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Executive Summary
Vision

Towards the delivery of a quality
and comfortable urban
environment
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Prologue

Highly congested urban spaces are a feature of
Hong Kong rarely seen in many developed
countries. Efforts to maximize capturing the wind
availability through better urban design and
planning must be a key focus of improving air
ventilation for Hong Kong.

Hong Kong is one of the densest populated cities in the world. High-density
living has the advantages of efficient land use, public transport and
infrastructure, as well as the benefits of closer proximity to daily amenities.
The “sunk cost” of high-density living is that it is more difficult to optimize
urban design for the benefits of the natural environment – daylight and natural
air / wind ventilation. Good planning and building designs are critically
important.
The unique urban fabric of Hong Kong is the field of this study. Its pattern of
streets, building heights, open spaces, density, features, landscape and so on
determine the environmental quality (natural air ventilation, solar radiation,
daylight, air temperature, etc) both within buildings and outside.
The Consultant Team, together with a number of local and international
experts, has made qualitative assessments of air ventilation issues and
problems facing urban Hong Kong. Some of the more important views of our
built environment could be summarized as follows:


A lack of well considered network of breezeways and air paths
towards the prevailing wind.



Tall and bulky buildings closely packed together forming
undesirable windbreaks to the urban fabric behind.



Uniform building heights resulting in wind skimming over the top
and not being re-routed into the urban fabric.



Tight, narrow streets not aligning with the prevailing wind, and
with very tall buildings on both sides, resulting in very deep
urban canyons.
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A lack of general urban permeability: few open spaces, no or
minimal gaps between buildings or within large and continuous
buildings, and excessive podium structure reducing the air
volume at pedestrian level.



Large building lots with insufficient air spaces, and with
buildings on them not generally designed for wind permeability
and forming wind barriers.



Projections from buildings and obstruction on narrow streets
further intrude into the breezeways and air paths.



A general lack of greenery, shading and soft landscape in the
urban areas.

It is opined that air ventilation in our city is generally not optimized. Stagnant
or slow air movements are often experienced. It is important to initiate steps
to improve the situation.
Design and assessment tools are beneficial to assist the government,
planners, engineers, architects, designers and industry stakeholders to better
optimize air ventilation for our city. An underlying spirit of the study is to
develop more scientific based urban interventions – conceptually described as
a form of “urban acupuncture” – for enhanced, long-term quality of life in the
high-density urban context of Hong Kong. The Study focuses on the
fundamental mission: “How to design and plan our city fabric for better
natural air ventilation?”
It is not the purpose of this Study to address air ventilation performance of
individual building / indoor space designs nor the air quality impact
assessment for air pollutants control, which are respectively governed by the
Buildings Ordinance and Environmental Impact Assessment Ordinance.
Nevertheless, it is inevitable that there may be interfaces between the
recommendations to be evolved in this Study and these two ordinances.

Design studies have been conducted to
hypothesize what a high density city might
look like if air ventilation is optimized. This
serves as a visual indication of the kind of
guidelines and methodologies needed.
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Background
“ To promote better layout of building blocks in the city, we are examining the
practicality of stipulating air ventilation assessment as one of the considerations,
similar to traffic and infrastructure capacities, for all major development or
redevelopment proposals and in future planning. We propose to consult stakeholders
on the measurement, scope and mechanism of application and other detailed
requirements for an air ventilation assessment “

Team Clean
8.2003

There are calls from the community for measures to improve the quality of our
urban living environment. Among the recommendations in the Team Clean
Final Report, it is proposed to examine the practicality of stipulating air
ventilation assessment as one of the considerations for all major development
or redevelopment proposals and in future planning.
Planning Department has been requested by Team Clean to discuss among
Government departments and consult relevant professional institutes and
stakeholders on the standards, scope and mechanism for application of an Air
Ventilation Assessment (AVA) System.
Furthermore, the “First Sustainable Development Strategy for Hong Kong” in
June 2005 calls for a healthy and comfortable, as well as a natural and
sustainable urban living environment.
"Our vision is for Hong Kong to be a healthy, economically vibrant and just
society that respects the natural environment and values its cultural heritage.
By engaging the community in the process of building a strategy for
sustainable development, we aim to ensure that Hong Kong will be a city for
all to share and enjoy, for this and future generations." … … “To realise this
vision, we will have to balance and integrate social, economic and
environmental factors carefully when deciding how best to accommodate
our further growth.” … … To promote sustainable urban planning and design
practices that will ensure that Hong Kong will be an attractive and enjoyable
place in which to live and work.
First

Sustainable Development Strategy for Hong Kong
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Study Objective

Explore the feasibility of establishing some
protocols to assess the effects of major
planning and development proposals on
external air movement for achieving an
acceptable macro wind environment.

In this study, current state-of-the-art wind science has
been referred, appropriated and further developed to
guide our understanding and action towards the
design of a desirable wind environment for our city.
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The Consultant Team
The Study requires expertise of many disciplines. A consultant team, co-ordinated by
the Chinese University of Hong Kong, of local and international specialists and
professionals has been assembled:
CUHK Project Administration
• Mr Kam-Sing Wong, CUHK, HKSAR
(Architect)
Key Research Investigators
• Ms Vicky Cheng, CUHK, HKSAR (Thermal comfort studies)
• Professor Edward Ng **, CUHK, HKSAR (Environmental & sustainable design)
Other team members
• Mr Benny Chow, CUHK, HKSAR (Assistant computer officer)
• Professor Essy Baniassad, CUHK, HKSAR (ex-Head of Dept of Architecture)
• Professor Tsou Jin Yeu, CUHK, HKSAR (Digital graphics & simulation)
Consultants (Supporting)
• Ms Iris Tam and Mr Geoffrey Chan, City Planning Consultants Ltd.
(Town planners)
• Mr Anton Davis, RWDI, Canada
(Wind tunnel specialist)
Experts (Local / International)
• Professor Baruch Givoni, UCLA, USA
(Expert of thermal comfort, urban climatic design & human physiology)
• Professor Lutz Katzschner, Kassel University, Germany
(Expert of urban climatology and Urban Climatic Mapping)
• Professor Kenny Kwok, HKUST, HKSAR
(Expert of wind tunnel and wind engineering)
• Professor Shuzo Murakami, Keio University, Japan
(Expert of wind studies, urban heat island & assessment methodology)
• Professor Mat Santamouris, University of Athens, Greece
(Expert of urban physics, urban climatology & air ventilation design)
• Dr Wong Nyuk Hien, NUS, Singapore
(Expert of thermal comfort, wind studies & urban heat island)
Advisors (Local / International)
• Professor Phil Jones, Cardiff University, UK
(Expert of wind studies and CFD)
• Professor Lam Kin-Chi, CUHK, HKSAR
(Expert of environmental geography and EIA)
• Mr Anthony Ng, CUHK, HKSAR
(Architect)
• Professor Wong Tze Wai, CUHK, HKSAR
(Expert of community medicine and health issues)

** Lead researcher of the study
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Tasks
To meet the study objective, the following tasks have been conducted:
 A desktop study to review the state-of-the-art of current
knowledge and its limitations and experiences gained from
similar studies.
 A preliminary review to understand the current urban conditions
of Hong Kong in order to identify key problems and issues.
 Explore the possibility to establish performance criteria needed
for considering the impact of development on wind environment.
 Explore the feasibility to develop a practical and cost effective
assessment methodology.
 Examine the
mechanism.

practicality

of

an

effective

implementation

 Establish principles and good practice for the use of
professionals and practitioners in the shaping of the built
environment for better wind environment.

For example, sky view factor has
been used to examine the exposure
of the urban fabric to the natural
environment.
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Health, Comfort and SARS
Health and comfort are inter-related. Both psychological and
physical comfort are conducive to health. The World Health
Organisation (WHO) has since 1948 defined it as: Health is
a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity.
Whereas health (the immediate effects of the environment on
a human’s well being) is a consideration, the study should
not neglect that the long-term well being of the inhabitants of
the city has a lot more to do with comfort, both
physiologically and psychologically.
The study is not
attempted to provide solutions to combating diseases. The
spread of disease is a complicated science. For enclosed
spaces, there are standards governing the design of hospital
wards, research laboratories and so on. However, it is
practically impossible to design our built environment to the
high standard of a laboratory to confidently avoid the
transmission of diseases. There are research studies to
indicate that better indoor ventilation and air change is
beneficial to “dilute” the concentration of germs within the
room and thus may reduce its harmfulness. The research
points to a certain direction but cannot be regarded as
conclusive. There is no established international standard
and little appropriate research to guide the design of our
surroundings – let alone the very special urban and high
density circumstances of Hong Kong – beyond the limits of
laboratory conditions.
Although the study was initiated by the Team Clean Report,
the consultants, in consultation with the Study Steering
Group, has opined that the study should concentrate on what
town planning can influence by taking SARS as a wake up
call to establish the feasibility of an Air Ventilation
Assessment (AVA) system for planning with a view to
improving the general living environment, quality and
sustainability of our city.
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Wind for What?

One of the common concerns of Hong Kong’s urban
environment is the low level of wind experienced by
pedestrians. This is closely related to the low permeability
or porosity of the urban fabric. The problem is caused by
compact building masses, uniform building heights, large
podium structures with limited or no opening at pedestrian
level, narrow spaces between buildings, streets not
aligning in the directions of the prevailing wind, lack of
greenery, shading and landscape, and etc. Understanding
the urban fabric problems would provide insights into
effective solutions for improving urban living.

Indoor Comfort

Effective ventilation of interior spaces improves health and comfort of
occupants. A certain minimum air change (ACH) is needed to ensure a healthy
indoor environment. In addition, to achieve a comfortable thermal environment
in the summer months of Hong Kong, a steady indoor air movement of

around 1 m/s across the occupant space is desirable (refer to graph
below). To achieve that requires three key conditions to be met: Firstly,
the wind speed outside the window is sufficient, and is likely to be in the
range of 3-5 m/s; secondly, the window(s) is/are positioned in such a way
that wind could enter the interior and over the body(ies) of the
occupant(s) – it is very likely that cross ventilation is needed; and thirdly,
the path of the wind entering the building must be reasonably “clean” so
that the occupants would not unnecessarily close the window and block
the natural wind flow. To maximize the ventilation potentials of interior
spaces, it is important to ensure a conducive outdoor macro wind
movement environment, and to design building and openings of buildings
appropriately.
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Outdoor Comfort
Outdoor thermal comfort could be achieved when the following
factors are balanced: air temperature, wind speed, humidity,
activity, clothing and solar radiation. For designers, it is
possible to design our outdoor environment to maximize wind
speed and minimize solar radiation to achieve comfort in the
hot tropical summer months of Hong Kong. Typically, the
desirable environment over the pedestrians is a balance
between air temperature, solar radiation and wind speed. A
higher wind speed might be needed if a pedestrian is only
partly shaded, likewise, a lower wind speed might be desired if
the air temperature is lower. Based on preliminary researches,
refer to the graph below, for example, when a pedestrian is
under shade, a steady mean wind at pedestrian level of
around 1.5 m/s will be beneficial for providing thermal relief
and a comfortable outdoor urban environment in summer in
Hong Kong. Factoring in the macro wind availability of Hong
Kong, it might be quoted statistically that a good probability
(50% median) of achieving this 1.5 m/s mean wind speed is
desirable. The criterion states here is not a standard but it is
preliminary for head starting an understanding of AVA. Further
local studies are desirable.
Referring to Hong Kong’s general macro wind availability data
(from the Hong Kong Observatory), in order to capture this
“mean 1.5 m/s wind over 50% of the time” of a year, it is
desirable to have a city morphology that is optimized, and as
much as possible, designed to capture the incoming macro
wind availability. Properly laid out urban patterns and street
widths, careful disposition of building bulks and heights, open
spaces and their configurations, breezeways and air paths,
and so on are all important design parameters. Achieving a
quality outdoor thermal environment for Hong Kong is an
important planning consideration. A well designed urban wind
environment will also benefit the individual buildings and their
probability of achieving indoor comfort, as well as contributing
to other benefits, like the dispersion of anthropogenic wastes.
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Pollution Dispersion
In general, a higher wind movement of a certain characteristics across the
urban fabric will assist the dispersion of anthropogenic wastes and pollution. In
congested districts with high vehicular concentration, some models predict that a
wind speed through the street (at ground level) of 0.5 m/s may be adequate.
This implies an above roof wind speed of some 3-6 m/s depending on the urban
morphology. The recommendation is however preliminary as it is very likely that
it may not apply to many high density conditions of Hong Kong. Many experts
opine that a steady wind at pedestrian level of at least 1 m/s or greater
transporting air into and out of the system might assist. The understanding of
air pollution dispersion is more complicated than providing air speed to cities. It
should be noted that pollution should best be tackled at sources, and the
Environmental Protection Department (EPD), HKSAR has already established
guidelines and mechanisms to deal with the issue.

A widely accepted pollution dispersion model of street canyon is:
Technical report No 11 Guidance report on preliminary assessment
under EC air quality directives (EC 1998)

Wind Gust and Safety
In general, based on internationally available data and experience, high
turbulent wind in excess of 12 m/s (10 min mean) will cause safety concerns to
pedestrians – especially when coupled with colder temperature in winter.
Localized wind shelters or canopies may be needed for some exposed
locations. In general, gust wind in excess of 8 m/s (10 min mean) once a week,
or 12 m/s (10 min mean) once a year should be avoided.
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Focus of Air Ventilation Assessment (AVA)
Taking into account the above “wind for what”
considerations, various climatic and urban factors, and
given Hong Kong’s high density conditions, it is opined that,
for planning considerations: Optimizing or maximising air
ventilation through the city fabric is the focus of Air
Ventilation Assessment (AVA). In general, “the more air
ventilation the better” – save some isolated gust problems
that in most cases could be dealt with locally.
Given the natural wind availability of the site, a high
probability of a gentle breeze at pedestrian level of some
1.5 m/s is a useful preliminary “criterion” at this stage. This
criterion should not be applied as standard before
benchmarks are established subject to further study (refer
to page 34). Taking into account the general high density
urban morphology of Hong Kong, and the macro wind
availability, it is recommended that the city fabric should in
general be as permeable and porous as possible. As such,
the Air Ventilation Assessment System should be
developed to encourage this permeability to happen.
To easily assist design and assessment, the above generic
wind criterion has to be further appropriated and resolved.
Practically, it is important for the study to develop a simple
design indicator in order to “relate the desirable
pedestrian level wind environment and the urban form”.
Based on this indicator, designers and planners will have
an objective basis to evaluate and optimise their designs.

To ensure a desirable pedestrian level urban wind
environment, it is important to find an indicator to relate
the wind availability of Hong Kong (Left) and the urban
geometry (Right), and to assess the built form’s
capability to optimize the available wind.
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Key Recommendations of International Experts

A study of this nature is unprecedented. A number of eminent scholars
around the world have been asked to provide a qualitative assessment of our
urban environment, (refer to international experts on page 7). Mongkok and
Tseung Kwan O were taken as the typical examples of the Metro Area and
New Town in Hong Kong for discussion.
Their main recommendations are summarized below. Some of the comments
are specifically relevant to the Metro Area.

General
•

Breezeway / Air path / Sea Breeze
As a general rule, the more air ventilation to the streets, the better it will be
for these dense urban areas.
The overall permeability of the district has to be increased at the ground
level. This is to ensure that the prevailing wind traveling along breezeways
and major roads can penetrate deep into the district. This can be achieved
by proper linking of open spaces, creation of open plazas at road junctions,
maintaining low-rise structures along prevailing wind direction routes, and
widening of the minor roads connecting to major roads.
Also avoid obstruction of the sea breeze. Any localised wind problem
along the waterfront should be dealt with locally and not affect the overall
air ventilation of the city.

•

Podium / Site Coverage
The effect of building layout (especially in terms of building site coverage)
has a greater impact than that of building height on pedestrian wind
environment. Stepping building heights in rows would create better wind
at higher levels if differences in building heights between rows are
significant.
The “podium” structures commonly found in Hong Kong are not desirable
from the viewpoint of maximizing wind available to pedestrians. The podia
with large site coverage not only block most of the wind to pedestrians
(affecting comfort and air quality), but also minimize the “air volume” near
the pedestrian level (affecting air quality).
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•

Building Disposition
Proper orientation and layout of the buildings with adequate gaps between
buildings are needed. Stagger the arrangement of the blocks such that
the blocks behind are able to receive the wind penetrating through the
gaps between the blocks in the front row.
In case of a new town like Tseung Kwan O, to avoid obstruction of the sea
breeze, the axis of the buildings should be parallel to the prevailing wind.
In order to maximize the wind availability to pedestrians, towers should
preferably abut the podium edge that faces the main pedestrian
area/street so as to enable most of the downwash wind to reach the street
level. (However, attention is also drawn to the concern of too strong gust,
especially for exposed areas and areas near waterfront, which may affect
pedestrian safety. Localized ameliorating device such as canopy may be
required.)

•

Building Height
Vary the heights of the blocks with decreasing heights towards the
direction where the prevailing wind comes from. If not, it is better to have
varying heights rather than similar / uniform height.
Given the extremely high density of the urban fabric and narrow streets, a
probable strategy for improving the air ventilation is by varying building heights
for diverting winds to the lower levels. Nonetheless, assessment will be
required to further quantify the actual performance of such potential in view of
the common deep urban canyon situations in Hong Kong.

•

Building Permeability
The provision of permeability / gap nearer to the pedestrian level is far
more important than that at high levels.
Create permeability in the housing blocks. Try to create voids at ground
level to improve ventilation for pedestrians. This will improve not only the
air movement at the ground level (thus improving the pedestrian comfort),
but also help to remove the pollutants and heat generated at ground level.
The channeling effect created by the void also helps to improve the
ventilation performance for those residential units at the lower floors.
Creation of openings in the building blocks to increase their permeability
may be combined with appropriate wing walls that will contribute to
pressure differences across the building facades and thus will permit the
air to flow through the openings of the buildings. The wing walls have to
be designed according to the known standards.
For very deep canyons or very tall building blocks, mid-level permeability
may be required to improve the ventilation performance for those
occupants situated at mid-floors.

