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Objective

To develop a Bayesian spatiotemporal quantile regression to estimate high quantiles (0.75, 0.90,
0.95) of traffic-related air pollutants in the municipality of Rome (2011-2022), and to generate daily
surfaces of extreme exposure on a 1x1 km grid.

Material and Methods

Daily mean concentrations from 13 ARPA monitoring stations were modelled using Bayesian
quantile regression fitted via Markov chain Monte Carlo. Separate models were estimated for each
quantile. Spatial heterogeneity was captured through a Gaussian process random intercept.
Candidate spatiotemporal (ERA5/ERA5-Land) and spatial covariates were screened to limit
multicollinearity and select a parsimonious specification. Model fit and predictive ability were
assessed using the deviance information criterion and cross-validation by leaving one station out
(LOSO) and leaving one year out (LOYO).

Results

A large share of variability was explained by the spatial random effect and temporal components
(long-term trend, annual seasonality, weekend/holiday effect). Temporal reconstruction was
accurate, whilst spatial prediction was weaker at high-traffic sites. Predicted exposure surfaces
showed persistent hotspots, especially in the central-eastern part of the city, despote the significant
decrease from 2011 to 2022, consistent with observed trends. Posterior uncertainty remained
moderate; convergence diagnostics and sensitivity analyses did not indicate major issues.

Conclusion

This framework provides flexible daily exposure assessment for pollution extremes by integrating
spatiotemporal structure with validation proper for quantile regression. The resulting surfaces may
support risk assessment and future epidemiological analyses, and can be transferred to other
urban settings.
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