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Introduction

Rapid urbanization, population growth, and
the expansion of transportation networks and
urban infrastructure have exposed cities to
increasingly complex spatial and
environmental hazards. Identifying high-risk
urban locations and predicting the likelihood
of undesirable events are therefore essential
for effective wurban planning, crisis
management, and improving urban resilience.
Urban risk patterns are influenced by multiple
interacting factors, including population
density, land-use patterns, road network
characteristics, traffic intensity, infrastructure
conditions, environmental circumstances,
access to emergency services, and the history
of hazardous events. Consequently, analyzing
individual factors cannot adequately explain
the multidimensional nature of urban risk.
Geographic Information Systems (GIS)
provide valuable capabilities for integrating,
processing, analyzing, and visualizing spatial
data. However, conventional GIS approaches
face limitations in identifying complex
nonlinear  relationships among  urban
variables. Machine learning algorithms offer
opportunities to overcome these limitations by
extracting hidden patterns and predicting risk
probabilities.  Accordingly, this study
proposes an intelligent GIS-based framework
integrating spatial analysis and machine
learning algorithms, including Random
Forest, Support Vector Machine, and
XGBoost, to identify and predict high-risk
urban locations and support data-driven,
preventive urban management.

Methodology

This applied study adopts a descriptive-
analytical and modeling approach. Urban
spatial, environmental, and social data,
including  historical  high-risk  events,
population density, land use, road networks,
traffic intensity, and access to urban services,
are integrated and analyzed using GIS. Kernel
Density and Getis-Ord Gi techniques identify
spatial patterns, while Random Forest,
Support Vector Machine, and XGBoost
algorithms predict urban risk. Model
performance is evaluated using Accuracy,
Precision, Recall, F1-Score, and AUC-ROC.

Results and Discussion

The findings suggest that integrating
Geographic Information Systems (GIS) with
machine learning provides a framework for
identifying and predicting urban high-risk
locations. Kernel Density and Getis-Ord Gi
analyses highlight risk clusters near major
roads, busy intersections, commercial areas,
and locations with histories of hazardous
events. The sample classification divides
urban areas into five levels: very low, low,
moderate, high, and very high risk. Variable-
importance analysis identifies historical event
density, intersection density, traffic intensity,
commercial land-use density, and distance
from public transportation as influential
predictors. Among the tested algorithms,
XGBoost  demonstrates the  strongest
performance in the illustrative results,
followed by Random Forest and Support
Vector Machine. SHAP analysis explains how
individual variables contribute to predicted
risk, improving model interpretability for
urban decision-makers. These patterns are
consistent with previous studies emphasizing
the value of combining spatial statistics and
machine learning. The resulting risk maps can
support targeted infrastructure interventions,
resource allocation, and preventive urban
management in complex and changing urban
environments. However, all numerical
performance and distribution values are
illustrative and must be replaced with outputs
from actual model implementation before
being treated as empirical findings.

Conclusion

This study aimed to develop an intelligent
GIS-based model for identifying and
predicting urban high-risk locations through
the integration of spatial data analysis and
machine learning algorithms. The findings
indicate that combining GIS capabilities with
predictive  models can provide a
comprehensive framework for understanding
the spatial distribution of urban risks and
identifying  areas  requiring  priority
intervention. Spatial analysis techniques,
including Kernel Density and Getis-Ord Gi,
help detect risk concentrations and spatial
clusters, while machine learning algorithms
identify complex and nonlinear relationships
among influential urban variables. The results
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highlight the importance of historical event
density, intersection density, traffic intensity,
land-use patterns, population density, and
road network characteristics in explaining
variations in urban risk. Furthermore,
applying SHAP enhances model
interpretability by clarifying the contribution
of different variables to predicted risk levels.
This capability enables urban planners and
managers to move beyond identifying
hazardous locations and understand the
factors underlying their vulnerability. The
proposed framework can therefore support
evidence-based decision-making, targeted
allocation of resources, infrastructure
improvement, emergency planning, and
preventive urban management. It also
provides an opportunity to shift from reactive
responses toward more systematic risk
reduction. Nevertheless, the numerical
findings presented in this study are illustrative
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