•

Cool Materials
Use of cool sinks, like trees, water, etc, as well as the use of cool materials
in the pavements, streets and building facades will contribute highly to
decrease absorption of solar radiation and lower air and radiant
temperatures in the summer. Cool materials are characterized by high
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solar reflectivity and/or high emissivity. For streets, the use of asphalt with
a high percentage of white aggregates should be considered.
•

Urban Greenery
Encourage proper planting of trees where possible in order to provide shade
and cooling (helps lower the ambient temperature) for pedestrians due to
evapotranspiration, and to filter pollution. Trees and urban landscape will
be beneficial for enhancing thermal comfort of pedestrians, although trees
can sometimes lower the wind speed.

•

Minimization of Decentralized Heat Generation
Decrease the rate of the anthropogenic heat generated. This can be
achieved either by decreasing car use in the area and by introducing
central air conditioning systems, or if possible by district cooling systems.
This can allow the proper channeling of the heat extracted from the air
conditioning systems. District cooling system should be considered since
the district is with high building density. The heat extracted can even be
recovered for heating.

•

Active Ventilation System for Deep Urban Canyons
In order to improve the ventilation at the very narrow streets, especially in
deep canyons, active ventilation system may be considered, e.g. using
vertical chimneys / stacks that transfer air from the canyons to higher
levels above the buildings. Such chimneys will also contribute to decrease
in pollution.
Metro Area

•

Street Widening / Building Setback
Widening of streets / breezeways and providing gaps between buildings
are considered of high effectiveness. However, it may not be necessary to
widen streets not along the direction of the prevailing wind. For Mongkok
district, the proposal of street widening is strongly supported. To be
effective, the building setback may be in the order of 5m on each side for
those streets along the prevailing wind direction.

•

Projecting Obstructions
Massive projecting obstructions, such as elevated walkways, may
adversely affect the wind environment at pedestrian level, as observed in
Mongkok. Signage is preferably of the vertical type in order to minimize
wind blockage, particularly in those areas with a high density of projecting
signs over streets.
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Assessment Methodology

There could be 2 approaches to AVA – performance based and quantitative
guidelines based.

Performance Based
The performance based approach is a set of standard procedures for project
proponents to demonstrate that their proposals meet the preset performance
criteria and requirements with the need to go through the testing procedures.
(1)

Quantitative Guidelines Based
On the other hand, the quantitative guidelines based approach is the result of
simplification of a performance requirement given certain assumptions of
circumstances of the context. It is a set of design guidelines that applicants
may wish to follow in order that the development proposals would be deemed
to satisfy the preset performance criteria and requirements without the need to
go through the testing procedures. (2)
(1) For example, a project proponent might wish to demonstrate
directly that the proposal could achieve a certain wind environment
using wind tunnel modeling. One might then state that the proposal
could on average provide a satisfactory wind environment based on
obtaining and analyzing the wind velocity of the test points.
(2) Alternatively, a project proponent might wish to refer to certain
quantitative guidelines that state for example the relationship between
building height and street width, or building bulk and voids. By
following the quantitative guidelines, the proposal would be deemed to
satisfy the nominated wind standard.

Examples of quantitative guidelines based on various indices.
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Performance Based AVA Assessment
For the initial stage (Stage A) of AVA, a performance based assessment could
be outlined. The work methodology allows design options to be compared so
that a better design in terms of city air ventilation could be objectively
identified.

Velocity Ratio as an indicator
The key purpose of an indicator is to address what minimum wind
environment information, and in what form, is needed to guide design and
planning so as to achieve a better wind penetration into and hence, air
ventilation of the city especially at the pedestrian level. The focus of the
methodology to be introduced is about providing information based on a
simple indicator to indicate and to allow better layout design of developments
and planning of the urban fabric. Wind Velocity Ratio (VRw) may be used as
the indicator.

VRw =

Vp
V∞

V∞ is the wind velocity at the top of the wind boundary layer not affected by
the ground roughness, buildings and local site features (typically assumed to
be a certain height above the roof tops of the city centre and is site
dependent). Vp is the wind velocity at the pedestrian level (2m above ground)
after taking into account the effects of buildings. (see diagram below) Vp /V∞
is the Wind Velocity Ratio (VRw) that indicates how much of the wind
availability of a location could be experienced and enjoyed by pedestrians on
ground taking into account the surrounding buildings. As VRw is solely
affected by the buildings of the location, it is a simple indicator one might use
to assess the effects of proposals. The higher the value of VRw, the lesser
the impact of buildings on wind availability.
For example, if wind above the city is blowing from left to right (say from south
to north) at 5 m/s, and the wind that could be experienced at ground level
inside the city is 1 m/s, then it could be said that the Wind Velocity Ratio when
wind comes from direction left to right is 0.2.
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The basic concept of VRw has to be elaborated further since wind comes from
all directions. It is a common practice in wind engineering study to account for
wind coming from 16 main directions. The following diagram summarises it.

VRi =

V pi
V∞i

16

VRw = ∑ Fi × VRi
i =1

Vpi is the pedestrian wind velocity of the location when wind comes from direction i.
V∞i is the available wind velocity of the site when wind comes from direction i.
VRi is the velocity ratio of the location when wind comes from direction i.
Fi is the frequency occurrence of wind from direction i. 16 directions are considered.
VRw is the wind velocity ratio

The Wind Velocity Ratio VRw is the sum of the Wind Velocity Ratio of wind
from direction i (VRi) multiply by the probability (Fi) of wind coming from that
direction.
For example, if say 60% of the wind of the site comes from the south and 40%
comes from the east, and the velocity ratio when wind comes from the south
is 0.2 and when wind coming from the east is 0.4, then VRw =
0.60*0.2+0.40*0.4 = 0.28.
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VRw is a simple indicator to signify the effects of developments on the wind
environment. In general, with reference to “the more the better” for Hong
Kong, higher VRw is better. Higher VRw means that the buildings design
captures better the wind available to the site. The higher the value of VRw,
the lesser the impact of the design to the wind availability of the site, and the
lesser its impact to the macro wind environment.
For example, there are two designs as follow. Suppose wind
comes mainly from the left. 9 test points have been positioned,
and their velocity ratios are as shown. The design on the left
has many bulky buildings upwind, its U shaped buildings are
also sheltering the space behind. The design has an average
VRw of 0.18. The design on the right is more porous. It has an
average VRw of 0.28. Hence, in terms of the wind environment,
the design on the right is better.

In some circumstances, it may be necessary to mitigate the
adverse effect of strong wind gust for safety of pedestrians.
However, for buildings situated in an exposed location where
there is no apparent shielding from the approaching wind, such
as those with a frontage of an open fetch of water, parkland or
low-rise structures, on hill slope or hill top, an assessment of the
potential occurrence of windy conditions that may affect the
safety of pedestrians is strongly recommended.
Careful
examination of the test points and their respective VRw is useful.

Note the sensors on ground capturing the VR
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The AVA utilizes the VRw as an indicator. The following
methodology allows designs to be systematically evaluated and
objectively assessed. A design with a higher resultant VRw is
generally a better design as far as the urban wind environment
is concern.

Site and surrounding model of Assessment
(A)
Take a site in the city as an example (within the red boundary). A number of
buildings have been designed and require assessment. The tallest building on site is
H (in some cases, it is possible to define H as the average height of the taller
buildings of the test site). A model (physical or digital) has to be constructed to
truthfully represent the “surrounding area”.
The radius of this model is
approximately 2H (from the base of the tallest building, or from the test site boundary
in cases of many tall buildings on site). All existing buildings within this 2H radius
must be faithfully modeled.
(B)
The “assessment area” is within a radius of H (from the base of the tallest
building, or from the test site boundary in cases of many tall buildings on site).
Typically, the designed buildings will affect ‘significantly’ the wind environment within
this area. A number of test points will be planted, and their results will give an
indication of the impact of the design to the wind environment.
(C)
Test points should be positioned where pedestrian is likely to congregate.
For detail study, the total number of test points is approximately 60 – 100 for a twohectare site. More test points are needed for bigger sites, except when doing rough
initial study, or when the site condition is simpler. In general, more test points will
give better detailed results.
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Model with test points

(D)
Along the boundary of the site, a number of perimeter test points will be
planted. They could be about 10 to 50 metres apart, depending on the site condition,
surrounding the test site and evenly distributed. Test points must be planted at the
junctions of all roads leading to the test site, at corners, as well as at the main
entrances of the test site. This set of test points will be known as Perimeter Test
Points. They will later provide data to calculate the Site Spatial Average Wind
Velocity Ratio (SVRw).
(E)
Additional test points should be evenly distributed over the assessment area
of the model. For detail study, one test point per 200 to 300 square metres of the
assessment area would typically suffice, except when doing rough initial study, or
when the site condition is simpler. Test points should be positioned where
pedestrians can or will mostly access. This may include pavement, open spaces,
piazzas, concourses and so on, but exclude back-lanes or minor alleyways. For
streets, the tests point should be located on their centerlines. Some of the test
points must be located at major entrances, as well as identified areas where people
are known to congregate. This group of test points will be known as Overall Test
Points, together with the Perimeter Test Points, will provide data to calculate the
Local Spatial Average Wind Velocity Ratio (LVRw).
(F)
On a case-by-case basis, wind engineers may advise locating additional
special test points to assess the impact of the development on areas of special
concerns e.g. waterfront promenades or exposed areas etc. These additional
special test points should not be included in the (SVRw) or (LVRw) Air Ventilation
Assessment calculation because they might be used to further study the detail and
reveal information for a particular concern.
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For example, the dotted yellow line indicates the
model area where all building within it must be
featured in the test. It has a diameter of 4H, H
being the tallest building on the test site. The
yellow shaded area is the assessment area, it
has a diameter of 2H, where the overall test
points are located. The red line indicates the
boundary of the test site. The green dots on the
red line are the perimeter test points.
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Wind availability and characteristics of the site
(A)
Using the meteorological wind data of Hong Kong Observatory (at
Waglan Island), it is necessary to resolve this data to the site. Software
simulation, or better still, topographical model in wind tunnel might be used.
The wind profiles and turbulence intensity profiles of wind coming from each
of the 16 directions might be noted. The strength and percentage occurrence
of the wind could also be reported. This information will be necessary to
establish the V∞ of the site as well as help to set up the study tool later.

Using scaled topographical model, in this case the
Victoria Harbour of Hong Kong, the meteorological
wind data from HKO Waglan Island could be resolved
to site wind availability data of the test site in the city.

The test site and the approaching wind set up in a wind tunnel; note the roughness
in front of the model to reproduce the boundary wind conditions. This must be set
up properly with the information obtained from using the topographical model.
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Assessment of Results
(A)
For the Site Air Ventilation Assessment, the spatial average SVRw of all
perimeter test points may be reported. This gives a hint of how the development
proposal impacts the wind environment of its immediate vicinity.
(B)
For the Local Air Ventilation Assessment, the spatial average LVRw of all
overall test points, as well as all the perimeter test points may be reported. This
gives a hint of how the development proposal impacts the wind environment of the
local area.
(C)
The local scale considerations should always take precedence over the site
specific scale considerations.
(D)
In general, for AVA, the higher the values of the spatial average VRw, the
better the design. Comparing performances of design options using the spatial
average VRw (both SVRw and LVRw) is recommended.
(E)
The Site Air Ventilation SVRw gives an idea of how the lower portion of the
buildings on the test site affects the immediate surroundings. When problems are
detected, it is likely that design changes may be needed for the lower portion of the
buildings (e.g. the coverage of the podium).
(F)
The Local Air Ventilation LVRw gives an idea of how the upper portion of the
buildings on the test site affects the surroundings. When problems are detected, it is
likely that design changes may be needed for the upper portion of the buildings (e.g.
re-orientation of blocks and adjustment to extent of the towers).
(G)
SVRw and LVRw reports the simplified overall spatial average and give a
reasonable representation of the wind environment of the designs. Reporting SVRw
and LVRw alone may not be sufficient for very large sites or some sites with odd
geometries. Care and expert knowledge is needed to interpret the results.
(H)
For Stage A of AVA, designs could be compared. Further development of
AVA, as will be outlined later, will allow a design to be gauged against a
“benchmarked standard”.

The interior of a boundary layer wind tunnel
with the model to be tested. The spines and
roughness in front of the model create the
required approaching wind boundary layer
profile, as well as the turbulence intensity
profile.
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Wind Tunnel and CFD
Wind tunnel and Computational Fluid Dynamics (CFD) are nowadays commonly
used for wind engineering studies. Appropriately applied, they might be used to
conduct the AVA tests.

Wind tunnel is a mature technology. It has been used successfully in
numerous wind related studies around the world in the last 20 years or so.
International standards, guidelines and methodology exist to ensure reliable
results. For example, American Society of Civil Engineers (ASCE) – Wind
Tunnel Studies of Buildings and Structures and Australasian Wind Engineering
Society 2001, Wind Engineering Studies of Buildings AWES-QAM-1-2001 are
respected manuals for specialists in the field. Well established wind tunnel
facilities with knowledgeable staff are readily available around the world. In
Hong Kong, the HKUST Wind Wave Facility is one such example.
Computational Fluid Dynamics (CFD) is a newer technology, it was originally
designed to study air movement of interior spaces. It is known to produce good
results for that. Recently, some consultants also extrapolate its use for outdoor
air movement studies. Numerous recent research reports have suggested that
CFD when applied outdoor may cope with the “strong wind” regions of some
less complicated conditions. The advantage of using CFD is that it is cheaper
than wind tunnel for less demanding tasks. Validation and verification are still
research issues. And CFD is known to be inadequate when predicting wind at
the ‘slow regions’ – typically at the leeward side of the building. Although very
sophisticated CFD technology (for example Large Eddy Simulation) is available,
the time, computer resources and the highly skilled specialists needed might
make it impractical. As such, the use of CFD for quantitative works must be
with caution at the moment. However, CFD is a useful tool to give a first cut
qualitative graphical impression very quickly. This information might be useful
for guiding the more quantitative AVA study later when Velocity Ratios have to
be reported.
Based on past international researches, given the complex urban geometry of Hong
Kong, experts of the study unanimously opine that for AVA, wind tunnel should be
a recommended tool. Typically, a wind tunnel study of a 2-hectare site costs about
HK$400,000. It could take 1 to 3 months to conduct.
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Performance Based
Air Ventilation Assessment (AVA) Methodology
The following diagram captures the essential steps of the performance based
Air Ventilation Assessment (AVA) methodology.

Design, planning and
development proposals
need to be studied.

Selected sites and
affected areas
surrounding the proposal
are identified.

Resolve the meteorological wind
availability data (16 directions, strength
and frequency) to site wind data using
simulation or topographical models in
wind tunnel.

Based on a wind boundary layer profile
appropriate to the urban condition under
study, conduct tests (either by
simulation, or more accurately for
complex scenes, using wind tunnel) to
obtain results to be reported based on:
Wind Velocity Ratio (VRw).

Based on Site Spatial Average VR
(SVRw) and Local Spatial Average
VR (LVRw), evaluate the wind
impact of the design.
Also note stagnant zones (low VRw)
and wind amplification (high VRw).

Further Assessment if needed for
exposed sites:
Actual wind speed and
occurrence
Wind gust evaluation

Modify design and re-test if necessary in
order to optimize the proposal for
attaining higher wind velocity ratio (VRw).
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Quantitative Guidelines Based
Air Ventilation Assessment (AVA) Methodology
Performance based tests (as outlined above) are robust and reliable when
conducted properly. However, they could only be conducted “after” the
proposal is done and for evaluative and comparative performances.
Moreover, they can be time consuming and expensive to conduct – especially
if the proposals have to go through iterative processes.
As further studies, development of quantitative guidelines, ratios and indexes
for the AVA should be considered. For example, Building (Planning)
Regulations require that “a habitable room must be provided with window area
of at least 1/10th of its floor area for daylighting and opening of at least 1/16th
of its floor area for natural ventilation”. The performance equivalence of this
quantitative guideline may be assessed in terms of Daylight Factor and Air
Change Rate respectively. These simple ratios not only allow project
proponents to observe easily, but they also facilitate designs for project
proponents at an early stage, and decision makers to later effectively assess.
Subject to further local data collection, research and consultation,
some of the possible quantitative guidelines can be developed with
respect to the notion of “openness index” (e.g., the amount of open
space / openness near and around the development [site or local level]
that are of the kind, shape, position and quality that will affect the
effectiveness of wind moving around the site) and “building form
index” (e.g., the geometry of urban fabric, the dimensions of building
height, street width and length and their relationships, etc.), and
ultimately in term of a single index, say “permeability index” (a 3dimensional view of the relationship between urban geometry and
urban wind climate). Researches are needed to develop these
quantitative guidelines. Typically, they can be conducted using
parametric evaluation, repeated testing with various settings and
configurations, on-site validation, and statistical analysis of results of a
large number of different cases.

An example of parametric test conducted in a wind tunnel in
NUS Singapore by the consultant team.
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The need for Further Studies and Development
The study of wind environmentally has been a complicated science and is
still very much in the agenda of researchers around the world.
Furthermore, this study is unprecedented, especially when taking into
account the unique circumstances of Hong Kong.
The AVA problem of our city has never been studied systematically before.
When this study was initiated, the spirit was very much one of a pilot and
“feasibility” study.
Stage A of AVA as reported above has concluded that AVA is possible,
and a first step of actions have been presented. The study team opines
however that it is only 1 step in many. The following points must be noted.

• Lack of quantitative data of existing
conditions and to pin down the exact
performance, problem and issue in greater
detail
• Lack of a holistic understanding to aid
design and planning strategically
• Lack of generic data of wind in urban
conditions at pedestrian level
• Needs to refine the performance criteria for
local inhabitants under diverse conditions
taking into account the socio-habitual culture of
Hong Kong
• Lack of research data to develop detail
quantitative guidelines
Further studies are needed and highly recommended.

For example, field capturing of
thermal (temperature) image of
the city could allow one to work
out the heat island effects, the
needs for wind, as well as other
environmental information.
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Proposal for Staged Implementation

In view of the time required for further scientific
researches on different aspects of the urban
climate and its correlation with urban geometry, the
Study recommends that AVA be implemented in
four key stages.
The key stages and their
corresponding timeframe are illustrated in the
following figure.
These four stages are not
sequential and may be carried out concurrently but
the durations are different.

