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ABSTRACT

Objective: The increasing complexity of urban physical, social, environmental, and infrastructural systems
has highlighted the need for data-driven approaches to urban resilience assessment. This study aims to
develop an intelligent framework for assessing urban resilience based on multi-source data and machine
learning within a civil defense perspective.Methods: Population, physical, infrastructural, environmental,
and spatial data were preprocessed and integrated to derive multidimensional resilience indicators. A hybrid
Analytic Hierarchy Process—Principal Component Analysis (AHP-PCA) approach was used to determine
indicator weights and construct a composite resilience index. To avoid direct reproduction of this index by
the machine learning models, the base indicators were used as input features, while functional risk level
was independently defined as the target variable. Logistic Regression, Decision Tree, Random Forest, and
XGBoost were compared, and SHapley Additive exPlanations (SHAP) were used to interpret feature
importance and direction of effects.Findings: XGBoost achieved the best overall performance, with an
accuracy of 0.88, Fl-score of 0.87, and AUC-ROC of 0.91. SHAP analysis identified access to critical
infrastructure, vulnerable population density, road network connectivity and redundancy, and access to
emergency, medical, and firefighting services as the most influential factors associated with functional risk.
Conclusion: The proposed framework integrates multidimensional resilience assessment, machine learning,
and civil defense considerations to identify high-risk urban units and key vulnerability factors. The findings
demonstrate its potential to support evidence-based prioritization of interventions and enhance the
continuity of critical urban functions.

Keywords: Urban Resilience, Machine Learnig, Multi-source Data, Civil Defense, AHP-PCA Analysis,
Urban Functional Risk.
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