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Abstract: Stagnant ventilation levels below 2 m/s is a common phenomenon in most urban areas in 
Hong Kong. Increasing urban development has demonstrated impacts on pedestrian wind 
environments. ‘Hyper podium & tower’ typology that consists of a 15 m high podium has further 
impacted on pedestrian zone wind speed. This study investigates impacts created by the ‘hyper podium 
& tower’ typology on pedestrian wind speed and the contribution from proposed design modifications 
in improving wind speed. Using computational fluid dynamics ANSYS Fluent, this study developed ten-
year interval wind profiles from 1960 to 2015 and three-year interval wind profiles from 1997-2015. 
Findings indicate, 0.7 m/s reduction in wind velocity from 1960-1990 in relation to the reduction in 
urban porosity from 51% to 6.1%. A drastic drop of 0.4 m/s in the wind speed is noticeable from 1990-
2000, which may be attributed to the ‘hyper podium & tower’ developments introduced in the mid 
1990s. Improvements in the pedestrian wind velocity was evident with the of 30% void and individual 
tower options compared to other design modifications. Building geometries such as individual towers 
and large podiums reported significant differences in wind behaviour around these developments. 
Findings from wind behaviour around 55m and 110m tall towers advocate the sustainability of taller 
towers with more urban porosity. Findings from this study calls for a review of ‘hyper podium & tower’ 
typology.  
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1. New town developments in Hong Kong  
Hong Kong is one of the most densely populated cities on the Planet with average population density 
around 6,700 persons/km2 with some areas exceeding 57,000 persons/km2. Hong Kong population 
increased by 135% since 1960 to 2015 from 3.1 million people to 7.3 million people with a projected 
population of 8.72 million in 2031 (Trading Economics; Census and Statistics Department). Hong Kong 
ranked as the most unaffordable housing market in the world sixth time in a row according to annual 
housing affordability surveys by Demographia International (Demographia, 2015). 

New town development programme was emerged as a response to the fire in 1953 in an informal 
settlement in Shek Kip Mei which left 53,000 Mainland Chinese refugees homeless and the rapidly 
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escalating population growth. New towns developed in early 1970s accommodated public and private 
housing supported by infrastructure and community facilities, with connectivity to other adjacent urban 
areas. New towns were developed as self-sufficient entities consisting of mixed land uses: 
infrastructure, residential, industrial, educational, healthcare, and recreational facilities etc. To date, 
Hong Kong has developed nine new towns accommodating about 3.47 million population which is 
expected to rise up to 3.63 million in 2021, out of 7.8 million national population. 

1.1. Recent transformation of the first generation of new towns 

The first generation of new towns namely, Tsuen Wan, Sha Tin and Tuen Mun provided housing for 
about 1.8 million out of 4.2 million overall population in the early 1970s. The second generation new 
towns were developed in the late 1970s followed by the third generation towns in the 1980s and 1990s. 

With China’s Open-door policy initiated in the mid 1980s, most Hong Kong light industries were 
relocated their production facilities to mainland China, minimizing the scale of Hong Kong operations. 
Since then Hong Kong has been transforming from manufacturing sector to service sector reducing job 
opportunities in the manufacturing sector. Vacant industrial buildings in these new towns were 
gradually transformed into residential estates with urban areas becoming magnets for employment 
opportunities.  

1.2. Residential Building Typologies in new towns  
Over the past fifteen years, Tsuen Wan experienced a rapid regeneration of the industrial buildings and 
old buildings built in the 1950s. With modified zoning requirements, stand-alone developments were 
progressively replaced by mixed-use large scale developments under the ‘Comprehensive Development 
Areas (CDA)’ policy. Old narrow street blocks were amalgamated and transformed into large blocks with 
development Plot Ratio of 5 to 6 reducing the urban porosity in these new towns. Hyper podium & 
tower developments that consist of a 15 m mixed-use podium and residential towers above were 
introduced in mid 1990s. Figure 1 presents the chronology of development typologies in Hong Kong 
from 1950s to year 2000. 