Year 1

Year 2

Stage A – Performance-based Evaluation
with Technical Brief but without Benchmark
Standards

Year 3

Immediately

Establishment of a generic framework and
methodology for AVA to enable objective comparison
between different design options and formulation of
qualitative urban design guidelines.

Stage B – Urban Climatic Mapping
Identification of climatically problematic/sensitive areas
that require particular attention or in need of planning
and design interventions.

1-2 Years

Stage C –Performance-based Evaluation
with Technical Specifications and Benchmark
Standards

2-3 Years

Establishment of a set of objective assessment
standards and criteria for AVA.

Stage D – Quantitative Guidelines
Formulation of quantitative design guidelines to enable
the practitioners to grasp the basic and most important
design requirements for a well-ventilated urban
environment at an early design stage.
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Year 4

What is Urban Climatic Map?

Instead of assessing a proposal
when it arises, it is beneficial to be
pro-active in such a way that the
wind availability and needs of a site
could be identified beforehand.
Urban Climatic Map offers such a
possibility.
Developed initially in
Germany and now used by planners
in Germany, the map scientifically
identifies the wind issues of a
particular area.
Based on the
severity of the issue at hand,
sensitive areas warranting special
planning requirements could be
identified. For example, if a proposal
is located on or next to a major air
path to the city, particular care and
tests could be demanded.
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At the initial stage (Stage A), an advisory approach is recommended for the
application of AVA system.
The Government and quasi-government
organizations (e.g. Urban Renewal Authority and Housing Authority) may take
the initiative in undertaking AVA during preparation/ major review of town
plans and for major development projects.
The air ventilation impact of different development options may be “compared”
to find out the relative performance in air ventilation with a view to achieving a
climatically favourable urban form.
The requirement for undertaking AVA may be implemented through
administrative means, e.g. practice notes, technical circulars for Government
departments and Hong Kong Planning Standards and Guidelines (HKPSG).
The private sector should also be encouraged to conduct AVA on a voluntary
basis whenever there is a concern that air ventilation may be severely
affected by development proposals.
At the completion of Stages B, C and /or D, a widely accepted assessment
method and a set of definitive assessment standards and criteria could be
established in detail. It would then enable the Government to ascertain the
types of project/circumstances that should warrant an AVA. With definitive
assessment standards/criteria and the availability of an urban climatic map, it
would provide a stronger case for more extensive application to private
projects, and for consideration of a regulatory approach, if necessary.
For example, in Tokyo* and Sydney**, AVA has been incorporated into the
statutory environmental and planning frameworks.
* Tokyo Metropolitan Government EIA Ordinance requires that all
project over 100,000 sq.m. GFA be subjected to wind study.
** In Central Sydney, the Local Environmental Plan under the
Environmental, Planning & Assessment Act requires wind effects reports
to be submitted with development applications for all buildings taller than
45m above street level.

The environmental map for planning for Tokyo
Metropolitan Government EIA Ordinance

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 36 of 282
CUHK

Stage B – Urban Climatic Map
This stage would involve the preparation of an urban climatic map for Hong
Kong. It would involve collating relevant data on meteorology, topography,
urban fabric, land use pattern etc. of Hong Kong. The resultant urban climatic
map would identify the areas which are more in need of attention and
improvements from an air ventilation perspective, e.g. highlighting locations
poor in wind circulation or sensitive to wind variation, and where important
breezeways and open spaces should be protected or reserved.
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Stage C – Benchmarking
This stage will establish the existing general wind performance condition of
Hong Kong. This would serve as a local benchmark standard that major
projects should try to achieve, if possible, for optimum wind performance.
This would allow direct comparison of air ventilation performance against
known benchmark criteria, rather than revealing only the better or worse of
design options (as in Stage A). The criteria established would provide a clear
yardstick for evaluation of development projects where air ventilation is a
major concern and the projects have to be justified through the existing
institutional framework (such as town planning, land grant/lease and building
control and/or environmental impact assessment). Technical specifications
for conducting AVA would need to be prepared to ensure no dispute in the
AVA requirements and vetting process.

Given Hong Kong’s existing high density urban
form, it is necessary to know • what can
reasonably be achieved? • What is the
reasonable aspiration? • What could reasonably
be done?
Methodology: Take 10 to 15 areas / districts in
Hong Kong, subject them to detail tests,
evaluation and survey, so that their performances
could be noted quantitatively – and in terms of
Site and Local VR that could be reasonably
achieved. This information will then form the
basis of discussion to establish a standard.
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Stage D – Quantitative Guidelines
This stage would develop quantitative design guidelines to facilitate early
designs of development proposals. Projects are assessed against pre-set
design criteria, design parameters, ratios or indices concerning developments,
such as site / district openness and building mass geometry (street width to
building height ratio, variation in building height within site, permeability of the
building façade etc.). These quantitative design guidelines have to be derived
through iterative empirical tests by varying different design scenarios and
assumed conditions to validate their magnitudes of impact on the wind
environment.
Development schemes that are designed in accordance with the quantitative
design guidelines would be deemed to satisfy air ventilation requirements,
without the need to go through the performance based AVA testing. This
would be less time consuming and more cost-effective, as compared to the
performance based approach which the performance can only be tested after
the design is generated.
Quantitative guidelines can be in the form of simple
ratios, indexes. When applied, development
proposals would be deemed to satisfy air ventilation
requirements without the need to go through the
testing process.
For example: An air path or air paths along the
direction of the prevailing wind should be provided
on site equal to 25% of the site area.
And
For example (below): An Openness Index could be
speculated to guide the needs for open space, set
back, as well as air channels and paths.
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Qualitative Urban Design Guidelines
Before further stages of AVA are developed, based on the advice of
international experts, the following design guidelines provide useful design
reference for better air ventilation.

Breezeway / Air path
It is important for better urban air
ventilation in a dense, hot-humid
city to let more wind penetrate
through
the
urban
district.
Breezeways can be in forms of
roads, open spaces and low-rise
building corridors through which air
reaches inner parts of urbanised
areas largely occupied by high-rise
buildings. Projecting obstructions
over breezeways/air paths should
be avoided to minimize wind
blockage.

Orientation of Street Grids
An array of main streets, wide main
avenues and/or breezeways should
be aligned in parallel, or up to 30
degrees to the prevailing wind
direction, in order to maximize the
penetration of prevailing wind
through the district.
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Linkage of Open Spaces
Where possible, open spaces may
be linked and aligned in such a way
to form breezeways or ventilation
corridors.
Structures
along
breezeways/ventilation
corridors
should be low-rise.

Non-building Area
The
tendency
for
many
developments to maximize views to
certain
direction
and
site
development potential often results
in congested building masses and
minimum spaces between buildings
to
meet
Building
(Planning)
Regulations. Large sites with
compact
developments
are
particularly impeding air movement.
Development plots should be laid
out and orientated to maximize air
penetration by aligning the longer
frontage in parallel to the wind
direction and by introducing nonbuilding areas and setbacks where
appropriate.
Waterfront Sites
Waterfront sites are the gateways of
sea breezes and land breezes due
to the sea cooling and sun warming
effects.
Buildings along the
waterfront should avoid blockage of
sea/land breezes and prevailing
winds.
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Scale of Podium
The 100% site coverage for nondomestic part of developments up
to some 15m high as permitted
under the Building (Planning)
Regulations often results in large
podia.
For large development/
redevelopment sites particularly in
the existing urban areas, it would be
critical to increase permeability of
the podium structure at the street
levels by providing some ventilation
corridors or setback in parallel to
the prevailing wind.
Where
appropriate, a terraced podium
design should be adopted to direct
downward airflow, which can help
enhance air movement at the
pedestrian level and disperse the
pollutants emitted by vehicles.

Building Heights
Height
variation
should
be
considered as much as possible
with the principle that the height
decreases towards the direction
where prevailing wind comes from.
The stepped height concept can
help optimize the wind capturing
potential of the development itself.
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Building Disposition
Where practicable, adequately wide
gaps should be provided between
building blocks to maximize the air
permeability of the development
and minimize its impact on wind
capturing potential of adjacent
developments.
The gaps for
enhancing air permeability are
preferably at a face perpendicular to
the prevailing wind. Towers should
preferably abut the podium edge
that faces the concerned pedestrian
area/street so as to enable most of
the downwash wind to reach the
street level.

Shading and greenery
Tall trees with wide and dense
canopy should be planted along
streets / entrance plazas / setback
areas for maximizing pedestrian
comfort – reducing urban heat
island effect, blockage to air
movements at the pedestrian level
by additional planting should be
avoided.
Cool materials
Use of cool materials in the
pavements and building facades to
decrease absorption of solar
radiation.
Cool materials are
characterized
by
high
solar
reflectivity and if possible by high
emissivity. For streets, the use of
asphalt with a high percentage of
white aggregates has to be
considered. A large water body can
also serve as a cool sink.
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Horizontal projections

Projecting obstructions
Massive projecting obstructions,
such as elevated walkways, may
adversely
affect
the
wind
environment at pedestrian level, as
observed in Mongkok.
Signage is preferably of the vertical
type in order to minimize wind
blockage, particularly in those areas
with a high density of projecting
signs over streets.

Vertical projections

The qualitative guidelines above
provide designers with a strategic
sense of how to start off their
design initially.
By observing the guidelines, there
would be a higher probability that
the resultant design would be better
for the wind environment.
This could then later be confirmed
with the Air Ventilation Assessment
tests.
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Implementation of AVA in Initial Stage (Stage A)
The implementation of an AVA system would depend on how robust the AVA
system is and how important AVA is considered by the decision makers
amongst all factors in the consideration of development proposals. Based on
the current Study findings, the Study can only recommend an advisory AVA
system. If AVA were to be introduced as mandatory, then it will have to go
through a much more lengthy process of testing and validation, and when a
more definitive local benchmark standard could be established.
The Study recommends that the AVA system can be implemented in stages,
taking into account the time needed for building up the necessary data and
information and the degree of robustness expected for the AVAS.
At the initial stage (Stage A) when the “Urban Climatic Map” and
benchmarking are not yet available, the Government/ quasi-government
organizations are still encouraged to undertake AVA where practicable under
any one of the following circumstances:

y Preparation of new town plans and major revision of such plans.
y Development

that deviates from the
restriction(s) other than minor relaxations.

statutory

development

y Erection of building structure within a designated breezeway.
y Urban renewal development that involves agglomeration of sites

together with closure and building over of existing streets.
y Development with shielding effect on waterfront, particularly in

confined airsheds.
y Large-scale development with a high density, e.g. site area over 2

hectares and an overall plot ratio of 5 or above, development with a
total GFA of 100,000 sq.m. or above.
y Massive elevated structures over a road in the dense urban areas.
y For developments situated in an exposed location where there is no

apparent shielding from the approaching wind, an assessment of the
potential occurrence of windy conditions that may affect the safety of
pedestrians should also be included.
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It is recommended that AVA be carried out for different design options to
identify better design scenarios and potential problem areas, based on
velocity ratio as an indicator. A design having a higher velocity ratio would be
considered as a better design than one having a lower velocity ratio. At this
stage, only the better design option is known but whether the better design
option meets a standard cannot be known due to the lack of benchmarking.
The aim is to move “towards a better future” rather than for precision.
The proponents initiating the proposals should be responsible for conducting,
overseeing and self-appraisal the AVA.
As for private projects, AVA should also be encouraged as good practice
guide at the initial stage. To encourage the private project proponents to
carry out AVA, incentives may be provided through performance labeling
scheme.

It is considered appropriate that the qualitative guidelines and the need for
AVA be promulgated through revision to the Hong Kong Planning Standards
and Guidelines (HKPSG). It should be noted that some of the qualitative
guidelines recommended in this Study for better air ventilation in the city are
already included in Chapter 11 of the HKPSG, and hence, they only reinforce
or complement the existing guidelines. The approach to AVAS recommended
in this Study is only a facilitating tool but not the primary decision making tool.

For example, it is recommended that
development with shielding effect on
waterfront undertake AVA.
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Conclusion
The study recommendation and proposed implementation
actions echo one of the key initiatives proposed in “A First
Sustainable Development Strategy for Hong Kong”
promulgated by the Office of the Chief Secretary for
Administration in June 2005, that is, to promote sustainable
urban planning and design practices.
The study opines that there is a need to find ways to
improve the air ventilation and pedestrian wind
environment of our city. Given Hong Kong’s dense urban
conditions, wind is beneficial. In general, the more wind
the better.
Velocity Ratio has been proposed to be the indicator for Air
Ventilation Assessment. This would provide an objective
basis for evaluating and comparing design options.
The current study completed allows design options to be
compared. An advisory approach to implementation with
the government taking a lead is recommended.
The study is unique and highly original. As such one must
regard it as a first step in the direction of understanding the
wind environment. For more understanding of the problems,
further studies and researches are strongly recommended.
Further studies are essential, namely: Stage B – Urban
Climatic Map, Stage C – Benchmarking, and Stage D –
Quantitative Guidelines. They are highly recommended.
Last but not least, improving air ventilation for a better wind
environment is only one of the many considerations
towards sustainable development in Hong Kong. In
planning, one must attempt to balance other equally if not
more important considerations and as far as possible
synergize needs to result in an optimized design.
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1

BACKGROUND

During the outbreak of the Severe Acute Respiratory Syndrome in 2003, there were
suggestions that the spread of the diseases might have been related to the congested
physical environment of our city. There were calls from the community for measures to
improve the living environment to prevent the recurrence of another epidemic. The Chief
Executive tasked the Chief Secretary for Administration to set up Team Clean in early May
2003 to develop and take forward proposals for improving environmental hygiene in Hong
Kong.
The Team Clean Final Report on “Measures to Improve Environmental Hygiene in Hong
Kong” was released on 9 August 2003. Among the recommendations, the Team has
proposed to examine the practicality of stipulating air ventilation assessment as one of the
considerations for all major development or redevelopment proposals and in future planning.
Planning Department is requested by the Team to complete discussion among Government
departments and consult relevant professional institutes and stakeholders on the standards,
scope and mechanism for application of an air ventilation assessment system by the end of
2003.

1.1 Objective of the Study
The primary objective of the study is to explore the feasibility of establishing some protocols
to assess the effects of major planning and development proposals on external air movement
for achievement of enhanced macro wind environment. The objective involves:
(a) examination of the methodology, standards, scope and mechanism for possible
application in assessing the external air movement impact of planning and
development proposals; and
(b) examination of the practicality, prima-facie reliability, cost-effectiveness and
limitations of the assessment protocols to support their feasibility for general
application in future planning and development proposals if considered necessary.

1.2 Descriptive of the Study
Air ventilation in this study refers to effective air flow in the external macro built-up
environment which would not lead to adverse restricted conditions to cause human discomfort
or be unfavorable for the predominant land use activities. It is not the purpose of this
assignment to address air ventilation performance of individual building designs or indoor
space designs, nor the air quality impact assessment for air pollutants control which are
respectively governed by the Buildings Ordinance and Environmental Impact Assessment
Ordinance.
The study advise on how to assess the effects of major planning and development proposals
on the macro wind environment for options refinement and identification of preferred option.
The results of the study would also provide input to facilitate, as a pilot testing, the
assessment of the preferred development proposal. The purpose of this pilot testing is to test
the approach and methodology recommended by the study.

1.3 Scope of the study
To fulfill the study, the Consultant undertakes, among other tasks, the following key tasks:1.3.1

TASK 1 (Working Paper 1)

The study undertakes a research on a total of five local and overseas examples in air
ventilation performance testing, and as far as possible relevant to the conditions in Hong
Kong. The study draws observations from the examples on their application, approach,
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methodology and standards to undertake and measure air ventilation performance which may
be relevant to the objective of this study.
1.3.2

TASK 2 (Working Paper 2)

The study examines and recommends suitable approach and methodology to assess the
effects of major planning and development proposals on air flow in the external macro wind
environment to facilitate planning and refinement of development options and to avoid
creation of unfavorable wind conditions. The approach and methodology takes into account
the terrains, metrological and physical built-up conditions of Hong Kong and the availability of
wind data and alternative assessment techniques. Options of using wind tunnel tests,
computational fluid dynamic (CFD) simulation, and other wind field modeling or a combination
of them which are most suited to different situation and scales of testing is explored. The
testing enables broad assessment of the effects on external air movement due to variations in
planning layout configuration, building mass, height, disposition and orientation, position of
major open space and pedestrian areas, road patterns, extensive road decking, large site
podium structure, massive site formation or reclamation and any provision of breezeways or
wind-barriers etc. which might bring noticeable impact to change the macro wind environment.
The study advises how the recommended approach and methodology could be modified as
appropriate to cater for assessment of proposals of different scales sizes and types.
The study examines and recommends appropriate criteria and standards, or alternatively,
indictors for objective assessment of the air movement impact of planning and development
proposals to maintain or achieve effective air movement as a factor for consideration of
proposals. This criteria, standards or indicators are reasonably robust to identify any potential
areas which may possibly induce adverse or restricted air movement e.g. stagnant air or
extreme winds, to cause human discomfort or be unfavorable for the predominant land use
activities. They also serve as common yardstick to compare the air ventilation performance of
different planning and development options with a view to minimizing air circulation problems
and improving options.
1.3.3

TASK 2A

Prior to submission of the working paper for Task 2, the study organizes and lead a
brainstorming workshop involving professional institutes, stakeholders and other relevant
organizations to discuss the outline of the consultant’s initial ideas and proposed approach to
the methodology, criteria and standards, scope and mechanism for applying air ventilation
assessment. The gist of the workshop discussion has been incorporated in the working paper
for Task 2.
1.3.4

TASK 3

Based on the recommended approach and methodology in Task 2, the study undertakes
preliminary and broad assessment on the practicability and prima-facie reliability, costeffectiveness and limitations of conducting air ventilation assessment as one of the technical
considerations in vetting development proposals. The study advises on the minimum scale,
size and scope of projects which should benefit from and warrant such air ventilation
assessment to produce meaningful and reliable results in a cost-effective manner. The study
also recommend the implementation mechanism to impose and monitor air ventilation
assessment if considered necessary in the planning and development process either as an
administrative or a statutory measure within the existing institutional framework.
1.3.5

TASK 4

The study develops generic guiding principles or performance checklist setting out the
important wind factors to guide land use planning and initial planning and design of large
scale development proposals before any actual undertaking of air ventilation assessment for
professional users’ reference. The principles or performance checklist provide good practice
guidance as to how land use and site planning, urban design, building forms and their threedimensional relationship with adjacent structure and terrains, stepped height profile and use
Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 51 of 282
CUHK

of enhancement or mitigation measures etc., can help enhance air circulation and avoid
creation of unfavorable wind conditions.
1.3.6

TASK 5

The study team, on the basis of the work completed for Task 2 to 4, has organised and lead
consultation workshops to consult professional institutes, stakeholders and other relevant
consultees on the summary of the consultant’s recommendations.
1.3.7

TASK 6

The study prepares a draft technical brief setting out the tasks to apply the above
recommended approach, methodology, standards and criteria for air ventilation assessment
to the subsequent pilot testing. The main objective of this pilot testing will be to test the
practicability, cost-effectiveness and any limitations of the recommended approach,
methodology, standards and criteria to identify any need for further refinement. In addition,
the pilot test demonstrates the application of the guiding principles or performance checklist
developed in Task 4 to the preferred development option. The technical brief contains
sufficient and clear information in terms of purposes, scope, tasks, deliverables and
programme for the assignment to meet the aforementioned objective and requirements of the
pilot test.
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2

TASK 1: DESK STUDIES OF LOCAL & OVERSEAS EXAMPLES
(Working Paper 1)
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2.1 Introduction
2.1.1

OBJECTIVE OF THE ASSIGNMENT

2.1.1.1

The primary objective of the assignment is to explore the feasibility of establishing
some protocols to assess the effects of major planning and development proposals
on external air movement for achievement of enhanced macro wind environment.

