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1. Introduction 

 

The hot, humid summers of subtropical Hong Kong cause thermal discomfort. This discomfort is further 

intensified by the urban heat island (UHI) effect on heavily built-up areas (Goggins et al., 2012). Urban greenery 

has been proposed as a microclimate regulation mechanism; nonetheless, the thermal impact of such greenery on 

the high-density urban environment has seldom been reported in literature (Wong and Chen, 2005). Moreover, few 

urban climatic studies have been conducted on hot climates, especially hot-humid climates (Roth, 2007). Thus, 

research on site-specific planning for tree-planting in a built environment under a hot-humid climate are needed to 

clarify greenery design in (sub)tropical regions.  

Studies on tropical and subtropical areas indicate that sky view factor (SVF) influences the thermal performance 

of building groups (Mills, 1997), and significantly affects the outdoor thermal comfort of residents (Krüger et al., 

2011; Lin et al., 2010). In addition, a 1% reduction in SVF reduces daytime UHI intensity by 1%–4% in subtropical 

Hong Kong (Giridharan et al., 2004). The cooling effects of trees on the urban environment are interrelated with the 

impacts of building morphology (Shashua-Bar et al., 2009). Therefore, the thermal behavior of urban trees must be 

investigated with different SVFs. Due to the high humidity in the subtropics, “cloudy” is the dominant weather type in 

large parts of such regions (Giridharan et al., 2008); hence, the current study evaluates the cooling effects of urban 

trees in both sunny and cloudy weather to address the critical and prevailing issues related to pedestrian comfort in 

subtropical cities (Fig. 1). 
 

 
 

Fig. 1 Key words and context of the study 
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2. Methodology 

 

A field survey is conducted to determine the thermal effect of trees in the urban areas of Hong Kong with SVFs 

ranging from 0.2 to 0.8. Physical environmental variables are measured under a tree canopy and on a nearby 

exposed reference point positioned at a height of 1.5 m (Armson et al., 2012; Konarska et al., 2014). Downward 

solar radiation, ground surface temperature, air temperature, relative humidity, wind speed, and global temperature 

are measured with a TESTO measuring instrument and an FLIR thermography camera (Fig. 2). Furthermore, Tmrt 

values are calculated with reference to the measured data (Thorsson et al., 2007); the measurements were taken 

from 12:30 to 14:00 under sunny and cloudy weather in July and August 2014. For data representativeness, 

weather criteria were set for the data collecting: the sky condition should remain constant 30-60mins before 

measurement and during the measuring period (referencing the records of Hong Kong Observatory); and to 

exclude the interference of upwind signals, only data collected under weak wind condition (wind speed <1.5m/s) 

would be used for analysis. 

 
 

 

Fig. 2 Sun exposure period in high-dense urban environment (a) and measurement equipment (b) 

 
 

On the basis of the field survey results, numerical modeling is performed with Hong Kong meteorology data to 

test the cooling effect of urban trees on high-density urban settings in typical summer and cloudy weather. The 

microclimate regulation and improvement in outdoor comfort provided by the trees are analyzed with reference to 

the before and after scenarios. The three-dimensional microclimate model ENVI-met 3.1 is used for the modeling 

study; this model is an effective simulation tool for urban climate study (Ali-Toudert and Mayer, 2006; Ng et al., 

2012). Moreover, the accuracy of ENVI-met in terms of modeling the urban environment under Hong Kong’s 

climatic conditions has been verified (Ng et al., 2012). In the model domain, 75-m and 25-m high building blocks 

were set up to simulate low-SVF (SVF = 0.2–0.3) and high-SVF (SVF = 0.5–0.6) environments in high-density 

urban areas. 
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3. Result and discussion 

 

3.1 Measurement result 

Site measurements were taken in the urban areas of Hong Kong with different SVF values during the hot 

summer months of 2014. The measured data indicated that the net tree effects were significantly related to SVF. 

This result can be interpreted from two perspectives: first, similar levels of cooling by the trees were observed 

under similar SVF levels (Fig. 4). Given dense trees with a solar transmission range of 0.06–0.08, the cooling in Tmrt 

were 21.7 °C and 21.6 °C in urban sites with 0.5 SVF. By contrast, these temperatures were 17.5 °C and 17.0 °C in 

urban sites with 0.7 SVF during sunny days. Second, the cooling magnitudes of the trees differed significantly in 

urban environments with high and low SVFs in both sunny and cloudy conditions. Specifically, the net cooling 

effects on Tmrt under high and low SVFs varied by 7° in sunny conditions. Under cloudy conditions, this difference 

increased to 12 °C. The observed data showed that the cooling effects of urban trees were particularly significant 

during sunny days with respect to both global temperature and Tmrt. On the other hand, the influence of building 

morphology on the cooling of trees was more evident in cloudy condition. 