 
Figure 1: Development trends & typologies in Hong Kong from 1950s-2000 (source: adapted from 

Kirchhoff et al.2011)  

2. Urban ventilation challenges  
Increasing density in Hong Kong has resulted in lack of urban porosity leading to a series of adverse 
impacts such as stagnant urban ventilation, air pollution concentration, high humidity, urban heat island 
effect and health impacts.  
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Increasing urban roughness as a consequence of urban density reports a declining trend in the wind 
speed. Figure 2 presents a comparison in wind speed between an undeveloped island and an urban area 
reporting a 4 m/s lower wind speed in the urban area. On average wind speed in most urban areas in 
Hong Kong is less than 2 m/s.  

 
Figure 2: Comparison of annual average of 12 hourly 10 minutes mean wind speed in an urban area 

with the monitoring station in Waglan Island. (Source: Hong Kong Observatory, 2015)  
 

2.1. Mitigation strategies  
Realizing the urgent need to mitigate these impacts arising from high density, Hong Kong development 
authorities have initiated two key design guidelines: Sustainable Building Design (SBD) guidelines in 
2011 and Air Ventilation Assessment guidelines in 2006. SBD guidelines have established three key 
design elements to promote urban environmental quality by improving pedestrian level ventilation, 
increasing greenery, and mitigating urban heat island effect. SBD guidelines are voluntary, yet incentive 
based guidelines leading up to 10% of additional Gross Floor Area concession. BEAM Plus green building 
rating scheme initiated in Hong Kong also has incorporated credit requirements within the scheme to 
facilitate desirable air ventilation levels by minimizing wind amplification at pedestrian level.  

2.1.1. Sustainable Building Design (SBD) guidelines  

The three key design elements established by SBD guidelines are building separation, building setback 
and site coverage of greenery. ‘Building separation’ requirement applies to sites that are over two 
hectares or having a continuous frontage exceeding 60 meters. Building separation guideline aims at 
improving permeability at site level, through a provision of 20% - 33.3% voids at <60 m & 60 m> height 
zones along each plane. 

The second SBD guideline ‘building setback’ aims at improving environmental quality at pedestrian 
level and mitigating urban heat island effect caused by narrow street canyons that are less than 15 
meter wide. Buildings fronting a street less than 15 m in width are required to maintain a 15 m x 15 m 
ventilation corridor with no part of the building protruding within 7.5m from the centreline of the 
street.  

Site coverage of greenery aims at improving quality of the urban environment and mitigating heat 
island effect. Sites that exceed 1,000 m2 are required to provide greenery areas equivalent to 10% - 30% 
at primary zones and overall depending on the site extent. Primary zone is the 15m vertical zone 
abutting the concerned street.  
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2.1.2. Air Ventilation Assessment framework  

Air Ventilation Assessment (AVA) is mandatory for all major government projects that exceed certain 
critical parameters stipulated in the AVA technical circular. AVA aims at reducing significant negative 
impacts caused by developments on existing wind speed at pedestrian zones. Since the AVA framework 
doesn’t provide any benchmark standards, the main objective is to avoid potential impacts on air 
ventilation by evaluating design options at the planning stage. Planning studies for new towns, 
development sites over two hectares, podium coverage exceeding one hectare, development with Gross 
Floor Area exceeding 100,000 m2, developments of waterfront sites with lot frontage exceeding 100 m 
and building height exceeding 15 m within a public open space are some of the projects that require air 
ventilation assessment (Development Bureau, 2006). 

2.1.3. BEAM Plus green building rating scheme   

Since the establishment of SBD guidelines and AVA framework and also realizing the importance of 
curbing adverse impacts created by new developments, BEAM Plus which is the national green building 
rating scheme, has incorporated air ventilation related credit requirements within the scheme leading 
up to two credit points. BEAM Plus Version 1.1 (2010) under ‘microclimate climate around buildings 
category’ required demonstration of two wind related performances: no wind amplification and no 
stagnant areas which has a wind speed of less than 1.5 m/s. Realizing air ventilation challenges in Hong 
Kong with regards to maintaining sufficient air ventilation levels, minimum wind speed requirement has 
been excluded from BEAM Plus Version 1.2 (2012). 