2.1.1.2

The macro wind environment refers to the air flow in the external built-up
environment. It is not the purpose of the assignment to address the air ventilation
performance of individual building designs or indoor space designs, nor the air
quality impact assessment for air pollutants control.

2.1.2

SCOPE OF TASK 1

2.1.2.1

This task will present desk-top research of five local / overseas examples in air
ventilation performance testing.

2.1.2.2

The research examples selected are as far as possible relevant to the conditions in
Hong Kong.

2.1.2.3

This task will present key observations from the research examples on their
application, approach, methodology, standards and criteria to undertake air
ventilation performance testing.

2.1.3

SELECTION OF RESEARCH EXAMPLES

2.1.3.1

With reference to the Brainstorming Workshop Report dated February 13, 2004,
there was no explicit view as to how the study should be approached technically.
The general views were for an approach that is different from indoor air quality
assessment and normal outdoor air quality assessment. Therefore, we identify case
studies which can present a full detail of investigation process and full access of
technical data.

2.1.3.2

Three local and two overseas examples are identified for the purpose of this paper.
Two local examples were conducted by CUHK. Our international team member,
RWDI, contributed one local and two overseas examples.

2.1.3.3

Here is the list of projects:
a. Local Examples
1.
“Architectural Studies of Air Flow at Amoy Gardens, Kowloon Bay, and
its Possible Relevance to the Spread of SARS”, by Prof. Tsou Jin-yeu,
Department of Architecture, CUHK
2.
“Environmental Consultancy for the Public Rental Housing Development at
Tin Shui Wai Areas 103 & 104”, by Prof. Tsou Jin-yeu, Department of
Architecture, CUHK
3.
“Tseung Kwan O Area 86 Development”, by RWDI Inc.
b. Overseas Examples
5.
“West Indian Club - Grand Cayman Island, Western Caribbean”, by RWDI
Inc.
6.
“Toronto Rail Lands Redevelopment, Canada”, by RWDI Inc.

2.1.3.4

All the selected research examples carried out air ventilation performance testing.
The three local cases directly deal with air ventilation issues in the local context,
mainly focusing on the residential development and dense urban environment. The
two overseas cases are selected for their sophistication on assessing and
evaluating pedestrian level wind and localized ambient air quality of the proposed
development.
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2.1.3.5

In order to highlight and give more in-depth understanding on the air ventilation
performance of district level and local level, a dedicated research example, Air Flow
at Amoy Garden, has been selected to illustrate how a local level air ventilation
forming the boundary condition to affect the micro wind environment of an urban
built environment. This research also demonstrated a full technically detail on the
relationship between air ventilation and dispersion of infectious disease.

2.1.3.6

The five examples may only reveal learning to inform aspects of the study. There
are limitations on these research examples:
a. General versus Specific
Firstly, the desire to establish a formal and generalized ventilation assessment
system for design and planning is not common. Most of the time, it is
recognized that this is a site-specific problem and should be investigated
likewise.
b. Unique High-Density Context
Secondly, the conditions of Hong Kong with its densely packed high-rise
buildings mean that experiences and mathematical models developed
elsewhere will have to be adjusted prior to any local applications.

2.2 Key Observations from Research Examples
2.2.1

APPLICATIONS

2.2.1.1

The applications of air ventilation performance testing can be for different purposes
and range from different scales; including indoor air quality, building design,
landscape and amenity open space design, master layout plan, town planning and
urban design, etc. The major focus of the study is on air ventilation on a more
macro or district wide level.

2.2.1.2

According to the research examples selected, the purpose of the air ventilation
assessment can be classified in the following categories:
a. District Level External Wind Environment
Evaluate the effects of planning / development proposals on the wind
movement in the external macro built-up environment for options
refinement, including the identification of major wind corridors which
would not lead to adverse or restricted conditions to cause human
discomfort.
b. Urban Air Quality
Refine the location of major open space and public open space design
for urban renewal. Evaluate the external wind environment of
proposed urban design, which can take advantage on natural
ventilation for pollution removal and thermal comfort.
c. Pedestrian Level Wind Environment
Evaluate the detailed wind environment at pedestrian and lower levels
in urban built environment, such as the identification of areas of
extreme wind and strong gustiness caused by downwash from
buildings. But, it would be also important to evaluate the wind
environment at higher levels given the dominant high-rise setting in
HK.
d. Others
Evaluate the large area pollution dispersion pattern, including its
possible relevance to the spread of infectious diseases. The impact
on high-density comprehensive development area (CDA) sites will be
studied, in particular.

2.2.1.3

Massing Study and Detail Design
For major re-development projects, massing studies can be carried out first, then
following by detailed studies on each building as it comes forward for design. Given
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that the design and layout of any subsequent buildings are yet to be determined and
that each of these buildings could affect the ventilation of the neighbors and render
results from earlier massing or ventilation studies inadequate or inappropriate, this
would present significant challenges in setting up meaningful protocols for air
ventilation assessments for various stages of a major planning proposal.
2.2.2

APPROACH AND METHODOLOGY

2.2.2.1

Air ventilation assessment covers a wide range of applications, scopes and specific
tasks. In general, it can be classified into two groups: a) “Experimental group” (such
as field measurement and wind tunnel testing) and b) “Numerical group” (such as
computational fluid dynamics (CFD) simulation and mathematical models).

2.2.2.2

For most of the projects nowadays, people tend to adopt a hybrid approach for the
most cost effective solution. Both experimental method and numerical method may
be applied in different stages as aspects of a single project. For example, people
will first carry out wind tunnel testing first to obtain more accurate information on
boundary wind conditions for subsequent CFD simulation of local effect of buildings
and topography.

2.2.2.3

Wind Tunnel Testing
With reference to the selected research examples, the following
observations can be made:
a. Scale
Wind tunnel models developed are at a typical scale of 1:500, and
have model diameters between 2 and 5 meters.
b. Set-up
The flow inside the tunnel is equipped with spires and floor roughness
elements that provide an accurate replication of the turbulent wind
flows that exist in the lower atmosphere. The model can be equipped
with several hundred wind sensors as required to gain the details of
the local wind climate.
c. Limit
One shortcoming of general wind engineering tunnels lies in their
inability to recreate thermal flows. It is commonly under low speed
conditions that the highest concentration of pollution can be expected.
Also, engineering judgment needs to be applied in order to keep the
analysis reasonably.
d. Technique
For an assessment of the effectiveness of a District in dispersing
pollutants, one can use a technique where line or point sources be
utilized on the physical model. These recreate the emissions from
vehicles or from a smoke stack. Tracer gas can be released from
these modeled sources, and measurements of dilution can be
acquired at any desirable location in and around the project.
e. Negative Wind Tunnel Features
In summary, the negative features of using a wind tunnel are
generally:
I.
inability to accurately simulate very low wind speeds;
II.
need to exercise engineering judgment which implies the need
for very skilled wind engineers.
f.
Positive Wind Tunnel Features
In summary the positive wind tunnel features are generally:
I.
will provide an accurate simulation of the planetary boundary
layer which includes the vertical distribution of mean wind speed
and turbulence;
II.
once the model is set up it can acquire large amounts of data in
a short period of time (i.e., one day for 36 wind angles) including
wind measurements and concentration measurements;
III. analysis tools already exist to evaluate the data in great detail;
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IV.
V.

changes to the model are easy to be introduced and complete
re-testing can be undertaken in a very short time frame;
flow visualization can be made to assist the development of
design solutions (i.e. introduce smoke that can provide an
instant picture of the effect of a proposed design).

2.2.2.4

Computational Fluid Dynamics (CFD)
The advances in the development of CFD as a wind engineering tool increase with
time, and numerous users can be found in the local technical community of Hong
Kong. In summary, the following observations can be made:
a. Positive CFD Features:
I.
Applicable in areas where large scale turbulence has a
secondary effect (i.e. flow in a slot);
II.
Applicable in low speed flows where large scale turbulence is
not a factor and the ambient flows may be thermally driven;
III. Computers are doubling in speed about every 18 months.
Hence, the capacity to do the necessary calculation in a
reasonable time-frame and expense would be increasingly
competitive in the near future.
b. Negative CFD Features:
I.
The standard CFD model approach for predicting the effects of
turbulence does not accurately predict flows in the atmospheric
boundary layer among buildings in an urban environment. The
wake flow regions downwind of each building which have large
scale turbulence is not well predicted because of: the turbulence
model equations; the gradient diffusion hypothesis; time
averaging of the flow equations; and highly simplified wall
treatments;
II.
To assess the large areas that need evaluation will take millions
of calculation points (nodes) and will make the analysis
prohibitively time-consuming;
III. To analyze from 16 to 36 wind angles is also prohibitively timeconsuming;
IV. Making changes to a CFD model (i.e. changing a building
geometry) will have to re-run the model.

2.2.2.5

Comparative Study
In terms of the total resources required for the testing:
In CFD, any single change in building geometry or boundary condition, such as
building block disposition or change of wind direction will require a complete “redo”
on grid meshing and calculation process. Time and computing resources are the
major negative feedback on applying CFD for changes. Changing wind direction for
a wind tunnel model can be easily done by rotating the platform with respective
angle. It will still take time on measurement, but no extra equipment settings are
required.

2.2.2.6

Verification and Validation (V & V)
With reference to the technical document from American Institute of Aeronautics
and Astronautics, “Guide for the Verification and Validation of Computational Fluid
Dynamics Simulation”, it is obvious that V & V is an important process for
assessing the credibility of modeling and simulation, focusing mainly on the district
level. It can link wind tunnel method and CFD method together for achieving
highest quality simulation results.
a. The accuracy and correctness of all CFD models are checked through a
rigorous program of Verification and Validation.
b. The reliability and sensitivity of the important variables derived from
each CFD model (known as functionals) are determined using a
Richardson’s extrapolation approach.
c. The procedure will help people making a definite quantitative statement
about the error in the results derived from a CFD study.
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d. People can evaluate critical CFD results with experimental data gained
through wind tunnel tests or state of the art Laser Diagnostics
Techniques, such as Particle Imaging Velocimetry (PIV) and Laser
Doppler Velocimetry (LDV). These Techniques are unique on nonintrusive turbulent flow measurement, but the data acquisition method
may be far too complicated and advanced for current professional
practice.
e. Since lots of presumption factors are involved in the operation of wind
tunnel and CFD systems, the qualification and experience of the
operators for computer simulation software also affects the accuracy of
the output.
2.2.3
2.2.3.1

CRITERIA, STANDARDS AND INDICATORS
Pedestrian Level Wind (PLW) Criteria
a. RWDI Pedestrian Wind Level Criteria is one of the approaches identified
in the selected research examples. These criteria deal with both
pedestrian safety and comfort, as they relate to the force of the wind.
b. Gust speeds over a short period are critical in some circumstances,
particularly where winds are very strong and pedestrians’ footing and
balance are involved.
c. The mean wind speed can also affect pedestrian level comfort in areas
such as an outdoor sitting area like café. The combined effect of mean
and gust speeds can be quantified by a Gust Equivalent Mean (GEM)
speed. GEM is the greater of either the mean speed, or the gust speed
divided by 1.85, which is a gust factor typically used for wind comfort.
d. The GEM wind speed predicted for each test location on the model is
compared to the RWDI wind criteria (as listed below) to determine
pedestrian comfort while the gust speed is used for the wind safety
evaluation:

Sitting
Wind speeds up to 10 km/h (2.8m/s) Low wind speeds during which one can read a newspaper without
having it blown away. Recommended for outdoor cafes and other
amenity spaces that promote sitting.

Standing
Wind speeds up to 14 km/h (3.9m/s) Slightly higher wind speeds that are strong enough to rustle leaves.
These wind speeds are appropriate at major building entrances, bus
stops or other areas, such as a bench along a sidewalk, where
people may want to linger but not necessarily sit for extended
periods of time.

Walking
Wind speeds up to 19 km/h (5.3m/s) Winds that would lift leaves, move litter, hair and loose clothing.
Appropriate for sidewalks, intersections, plazas, parks or playing
fields where people are more likely to be active and receptive to
some wind activity.

Uncomfortable
Wind speeds greater than 19 km/h (5.3m/s) The effects of wind speeds at this level range from small trees
swaying and wind force being felt on the body to whole trees being
in motion and inconvenience being felt when walking. Winds of this
magnitude are considered a nuisance for most activities, but can be
acceptable depending upon the season and use of an area.
e. The percentage of time that the winds are predicted to fall within the wind
speed ranges for each comfort category. The percentage has been
rounded to the closest 5% to reflect the general public’s insensitivity to a
small change in wind speed. Wind conditions are considered acceptable
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f.

2.2.3.2

for sitting, standing or walking if the wind speeds are within their specified
ranges at least 80% of the time.
Using this criterion, each location has been given a comfort RATING on
the right side of the “COMFORT CATEGORY” section of the table.
Pedestrian activities other than the wind comfort category rating can still
take place in the area; however, the percentages of time that the wind will
be comfortable for other activities may be less than the desired 80%
criterion.

Other Criteria
Pedestrian Level Wind (PLW) Criteria put emphasis on strong wind conditions. It
also requires to have some other standards or criteria that would deal with the other
extreme conditions, namely that of calm wind situations which often lead to poor
ventilation. In the context of HK, one would consider criteria for both elevated levels
around buildings as well as pedestrian level.
The feasibility study of AVAS will include thermal comfort as one of the criteria.
Contextual indoor and outdoor human comfort data in Hong Kong rarely exist. An
expert judgment will be made based on researches conducted elsewhere with
conditions similar to the climatic & social conditions of Hong Kong. Some data
appropriation will have to be made. Limits to our 'expert' observation will be stated.

2.3 Research Examples in Details
2.3.1

LOCAL EXAMPLE 1: AIR FLOW AT AMOY GARDENS

2.3.1.1

Nature of project:
A CFD study of air, droplet, and dust flow in Amoy Gardens, focusing on Block E,
but also including the various neighboring buildings, Blocks A, B, C, D, F, G, & H of
Amoy Gardens; the Maryknoll Secondary School; and the Jordan Valley Senior
Citizens Residence development.

2.3.1.2

Status of the project:
Completed.

2.3.1.3

Relevance of the Project:
Soon after the SARS outbreak was recognized, questions were raised as to whether
the virus might be airborne or transmitted through air movement. To examine this
hypothesis, the project demonstrated a scientific approach to investigate the issue.
A series of CFD model simulations that consider the clustering and form of the
building blocks, the openings into the reentrant space, the surrounding wind
patterns, water vapor, and airborne particulate matter – especially, dust from the
neighboring construction site.
The outcomes of this investigation supplement the report of the Government of the
HKSAR, regarding the environmental aspects that contributed to the outbreak of
SARS in Amoy Gardens Block E .
The project aims are to contribute to the understanding of inter-flat movement of air
and water vapor as possible factors in disease spread, and to investigate the
potential of alternative designs to improve the ventilation of reentrant spaces.
If air movement contributes to the virus distribution, then an important question is
whether other housing blocks have configurations similar to Amoy Gardens Block E.
Could a similar set of conditions lead to an Amoy-style outbreak elsewhere? The
combination of factors is crucial to the development of the air flow pattern, and the
particular combination observed at Amoy Gardens is rare. Furthermore,
subsequent to the construction of Amoy Gardens, the building code regulating the
design of reentrant spaces has been revised to improve their ventilation.

