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Nonlinear Effects of Urban Structure and Green Space on Land Surface
Temperature: An Explainable Machine Learning Approach
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Abstract
Although the importance of urban green spaces for mitigating the urban heat island effect is widely
recognized, understanding their relationship with surrounding urban environments is crucial in densely
developed areas. This study examined the nonlinear effects of urban structural elements and green space
characteristics on land surface temperature (LST) in Incheon, South Korea. Using the XGBoost machine
learning model and SHAP interpretation technique, the research analyzed the relative importance,
nonlinear relationships, threshold points, and interaction effects among variables, including green coverage,
landscape metrics, building coverage, and building height. Results showed that building area ratio exerted
the strongest positive influence on LST, while water body ratio, ground elevation, and green space ratio
were the main contributors to temperature reduction. A clear nonlinear relationship was identified for
green space ratio: its impact shifted to a cooling effect once it exceeded 36% at the 500m grid scale. In areas
below this threshold, building height and height diversity showed a complementary interaction that helped
reduce LST. These findings confirm a synergistic relationship between green spaces and urban structure
elements. This study provides quantitative evidence of the critical green space threshold and key
interactions in high-density urban settings, offering valuable insights for spatial planning and urban thermal
environment improvement.

Keywords: Urban Structure, Urban Green Space, Building Height, Land Surface Temperature, Explainable
Machine Learning
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Fig. 1. LST (Land Surface Temperature), Land Cover, Land Use Zoning of the Study Site
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Table 1. List of Explanatory Variables

Variables

The proportion of the impervious surface area

Description Unit

. . o
Impervious Surface Ratio in the grid area %
Building Surface Ratio The proportio.n of the l')uilding surface area %
in the grid area
I.eran Building Ground Height Grid average of building ground height m
Environment
Building Height Grid average of building height m
Standard Deviation Standard deviation of building heights within m
of Building Height the grid
Water Area Ratio The proportion of the water area in the grid area %
NDVI Normalized Difference Vegetation Index -
. The proportion of the green space area o
Green Space Quantity in the grid area %
Green Space Shape Index The ratio _ofjche perlrpeter lengt_h oftbe green _
Green spaces cover within the grid to the grid perimeter
Green Space Uniformity Standard deviation ofgre.en space area within .
the grid
. Grid mean of the area-weighted Euclidean
Green Space Connectivity m

neighborhood distance of green space
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Fig. 2. Spatial Distribution of the Explanatory Variables (From the Top to Left, Impervious Area Ratio, Building
Area Ratio, Building Ground Height, Building Height, Standard Deviation of Building Height, Water Area
Ratio, NDVI, Green Space Quantity (Green Area Ratio), Green Space Shape Index (LSI), Green Space
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