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Abstract: Factor models serve as powerful tools used to simplify and explain the variation in large datasets by
capturing the influence of a relatively small number of underlying common, unobserved factors. Mathemati-
cally, a factor model can be expressed as X = ΛF+E where X is an N × T matrix of observed variables, Λ
is an N ×K matrix of factor loadings, and F is a K ×T matrix of common factors and E is an N ×T matrix
of idiosyncratic errors.

In housing research, factor models currently address price forecasting through macroeconomic factor extrac-
tion, spatial dynamics via Principal Component Analysis of regional price indices, and commercial real estate
valuation using style factors beyond traditional property characteristics. Current housing factor models ex-
plain approximately 50% of quarterly price variation but fail to capture complex interactions between physical
housing conditions, neighborhood characteristics, and resident outcomes. However, existing applications face
critical limitations: (1) unobserved heterogeneity in property and household characteristics leading to biased
parameter estimates, (2) inadequate integration of social determinants of health with economic housing fac-
tors, (3) limited temporal modeling of adaptive learning and structural breaks in housing markets, and (4)
insufficient cross-sectional analysis of multi-dimensional housing outcomes including health, social, and en-
vironmental impacts.

This research investigates various methodological approaches to address these gaps through: factor decompo-
sition Y = ΛcFc+ΛsFs+ΛrFr+E, sparse regularized estimation minΛ,F ∥Y−ΛF∥2F+λ1∥Λ∥1+λ2∥F∥1
and dynamic models ht+1 = ρht+λft+εt. The integrated framework enables policy-relevant decomposition
of housing outcomes into economic factors (fecon), social determinants (fsocial), environmental conditions (fenv),
and/or health impacts (fhealth). By addressing current methodological limitations, this framework enhances
evidence-based housing policy development and supports more effective resource allocation for addressing
housing challenges.
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