2.3.1.4

Methodology of the project:
Sophisticated computational fluid dynamics (CFD) techniques were used to study
the complicated channel flow of the re-entrant area. Also, water vapor and
particulate matter were introduced to evaluate the pollutant dispersion pattern.
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Below are some of the key parameters for a high quality CFD model setting, it
servers as an excellent example on how to carry out an AVA using computational
approach:
Mathematical Models
The project selected the Reynolds Averaged Navier Stokes (RANS) equations and
the RNG k-e equations as the mathematical models for numerical simulation of air
flow. To describe the water vapor concentration, because the density of air and
water vapor are quite different, we use multi-phase concepts and consider the fluid
as a granular flow. The partial differential equations are discretized into algebraic
equations over the mesh system using the Finite Difference Method (FDM)
Mesh
The quality of the mesh is critical to the accuracy and stability of the numerical
simulation. In defining the model, it is important to focus computational resources
by using a finer mesh in areas of particular interest, and a coarser mesh in less
critical areas. The model focuses particular attention on Units 7 and 8 of Block E
and the reentrant space between them. The project team has used several
variations of a common base model to examine different aspects of the flow and to
test alternative scenarios. The number of discrete hexahedral cells in these models
ranges between 1.5 and 2.5 million. The maximum size ratio between adjacent
cells is 1.2. In all, the buildings occupy a volume of 167 x 134 x 119 meters. The
surrounding computational domain is 1800 x 1500 x 500 meters.
Iteration
To reduce computer round-off in the iterations, the project team used the doubleprecision (64-bit) version of the software.
Atmosphere and Terrain
The project team used an atmospheric boundary layer to describe the incoming flow.
The local terrain type is an urban area, for which we use a terrain factor exponent of
0.22. The thickness of the atmospheric boundary layer is 370 meters. The
prevailing wind, as measured at the nearest weather station (Kai Tak) and reported
by the Hong Kong Observatory for March 2003, was from the east-southeast (110º),
with an average speed of 3.61 meters per second at a height of 16 meters. The
turbulent intensity of the incoming flow is 10%.
To probe the effects of wind direction, we simulated winds from 110º, 95º, 66º, and
54º. These selections were influenced by the layout of the buildings.
The project team also simulated airborne particulate matter (APM), trying various
dust sources: between Block E and the construction site; above the construction site;
between Block E and the school.
2.3.1.5

Who initiated or requested the AVA
This is a special research study initiated by the Chinese University of Hong Kong.
The technical report has been submitted to the World Health Organization as one of
the supporting documents for their epidemiology study of Hong Kong’s SARS report.
The study also got quoted in the New England Journal of Medicine as an official
repertoire in medical field.

2.3.1.6

Major findings:
Because the secondary school and senior citizens residence development are
upwind of Amoy Gardens Block E, they affect its ventilation. Because the senior
citizens residence development was under construction at the time of the SARS
outbreak, it was modeled as a porous volume with 50% free area for air flow, and
also treated it as a source of dust.
It was found that wind alone was sufficient to produce a vertical air flow in the reentrant space, without relying on the thermal effects of warm exhaust air. A pressure
difference across the width of the re-entrant space was found tending to draw
exhaust air from Unit 7 into Unit 8. In addition, by modeling the array of buildings,
we found a “wind curtain” effect across the mouth of Block E’s re-entrant space that
impedes its ventilation, due to the narrow gap between Blocks E and F. Air flows
through the gap at relatively high speed and shears past the re-entrant space
without ventilating it (Figures 2.3.1.1, 2.3.1.2 & 2.3.1.3). Air within the re-entrant
space moves slowly with almost no exchange with the high-speed air. Finally, a
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retrofit scheme was devised to divert air into the re-entrant space to improve its
ventilation (Figure 2.3.1.4).

Figure 2.3.1.1: Wind curtain effect across the mouth of the re-entrant space in Block E, Amoy
Gardens. (Velocity vectors colored by magnitude, between 0 and 5 meters per second.)

Figure 2.3.1.2: Air flow through block and slow vertical flow within the reentrant space, Amoy
Gardens. (Path lines colored by particle ID)
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Figure 2.3.1.3: Virtual reality interface of computational fluid dynamics model, Amoy Gardens.

Figure 2.3.1.4: Installation of retrofit solution (“spoilers”) to improve ventilation of the reentrant space, Amoy Gardens. (Velocity vectors colored by magnitude, between 0 and 3
meters per second.)
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2.3.2

LOCAL EXAMPLE 2: TIN SHUI WAI AREAS 103 & 104

2.3.2.1

Nature of project:
CUHK has been commissioned by the Hong Kong Housing Department (HD), as the
environmental consultant for the project “Public Rental Housing Development at Tin
Shui Wai Area 103/104”. The proposed residential development consists of five
non-standard domestic blocks, a single storey retail block, and a carport block at
Area 103; and three non-standard domestic blocks at Area 104. The total site area
is approximately 6.8 hectares. CUHK adopted an integrated architecturalengineering recursive approach to study the wind environment, natural ventilation,
and daylight provision of the proposed residential development.

2.3.2.2

Status of the project:
The environmental consultancy has been completed.

2.3.2.3

Who initiated or requested the AVA:
The Housing Department

2.3.2.4

Methodology:
CUHK carried out detail and comprehensive environmental assessments on the
proposed residential development at Tin Shui Wai Area 103 and 104.
Computational Fluid Dynamics (CFD) was applied to examine and analyze the
external wind environment. The selection of mathematical models, mesh quality,
number of iterations, building topography geometric model, wind profile, and
atmosphere boundary layer were intended to produce accurate results within a
reasonable time frame.

2.3.2.5

Project approach / major modification:
The whole study was divided into two stages. Stage 1 was dedicated for the HD’s
BC submission. Stage 2 was targeted for the HD’s DDRP submission. The general
wind environment and daylight conditions are all within the comfortable range.
Several areas were identified for further enhancement, and specific
recommendations were also made for consideration.
The Stage 1 Study focused on the refinement of the master layout plans of both
Areas 103 and 104 during summer and winter periods (Figures 2.3.2.1, 2.3.2.2 and
2.3.2.3). The consultant recommended widening the distance between Blocks 1
and 2; recognized a wind corridor between Blocks 2 and 3 and a local eddy pattern
in the building gap between Block 3 and 4; refined the building geometry and
configuration of the supermarket complex, to enhance the wind environment during
the summer period. No extremely high-speed gust situation was identified during
the winter period. After the refinement of the Stage 1, the wind environment of the
master layout showed significant improvement in Stage 2.
For Stage 2, the consultant further investigated the detailed wind environment for
the landscape design. The wind environment was examined at different elevations,
1.5m, 4.5m, 75m, and 135m, in both summer and winter periods (Figure 2.3.2.4).
Both Area 103 and 104 showed generally comfortable wind environment. For Area
103, it was recommended to have central greenery landscape plaza to reduce the
direct solar radiation and further improve the thermal comfort for the outdoor activity.
For Area 104, a piece of curve wall located in the landscape garden and heavy
landscape on the site boundary were suggested to moderate the wind pattern during
winter period.
Performance matrix was formed for the evaluation of the ventilation performance of
typical short and long block designs, regarding three major directions, 45 degree, 90
degree and 135 degree. This helped to identify the preferable block design with
respect to wind directions based on the simulated conditions. The same approach
was applied for evaluating the ventilation performance of the typical domestic unit
designs, 1P-2P, 2P-3P (type 1), 2P-3P (type 2), 1B and 2B, with regard to three
major wind direction, -45 degree, 0 degree and +45 degree.
An extra service item was conducted to investigate the enhancement of airflow in
the flat unit using “wing wall”. Intensive computation simulation was carried out.
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The installation of wing wall was recommended at specific location of specific flat
units to improve the indoor airflow pattern. The block units, 1P/2P and 2P/3P (type
2), were simulated in two major directions, 45 degree and 90 degree. The
performance was evaluated based on the mean age of air (the freshness of air) and
airflow pattern. The block unit type 1P/2P showed a much better performance on
the mean age of air and airflow pattern after installing the 400mm “wing wall”
cantilevered from the facade between the kitchen and bathroom. The block unit
type 2P/3P (type 2) showed little improvement on the mean age of air and airflow
pattern with the “wing wall” installed.
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Figure 2.3.2.1: Tin Shui Wai Area 103, Summer, SE (130), 3.7m/s, wind flow particle trace
(3D perspective view).

Figure 2.3.2.2: Tin Shui Wai Area 103, Summer, SE (130), 3.7m/s, wind flow particle trace
(Plan view).
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Figure 2.3.2.3: Tin Shui Wai Area 104, Winter, E(080), 3.4m/s, wind flow particle trace (3D
perspective view).

Figure 2.3.2.4: The distribution of wind velocity of the master layout plan at 135m, Tin Shui
Wai Areas 103 & 104.
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2.3.3

LOCAL EXAMPLE 3: TSEUNG KWAN O AREA 86 DEVELOPMENT

2.3.3.1

Nature of project:
The Tseung Kwan O Area 86 (TKO 86) is located in the eastern part of TKO. The
development area is reclaimed from the sea and large enough to build about 50
high-rise residential towers accommodating an estimated population of about
58,000 people. Amid these towers are schools, shops and other facilities to support
this new development. In the vicinity is a closed landfill site, a sewage treatment
plant and a metal processing factory. The surrounding terrain is hilly on one side
and the sea on the other. MTRCL wished to examine the impact of wind
environmental effects on their project. This was part of a larger Environmental
Impact Assessment process. The project is a mixed use residential, school,
shopping complex which is meant to be a new community.

2.3.3.2

Status of the project:
The project is still ongoing.

2.3.3.3

Relevance of the project to AVAS:
The relevance to the AVA process is that the project clearly showed the need for a
study and the power of the wind tunnel approach in identifying and accurately
measuring the impact on air quality affected by nearby pollutant sources.
The relevance to the current undertaking stems from the need to identify projects
where a ventilation index could have been utilized to benefit the residents of the
project.

2.3.3.4

Development context:
The project consisted of about 50 towers which were re-configured a number of
times.

2.3.3.5

Who initiated or requested the AVA:
The project was initiated as part of an Environmental Impact Assessment. The
project was not initiated as an AVA, but was found to need that kind of activity in
order to improve livability.

2.3.3.6

Main purpose of conducting the AVA:
The study was conducted to complete required EIA activity.

2.3.3.7

Methodology and criteria used:
The problem has been studied by wind tunnel testing. The observer may ask what
happens to the fumes when the wind blows from the source to the development. As
it happens, the upwind hill had the effect of drawing the fumes in an up wind
direction which was very fortuitous (Figure 2.3.3.1).
The study included the use of smoke flow visualization techniques & detailed
concentration measurements taken on a detailed physical model of the project and
its surroundings.

2.3.3.8

Authority to vet the AVA:
MTRCL was the owner of the AVA, and EPD was the reviewing authority. The
study formed part of the EIA for planning application.

2.3.3.9

Discussion:
The study purpose was to prevent the contaminated exhaust air from the
neighboring factory (and other sources as identified) from affecting the air quality in
TKO Area 86 project. The photo (Figure 2.3.3.2) showed that the exhaust air could
in fact enter the project area even though the general air stream was in the opposite
direction. Furthermore the outcome of the study showed that even with this density
of housing it was possible to arrange the towers in such a manner that there was a
suitable flow of air passing through the project so that the reverse flow shown in the
picture would not occur (Figure 2.3.3.2). This would of course improve the general
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ventilation of the project from not just this source but from domestic sources found
within the project as well.
2.3.3.10 Major modifications to the project and improvement in air ventilation performance
made as a result of AVA:
AVA study resulted in re-massing the site. This is an extremely large development.
So much so that it can make a dramatic influence on the local movement of air. For
example, modeling shows how stagnant the wind has become on the lee side of the
development. This result led to a study of several massing schemes, that is, an
effort was made to arrange the towers in such a way as to allow enough air to pass
through the development and direct the fumes downwind. The suite of studies for
this development also required an examination of the pedestrian level wind which
was used to identify the best location for amenity areas on the project podium. As
well this provided an opportunity to resolve other wind related problems along
walkways and building entrances and bus stops, etc.
Numerous building configurations were examined with the worst-case configuration
shown in the picture (Figure 2.3.3.1). Most of the material pertaining to undesirable
configurations has been discarded.

Figure 2.3.3.1: Wind tunnel modeling, TKO 86.
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Figure 2.3.3.2: Fume flow visualization, TKO 86.
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2.3.4

OVERSEAS EXAMPLE 1: WEST INDIAN CLUB, GRAND CAYMAN ISLAND

2.3.4.1

Project title:
West Indian Club - Grand Cayman Island by RWDI Inc.

2.3.4.2

Nature of project / Development context:
This project consisted of 15 low-rise commercial and residential buildings on a
relatively flat development site, surrounded by dense trees, open water and
roadways (Figure 2.3.4.1).

2.3.4.3

Relevance of the project to AVAS:
Both pedestrian wind level environment and thermal comfort were studied.

2.3.4.4

Who initiated or requested the AVA:
Private sector.

2.3.4.5

Methodology and criteria used:
Wind tunnel test was used for the study. In the Cayman Islands, the annual
average daily high temperature is 31 degrees and the average relative humidity is
78%. This corresponds to a humidex level of 44 degrees, which falls within the
category where almost everyone are thermally uncomfortable. This humidex value
is the temperature pedestrians would feel as a result of the combination of air
temperature and humidity.
Due to a lack of long-term local meteorological records, a simplified version of the
existing RWDI thermal comfort model was used for this project. The widely-used
humidex model evaluates the combined thermal effect of air temperature and
humidity, and it has been upgraded through RWDI’s in-house research and
consulting with local residents to include the additional effect of wind speed and
solar radiation.
RWDI engineers and scientists have undertaken many studies of thermal comfort.
In many instances there is not sufficient data to enter into the traditional models.
Hence it is necessary for them to make engineering judgments as to the anticipated
level of impact or make an estimate of some of the input parameters. For example,
not all meteorological stations provide hourly data of wind speed, direction, humidity,
temperature etc. Hence where data is needed, appropriate estimates must be
made. The end result usually requires an expenditure of funds so the
understanding of the science helps make the best engineering estimates for the end
user. By asking the right questions to local inhabitants, the engineering estimates of
missing parameters can be determined to a greater degree.

2.3.4.6

Major modifications to the project and improvement in air ventilation performance
made as a result of AVA:
It was predicted that full solar radiation could increase the humidex level by about
10 degrees from that in a shaded area. As a result, pedestrians have to be in shade
to be thermally comfortable on a typical day in the Cayman Islands, which is
consistent with the observation of local residents. On the other hand, increased
wind speeds can effectively reduce the humidex level. For example, winds at 5
km/h would reduce the humidex level by 4 degrees, and winds at 10 km/h would
reduce the humidex level by 5.5 degrees. Thus, it is desirable to increase the wind
speeds within the proposed development, especially at locations where pedestrians
are more apt to linger.
The following solution concepts were examined through flow visualization and then
tested in the wind tunnel, after consulting with the design team.

Trees and planters were removed along the main pedestrian
passageways and in the east plaza in an effort to produce a clear
pathway for prevailing easterly winds to enter the development.

The end panels of the main canopy in the center of the pedestrian
passageway were raised in an attempt to catch easterly winds and
direct them towards grade level.

Wind scoops were modeled to harness wind from the east and direct
it to grade level.
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Two buildings were increased in height by 3 m to help direct wind
into the courtyard area.

A large parking structure was added to the north of the development
to help direct northeasterly winds into the development.

Trees and the gazebo on an island to the east of the development
were removed in order not to block the approaching prevailing
easterly winds.
These measures effectively increased the wind flow on the proposed
development and gave the design team guidance in design changes in
order to provide a more comfortable environment for pedestrians using the
proposed development.


2.3.4.7

Discussion
One of the results suggested removing some trees and planters along the main
pedestrian passageways to improve ventilation. The evapo-transpiration and
shading effect of trees have not been factored in, it is understood that it will lead to
exposing pedestrians to the heat of concrete pavement and loss of greenery. In fact,
the Caribbean Islands are blessed with the Trade Winds, which provide a very
constant and predictable strong wind. The trees had the negative effect of slowing
down the wind and reducing this positive effect. Notwithstanding the removal of
trees at carefully selected locations, shade structures remain plentiful, and there
remains a veritable forest around the development but not to the extent that the
pleasant breezes, especially at night, are diminished.

Figure 2.3.4.1: Wind tunnel model of the master layout plan of Grand Cayman Island.
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2.3.5

OVERSEAS EXAMPLE : TORONTO RAIL LANDS REDEVELOPMENT, CANADA

2.3.5.1

Nature of project / Development context:
The development area is called the Rail Lands West (Figures 2.3.5.1 and 2.3.5.2).
As it has a single owner, it is thus a separate entity which is located within a
development area about twice the size shown. This area has its own Official
Planning Amendment (OPA) and can be discussed separately. This development is
all residential while the remainder of the Rail Lands are devoted to the stadium,
convention centre, arena and then mixed commercial and residential and hotel
towers. The latter forms part of the Rail Lands East and are shown in Figures
2.3.5.3 and 2.3.5.4. Aside from the sports and convention facilities, those areas
remain dormant. The Toronto Railway Lands Redevelopment Project encompassed
88 hectares of land situated south of Front Street, north of the Gardiner Expressway
and west of Young Street and east of Bathurst Street in downtown Toronto. The
project included a major league stadium for the Toronto Blue Jays Baseball Team;
an arena for the Toronto Maple Leaf Hockey team and the Toronto Raptors
Basketball Team; an expansion to the Toronto Convention Centre; development
sites for 10 major commercial and hotel towers and originally about 60 high-rise
residential towers. This density was considered excessive and was eventually
reduced by approximately 25%.

2.3.5.2

Status of the project:
At this point in time, the developments are about two thirds complete.

2.3.5.3

Relevance of the project to AVAS:
This was not undertaken as an AVA but as part of environmental studies required by
an Official Plan Amendment for the site. This means that the Planning Department
initiated special bylaws for the developers to follow which was passed by the City
Council.

2.3.5.4

Who initiated or requested the AVA:
City of Toronto Planning Department

2.3.5.5

Main purpose of conducting the AVA:
General massing study helped to define best location of parks and schools etc. Also
pointed to areas of concern for residential areas. Following the massing studies and
finalization of the master plan then detailed studies where commissioned on each
building as it came forward for design.

2.3.5.6

Methodology:
Method was by wind tunnel study using Pedestrian level wind criteria provided and
ambient air quality criteria similar to that criteria which is available from the Hong
Kong Environmental Protection Department (EPD).
Besides the concern for the pedestrian level wind (PLW) environment there was
also a major concern about the local ambient air quality (AAQ) as the southern
boundary of the development is a major expressway located above a main arterial
road and through the northern part of the site passes the busiest rail corridor in
Canada with approximately 400 diesel locomotives a day. Figures 2.3.5.1 and
2.3.5.2 show two of the several scale models for a portion of the development area.
After a period of negotiation with the stakeholders a comprehensive Official Plan
Amendment was put in place that included an Environmental Agreement. The
Environmental Agreement required that comprehensive studies be conducted to
examine the impact of wind on people; noise on people; air quality; and snow
impacts on the operation of the rail corridor. In doing these assessments the effect
of wind and air pollution had to be examined from three points of view as follows:




The effects of wind and pollution on the proposed building;
The effect of the proposed building on its neighbors;
The effect of the neighbors on the proposed building.
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In addition, it was necessary to examine the pre-development conditions
with regards to air quality and wind effects. In this case this was minimal as
it was a former Rail marshalling yard for the City of Toronto. Next the
proposed building was examined with all approved buildings in place and
then with all future buildings in place. Thus a complete picture emerged as
to any potential impacts on the environment.
2.3.5.7

Criteria used:
The PLW criterion defined areas that were suitable for various activities such as
sitting, standing, walking and also identified areas that would be potentially
uncomfortable. When testing identified areas that were unsuitable for the intended
use then design changes were required. In addition, any area which was deemed to
be a potential hazardous was also identified.
For the AAQ study, the Provincial Standards were applied to concentration data
acquired in the wind tunnel. The sources of air contamination were from the rail
corridor, and vehicular traffic on the expressway and arterial and local roads. If
unsuitable air quality was found in areas around the development, mitigation was
introduced to improve the situation.

