• Cross-city distributional inequality comparison across 12 cities using a standardized STR-GPAQ Inequality Index (SII).
• Descriptive association: highly restrictive STR regimes (Amsterdam) show lowest distributional inequality (SII = 0.031); moderate-restrictive regimes show highest (Barcelona = 0.115).
• Explainable spatial machine learning (XGBoost-SHAP) decomposes feature effects with local SHAP spatial mapping in Barcelona, New York, and Amsterdam.
• SII—a distributional inequality index validated through spatial aggregation sensitivity (0.5–2.0 km grids), random spatial baselines, and spatial block cross-validation.
• Replicable analytical framework transferable to other distributional inequality domains: crime, environmental justice, and healthcare accessibility.




