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Objective: This study aimed to spatially investigate the intensity of the surface urban heat island in 352
neighborhoods of the Tehran metropolis during the summers of 2015-2025. The emphasis was on the
role of vegetation cover, percentage of tree cover, impervious surfaces, surface albedo, and topographic
features (elevation, slope) in order to identify spatial heterogeneity patterns, calculate local cooling
potential, and provide a prioritization framework for urban green infrastructure interventions.
Method: Satellite remote sensing data from Landsat 8/9 (OLI/TIRS thermal bands) and Sentinel-2 (MSI
Level-2A) on the Google Earth Engine platform were used to derive land surface temperature, the
normalized difference vegetation index, tree cover percentage (WorldCover 2021), impervious surfaces,
surface albedo, mean elevation (SRTM), and slope. Surface urban heat island intensity was calculated
as the difference between the mean neighborhood land surface temperature and the median temperature
of the entire city. Exploratory analyses included descriptive statistics, global and local Moran’s | (spatial
autocorrelation), hot spot analysis (Getis-Ord Gi* statistic), Pearson correlation, and simple regression.
modeling comprised ordinary least squares regression, Lagrange Multiplier tests (for selecting spatial
error/lag/Durbin models), multiscale geographically weighted regression, and calculation of a cooling
potential index (combining the absolute values of significant local coefficients) implemented in ArcGIS
Pro and Python.

Results: According to the results, the mean land surface temperature was 44.21 + 2.56, and the surface
urban heat island intensity was 2.56 + 0.10 degrees Celsius. Strong spatial autocorrelation was detected
(global Moran’s | for heat island intensity = 0.7245, p < 0.001), and hot clusters of impervious surfaces
were observed in the southern and central parts of the city. Strong correlations were found for elevation
(r=-0.45), impervious surfaces (r = 0.38), and vegetation cover (r = —0.28). Multiscale geographically
weighted regression (adjusted R2 = 0.9224, adjusted Akaike information criterion = 2127.36) showed
that vegetation cover (coefficient = —1.52), tree cover (coefficient = —0.11), and albedo (coefficient =
—6.71) exerted significant cooling effects (p < 0.001 in 50-94% of neighborhoods), whereas impervious
surfaces had a warming effect (in 100% of neighborhoods) with pronounced heterogeneity (local R2 =
0.62-0.88). The mean cooling potential index was 3.97 (range: 2.28-6.38).

Conclusions: The results indicate that tree and vegetation cover in a substantial proportion of Tehran’s
neighborhoods have high cooling potential and play a key role in moderating the surface urban heat
island. The multiscale geographically weighted regression (MGWR) model, which clearly outperforms
global models (ordinary least squares regression with Rz = 0.62 and the spatial error model with R =
0.75), accurately reveals the spatial heterogeneity and location dependence of the relationships between
variables. From a policy perspective, the findings underscore the need to prioritize green interventions
in southern neighborhoods and parts of the city center characterized by high imperviousness and low
cooling potential, a strategy that can promote thermal justice and enhance urban climate resilience.
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Introduction

Rapid urbanization, widespread impervious surface expansion, and accelerating climate change have
substantially intensified the urban heat island (UHI) phenomenon, particularly its surface component, the
surface urban heat island (SUHI). This intensification generates escalating challenges for environmental
quality, public health, and thermal equity, especially in large metropolitan areas of arid and semi-arid climates.
Tehran, a rapidly growing megacity characterized by marked socio-spatial disparities, diverse urban
morphologies, and pronounced topographic gradients, provides an exemplary setting for analyzing the spatial
variability of urban thermal environments.

While extensive research has established the cooling efficacy of urban green infrastructure, the majority of
studies employ global regression models that presume spatial stationarity in the relationship between land
surface temperature (LST) and its biophysical drivers. These stationary assumptions often mask localized
thermal heterogeneity and constrain the development of tailored mitigation policies, which are frequently
implemented uniformly despite substantial intra-urban differences in heat exposure and cooling resource
access. Such limitations are especially acute in heterogeneous cities like Tehran, where neighborhood-scale
variations in thermal stress and adaptive capacity are pronounced.

This study addressed these gaps by examining the spatial structure of SUHI across Tehran's 352 officially
defined neighborhoods and quantifying the place-specific influences of green infrastructure elements, surface
imperviousness, and topographic attributes (elevation and slope) on LST. The core aim is to determine optimal
locations and contextual conditions under which green infrastructure interventions yield the greatest surface
heat mitigation benefits. By adopting the neighborhood as the primary analytical unit, the research elucidates
intra-urban differences in cooling efficacy and their implications for spatially explicit, equity-oriented heat
adaptation strategies.