2.3.5.8

Major modifications to the project and improvement in air ventilation performance
made as a result of AVA:
Massing lead to many reconfiguration changes. However density changes were a
policy issue at the time. Many of the changes for detail design are focusing on the
placement of the day-care areas relative to the roadways, location of air intakes,
and balcony design.
This development was the largest single development area in Canada with about a
dozen groups involved in the land development. Two of these were proposing to
build the largest groupings of buildings and with a very high proposed density. This
concerned the Planning Department enough to require these planning studies. The
first phase of this exercise was to undergo massing studies of the master plan such
that an optimization of the building placement and geometries including height was
made. In addition, one of the key elements in the early studies was to locate the 5hectare park at an optimum location within the development. Pedestrian level wind
and air quality were important factors in the decision making process. These studies
commenced in 1985 and the process took a decade to complete. The massing of
the project varied significantly over time partly in response to changing market
drivers and partly due to the requested density. A compromise was reached and
construction started.
As mentioned, the environmental considerations were examined at the massing
level for the entire project area as defined by the Official Plan Amendment. This
proceeded even though building details would evolve over time. During the next
phase, as each building was brought forward for its detailed design with a request
for a development permit, a series of detailed studies were required as part of the
process to further refine the PLW and AQ component studies.
Many of the changes to the massing were more political than due to environmental
management. The massing itself was not critical in that a variety of massing
designs could work on this site. All schemes tested had their challenges with
extreme wind conditions. The initial design had many more towers which were
shorter and thus leading to a very high-density development at grade.
Later designs required the use of connected, low level podia on all development,
which lead to a boring streetscape. The final design saw fewer buildings, with a
lower floor area ratio (FAR) and more open space. These buildings are generally
higher, even though a height limit was imposed by the OPA on a site by site basis.
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Figure 2.3.5.1: Study model for wind tunnel test, Toronto, Canada

Figure 2.3.5.2: Study model for wind tunnel test (design intervention), Toronto, Canada
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Figure 2.3.5.3: A portion of the Railway Lands East Redevelopment area in Toronto with a
proposed building shown in red on the model.

Figure 2.3.5.4: Future building masses in blue & green that surround the proposed building
mass.
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Task 2
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3

TASK 2: DEVELOP APPROPRIATE APPROACHES & METHODS /
IDENTIFY PARAMETERS & DEVELOP INDICATORS

3.1 Task 2A: Brainstorming Workshop
3.1.1

SYNOPSIS
As part of the Study, the Consultant Team was required to conduct a Brainstorming
Workshop to present the consultant’s initial ideas of approaching the study and to
provide a common platform for views and experiences sharing from stakeholders who
would contribute to the study process. (For the list of participants please refer to
Appendix 2A.)
The Brainstorming Workshop, held on 17 December 2003, was well attended by
multi-stakeholder groups representing various professional organizations, business
groups, academic institutes, citizens groups and government agencies. The
discussion ranged over a large number of issues following both a prepared agenda
and the workshop discussion paper circulated to participants before the meeting (see
Appendix 2B) and the views of the participants. Written comments were further
received by the Planning Department after the workshop meeting (see Appendix 2A).
Comments received at the workshop and thereafter through written submissions
suggested notable support for the initiative to launch the Study and considerable
expression of interest for cooperation amongst the participants in the further steps in
the Study. The opinion in principle supports the study whose purpose is to ensure
that air ventilation aspects would be well accounted for during both planning and
development stages. An Air Ventilation Assessment System is considered beneficial
to the community and should be introduced to Hong Kong.

3.1.2

PRESENTATIONS
The presentations made by members of the Consultant Team during the
Brainstorming Workshop are summarized below:


Prof Essy BANIASSAD, CUHK Department of Architecture
As Project Co-Leader, Prof. Essy Baniassad’s opening address reiterated the
commitment and sense of responsibility felt by the team to be “entrusted” with a
project that has the potential to impact on the overall quality of life in Hong Kong.
The Brainstorming Workshop was seen as an occasion for the team to inform and
be informed by committed members through discussion and ideas sharing, while
concurrently respecting the diversity of the disciplines yet striving for a “unity of
approach”.



Mr Anthony Ng, Honorary Professor, CUHK Department of Architecture
Also a Project Co-leader, Mr. Anthony Ng presented the methodology for the
project developed by the team. The work would encompass desk-top studies of
the urban fabric including design-based investigations, identification of criteria
and standards related to health and comfort, and evaluation of available
assessment tools for air ventilation assessment systems while taking into account
local and overseas examples.
As part of the conceptual framework for the project, the idea of “urban
acupuncture” was presented equating the city to the body and the need for its full
understanding in order to intervene and improve “the natural flow” as a way to
improve the overall environment. This followed on the collective vision of the
project to make Hong Kong “an International City of World Prominence”.
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Ms Iris TAM, City Planning Consultants Ltd
Ms Iris Tam presented the historical background for the urban fabric development
of Hong Kong. The issue of urban densities, starting with old urban areas having
plot ratios from 7.5-10, and progressing through the first and second generation
new towns with densities of 5, to third generation new towns with densities of 7-8,
and to the present new urban areas with plot ratios of between 5-7.5.
Also discussed were elements of the urban fabric such as development site areas,
building layout, gaps between buildings, road width, air ventilation corridors,
podiums, and elevated structures thus giving an overview to the existing urban
fabric conditions of present day Hong Kong.



Prof T W WONG, CUHK Department of Community & Family Medicine
In terms of criteria and standards, Dr. Wong stressed that the approach to AVAS
will be from the angle of health. The Air Quality Objective (AQO) standards for
suspended/ambient level particulates, in particular N02 and PM10, at a number of
districts were shown to be consistently in excess and evidence strongly related
this to adverse affects on health. Given that Hong Kong would follow the
upcoming global trend in revising its AQO to more stringent levels, factors that
could reduce air pollutant concentrations - distance between buildings, traffic and
industrial sources, zoning, etc., as well as topographic and meteorological factors
needed to be considered.



Prof TSOU Jin-Yeu, CUHK Department of Architecture and Dr Anton E DAVIS,
Rowan Williams Davies & Irwin Inc. (RWDI)
Prof Tsou Jin-Yeu and Dr Anton Davies presented the current capabilities and
suitability of two main categories of assessment tools, namely simulation through
Computational Fluid Dynamics (CFD) and Wind Tunnel testing. The tools were
effective whether for district level studies as was demonstrated through a study in
Tung Chung to test wind movement around mountainous terrain and new
development, or at the local level as was shown in the Amoy Gardens World
Health Organization Study to see pollution dispersion. Overseas examples such
as Boston Central Artery Project were able to test concentrations of pollutants
while pedestrian level wind comfort was studied for a project in Las Vegas.
These tools, coupled with relevant and available data such as wind data from
Hong Kong Observatory, facilitated the simulation, calculation, and/or
visualization of air movement and other factors such as pollutant concentrations
within an impacted area enabling air ventilation assessment.

3.1.3

COMMENTS RECEIVED
On the whole, the comments received are in support of the Study to investigate into
the establishment of air ventilation assessment system to address the specific
environmental issues in the high-density urban context of Hong Kong. Comments
received from the brainstorming workshop and in the written submission subsequently
received could broadly be grouped into the following aspects:
KEY COMMENTS

3.1.3.1

Need for Air Ventilation Assessment System
There was general recognition of the importance of establishing an air ventilation
assessment system, which would be conducive to improving the quality of the urban
environment.
There was a high degree of consensus urging for more porous built form towards
enhancing the microclimate and fresh air intake to our built environment, especially at
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the street and podium levels taking into account the positive and negative wind
effects of adjacent developments. Air pollution in the context of urban canyons
(mostly narrow streets bound by a long row of high-rise buildings at both sides) was
by far the most crucial problem.
3.1.3.2

Study Approach
There was no explicit view as to how the Study should be approached technically.
The general views were for an approach that is different from indoor air quality
assessment and the normal outdoor air quality assessment. It should be an
approach that would examine a combination of factors such as air exchange rate,
flow path and direction (from clean source), use of air ventilation index, design
guidelines applicable at district level (wider area based) and local level (site specific)
etc.

3.1.3.3

Standards and Methodology
Objective, quantitative criteria for outdoor wind environment assessment should be
adopted. The guidelines developed in other countries may not be directly applicable
to the high density situation in Hong Kong. Seasonal effect on wind direction,
strength and temperature were also indicated as having important effect on natural
ventilation in outdoor environment.
The terminologies such as “health” and “comfort” should be further defined. Health
and comfort are related but expectations on health level and comfort level are
different. Comfort may affect health and comfort level also depends on activities and
other thermal factors. Health impacts of pollution in specific local areas were noted
as a major concern.
As air ventilation and health/comfort levels are affected by multiple variables, some
indicated that single index might not be sufficient e.g. higher ventilation (following an
air exchange rate) could bring in more fresh air or conversely pollutants (which then
need to be governed by another pollutant index). Improvement in one area may
result in worsening of an adjoining area.
Some suggested air exchange levels and pollutants levels as possible criteria. There
were also suggestions for reference to be made to indoor ventilation assessment
systems, which already has well defined criteria and standards.
Some noted that in the urban environment, new developments would inevitably have
effects, positive or negative, on the wind environment on its adjacent neighbourhood
and on the larger district. An assessment system should try to take into account such
local level air/wind environment to avoid over-generalisation.
Two methods for assessment, namely using a Boundary Layer Wind Tunnel and
using Computational Fluid Dynamics (CFD), have been discussed. Some raised
concern on the reliability of using CFD alone. Some viewed that the two methods
were not exclusive and could be combined to validate each other.
It was raised that fine-scale meteorological models, such as the PATH model
(developed by EPD), might be used to simulate surrogate data where wind
measurements are not available. It was further clarified that wind simulation at
particular locations when averaged over a relatively long period (say a year) may
provide useful wind statistics to guide air ventilation studies. However, at this stage,
there is insufficient model output data from PATH that cover a period long enough for
the AVAS. Hence, the PATH model may be used in the Study but wind simulation
data is not readily available.

3.1.3.4

Focus of the Study
Comments indicated that the Study should be focused, specifically, on the
heath/comfort issues in relation to local pollutants and wind environment.
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The issue of SARS was considered to be beyond the scope of the Study. Whether
SARS is airborne or not is also not important for this Study because there are many
other air-borne diseases and the issue of air pollutants would always remain
irrespective of the SARS issue. The current air quality control only focuses on
pollution sources etc. vehicles, rather than dispersion of pollutants from the high-rise
urban environment.
A few mentioned that pollutants do not recognize boundaries and the pollution from
Pearl River Delta would also be a valid issue. It was acknowledged however, that the
issue is beyond the scope of the current Study.
3.1.3.5

Implementation Mechanisms
The initial proposal to develop the implementation at two levels, namely District Level
and Local Level, are supported. Some comments stressed that it is of utmost
importance to implant the system in town plans (i.e. at the district level) prepared by
Government with the designation of ventilation corridors, green open spaces and
water features etc. Development proposals that would deviate from the town plans
should demonstrate compliance with the air ventilation criteria.
Some cautioned that prior to considering implementation of any new assessment
systems, current policies, standards and requirements should first be reviewed to
ascertain inadequacies in the existing system as a yardstick for determining the social
and economic costs of new systems.
Whether AVAS should be implemented on a mandatory or an advisory basis has
been raised. Many opined that the system should be an enhancement and facilitating
tool to allow freedom in design ideas rather than a pure regulating tool, at least, in the
initial stage.
Some suggested that an important constraining factor for implementing AVAS is its
cost implications, hence, AVAS should best be driven by incentives (e.g. bonus plot
ratio) rather than restrictions, this could better encourage design flexibility and
creativity. Other limitations in implementing AVAS were identified as assessment
lead time, accuracy of data and validation process.
With regard to which project should be subject to AVAS, some indicated that multiple
factors are to be considered, these may include development footprint, site coverage,
height and distance relative to adjoining buildings, site area and land use etc. It was
also suggested that whether a project should be subject to AVAS should not be
determined on one single factor, the above mentioned parameters should be
weighted to come out with an overall rating. There should also be sufficient
consultation when devising these threshold factor / ratings.

3.1.3.6

Density
Some contended that a high density city would be more vulnerable to air-borne
diseases. However, a counter-argument was that Hong Kong has benefited from
high density development and supported the notion that high density equates to high
performance.
It was also mentioned that a recent desk-top density study by private practitioners did
not seem to indicate any direct correlation between SARS and density. However,
more SARS data would be required to draw more scientific conclusion and to support
that better ventilation could reduce SARS.

3.1.3.7

Community’s Perception
A new paradigm towards higher emphasis on air ventilation and related issues, such
as quality of the external and living environment, should be cultivated amongst the
general public. That is, there would be a price tag for a healthier environment that the
community has to bear.
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The subject matter of the Study is highly technical; the community’s perception of the
value of the air ventilation assessment system should be enhanced by using layman
term / messages that could be more easily understandable. The messages would
need to be translated into “social language”. The benefits and costs of the system
should best be quantifiable, say in monetary terms.
3.1.3.8

Lack of Baseline Wind Data & Local Research
While it was stated that Hong Kong has a very high number of weather stations
compared to the small area of the Territory, many still shared the view that there was
generally a lack of basic wind database for key districts in Hong Kong for use by the
practitioners. There were recommendations for improving the situation while noting
the potential cost implications.
There was suggestion that the Government should collect, store and administer a
data system on prevailing winds and broad order of wind potentials. These readily
available data would reduce the cost of implementing AVAS and would facilitate the
promotion of “sustainable building design” and “high environmental performance” of
our city.
The resultant research and demonstration will potentially advance research and
practices in the same field for other high-density cities in the region.
OTHER COMMENTS

3.1.3.9

Air Ventilation Assessment as Urban Acupuncture
The Consultant’s notion of the city as a living organism and air ventilation assessment
as “urban acupuncture” to restore the natural balance in the organism / city was
discussed as an interesting analogy. It was however, pointed out that something
must be admitted wrong, and the organism must be diagnosed as being in imbalance
and seeks help, before acupuncture could be applied to restore it. In this regard, a
baseline study may be required to establish the “health level” of the City.

3.1.3.10 Urban Design
Some comments indicated the need to promote urban design to improve air
ventilation e.g. to integrate more trees and water elements in major breezeways for
further enhancing the microclimate, widening of pedestrian roads and streets,
reducing building footprint, lower building height etc. Other strategies covering
aspects such as traffic control, public transport policies, pedestrianisation, greening,
open space provision etc. should also be considered.
Given the high-rise nature of HK’s urban environment, comments highlighted that
urban design need to be based on a “three-dimensional approach” (taking into
account the layout of massing, height, permeability, etc. of the built environment 3dimensionally).
3.1.3.11 Coordination between Government Departments
Some comments indicated that for optimizing the effectiveness of any new
assessment system in air ventilation, it is necessary to have better coordination and
concerted effort between the concerned government departments to streamline
procedures in the development process.
3.1.3.12 Interface with Similar Studies / Methodologies
It was noted that the HK-BEAM Society has developed the “Hong Kong Building
Environmental Assessment Method” which has been readily acceptable by the
building industry in terms of cost and other practical concern. Reference could be
drawn from this method.
The Study Team was asked to bear in mind the probable interface with Buildings
Department’s consultancy study - CEPAS (Comprehensive Environmental
Performance Assessment Scheme).
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3.1.4

CONCLUDING REMARKS

3.1.4.1

Support for the Study
There was general agreement about the importance of the project and its potential
contribution to creating better environment and improving quality of life in HK. Overall,
the direction of the Study was generally supported.

3.1.4.2

Parameters for the Study
“Health” and “human comfort” were specifically noted as two important parameters in
the definition of better air ventilation and would require further consideration in the
Study. Extreme-high density is also noted as an issue of potential concern identified
for specific examination for its impact on environmental degradation.

3.1.4.3

Study Approach
There is general support for a combination of as assessment methodologies. Air
ventilation assessments based on observation (use of Boundary Layer Wind Tunnel)
and simulation (based on Computational Fluid Dynamics); and a two-tier approach "district" and "local" level assessments is generally supported. The development of
general design guidelines for good planning and practice is considered essential.

3.1.4.4

Implementation
Interface with other existing and future regulations and ordinances and how to coordinate and integrate air ventilation assessments into the existing procedures need
to be further examined. There was strong urge for efforts not to create more
"obstacles" but to “facilitate”. There should also be emphasis on sustainability of
developments and the importance of far-sighted approach when developing any new
guidelines and regulations.

3.1.4.5

Community Acceptance
There was emphasis that any new assessment systems should be "down to earth"
and "practical”. To gain community support, it should also be presented in simple
non-technical layman language.
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3.2 Criteria of Wind and Ventilation for Healthy Living
3.2.1

WIND FOR THERMAL COMFORT OF INHABITANTS OF THE CITY
(For Technical Details, refer to Appendix 3A at the rear of this report.)

