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Abstract

Against the backdrop of global climate change and rapid urbanization, the urban heat island effect
has emerged as a severe environmental issue. Existing research predominantly focuses on spring,
summer, and autumn, with insufficient understanding of the spatiotemporal characteristics, driv-
ing mechanisms, and responses to large-scale human interventions of winter heat islands. Taking
the coastal city of Qingdao as a case study, this research utilizes winter Landsat remote sensing im-
agery from 2013 to 2024 to derive surface temperatures and calculate the Urban Heat Island Inten-
sity (UHII). By integrating the Normalized Difference Vegetation Index (NDVI), Normalized Differ-
ence Building Index (NDBI), Normalized Difference Bare Land Index (NDBal), and Modified Normal-
ized Difference Water Index (MNDWI), systematically analyzed the spatiotemporal evolution pat-
terns and driving factors of winter heat island effects under rapid urbanization and sponge city con-
struction. Results indicate: (1) From 2013 to 2024, impervious surfaces continuously expanded
while natural surfaces shrank, reflecting significant land use changes in the study area; (2) Winter
urban heat island intensity exhibited pronounced spatial differentiation. Its hierarchical distribu-
tion pattern shifted from a “single-peak” distribution dominated by Level 4 UHII in 2013 to a “dou-
ble-peak” structure characterized by Levels 3 and 5 in 2020, persisting through 2024. This reflects
intensified spatial heterogeneity in the winter thermal environment. (3) Linear regression analysis
revealed stable positive correlations between NDBI and NDBal with UHII, MNDWI exhibits a nega-
tive correlation, while vegetation shows a positive correlation with UHII This contrasts with vege-
tation’s cooling effect in summer, revealing that winter vegetation’s physiological dormancy and
lower albedo may contribute to warming. This study highlights the distinctiveness and complexity
of the urban heat island effect during winter, thereby providing valuable guidance for scientific de-
cision-making in urban environmental governance.
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Figure 1. Overview of the study area
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Figure 2. Land use classification in Qingdao from 2013 to 2024
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Figure 3. Spatial distributions of the LST in December from 2013 to 2024
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Figure 4. Spatial distributions of the UHII in December from 2013 to 2024
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Table 2. Percentage of area covered by urban heat island intensity (UHII) levels
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Figure 5. Linear fitting relationships between surface characteristics parameters (NDVI, NDBI, NDBal, and MNDW]I) and UHII in
December from 2013 to 2024
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