To account for spatial non-stationarity and varying bandwidths in these relationships—phenomena that
conventional global models overlook—this study applied multiscale geographically weighted regression
(MGWR). This framework supports an explanatory and policy-oriented design, facilitating the conversion of
spatially varying model outputs into practical, location-specific recommendations for urban planners, decision-
makers, and climate-resilient development stakeholders.

Method

This study employed secondary spatial data analysis, integrating multi-source geospatial datasets from summer
months (2015-2025) to capture peak thermal conditions. The analytical units comprised the 352 officially
delineated neighborhoods of the city of Tehran.

Land surface temperature (LST) was retrieved from Landsat 8/9 thermal imagery (30 m resolution) after
standard preprocessing, temporal consistency checks, and quality control. Green infrastructure metrics—
including tree cover percentage (WorldCover 2021) and vegetation indices (NDVI)—were derived from
Sentinel-2 Level-2A data and global land cover products. Impervious surface fraction and surface albedo were
computed from classified remote sensing datasets. Topographic variables (mean elevation and slope) were
extracted from the SRTM digital elevation model. All raster layers were aggregated to the neighborhood level
via zonal statistics to provide robust, area-weighted summaries.

The workflow encompassed exploratory spatial data analysis, global and local spatial autocorrelation
assessment (Moran’s 1), and global regression modeling using Ordinary Least Squares (OLS) and Spatial Error
Models (SEM). Multiscale Geographically Weighted Regression (MGWR) was subsequently applied to
account for spatial non-stationarity and scale-dependent relationships between LST and explanatory variables.
Multicollinearity was examined via Variance Inflation Factor (VIF <5 threshold for variable retention). Model
fit and diagnostics were evaluated using adjusted R2, AlCc, and residual spatial autocorrelation tests.

A Cooling Potential Index (CPI) was constructed from the absolute values of statistically significant local
MGWR coefficients to identify neighborhoods with high thermal stress and strong responsiveness to green
infrastructure interventions. All processing and modeling were performed in GIS (ArcGIS Pro) and Python
environments, with full documentation to ensure transparency and replicability.
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Results

The spatial distribution of surface urban heat across Tehran exhibited marked heterogeneity, confirming that
the surface urban heat island (SUHI) is not a uniform city-wide phenomenon. Impervious surfaces and dense
built-up areas emerged as the primary drivers of elevated land surface temperature (LST), explaining a
substantial share of neighborhood-level temperature variation. In contrast, tree cover percentage demonstrated
the strongest and most consistent cooling effect among green infrastructure variables, yielding statistically
significant LST reductions in the majority of neighborhoods. Vegetation indices such as NDVI, however,
showed spatially variable and less stable effects, indicating that not all vegetation types contribute equally to
thermal mitigation at the neighborhood scale.

Topographic variables—particularly elevation and slope—exerted a notable cooling influence, contributing to
the formation of distinct hot spots in southern and central Tehran and cool zones in the northern districts.
Comparative assessment of model performance revealed that multiscale geographically weighted regression
(MGWR) markedly outperformed global models (ordinary least squares regression: adjusted R2 = 0.62; spatial
error model: adjusted R2 =~ 0.75), achieving an adjusted R2 of approximately 0.94 while effectively accounting
for spatial non-stationarity and multiscale processes in SUHI dynamics.

The Cooling Potential Index (CPI), derived from the absolute values of significant local MGWR coefficients,
identified southern, southwestern, and selected central neighborhoods as priority zones where high thermal
stress coincides with substantial responsiveness to green infrastructure interventions. These results underscore
pronounced spatial mismatches between heat exposure and existing green infrastructure distribution,
highlighting the necessity for place-based, differentiated mitigation strategies to enhance thermal equity and
urban climate resilience.

Conclusions

This study demonstrates that surface urban heat in Tehran constitutes a spatially heterogeneous and location-
dependent process, driven by localized interactions among impervious surface coverage, green infrastructure
elements, and topographic attributes. The findings clearly reveal the inadequacy of uniform, city-wide heat
mitigation strategies and provide robust empirical evidence in favor of neighborhood-scale, evidence-based
planning approaches.

Theoretically, the results highlight the superiority of spatially explicit and multiscale modeling frameworks—
particularly multiscale geographically weighted regression (MGWR)—over traditional global models in
capturing non-stationarity and scale-varying relationships in urban climate dynamics.

From a practical and policy perspective, the developed Cooling Potential Index (CPI) offers a reliable tool for
prioritizing green infrastructure interventions in heat-vulnerable neighborhoods, thereby advancing thermal
equity and enhancing urban climate resilience. If replicated and adapted in other megacities with comparable
environmental and socio-spatial conditions, this framework can effectively guide climate-sensitive urban
planning.

Ultimately, effective mitigation of urban heat demands not merely an expansion of green infrastructure but a
strategic, spatially targeted alignment of interventions with the underlying patterns of urban form, thermal
vulnerability, and local cooling capacity.
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