3.2.1.1 The subtropical climate of Hong Kong has resulted in a significant amount of energy
use for comfort cooling in summer. The situation is getting worse because of the
widespread use of household air-conditioners in high-rise residential buildings in the
last two decades. To improve the situation, it is believed that thermal comfort has to
be made an important agenda in building design.
3.2.1.2 Hong Kong’s cityscape is determined by the high-rise building blocks which are built
very closely together with limited space in-between. The compact high-rise
enclosures require an enormous amount of energy to nurture, and among all kinds
of energy end-uses, space cooling is the single largest consuming item. Energy use
for space conditioning in the commercial sector remained at about 50% of total
energy consumption of the sector in the last twenty years, whereas cooling energy
used in the residential sector climbed steadily from about one-tenth of total energy
consumption of the sector in 1984 to about a quarter in 2001. The excessive growth
of energy use in the residential sector no doubt resulted from the widespread use of
household air-conditioners in the last two decades and the situation should not be
overlooked. It is clear that thermal comfort has to be made an agenda in building
design in Hong Kong, especially for high-rise residential buildings.
3.2.1.3 As thermal comfort is concerned, American Standard of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) Standard 55-92: Thermal Environmental
Conditions for Human Occupancy is the most frequently cited guidelines in building
industries around the world. According to Brager (Fellow of ASHRAE), the standard
was originally limited to HVAC (Heating, Ventilation & Air-Conditioning) operation in
buildings with full climatic controls. However, in the absence of any credible
alternative, it is applied universally across all building types, climates and
populations. Nevertheless, evidence from field-studies of thermal comfort all over
the world cast doubt upon the application of the standard to variable environments,
and there is a growing controversy as to the influence of human adaptation in our
understanding of environmental perception.
3.2.1.4 An adaptive model will be included in the new revision of ASHRAE Standard 55-2004.
This provides the basis of this study. Our study demonstrates that, indoor natural
ventilation to airspeed of about 1.0 – 1.5 m/s would likely satisfy the thermal comfort
requirement of 80% of occupants under hot summer periods in Hong Kong. Recently
researches by Prof Givoni also indicate that RH has no effect to thermal comfort
especially in high humidity conditions (60-90%). Based on the comfort temperature
chart (Figure 3.2.1.1), under an airspeed of about 0.3m/s, one would expect that
people will find the indoor environment too hot in summer whereas acceptable in
winter. However, when airspeed is increased to about 1 m/s, the upper comfort
temperature limit is increased by about one degree Celsius and the comfort range just
covers the maximum outdoor air temperature in hot summer. When airspeed is
increased to about 1.5 m/s, the upper comfort temperature limit is further moved up
1.5 degrees to about 33.5 degree Celsius and the predicted comfort range far above
the maximum outdoor air temperature. The result of this study suggested that indoor
natural ventilation to airspeed of about 1.0 – 1.5 m/s would likely satisfy the thermal
comfort requirement of 80% of occupants under hot summer periods in Hong Kong.
3.2.1.5 The adaptive model developed in this study was based on selected observations from
ASHRAE project RP-884 database. Although the samples include twenty-seven
buildings from thirteen locations, only a limited number of them have the
characteristic hot and humid climate like Hong Kong. Furthermore, the model was
built on a number of presumed values of comfort parameters, such as clothing
insulation, metabolism, airspeed, and relative humidity. Therefore, it has its own
limitations. The adaptive model developed in this study is all we could obtain on the
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basis of current available knowledge in the area. To improve the accuracy of this
model, further research in thermal comfort in naturally ventilated buildings in Hong
Kong is essential.

Figure 3.2.1.1: Comfort temperature chart for naturally ventilated buildings in Hong Kong.
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3.2.2

WIND FOR PEDESTRIAN AND OUTDOOR COMFORT
(For Technical Details, refer to Appendix 3B at the rear of this report.)

3.2.2.1 The thermal conditions encountered in outdoor urban space are a major determinant
of the patterns of usage of the space. For better urban planning, the issue of
outdoor comfort should be highlighted.
3.2.2.2 Thermal comfort has been the subject of research for more than a hundred years.
One of the earliest studies of thermal comfort was on the thermal stress of miners in
Britain. Later in the 1920s researchers developed the first thermal comfort scales
“effective temperature”. Other scales such as “wet-bulb globe thermometer index”
and “equatorial comfort index” appeared in the 1950s. In the 1970s, the widely used
comfort equations of “predicted mean vote” (PMV) and “predicted percentage
dissatisfied” (PPD) was developed. Finally, in the late-1990s, the “adaptive model”
of thermal comfort was developed, which serves as the basis of the new revision of
ASHRAE Standard 55-2004.
3.2.2.3 Thermal comfort in outdoor settings has received little attention. In the absence of
empirical thermal comfort studies and models directly relevant to outdoor situations,
there has been an assumption that the conventional theory of thermal comfort
developed for indoor applications can be generalized to outdoor settings without
modification, but this approach has been proved inappropriate. For outdoors, people
expect different climatic conditions and usually dress differently, according to the
prevailing weather conditions. In addition, people outdoors may be exposed to
intense solar radiation and winds, which will modify greatly their response towards
the environment. Owing to the rich experiences and expectations of people
outdoors, it is hypothesized that the acceptable comfort range of outdoor urban
spaces should be wider than that of the indoor context. Outdoor thermal comfort has
been gaining awareness in the field, a diversity of studies including field survey,
wind tunnel experiment and computer simulation have been conducted in the past
decade. Appendix 3B summarizes an extensive literature review on outdoor comfort
studies. Furthermore, it attempts to base some of its findings on these studies to
develop certain guidelines of pedestrian comfort for urban Hong Kong.
3.2.2.4 Pedestrian comfort involves three (3) primary components: the mechanical force of
wind, wind chill effect, and the body’s thermal comfort. If any combination of these
“comfort components” is not satisfied to a particular level, then pedestrians will not be
comfortable. The studies of wind force suggested that a wind speed of 5 m/s is the
onset of discomfort and wind speed greater than 10 m/s would cause serious effects.
The consideration of wind chill effect is not applicable in Hong Kong as temperature
less than 10 oC rarely occurs in Hong Kong, even in the coldest months. Urban wind
speeds ranging from 1.0 to 2.0 m/s are required for securing comfort in shade on
typical clear sunny days in Hong Kong during summer. For area exposed to sun or in
a different level of shadings, higher wind speeds, limited to 5 m/s, would be expected.
Recent researches by Professor Givoni indicate that in conditions of high RH, the
effects of changing RH, say from 70 to 85% has negligible effect on thermal comfort.
3.2.2.5 The comfort outdoor temperature chart for Hong Kong (Figure 3.2.2.1) provides a
rough prediction of comfort wind speed at various combinations of air temperature
and solar radiation. It is demonstrated that urban wind speeds ranging from 1.0 to
2.0 m/s were recommended for pedestrian comfort in shade on typical clear sunny
days in summer Hong Kong. The chart was developed based on the field
experiments overseas. It is expected that the contrasting climates and cultures
between the case study sites and Hong Kong would lead to discrepancies between
real perception and model prediction. Although there is no outdoor comfort data of
Hong Kong for calibration, the prediction generally agrees with some of its
preceding counterparts. To fill the current knowledge gap, further research on urban
thermal comfort in our city is urgently required.
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Figure 3.2.2.1: Comfort outdoor temperature chart for Hong Kong.
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3.2.3

AIR POLLUTION AND DISPERSION
(For Technical Details, refer to Appendix 3C at the rear of this report.)

3.2.3.1 Air pollution may be defined as the presence of substances in air at concentration,
durations and frequencies that may adversely affect human health, human welfare
or the environment.
3.2.3.2 Recent medical research in Hong Kong has indicated that, “although there is clear
evidence for the harm caused by Respiratory Suspended Particle RSP (PM10, O3
and SO2), in this sub-tropical city environmental controls must take account of the
fact that oxidant pollutants and their sources may also be as important.” (Wong et al
2001) The Air Pollution Control (Fuel Restriction) Regulations 1990 effectively
decreased the ambient concentrations of sulphur dioxide (SO2) by over 80% in
many polluted districts. However, by 1997, nitrogen dioxide (NO2) and RSP
(respirable suspended particulates) still from time to time exceed the air quality
objectives (AQOs) (Appendix 3J) at 6 out of 9 air quality monitoring stations. Due to
the efforts of EPD, this is slowly under better control. Measures and efforts are still
needed to improve the situation. Fundamentally, air pollution should best be tackled
at the source of pollution. Reducing emissions and limiting trans-boundary pollution
are two common methods used in many countries in Europe to improve air quality.
3.2.3.3 Appropriate emission and facility controls, and proper road planning, mean that air
pollution in Hong Kong is less serious than most other Asian cities. Fundamentally,
EPD’s AQO should be used as a generic pollution criterion. EPD also has
guidelines for designers to model the impact of major roads, major facilities and
possible pollution sources so as to inform designs. They should be used in the early
stages of the design process strategically – Air quality modeling methodology of
Gaussian type and designed for use in simple terrain under uniform wind flow is
available and has been defined by EPD. These models are commonly employed in
regulatory applications such as application for specified process licenses and
environmental impact assessments (EIAs). Hence, it may be used for designated
projects requiring an Environmental Permit. The models are mainly used for studies
of industrial facilities, energy production facilities, major roads and other major air
polluters.
3.2.3.4 Beyond the roads and major pollution sources, the proper design of our urban spaces
is important to create a quality living environment. However, the models (mentioned
in 3.2.3.3 above) may not apply to “smaller scale” urban morphological designs that
also affect the efficacy of pollution dispersion. For example, the models, in
themselves, could do little to predict the effects of a line of closely packed ultra highrise buildings along the waterfront blocking all major wind circulation to its rear
creating localized stagnant zones for pollutants.
3.2.3.5 EPD’s AQO is used as generic pollution criteria. Converting this requirement into
“criteria of wind for pollution dispersion” at an urban scale is not straightforward and,
because this depends on the urban morphology of the circumstances, generic
principles are almost scientifically impossible. Therefore, the criteria for wind could
only be contextually based on conditions of Hong Kong – canyon and high-rise
buildings with normally packed streets. Some mathematical models used in Europe
predict that: a light breeze and air movement achievable at ground level of say 0.5
to 1 m/s may be effective for different kinds of pollutants, save some stagnant and
problem areas. This is likely to be a simplified figure. It only serves to demonstrate
a positive relationship between wind speed and pollution dispersion. For the unique
conditions of Hong Kong, further researches are needed. Higher wind speed is
better; some researches overseas put this at 2-6 m/s. In general, based on expert
opinion of the team, one might indicate at present that, for Hong Kong, “a steady
wind speed at pedestrian level of the order of at least 1 m/s in the direction parallel
to the canyon or similarly towards the free air should in general be reasonable for
diluting and dispersing pollution expected in streets and canyons.” [An assumption
of the incoming air being of better quality is made.] The above roof wind speed to
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result in this 1m/s pedestrian level wind will have to be higher, and will depend on
the urban geometry. For case studies, detail study of stagnant zones of more
complex geometry, wind tunnel could be used.
3.2.3.6 A limit of this study is that it does not deal with pollutants from some human activities:
restaurant exhausts, ventilation outlets of Public Transport Interchange (PTI), and
exhausts from domestic kitchens. Given the high density layout of the city and their
close proximity with each other, the study team opines that they be tackled at
source, and not to burden the available wind to disperse them. Guidelines on how
and what should be discharged should be made in the future if not already stated.

3.2.4
3.2.4.1

WIND GUST
Wind gust has been a main issue of design for pedestrian comfort in many cities.
The main idea has been to reduce wind speed at ground level caused by the
surrounding buildings.

Table 3.2.4.1: Effects of wind force – Beaufort Scale
Beaufort no.
Speed (m/s)
Effects
0,1
0.0 – 1.5
Calm, no noticeable wind
2
1.6 – 3.3
Wind felt on face
3
3.4 – 5.4
Wind extends light flag
Hair is disturbed
Clothing flaps
4
5.5 – 7.9
Raises dust, dry soil and loose paper
Hair disarrange
5
8.0 – 10.7
Force of wind felt on body
Drifting snow becomes airborne
Limit of agreeable wind on land
6
10.8 – 13.8
Umbrellas used with difficulty
Hair blown straight
Difficult to walk steadily
Wind noise on ears unpleasant
Windborne snow above head height
(blizzard)
7
13.9 – 17.1
Inconvenience felt when walking
8
17.2 – 20.7
Generally impedes progress
Great difficulty with balance in gusts
9
20.8 – 24.4
People blown over by gusts
3.2.4.2

These criteria deal with both pedestrian safety and comfort as it relates to the force
of the wind. Thermal effects (e.g., temperature, humidity, sun/shade, etc.) are not
considered in these comfort criteria. (Table 3.2.4.1) Gust speeds over a short period
are critical in some circumstances, particularly where winds are very strong and
pedestrians’ footing and balance are involved. The mean wind speed can also affect
pedestrian comfort in areas such as an outdoor café. The combined effect of mean
and gust speeds can be quantified by a Gust Equivalent Mean (GEM) speed. GEM
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is the greater of either the mean speed or the gust speed divided by 1.85, which is a
gust factor typically used for wind comfort.
3.2.4.3

Safety is also considered by the criteria. Gust speeds in excess of 88 km/h can
adversely affect a pedestrian’s balance and footing, and could be dangerous.

3.2.4.4

In general, for outdoor spaces, wind speed of more than 5-8 m/s should be avoided,
as they will affect the pedestrian comfort and cause nastiness. The guidelines
represent average wind tolerance. Regional differences in wind climate and
variations in age, health, clothing, etc. can affect people’s perception of the wind
climate. For example, on very hot days, higher winds can be tolerated because the
cooling effect of the wind would be considered pleasant. On colder days, people’s
tolerance of wind would be reduced, especially if they are unprepared or without
appropriate clothing.

3.2.5

KEY FINDINGS

3.2.5.1 Indoor natural ventilation to airspeed of about 1 m/s over the body would satisfy the
thermal comfort requirement of 80% of occupants under hot summer period in Hong
Kong. This wind for comfort could be achieved by (A) ensuring that wind (in term of
pressure difference) is available at the façades of the building; (B) the room having
correctly sized and positioned windows, and it is highly probable that windows on
different façade are needed to facilitate cross ventilation in order to achieve the
desirable wind speed over the body of the occupant. Therefore, to achieve say 1
m/s indoor, the wind speed at the window would likely have to be close to 3 – 5 m/s,
and two windows for cross ventilation are needed. An indoor air movement of 1m/s
is almost impossible for rooms with single sided façade and window.
3.2.5.2 Urban wind speeds of 1.5 m/s are recommended for pedestrian comfort in shade on
typical clear sunny days Hong Kong during summer. To alleviate wind discomfort, high
wind gust, too much variation and wind turbulence should be avoided. To achieve
outdoor thermal comfort in hot and humid tropical Hong Kong, greenery, trees, water
features and shades are far more effective as they help to dampen down the effects of
solar radiation.
3.2.5.3 EPD has defined the AQO for Hong Kong. This must be the fundamental
performance objective to achieve. Air pollution due to pollution sources at the
mesoscale is well understood and could be simulated using various well-defined
techniques. For more localized urban conditions, especially in some urban canyon
forms, it is almost impossible to devise simple wind objectives (say in terms of wind
speed, geometrical proportions, and so on) to guide design. Hence, designs will
normally have to be studied on a case-by-case basis. Software exists to guide. In
general, preventing stagnant zones and encouraging the vertical upward movement
of air are good approaches. Based on assumptions and some simple models
adopted from Europe, the model suggests that air pollution at ground level could be
reasonably dispersed most of the time if the air movement at ground level is 0.5 m/s
to 1 m/s or above. Further detail studies are still needed for conditions of Hong
Kong. But in general, the probability of dispersion is better if the wind speed is
higher.
3.2.5.4 In a nutshell (an optimal minimum performance condition)
1.
2.
3.
4.

Wind for indoor air comfort
indoor
Wind for outdoor air comfort
walking
Wind for pollution dispersion
parallel to canyons
Wind gust

≈1 m/s

over occupant body sitting

≈1.5 m/s

when in shade, sitting or

>1 m/s

at ground level in and

< 5 m/s

when walking
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3.2.5.5

The study has established, based on current knowledge, the criteria of wind for
indoor thermal comfort, outdoor thermal comfort and pollution dispersion for Hong
Kong. It can be noted that, in the order of difficulties, wind for pollution dispersion
appears to be the easiest to achieve. Wind for outdoor comfort is next in difficulty.
And wind for indoor comfort is the most difficult.

3.2.5.6 Wind for indoor air comfort is difficult to achieve for a number of reasons. Firstly, it has to
do with the magnitude involved. An air speed of 1 m/s over the body would require that
cross ventilation be available to the space. This means windows on two opposing sides
of the room in order to create a large enough pressure difference for air movement.
(Appendix 3N) Given a reasonable room depth and furnishing (resistance of air through
the interior space), and an assumption of each of the windows at a size of about 20% of
room area (one of them on the windward façade), the external wind speed coming to
the building horizontally will have to be around 5 m/s. This wind speed is almost
impossible to be encountered in day-to-day urban life at lower levels, save a few windy
spots unobstructed.
3.2.5.7 In addition, designing for air through the window is a matter of detailed architectural
design. The Buildings Department (BD) under the Building Regulations stipulates
requirements of windows for ventilation, e.g. window opening equivalent to 1/16th of
room floor area for some rooms. This is the minimum standard under the current
building regulations. To activate an air assessment system for additional
consideration of indoor health and comfort will require close working between PlanD
and BD. PlanD’s role being one to ensure that wind of sufficient strength and quality
arrives at the building façade. BD’s role being one to ensure that the building is
designed properly so that air could move through it for the benefit of the occupants
for a standard BD feels reasonable under the Building (Planning) Regulation. (Table
3.2.5.1) A quality living environment beyond the absolute minimum will depend on
the coordinated works of the two departments, and the desire of the general public.
Table 3.2.5.1 Efforts of government departments needed to activate an air
ventilation assessment
Performance Criteria
Government departments
Wind for indoor air comfort
Planning Department
Buildings Department
Wind for outdoor air comfort
Planning Department
Buildings Department
Transport Department
Highway Department
Wind for pollution dispersion
Environmental Protection Department
Electrical and Mechanical Services
Department
Planning Department
Buildings Department
Transport Department
Highway Department
3.2.5.8

Pollution problems (emissions) could mainly be dealt with by EPD and EMSD.
PlanD’s role is to ensure that urban pollution is not accumulated in the urban fabric
due to stagnant air. This could be achieved by design. (See later parts of this
report). The criterion for wind, based on using a European prediction model
suggests a peripheral indication of an air speed of about 1 m/s to assist pollution
dispersion from a spot to the ambient environment. The assumption is that with this
wind speed, the probability of effective dispersion may be reasonable save some
special conditions, and pollutants have a good chance of being transported away
from the system. Nevertheless, further researches are needed to ensure that the
model used still be appropriated more precisely.
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3.2.5.9

The air speed needed for pollution dispersion could be lower than the requirements
for outdoor thermal comfort in the summer. This has to do with the hot and humid
weather conditions of Hong Kong that demand higher air speed for comfort. Hence
by tackling outdoor comfort requirements, one could embrace the likely
requirements of wind for pollution dispersion, save a few special conditions and
circumstances.

