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Property markets are increasingly shaped by spatially differentiated environmental risks and
structural transformations associated with climate change. Flood exposure, urban heat intensity,
land-use dynamics, and infrastructure vulnerability have become relevant determinants of price
formation across regions. Despite this transformation, many operational property valuation
systems—particularly mass appraisal and automated valuation models (AVMs)—continue to rely on
modelling strategies that insufficiently capture spatial dependence and localized environmental
exposure. Conventional hedonic price models typically assume spatial independence and treat
environmental characteristics as marginal covariates rather than structurally embedded drivers of
value. However, property values are inherently spatial phenomena reflecting neighborhood
interactions, spillover effects, and localized expectations. Ignoring spatial autocorrelation and
environmental exposure may therefore lead to biased parameter estimates, distorted marginal
effects, and unstable predictive performance.

This presentation proposes a GlS-integrated mass appraisal framework that explicitly
incorporates environmental risk indicators and spatial econometric structures into valuation
modelling. The objective is twofold: first, to enhance estimation accuracy and predictive stability in
large-scale valuation systems; and second, to strengthen the analytical linkage between
environmental exposure and price formation mechanisms within a regional science perspective.
Rather than conceptualizing valuation as a purely technical appraisal exercise, the presentation
positions it as a spatial analytical system capable of informing land-use planning, fiscal policy, and
environmental risk assessment in a context of growing uncertainty.

The theoretical foundation of the presentation builds on hedonic pricing theory and spatial
econometrics. Hedonic models assume that transaction prices reflect bundles of structural,
locational, and environmental characteristics. Yet spatial autocorrelation—arising from
neighborhood effects, information diffusion, and geographically clustered demand—supply
dynamics—violates the classical regression assumption of independently distributed errors.
Extensive research in regional science has demonstrated that ignoring spatial lag or spatial error
processes results in inefficient or biased estimators. This limitation becomes particularly relevant in
mass appraisal systems, where global model specifications are often preferred for operational
efficiency but may inadequately capture spatial heterogeneity and localized price gradients.

Climate-related risks such as flood hazards, heat vulnerability, coastal exposure, and land-use
transitions affect property values both directly, through expected physical damage and insurance
costs, and indirectly, through risk perception and regulatory responses. The capitalization of
environmental risk into property prices is spatially uneven and mediated by local awareness,
institutional frameworks, and information transparency. In many markets, environmental exposure
is not uniformly priced but varies across neighborhoods and submarkets. This suggests that valuation
models must incorporate both high-resolution environmental indicators and spatial interaction
effects to capture the full structure of price formation.

Geographic Information Systems (GIS) offer the technical capacity to extract detailed
locational attributes and environmental risk layers at parcel-level resolution. GIS enables the
integration of raster-based environmental exposure maps, proximity measures, accessibility indices,
and land-use dynamics into transaction datasets. While GIS-based analyses are widely used in
regional science research, systematic integration of geospatial environmental indicators into
operational mass appraisal systems remains limited. This presentation addresses that gap by



proposing a unified modelling architecture that combines GIS-based data integration with spatial
econometric estimation within a mass appraisal framework.

The methodological approach extends conventional hedonic specifications through three
layers of integration. First, transaction-level property data are spatially linked with environmental
exposure indicators such as flood probability zones, surface temperature intensity, land-use change
metrics, proximity to infrastructure, and neighborhood amenity measures. Spatial joins and raster
extraction techniques assign these variables to individual observations, thereby enriching the
structural dataset with geospatial risk attributes. Second, spatial econometric models are introduced
to account for spatial dependence. Spatial Lag Models capture endogenous spillover effects in which
property prices are influenced by neighboring prices. Spatial Error Models correct for spatially
correlated disturbances reflecting omitted locational variables. Spatial Durbin Models incorporate
both direct and indirect spatial effects, allowing for more flexible representation of spatial interaction
processes. Spatial weight matrices are constructed using both contiguity-based and distance-based
criteria, and robustness checks assess sensitivity to alternative spatial specifications.

Third, the spatially enhanced specification is embedded within a mass appraisal environment
designed for large-scale implementation. The framework supports estimation across multiple
municipalities or submarkets and enables systematic comparison with non-spatial benchmark
models. Model performance is evaluated using standard predictive accuracy metrics such as root
mean squared error, mean absolute error, and mean absolute percentage error. Cross-validation
procedures assess out-of-sample stability, while marginal effect decomposition in spatial models
distinguishes between direct, indirect, and total impacts of environmental risk variables. To explore
methodological robustness, machine learning extensions such as gradient boosting may be tested
alongside econometric models, although interpretability remains a central concern in valuation
practice.

The empirical application draws on transaction-level data from a climate-sensitive property
market characterized by heterogeneous spatial structure and varying data quality. The dataset
includes transaction prices, structural property attributes, geocoded parcel identifiers, and
environmental risk indicators derived from publicly available geospatial sources. The empirical
strategy proceeds in stages. A baseline hedonic ordinary least squares model is first estimated to
establish benchmark performance. Diagnostic tests evaluate the presence of spatial autocorrelation
in residuals. Spatial econometric models are subsequently estimated, and their performance is
compared against the baseline specification. Particular attention is devoted to examining how the
inclusion of environmental risk layers alters estimated marginal price gradients and how spatial
feedback mechanisms amplify or moderate these effects.

Preliminary findings indicate statistically significant spatial autocorrelation in baseline
residuals, confirming the necessity of spatial modelling. Spatial specifications demonstrate improved
model fit and predictive accuracy relative to non-spatial models. Environmental risk indicators exhibit
heterogeneous capitalization patterns, with stronger effects observed in areas characterized by
higher awareness or repeated exposure to climate-related events. Moreover, the inclusion of spatial
lag structures reveals indirect effects whereby environmental risk in one location influences price
dynamics in adjacent areas. This suggests that environmental exposure operates not only as a
localized attribute but also through spatial interaction channels embedded in neighborhood
structures.

The findings further indicate that excluding environmental risk variables may bias the
estimated coefficients of traditional locational attributes such as accessibility or neighborhood
quality. Once environmental exposure is incorporated, certain previously significant variables
decrease in magnitude, highlighting the risk of omitted variable bias in conventional models. From a
predictive perspective, spatially enhanced models display greater stability across submarkets,
suggesting improved generalizability in heterogeneous environments.

This presentation contributes to regional science in several dimensions. Methodologically, it
demonstrates how spatial econometric techniques can be systematically integrated into operational
mass appraisal systems, bridging the gap between theoretical spatial modelling and applied valuation



practice. Conceptually, it reframes property valuation as a spatial decision-support instrument
embedded within broader regional environmental and economic processes. Empirically, it provides
evidence on how climate-related risk is capitalized into property markets through both direct and
spillover mechanisms. From a policy perspective, the proposed framework enhances transparency
and analytical rigor in property taxation systems and supports more informed land-use planning in
areas exposed to environmental risk.

As environmental uncertainty intensifies and spatial disparities become more pronounced,
valuation systems must evolve beyond conventional global specifications. Integrating GIS-derived
environmental indicators and spatial econometric structures into mass appraisal models provides a
coherent pathway toward more accurate, transparent, and analytically robust valuation frameworks.
By embedding spatial risk structures directly into valuation modelling, the presentation advances
methodological practice and deepens understanding of price formation under environmental
change, aligning property market analysis with the core objectives of regional science.