3. Methodology  

3.1. Development of historical wind profiles 

This study investigates changes in the wind profiles in relation to development chronology. Considering 
the development pace in Tsuen Wan, digital models were developed to represent major changes in the 
urban fabric and hence changes in the wind profile at ten-year intervals. Results were further validated 
with three-year interval analysis of the wind patterns from 1997 to 2015 as a result of ‘hyper podium’ 
residential typology introduced in mid 1990s. Digital models were developed from two dimensional 
survey maps and were verified with aerial images taken with a fly camera and Google satellite maps. 

3.2. Establishing model parameters and simulation procedure 

Selection of an appropriate turbulence model is important in simulation studies. Based on literature 
reviews on turbulence models adopted by Franke et al. 2004 and Shih et al. 1995, pilot studies were 
conducted adopting commonly practiced RANS k-ε family steady turbulence model. Out of the three 
variations of RANS k-ε  models, this study adopted ‘Realizable k-ε  model’ proposed by Shih et al. (1995) 
due to its ability to ensure more realistic turbulence properties and the ability to modify the turbulent 
dissipation rate with a varying model coefficient of 𝐂𝐂𝝁𝝁.  

Developments in purple, blue, pink and yellow zones represent different typologies of residential 
mixed-use developments whilst orange zones representing old factory buildings. As per Hong Kong AVA 
framework, the ‘Assessment Area’ of the project is delineated by drawing a circle with a radius 
equivalent to the height of the tallest building (H) within the project boundary. In addition a 
‘Surrounding Area’ equivalent up to 2H of the tallest building within the project boundary also shall be 
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included in the study to capture effects on wind environment in the surrounding. As this study is not 
limited to a particular project site, the entire developed area surrounded by the peripheral road was 
considered as the assessment area which is beyond 2H of the typical buildings within the boundary.  
Approximately 320m tall Nina tower which was completed in 2007 is the only exception within the 
assessment area which is located away from the two experimental zones. Assessment area was limited 
to Tsuen Wan city centre and periphery areas as shown in the CAD model in the Figure 3 below.  

 

                          
Figure 3: CAD model representing the assessment area (red dash line) and experimental areas 

(yellow dash line) (source: Authors et al. 2016) 
 

3.2.1. Boundary condition 

Air Ventilation studies are often done for site scale analysis; therefore it is important to derive wind 
simulation parameters suitable for urban scale analysis. Observing reasonably consistent wind patterns 
in Tsuen Wan over the years, infinity level wind velocity was based on 2015 wind data for developing 
historical profiles. Infinity wind data were obtained from Hong Kong Planning department.  
Following the recommendations in CFD guidelines (Franke, 2007; Tominaga, et al. 2008; Mochida et al., 
2002), the study adopted a rectangular computational domain with symmetric boundary conditions at 
the two side boundaries and the upper boundary. For computation purpose, the inflow boundary 
condition is set as the velocity inlet and the outflow boundary as the zero gradient condition. 
Unstructured tetrahedral cells of approximately 8-15 million with maximum expansion ratio were 
created in the mesh strictly following the COST Action C14 (Franke et al., 2011) and the Architectural 
Institute of Japan (AIJ) guidelines (Tominaga et al., 2008; AIJ, 2007). Inflow wind profiles are adopted 
from RAMS data from Hong Kong Planning Department. Inflow turbulent kinetic energy profile and 
corresponding dissipation rate profiles are estimated using the following equations where u* is the 
frictional velocity, Cμ =0.09 and κ=0.4.    

k=  u∗
2

�𝐶𝐶𝜇𝜇
                      ε= u∗3

𝜅𝜅(𝑧𝑧+𝑧𝑧0)
 

ANSYS Fluent programme was used for wind simulation adhering to the parameters described in 
Hong Kong AVA framework. Seven major wind directions that represent over 75% of annual wind 
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Site B 
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Site B 

 



214 R. Thilakaratne, P. Chu and Y. Xia 

frequency in a typical year were considered. Results were obtained from fifty strategically placed test 
points encompassing street nodes, large scale developments and street centres etc. and were analysed 
using weighted average scoring method.  

