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Ground-level ozone is a pollutant formed through nonlinear interactions among nitrogen oxides (NOx) and
volatile organic compounds (VOCs) under sunlight. Predicting its concentration fields remains challenging due
to temporal variability and sparse monitoring stations. Building on Ettinger, Guillas, and Lai [1], we develop
a Modified Functional Principal Component Regression (MFPCR) model that integrates spatial covariates as
penalized functional terms within the regression operator.

The model constructs continuous ozone concentration surfaces using bivariate splines over triangulations
[2] and incorporates an auxiliary spatial field—such as the Environmental Justice Index (EJI) [3]—to augment
prediction:

GMFPCR = QFPCR + A9,

where S represents the spline approximation of the auxiliary surface and A regulates its influence. Using a
simulated temperature model [4], we assess robustness across eigenvalue truncation, noise, and penalty weights.
Results show that MFPCR improves mean squared error (MSE) stability relative to standard FPCR while
preserving smoothness and interpretability.

Current work extends this framework to EPA ground-level ozone data for the Greater Atlanta region,
integrating environmental and demographic covariates to evaluate predictive accuracy and spatial equity. The
approach demonstrates the potential of data-integrated functional regression for improving low-level ozone
forecasts, quantifying uncertainty at unmonitored sites, and supporting equitable air-quality assessment.
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