:
* Supports the multiple nuclei theory (MNT) for contemporary
o1.55% urban growth.
Practical Applications:
i  Baseline data for urban planners and policy makers.
8.01% A * Informs sustainable urban planning and interventions within
economic development clusters.
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e e e e * Integration of additional datasets (e.g., socio-economic indicators)
Fig. 5. Land Cover Change proportions of Abeokuta EDC to further refine gl‘OWth predictions.
| * Expansion of the methodology to similar secondary cities in the
5 Global South.

Batty’s Spatial Entropy
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a - The integrated approach combining Random Forest classification and
_ Hp , . .. :
Hpnorm = {1 ax -+ ({0 Batty’s entropy provides robust insights into urban sprawl.
Where'H - - Observing multiple growth points enhances our understanding of
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Fig. 4. Land Cover Map of Abeokuta EDC .
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Fig. 6. Sankey Diagram of Urban Encroachment (2003-2013) Fig. 7. Urban Expansion Estimation using the Multiple Nuclei Theory Fig. 8. Zonal Batty’s Entr-ty
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