3.3. Design case testing  

Considering prospective redevelopment plans for two existing factory estates in Tsuen Wan, following 
speculative design scenarios were tested replacing old factory buildings with typical ‘hyper podium and 
tower’ developments and the following design options (Table 1). Currently existing street network and 
the ratio of open areas within these estates were maintained in all scenarios whilst adopting the 
currently governing development plot ratio of 6.5. 
 

Table 1: testing influence caused by design modifications introduced to the podium  
 Permeability ratio & design option  
Case 1 Wind performance in existing factory estates  

 
 

Case 2 Replacing factory buildings with new residential buildings that consists of a 
15 m tall podium and towers above 

 
Case 3 6 m high, 20% void area was introduced to the podium block in Case 2  

 
Case 4 6 m high, 30% void area was introduced to the podium block in Case 2 

 
Case 5 6 m off ground elevated podium with commercial element at the ground 

level creating a 3.5 m void in between   

 
Case 6 Individual tower residential developments with a 3 m link podium  

 

3.4. Data normalization  

Site A and Site B are located within 1km from each other; however Site A and Site B inherited different 
wind profiles attributed by the site boundary condition for wind simulation (Figure 4).  

 

 
Figure 4: Comparison between Site A and Site B wind profiles (source: Authors et al. 2016) 
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Site A indicated lower wind speed due to increased urban roughness imposed by the development 
surrounding the site. Site B indicated relatively higher wind speed as one of the experiment boundaries 
borders the Site B eliminating the surrounding development. In order to normalize these data variations, 
only the core area of Site B was selected for placing data sensor points, that provided a similar 
conditions to Site A in terms of urban roughness.  

4. Findings  
4.1. Correlations between development trends and pedestrian zone wind speed 
Ten-year interval analysis from 1960 to 2015 was conducted, further validated by a three-year interval 
analysis capturing impacts from the evolution of building typologies such as low-rise buildings, wide plot 
developments, individual tower developments and large podium type developments. Findings from 3-
year interval study did not indicate significant changes in the wind patterns compared to 10-year 
interval study. This comparison indicates the adequacy of ten-year interval study for city scale wind 
analysis (Figure 4).  

  
Figure 4: Comparison between 3-year and 10-year interval study (source: Authors et al. 2016) 

 
Weighted average scores from fifty strategically placed test points within the study area 

indicate a decline in pedestrian wind speed in parallel to declining unbuilt areas. Evolution of 
building typologies and progressive developments in Tsuen Wan new town resulted in the 
reduction in urban porosity from 51% unbuilt area in 1960 to 6.1 unbuilt area in 1990 
negatively impacting on the pedestrian zone wind speed. However the reduction in wind 
speed was 0.7 m/s from 1960 to 1990 in parallel with approximately 45% reduction in urban 
porosity and evolution of larger developments, compared to the sharp drop in the wind speed 
from mid 1990s onwards (Table 2).   

Table 2: Correlation between reduction in urban porosity in Tsuen Wan district and wind speed (source: 
Authors et al. 2016) 

 1960 1970 1980 1990 2000 2010 
Tsuen Wan city centre area km2 2.00 2.45 2.65 2.79 2.79 2.87 
Undeveloped area in km2 1.02 0.73 0.59 0.17 0.23 0.24 
% of undeveloped land 51% 29.8% 22.3% 6.1% 8.2% 8.3% 
average wind speed 2.97 2.50 2.28 2.27 1.88 1.88 
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Two significant development typologies attributed to this noticeable decline in the wind 
speed; a decline from 2.97 m/s to 2.5 m/s with the introduction of ‘hyper factory blocks’ in the 
1970s followed by another sharp decline from 2.27 m/s to 1.88 m/s with the introduction of 
‘hyper podium & tower’ developments in mid 1990s. Approximately 1.1 m/s reduction in the 
wind speed can be observed in the year 2000 compared to 1960s (Figure 5). Considering fairly 
stagnant wind speed in Hong Kong, even a 0.5 m/s can be considered a significant change in the 
pedestrian wind environment.  