 

 

 

Fig. 3 Site measurement studying the effects of trees on microclimate in urban environment 

 

 

 

Fig. 4 same levels of cooling by trees were observed under similar levels of SVF 

 
 

3.2 Modelling study  

In the modeling study, the effects of trees under the typical summer cloudy weather were assessed referencing 

to the base case and the the before and after comparison. The findings showed that for a given crown density, the 
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shading effects of street trees differed in low-SVF and high-SVF cases. In the low-SVF case, these effects 

exhibited considerable spatial diversity. In a high-SVF urban environment, Tmrt was reduced by 16 °C under the 

shading of dense trees. The cooling magnitude of Tmrt varied from 1 °C to 14 °C in the low-SVF case. Ng and 

Cheng (2012) studied outdoor thermal comfort in the hot-humid subtropical urban environment and concluded that 

the comfort range for PET was 27-29°C and for Tmrt was below 34 °C. The modeling study showed that with tree 

planted in low SVF environment, Tmrt under tree canopy dropped to 34 °C and PET value is cooled down to 29.2 °C; 

very close to the outdoor comfort threshold in the hot-humid subtropics (fig. 5). As cloudy weather dominates the 

summer period in the subtropics, the results of the study indicate that tree planting would substantially improve 

outdoor thermal comfort in the high-density urban environment in the regions.  

 

 

 

Fig. 5 simulation results on the cooling effect of tree on Tmrt and PET in low and high SVF cases in cloudy weather 

 

4. Summary 

 

The study investigated the cooling effect of urban trees under low- and high-SVF environments through site 

measurement and simulation study. The results indicate that the effects of tree planting on urban sites are 

SVF-related. Moreover, the cooling effects on Tmrt are similar when trees are planted in urban areas with similar 

SVF values. In addition, the difference in the cooling magnitudes of high-SVF and low-SVF sites is significant. 

Findings from the modeling study also indicate that the cooling effects of trees reduce Tmrt and PET values in the 

low-SVF case to the comfortable ranges under cloudy weather. The results of this study offer better understanding 

of urban tree behavior in built environments; such information may also help planners to develop site-specific tree 

planting plans for the city. 
 

 

References  

 

Ali-Toudert, F., & Mayer, H. (2006). Numerical study on the effects of aspect ratio and orientation of an urban street canyon on 
outdoor thermal comfort in hot and dry climate. Building and Environment, 41(2), 94-108.  

Armson, D., Stringer, P., & Ennos, A. (2012). The effect of tree shade and grass on surface and globe temperatures in an 
urban area. Urban Forestry & Urban Greening, 11(3), 245-255.  

Giridharan, R., Ganesan, S., & Lau, S. (2004). Daytime urban heat island effect in high-rise and high-density residential 
developments in hong kong. Energy and Buildings, 36(6), 525-534.  

Giridharan, R., Lau, S., Ganesan, S., & Givoni, B. (2008). Lowering the outdoor temperature in high-rise high-density 
residential developments of coastal hong kong: The vegetation influence. Building and Environment, 43(10), 1583-1595.  

Goggins, W. B., Chan, E. Y. Y., Ng, E., Ren, C., & Chen, L. (2012). Effect modification of the association between short-term 
meteorological factors and mortality by urban heat islands in hong kong. PLoS ONE, 7(6), e38551.  

Konarska, J., Lindberg, F., Larsson, A., Thorsson, S., & Holmer, B. (2014). Transmissivity of solar radiation through crowns of 
single urban trees—application for outdoor thermal comfort modelling. Theoretical and Applied Climatology, 117(3-4), 
363-376.  

Krüger, E., Minella, F., & Rasia, F. (2011). Impact of urban geometry on outdoor thermal comfort and air quality from field 
measurements in curitiba, brazil. Building and Environment, 46(3), 621-634.  

Lin, T., Matzarakis, A., & Hwang, R. (2010). Shading effect on long-term outdoor thermal comfort. Building and Environment, 
45(1), 213-221.  

Mills, G. (1997). The radiative effects of building groups on single structures. Energy and Buildings, 25(1), 51-61.  
Ng, E., Chen, L., Wang, Y., & Yuan, C. (2012). A study on the cooling effects of greening in a high-density city: An experience 

from hong kong. Building and Environment, 47, 256-271.  
Ng, E., & Cheng, V. (2012). Urban human thermal comfort in hot and humid hong kong. Energy and Buildings, 55(0), 51-65. 

doi:http://dx.doi.org/10.1016/j.enbuild.2011.09.025 

Roth, M. (2007). Review of urban climate research in (sub) tropical regions. International Journal of Climatology, 27(14), 
1859-1873.  

http://www.meteo.fr/icuc9/
http://dx.doi.org/10.1016/j.enbuild.2011.09.025


ICUC9 - 9
th

 International Conference on Urban Climate jointly with 12
th

 Symposium on the Urban Environment  
 

Shashua-Bar, L., Pearlmutter, D., & Erell, E. (2009). The cooling efficiency of urban landscape strategies in a hot dry climate. 
Landscape and Urban Planning, 92(3), 179-186.  

Thorsson, S., Lindberg, F., Eliasson, I., & Holmer, B. (2007). Different methods for estimating the mean radiant temperature in 
an outdoor urban setting. International Journal of Climatology, 27(14), 1983-1993.  

Wong, N. H., & Chen, Y. (2005). Study of green areas and urban heat island in a tropical city. Habitat International, 29(3), 
547-558.  

  

http://www.meteo.fr/icuc9/

