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Abstract

    This study compares the land surface temperature (LST) of green roofs and cool roofs in Seoul to assess their effectiveness 
in mitigating urban heat islands and enhancing resilience to cold waves. Using Sentinel-2 imagery for rooftop classification and 
Landsat-8 thermal data for LST estimation, we analyzed 169 green roofs and 338 cool roofs, matched by area and location. Re-
sults show that green roofs consistently maintain lower LSTs during summer (mean 39.83°C, SD 3.52) compared to cool roofs 
(mean 40.88°C, SD 2.19), with a statistically significant difference (t = -22.04, p < 0.001, Cohen’s d = -0.39). In winter, the dif-
ference is smaller but still significant (green roofs: mean 3.13°C, SD 1.63; cool roofs: mean 3.33°C, SD 1.40; t = -8.49, p < 0.001, 
Cohen’s d = -0.14). These findings are consistent with previous studies showing that both green and cool roofs can reduce rooftop 
and ambient temperatures and provide important energy savings, though the degree of effectiveness varies by climate and build-
ing characteristics [1-5]. Green roofs are particularly effective in providing stable thermal performance and reducing summer 
heat in humid climates, while cool roofs can offer substantial cooling and energy benefits, especially in hot, dry regions [2-4, 6, 7].
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Abbreviations

    LST: Land Surface Temperature; NDVI: Normalized Difference Vegetation Index; NDBI: Normalized Difference Built-up Index; SD: 
Standard Deviation.

Introduction 

   Urban heat islands (UHIs) are a growing concern in rapidly urbanizing cities such as Seoul, intensifying thermal discomfort and 
energy demand during extreme weather events. Roof-based interventions-green roofs, which utilize vegetation, and cool roofs, which 
use high-albedo surfaces-are widely promoted as mitigation strategies. Both green and cool roofs reduce UHI effects by decreasing 
sensible heat flux, but through different mechanisms: green roofs provide shade and increase latent heat flux via evapotranspiration, 
while cool roofs reflect more incoming solar radiation due to higher albedo [1, 2, 4]. However, their comparative performance across 
seasons, particularly in humid continental climates, remains underexplored [1, 3, 5]. This study aims to quantitatively compare the LST 
of green and cool roofs in Seoul, providing evidence to inform urban heat mitigation and energy efficiency policies.
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Materials and Methods 
Data Collection and Classification

    Green roof locations (n = 200) were obtained from the Seoul Metropolitan Government and filtered for area (≥100 m²) and image 
clarity, resulting in 169 valid sites. Cool roofs were identified from building rooftop shapefiles and Sentinel-2 imagery (10 m resolu-
tion) using the following criteria: NDBI > 0.1, NDVI < 0.1, and albedo ≥ 0.7. The cool-roof candidate threshold (albedo) was set at ≥ 
0.7, following Li et al. (2014) [6] and City of Cambridge (2021) [8]. For broader context, lower thresholds such as 0.55 (Alchapar et al., 
2020) [9] and 0.6 (Lalwani et al., 2024) [10] have been used in other climates. NDBI > 0.1 and NDVI < 0.1 thresholds for impervious 
surface detection were based on Zha et al. (2003) [11] and Atasoy et al. (2022 [2] This process yielded 338 cool roofs, matched 1:2 
with green roofs by area.

LST Estimation

     LST was estimated using Landsat-8 thermal infrared data (30 m resolution). To achieve rooftop-level analysis, each Landsat-8 pixel 
was subdivided into nine 10 m subpixels, and a regression model incorporating Sentinel-2 NDVI, NDBI, and albedo was used to assign 
LST values to each subpixel. This fusion approach allowed for high-resolution analysis of rooftop temperatures [12-14].

Statistical Analysis

   Two-sample t-tests and Cohen’s d were used to compare LST distributions between green and cool roofs for summer (July-Au-
gust) and winter (December-February). The t-test assumptions-independence of observations, normality, and homogeneity of vari-
ances-were validated using Shapiro-Wilk tests and Levene’s test [15]. Cohen’s d was calculated to quantify the effect size, with values 
interpreted as small (0.2), medium (0.5), or large (0.8) based on established criteria [16]. All analyses were performed using R 4.2.1 
with packages including stats for hypothesis testing and effsize for effect size calculation [17].

Results 
Summer Results

     Green roofs exhibited a mean LST of 39.83°C (SD 3.52), while cool roofs averaged 40.88°C (SD 2.19). The difference was statistically 
significant (t = -22.04, p < 0.001, Cohen’s d = -0.39), indicating a small but meaningful effect. Green roofs also showed a wider range of 
LST values, suggesting greater variability but overall better cooling performance.

