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Analysis of 1,000 real emergency interventions in Qalqgilya, Palestine, revealed substantial response-time delays, with only 9.5% of incidents
meeting international NFPA standards. By combining spatial clustering (K-Means and DBSCAN) with queueing-based simulation, we identified
five optimal civil defense center locations. The proposed configuration reduced average waiting times by 31%, lowered congestion, improved
response reliability, and significantly decreased the occurrence of extreme delays.
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. Motivation & Problem Il. Study Area & Dataset

* Only 9.5% of incidents meet NFPA standards (4 min Response time).
* 26.6% of incidents exceed 20 minutes response time. Qalqilya Governorate ? """"
. : : West Bank , Palestine
e Existing station locations create coverage gaps. ’
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IV. Spatial Optimization V. Results

e Response & Waiting Times: The 5-center configuration produces
smoother performance with fewer congestion peaks.
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 CDF Curves: The 5-center system stochastically dominates the 3-
o center system across all response-time thresholds.
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Figure: Existing Distribution (K=3) and Proposed Locations (K=5) of the Civil Defense Centers.
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Table: Comparison of clustering metrics for K =4, 5, and 6 clusters. . . o . . o .
Figure: Cumulative Distribution Function (CDF) of Response Time and Waiting Time..
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