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Introduction

Housing prices often exhibit spatial correlation and heterogeneity as key eco-
nomic and financial indicators. Spatial econometric models are widely used
to analyze dependencies but struggle to model spatial heterogeneity effec-
tively. The traditional geographically weighted regression is used to evalu-
ate local heterogeneity; however, it can become quite complex and compu-
tationally intensive, especially in areas with homogeneous subregions. Such
a challenge emphasizes finding a more efficient and effective solution. This
study introduces a two-stage spatial econometric modeling framework for
housing price analysis. In the first stage, a spatial clustering algorithm is
used to identify homogeneous regions. In the second stage, spatial econo-
metric models are fitted separately for each cluster. This approach employs
the integrated nested Laplace approximation as an approximate Bayesian
method for conducting statistical inference and analysis.

Material and Methods

The proposed methodology consists of two main steps. First, the adaptive
weighted smoothing algorithm is used to identify homogeneous regions, and
this identification process is iteratively optimized to differentiate between
heterogeneous structures. Second, Bayesian spatial econometric models are
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fitted separately for each identified cluster, ensuring that spatial dependen-
cies and heterogeneity are appropriately addressed. Bayesian inference uses
the integrated nested Laplace approximation method, which is more compu-
tationally efficient than traditional approaches such as Markov chain Monte
Carlo. A simulation study was conducted to evaluate the effectiveness of the
proposed methodology. Following this validation, the approach was applied
to analyze housing prices in Mashhad City.

Results and Discussion

The simulation study results show that the proposed method effectively iden-
tifies spatial heterogeneous structures while preserving spatial dependence.
Additionally, it outperforms the geographically weighted regression model in
terms of accuracy and computational efficiency. An analysis of the Mash-
had housing price dataset reveals two distinct clusters, each with different
regression coefficients for significant covariates. Furthermore, the spatial
dependence structure differs between these clusters: one cluster shows a
positive spatial correlation, while the other indicates a negative spatial cor-
relation. These findings emphasize the necessity of simultaneously modeling
spatial heterogeneity and dependence for a more comprehensive housing mar-
ket analysis.

Conclusion

This study introduces a Bayesian two-stage framework for modeling spa-
tially heterogeneous data. By integrating spatial clustering algorithms with
Bayesian spatial econometric models, the approach improves analytical ac-
curacy, decreases computational complexity, and offers more interpretable
insights into the effects of covariates. Future research could include incor-
porating spatially varying coefficient models for a more detailed analysis of
local heterogeneity and applying machine learning methods in spatial clus-
tering to enhance the detection of homogeneous regions.

Keywords: Spatial econometrics, Bayesian inference, Spatial clustering, Hous-
ing market analysis.
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