Winter Results

    In winter, green roofs had a mean LST of 3.13°C (SD 1.63), compared to 3.33°C (SD 1.40) for cool roofs. This difference was statisti-
cally significant (t = -8.49, p < 0.001, Cohen’s d = -0.14), but the effect size was very small, indicating limited practical impact. Cool roofs 
exhibited greater temperature variability, while green roofs demonstrated more stable surface temperatures, which may contribute 
to heating energy savings.

Interpretation and Implications

     The results indicate that green roofs provide stronger cooling during Seoul’s humid summers, likely due to vegetation-driven latent 
heat flux. In winter, the practical difference is negligible, but green roofs’ thermal stability may benefit year-round energy manage-
ment. These findings suggest that green roofs are especially effective for summer heat mitigation, while cool roofs require careful 
consideration in winter to avoid unintended heating penalties.
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Table 1: Data Description of Green Roofs and Cool Roofs.

Table 2: Summer Statistical Analysis.

Table 3: Winter Statistical Analysis.
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Figure 1: Summer LST Distribution (Boxplot and Histogram).

Figure 2: Winter LST Distribution (Boxplot and Histogram).

Discussion 
Green Roofs in Humid Climates

     Our findings that green roofs maintain lower summer LSTs than cool roofs align with studies in other humid regions. In Chongqing, 
China, green roofs demonstrated a median cooling potential of 1°C in hot-humid climates, primarily through evapotranspiration and 
shading [18]. Similarly, simulations in Dubai’s hot-humid microclimate showed green roofs reduced surface temperatures by up to 
4.3°C compared to conventional roofs, enhancing thermal comfort despite high humidity [19]. These effects are attributed to vegeta-
tion’s ability to regulate heat flux through latent cooling, which is particularly effective in moisture-rich environments [20].

Cool Roofs in Hot-Dry Regions

    In contrast, cool roofs excel in arid climates with intense solar radiation. Experimental studies in Makkah, Saudi Arabia, demon-
strated that cool roofs reduced indoor temperatures by 3.7°C and cooling energy demand by 52.5 kWh/m²/year in dusty, hot-dry 
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conditions [21]. The U.S. Department of Energy highlights that cool roofs can lower surface temperatures by over 28°C compared to 
conventional roofs in such climates, significantly reducing urban heat island (UHI) effects [22]. However, their reflectivity-driven per-
formance diminishes in humid regions like Seoul, where latent heat flux from green roofs dominates [23].

Conclusion

     Green roofs in Seoul outperform cool roofs in reducing summer rooftop temperatures and provide more stable thermal performance 
in winter [1, 3, 5-7, 18]. These results are consistent with global research, which shows that green roofs are particularly effective in 
humid climates (e.g., Southeast Asia, UAE), while cool roofs offer substantial benefits in hot, dry regions (e.g., Middle East, Mediterra-
nean). The integration of high-resolution satellite data enables robust, rooftop-level thermal analysis, supporting the development of 
targeted urban heat island mitigation and energy resilience strategies [12-14]. Urban planners should consider climate-specific roof 
policies that account for local humidity, solar exposure, and seasonal variability to maximize the benefits of roof-based interventions.

Current Limitations and Future Directions 
Spatial Variability in LST Downscaling

     The current method subdivides each Landsat-8 thermal pixel (30 m) into nine uniform 10 m subpixels, assigning identical LST val-
ues. However, LST exhibits inherent spatial continuity and variability within a single pixel, influenced by micro-scale factors such as 
building materials, shadow patterns, and vegetation density. For instance, adjacent subpixels in shaded versus sun-exposed areas can 
differ by >5°C in summer afternoons. Recent studies emphasize that convolutional neural networks (CNN) and geographically weight-
ed regression (GWR) can improve accuracy by 1.2-2.3°C in urban environments by incorporating spatial autocorrelation and thermal 
landscape heterogeneity [12, 13]. Future work should integrate these advanced methods to account for localized thermal gradients.

Temporal Alignment of Satellite Acquisitions

   Landsat-8 and Sentinel-2 overpass times differ slightly (Landsat: ~10:30 AM local time; Sentinel-2: ~10:00 AM), potentially in-
troducing temporal mismatch in fused datasets. Diurnal LST fluctuations in Seoul can exceed 15°C between 10:00 AM and 12:00 
PM during heatwaves, making precise temporal alignment critical. Emerging methods like the Spatio-Temporal Temperature Fusion 
Network (STTFN) synchronize multi-sensor observations using local solar time and cloud-motion vectors, reducing temporal bias to 
<0.8°C. Additionally, integrating geostationary satellite data (e.g., GK-2A with 10-minute resolution) could further enhance intra-day 
LST tracking.
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