 
Figure 5: Correlation between pedestrian level wind speed and reduction in urban porosity (source: 

Authors et al. 2016) 
4.2. Correlations between void ratio and wind speed  
Replacement of factory estates with hyper podium & tower development indicate a reduction in wind 
speed from 1.21 m/s to 1.24 m/s. Findings from the six design scenarios established the importance of 
urban porosity at the pedestrian wind zone. Introduction of 30% void and individual tower 
developments contributed to better wind performance compared to other design options. Current 
factory estates and the introduction of 20% void in the podium presented equal wind performance 
concluding the importance of voids for wind penetration.  Elevated podiums with voids over 20% did not 
indicate improvements at the pedestrian level wind environment; one possibility could be due to wind 
obstruction by the built element at the ground level (Figure 7). 

 
Figure 7: Improvement in wind velocity with the introduction of varying proportions of voids to the 

‘hyper podium’ residential typology (source: Authors et al. 2016)  
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4.3. Correlations between building geometries and wind behaviour 
An analysis was conducted to observe correlations between various building geometries and building 
heights of the same geometry selecting the hyper podium & tower geometry and currently existing 
building typologies in Tsuen Wan. Findings reported distinct patterns of wind behaviour around certain 
building geometries. Large podiums reported wind amplification above a factor of 2 on the windward 
side of the podium and individual tower developments and existing factory estates indicated acceptable 
level wind speed in situations where there is adequate distance between buildings (Figure 6). Majority 
of hyper podium residential towers in Hong Kong are of cruciform geometries in order to increase 
number of flat units per floor that have daylight access. Cruciform geometries increase urban roughness 
thereby reducing wind speed. These findings are supported by a study conducted by Montazeri, H. et al. 
(2013) which experimented with staggered second skin façade to equalize wind pressure in balconies. 
 

   
Figure 6: Wind behaviour around different building typologies in Tsuen Wan new town (source: 

Authors et al. 2016) 
The experiment between 55m and 100m tall towers didn’t report any significant impact on the wind 

profile concluding that the height of towers does not have any significant impact compared to the 
impact created by the porosity within developments. A majority of Hong Kong developments are 
designed with flat roofs and sharp geometries; a study conducted by Perẻn, J. et al. (2015) reports a 22% 
improvements in wind flow with the introduction of inclined roofs and more so when the angle is 
increased. Yuan & Ng (2012) reports the friction created by shape-edged geometries on the boundary 
layer air flow. Predominance of flat roofs and sharp geometries in Hong Kong may also be some of the 
factors that adversely impact on wind speed besides the lack of urban porosity; however these 
assumptions are yet to be validated.  

5. Conclusions & recommendations  
This study contributed to the advancement in built environment knowledge by developing historical 
wind profiles from 1960-2015 and identifying the effect of development trends and building typologies 
on urban ventilation. Results from 3 year interval analysis and 10 year interval analysis confirm the 
adequacy of 10 year interval analysis for development of historical wind profiles at city scale. 

Although improvements to the pedestrian wind environment are marginal 30% void in the podiums 
and individual tower developments show promising directions for future developments. Adverse 
impacts are notable around hyper podium developments due to wind amplification on the windward 
side. Similarities in wind behavior around shorter and taller towers advocate the sustainability of tall 
towers facilitating more urban porosity compared to the currently adopted hyper podium & tower 
developments that create wall effect curbing urban ventilation.  
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Findings call for review of design modifications to the currently adopted podium typology in Hong Kong 
in order to create desirable air ventilation levels at pedestrian zones. These finding are generalizable for 
most new towns in Hong Kong and also to other dense cities.  
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