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Evaluating Urban Facade Strategies for Solar and Heat Optimisation: A

Remote Sensing and 3D Simulation Study of the Roppongi Hills
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Abstract: Tokyo's rapid urbanisation has intensified the urban heat island (UHI) effect, impacting environmental sustainability and liveability. This research evaluates
Mori Building’s 'Vertical Garden City' approach to mitigating UHI through vertical green infrastructure and photovoltaic (PV) technologies. Using remote sensing data—
nigh-resolution thermal imagery from SatVu's HotSat-1 and NDVI from Landsat via Google Earth Engine—and 3D simulations in Rhino 8 with Grasshopper and
_adybug, the study quantifies direct sun hours and radiance across building facades during key seasonal periods.

Results show a clear inverse relationship between NDVI and land surface temperature (LST), underscoring vegetation’s cooling role. Seasonal analysis reveals
southern-facing, high-altitude facades receive prolonged sunlight and high radiance, making them optimal for PV integration. In contrast, northern-facing, lower-altitude
facades—with limited sunlight—are ideal for vertical greenery, enhancing passive cooling through evapotranspiration. This dual-strategy development offers actionable

recommendations for optimising building facades to balance energy generation and UHI mitigation.
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used as a reference for NDVI analysis (Fig8.). Six polygons were selected for
spatial correlation analysis between NDVI and LST values. (Fig6.)

e The results reveal a strong inverse relationship between vegetation and surface
temperature, with an R? value of 0.813, highlighting the significant cooling effect
of vegetated areas in urban environments. (Fig7.)

In contrast, north-facing facades receive significantly less sunlight, particularly in November, with average
sun hours below 5 and radiance under 60 kWh/m?. These findings confirm the suitability of south-facing
facades for PV integration and north-facing surfaces for green infrastructure, supporting a dual-strategy for
facade optimisation.
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