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Fig.2 UVA equipped with infrared thermal imager and temperature corrected blackboard
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Fig. 4 Results of feature classification
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Analysis of cooling efficiency of vegetation in urban residential areas and
determination of optimal cooling efficiency threshold

SUN Jiaxin, FENG Li,ZHANG Xiao,ZHOU Yanan,FENG Hairong

College of Geography and Remote Sensing, Hohai University, Nanjing 211100, China

Abstract: Most previous studies on the cooling efficiency of urban vegetation are based on large-scale satellite remote sensing data, which
leaves a gap in fine-scale investigations at the micro-level. Therefore, this study took the vegetation of typical residential areas in Jiangning
District of Nanjing City as the research object. Visible light data from Unmanned Aerial Vehicles (UAVs) were used to obtain the fine
classification of residential green space, and the Regional Green Plot Ratio (RGPR) index was constructed.

We proposed an improved calculating method of vegetation cooling efficiency, that is, Regional Cooling Efficiency (RCE). RCE is
based on hour-by-hour UAV thermal infrared data. We applied this method to calculate the cooling efficiency of vegetation in residential
areas. This way enabled us to investigate the response relationship between the surface temperature of different local climate zones in
residential areas and the RGPR indicator. The optimal thresholds of cooling efficiency for different RGPRs in residential areas could also be
determined.

Results showed that (1) the daily variation curve of the cooling efficiency of vegetation in the residential area exhibited a “peak”
pattern, and the RCE increased with the improvement in solar radiation. During the observation period, the minimum value of RCE appeared
at 8:00 a.m. (all lower than 1.0 °C), and the maximum value appeared at 14:00 p.m. (all higher than 1.4 °C). At the level of local climate
zone, the RCE of compact residential areas was higher than that of open residential areas. In the case of open residential areas, the RCE
decreased with the increase in the average height of the buildings in the area. (2) Under compact local climate zone, the higher RGPR meant
a stronger cooling effect brought by vegetation. Meanwhile, in open residential areas, regardless of the height of the building, a certain
RGPR threshold was observed for the cooling efficiency of vegetation. When the RGPR reached a certain threshold, the cooling efficiency
of the RGPR on surface temperatures reached its maximum intensity.

Overall, this study proposes a method for calculating the cooling efficiency of vegetation in residential areas at the micro-scale for
high-resolution UAV data. The cooling efficiency of vegetation and the optimal cooling efficiency thresholds for different types of
residential areas at the level of localized climate zones are investigated. This study can help improve the urban thermal environment and
provide more specific and scientific theoretical guidance and support for enhancing urban sustainability.

Key words: urban residential areas, microthermal environment, Regional Cooling Efficiency (RCE), local climate zone, regional green plot
ratio (RGPR), UAV thermal infrared remote sensing, cooling efficiency threshold, green space planning in urban residential areas
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