3.2.5.10 Outdoor thermal comfort is a pre-requisite of a quality built environment. A
requirement for comfort in our hot and humid tropical climate is air movement. How
the city is laid out, built and zoned affects the air. PlanD is a custodian of this very
important measure of the environment while other departments such as Transport
Department, Highways Department and EPD are also players during the preparation
of town plans.
3.2.5.11 For PlanD, one would suggest that aiming for wind for outdoor thermal comfort is a
reasonable goal to begin the AVAS with.

3.3 Fundamentals: Wind and the Built Environment related to Hong
Kong
3.3.1

FUNDAMENTALS OF URBAN WIND FLOW AND CIRCUMSTANCE OF HONG
KONG

3.3.1.1 Summary
3.3.1.1.1

This section will equip readers with some basic understanding of wind science
relevant to the problems and conditions of Hong Kong.

3.3.1.1.2

The urban wind field of Hong Kong could generally be classified as “city with high
buildings”. The boundary layer (wind conditions at different heights above ground)
could be estimated if the free stream wind speed or the ground wind speed of a
nearby metrological station is known. This information could then be used for
detailed wind tunnel and perhaps CFD studies. High density and large buildings
are characteristics of urban Hong Kong, hence two branches of wind science
could be shared to understand the wind environment in the city: Urban Canyons
and Wind Breaks.

3.3.1.1.3

Urban Canyons describe the conditions of say a long street with tall buildings on
both sides. The wind conditions in the canyon are highly complicated. The section
recommends that it is beneficial to line the main streets parallel and slightly
oblique to the prevailing wind. Deep urban canyons should be avoided, and when
this cannot be eliminated, varying the buildings heights and increasing the
permeability are two remedies. Active efforts like introducing wind chimneys could
also be considered. The important thing is to encourage the “vertical” flow of air
out of the canyon.

3.3.1.1.4

Windbreaks describe the effects of tall and wide buildings blocking the incoming
wind from buildings at their back. In Hong Kong, this creates undesirable effects.
This section concludes that large and wide blocks of buildings at the windward
side should be avoided. Suitable gaps and permeability should be designed into
the site and district layout to ensure that wind is not unnecessarily blocked. The
use of breezeways and open spaces properly located and orientated increase the
permeability of the area and are in line with this way of thinking.

3.3.1.1.5

In addition, the effects of landscape in open space are discussed. The section
recommends that tree planting, although may slow down the wind, has beneficial
effects towards outdoor thermal comfort and ambience of pedestrians. This paper
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also concludes that a quality outdoor environment needs an integrative approach
and wind is only a component.

3.3.1.2

The Wind Field

Figure 3.3.1.1: The urban canopy and boundary layer over cities (Oke 1987).
3.3.1.2.1

With reference to Givoni (Givoni1998), the following could be quoted:
When wind flowing over an open area approaches the boundaries of the builtup urban area, it encounters a higher ‘roughness’ of the surface, created by
the buildings. The increased resistance reduces the wind flow at the level of
the urban canopy.

3.3.1.2.2

Thus the urban wind field is characterized by a lower average speed but higher speed
variations and turbulence, as compared with the wind flow over open country. In this
way a transitional zone is created between the ground and the undisturbed wind flow
over the urban air dome – the “urban boundary layer”. This layer is subdivided into 2
sub-zones, especially when the buildings are of the same approximate heights. Within
the canopy the wind speed is very low with small variations with height changes.
Above the canyon there is a sharp increase in the wind speed until the top of the
boundary layer. (Landsberg 1981) (Munn 1970) The urban morphology of the city
determines the characteristics of the in-urban canyon air flow. The following four (4)
urban parameters are known to affect urban in-canopy wind:
1.
2.
3.
4.

The overall density of the urban area
Size and height of the individual buildings; existence of high rise buildings
Orientation of the streets related to the wind
Availability, size distribution, and design details of open spaces

3.3.1.2.3

Apart from the wind arriving at the city meteorologically, another important physical
phenomenon governing the physical characteristics of wind in the urban
environment is the “stratification of air due to temperature differences”. For
example, during calm days at night, the heat island of the city generates its own
airflow pattern. Warm air rises over the city centre and flows upwards with cooler
air from the surrounding converging near the ground level towards the centre.
(Jauregui 1984) (Chow 1984) (Lee 1979) (Chandler 1960)

3.3.1.2.4

The turbulence created by the buildings, both horizontally and vertically, creates a
very complex wind field nearer to the ground – but this field is relevant to a
prediction of pedestrian wind comfort, as well as building ventilation potentials.
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“In an urban setup the wind speed often changes by a factor 3 to 5 times over
distances of a few meters, for example between a point in a street parallel to
the wind and a nearby point behind the first building along a street
perpendicular to the wind. Consequently, the measured wind speed depends
to a very large extent on the choice of the specific points where the speed is
measured.” (Givoni 1998)
3.3.1.3

Wind Conditions and Wind Availability in Mongkok and TKO

3.3.1.3.1 The reference wind station at Waglan Island indicates mostly easterly prevailing
wind throughout the year. (Appendix 3I) In the summer, wind is generally from the
East to the South. In the winter, it is mostly from the North to the North East. Wind
speeds average 18 to 28 km/h, or 5 to 8 m/s.
3.3.1.3.2 Measurements at King’s Park station (HKO) (mast height 42m) could approximate
the above roof wind conditions in Mongkok. Easterly wind is the dominant prevailing
wind in Mongkok throughout the year. Mean wind speed is around 2 - 3 m/s. For
more detailed understanding, HKO could provide minute wind speed and direction
over at least the last 10 years, which could be used for detailed study.
3.3.1.3.3 The height of the anemometer at King’s Park is 42m above ground level. For wind
tunnel and CFD simulations, based on the Power Law as below, it is reasonable to
assume a nominal boundary thickness of 600-900m (Zg) and approximate the wind
data of Mongkok (at 40m above ground) Vz40 = 2.5. Applying the power law
representing the urban terrain (assume α=0.4 to 0.5), the boundary layer could be
estimated.

⎛ Z ⎞
VZ
⎟
= ⎜⎜
VZG ⎝ Z G ⎟⎠
VZ
VZG
Z
ZG
α

α

is the mean wind speed at height Z
is the gradient wind speed at gradient height (boundary layer ht)
is the height of interest
is the gradient height (boundary layer ht)
is a coefficient due to the roughness length of the terrain; for cities it is
around 0.36 for mean speed

3.3.1.3.4 Measurements at Tseung Kwan O (JKB) station give the wind conditions in TKO.
The height of the anemometer of JKB is 20m above ground level. In the summer,
wind comes mostly from the South. In the winter, it comes mostly from the East.
Mean wind speed is around 2 m/s. For more detailed understanding, HKO could
provide minute wind speeds and direction over at least the last 10 years. (Appendix
3I) (Figure 3.3.1.2) The low average wind speed has a lot to do with the
surrounding topography. TKO is surrounded by hills at its North, East and West
boundaries. The prevailing wind is modified by the hills (approx. 300 m high) and
arrives from the sea towards the south.
3.3.1.3.5 At TKO, for wind tunnel and CFD simulations, it is reasonable to assume a nominal
boundary thickness of 600-900m (Zg) and approximate the wind data of TKO at Vz20 =
2. . Applying the power law representing the urban terrain (assume α = 0.5), a rough
idea of the boundary layer could be estimated.
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Figure 3.3.1.2: Average wind speeds of the last ten years of TKO (JKB) station. The sloping
line is the trend line of the data, from 2.5 m/s ten years ago to 1.5 m/s now.
The lowering of the wind speed has a lot to do with the building up of the
district in front of the measurement station.

3.3.2
3.3.2.1

WIND FLOW IN URBAN CANYONS
The pattern of air flow around isolated buildings is well known. (Figure 3.3.2.1)
(Figure 3.3.2.2) (Figure 3.3.2.3)

Figure 3.3.2.1: Wind flow around a simple building. Note that the wind ‘shadow’ behind the
building depends on the “bulk” of the building represented by the height and
width (permeability not shown here) is known as the wake area. Wind speed in
this area is lower than the free wind. It could be highly turbulent. (Evan 1057)
(Courtesy G Z. Brown 2001)
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Figure 3.3.2.2: Wind flow on the windward face of a simple slab building. Note the downward
vortex it generates. This phenomenon could cause uncomfortable wind gust at
ground level under some conditions. Or it could be used beneficially to bring
fresh air down to the street level. (Gandemer 1978) (Thurow 1983) (Courtesy
G Z. Brown 2001)

Figure 3.3.2.3: Wind over a slab building in the city and the “wake” effect it generates at its
back. This zone could be considered the wind shadow of the building in front
and may cause undesirable effects if not carefully handled. ((Courtesy G Z.
Brown 2001)
3.3.2.2

The roughness elements in a city are buildings. They are rigid, sharp angled (buff)
bodies. They are not randomly distributed in space but are organized into city
blocks, with streets forming corridors in between for the wind flow. (Munn 1970) The
airflow above and around the buildings has lower speed and a higher turbulence.
The urban wind field largely depends on: (Givoni 1998)
1.
2.
3.
4.
5.
6.

The surrounding typography and landscape;
The overall density of the urban area and its size;
Size and height of the individual buildings;
Existence of high-rise buildings and characteristics of the skyline;
Orientation of the streets to the prevailing wind;
Availability, size and distribution of open and green spaces.
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3.3.2.3

The pattern of air flow around a group of buildings is complicated. (Santamouris 1999)
(See also Appendix 3G) The air flow pattern in urban canyons depends on the geometry
of the canyons. (Figure 3.3.2.4)

Figure 3.3.2.4: The flow regime associated with air flow over building arrays of increasing
H/W (Oke 1988) (Courtesy Santamouris 2001)
3.3.2.4

If wind speed is high and perpendicular to the axis of the canyon, it will create a
circulation vortex inside the canyon. If the wind speed above the roof falls below a
certain threshold value, the “coupling” (flow related to each other) between it and the
secondary flow within the canyon is lost, and the air flow within the canyon could be
scattered considerably. In Hong Kong, due to the low above roof wind speed of
around 2-3 m/s, decoupling is likely, and wind speed in the canyon could decrease
drastically when this happens.

3.3.2.5

For low above roof wind speed threshold (around 2m/s), and canyons deeper than
H/W of 1.5, thermal influences will play an important role in the canyon circulation. It
can be reported that for deep canyons, the thermal stratification of air is around 6-8
degree K. (Santamouris 1999) (Figure 3.3.2.5)

Energy gains involve the sum of the net radiative flux Qr, in the form of both solar radiation and long wave radiation
emitted by the opaque elements, as well as the anthropogenic heat QT related to transportation systems, power
generation and other heat sources. Energy losses take the form of sensible heat QE or latent heat QL, resulting from
heat convection between the opaque surfaces and the air as well as evapotranspiration. QS is the stored energy.
QA is the net energy transferred to or from the system through advection in the form of sensible or latent heat.
(Qr+QT=QE+QL+QS+QA).

Figure 3.3.2.5: Energy fluxes in the urban environment (Oke 1988) (Courtesy Santamouris
2001)
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Figure 3.3.2.6: Measured CO concentration in an 1 to 1 urban canyon due to general wind and
thermal stratification. Note that under unstable conditions, the CO concentration is
less. Top left corner is the worst scenario when the condition is stable (air
temperature is 28Co and ground temperature is 20Co. The pair of diagrams third
from the left represents neutral condition of no thermal stratification. Free about
roof wind speed of the wind tunnel is equivalent to 1.5 m/s. (Oka 1999) (Courtesy
Santamouris 2001)
3.3.2.6 For shallow canyons (1:1 or so), there are plenty of researches. One example is in
Figure 3.3.2.6. For very deep canyons more representative of Hong Kong’s
condition, there is not much research done. A recent research report from Athens
noted that for canyon H/W=2.5, a single vortex is observed. (Santamouris 1999)
With the above roof wind speed of 2m/s, the observed horizontal wind speed at the
bottom of the canyon on ground level is small (less than 0.1m/s). The vertical
downwash air speed is about 0.25m/s. It has been reported that for canyons with
H/W over 3, a double vortex could be observed. (Chang et al 1971) This
phenomenon is due more to thermal stratification. This effect therefore is heavily
dependent on (A) the cardinal orientation of the canyon, (B) the amount of solar
radiation it receives and (C) the thermal characteristics of the buildings around the
canyon.
3.3.2.7 For wind parallel to the canyon, it generates a mean wind along the canyon axis. The
velocity of this wind within the canyon is proportional to the velocity of the incident
wind. (Yamartino 1971) For Hong Kong, when U is 2 m/s, assume H/W=1, wind
nearer to the ground of the canyon could be around 0.4 m/s – or very low indeed.
For H/W greater than 1.5 to 2, wind speed could be predicted to be very much less
than this.
3.3.2.8 Vertical upward and downward wind speeds are proportional to the in-canyon parallel
wind speed. (Arnfield and Mills 1994) The relationship is much more scattered
further into the canyon. If the canyon is short, there is a downward flow due to
vortexes created along the building corners at the exit. (Yamartino and Wiegand
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1986) (Hotchkiss and Harlow 1973) The vertical wind component of the air flow is
important as it potentially could help to transport pollutions from the canyon to the
free air.
3.3.2.9 For wind parallel to the canyon, the blockage effect of the buildings also affects the
wind velocity in the canyon. Blockage effect is basically the gap to building ratio of
the building-street facing the wind. (Figure 3.3.2.7)

Figure 3.3.2.7: Blockage ratio B of six different site and building arrangements. The graph on
the right reads off the % of unobstructed wind. Typically it is in the order of 40
to 60%.
3.3.2.10 All in all, one could appropriate findings of existing research of not too deep canyons
to form some understanding of the conditions in Hong Kong.
3.3.2.11 Given the above roof wind speed of approximately 2-3 m/s in Mongkok and TKO,
wind available in the street canyon, even street parallel to the wind direction could
be low. Random effects, turbulence and corner vortexes dominate the wind
characteristics in the canyon.
3.3.2.12 When wind speed is low and the canyon deep, decoupling of the above roof air and
the secondary flow within the canyon may occur. This will significantly reduce further
air movement within the canyon.
3.3.2.13 There is a risk of creating a stable thermal stratification condition that reduces pollution
dispersion. To capitalize the thermal effect, canyons orientated east-west with one side
of the long façade facing the south will be better off than canyons facing north south.
This is due to the effects of differential solar radiation on the north and south facades
creating thermal stratification. Fortunately, the east-west oriented canyons are also good
for the prevailing wind in Mongkok coming from the east.
3.3.2.14 When wind speed in the canyon is low, or almost non-existent, thermal stratification
of air is a major concern; any study of the wind environment within the canyon must
take this into account.
3.3.2.15 Encouraging the vertical movement of air from the ground to the top of the canyon is
the fundamental concern. Active devices, such as solar and wind driven stacks or
ventilation chimneys could be employed to encourage this. Together with higher
permeability nearer the ground level, they will encourage the flow of air where it
matters most.
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3.3.3

STREET GRID AND ALIGNMENT

3.3.3.1

For cross street grids of various spacing with tower like blocks, the ventilation
effectiveness depends on a number of factors: (A) grid density, (B) building heights,
and (C) grid alignment. (Figure 3.3.3.1) The important point to note here is the
advantages of staggering the street grid vs. grid alignment. In general, an
improvement of 15 to 20% could be expected.

3.3.3.2

In design, even if the street grid is aligned, it is possible to promote the staggering
effect by varying building heights along the street on a staggered formation.

Percentage Plan Density (PPD) is the % of block related to the total site area. Reading vertically down from the top,
For Grid-Aligned arrangement, say 10% PPD, it is equivalent to a 20% PPD if blocks are staggered, moving further
down, this equates to H/W of 0.5. To estimate the relative effectiveness of different spacing and densities of rows of
buildings, enter the graph on the horizontal axis with the building height-to-spacing ratio. Move vertically to the
diagonal zone, then horizontally to read the ventilation effectiveness on the vertical axis.

Figure 3.3.3.1: Ventilation effectiveness as a function of row spacing and alignment.
(Bittencourt 1993)

3.3.4

THE WIND BREAK EFFECTS OF TOWER BLOCKS

3.3.4.1

Recently in Hong Kong, many estates are designed in such a way that they form a
continuous slab like structure making up of tower blocks tightly packed one next to
another. Their effects to wind flow could be understood as “wind breaks”

3.3.4.2

Wind around a building has been discussed above in this report and could be
repeated below:
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The pattern of air flow around isolated buildings is well known. It could be
characterized by a bolster eddy vortex due to flow down the windward façade.
Behind, at the leeward façade, there is a lee eddy drawn into the cavity of low
pressure resulting from the flow separation at the sharp edges of the building
at both top and sides. Further down away from the building is the building
wake noticed by increased turbulence with lower horizontal speed than the air
flow undisturbed by the building.
3.3.4.3

If the height of the wind break is H, it has been reported that at distance 1H from the
break, the ground air speed is about 45% of the free wind; at distance 5H, the air
speed is about 50%. (Dewalle 1983) (Figure 3.3.4.1)

Figure 3.3.4.1: Distribution of wind velocity around a windbreak. H is the height of the
windbreak. The percentages indicate wind speed fraction of free wind. The
wind break in this case has a permeability of about 40%. (Brown 2001)
3.3.4.4

The wind science of windbreak could also inform us of the “importance” of
permeability. (Melaragno 1982) It could be estimated that at 0% permeability, at a
distance 8H from the break, the wind is about 15% of free wind. If permeability is
increased to 30%, then it is about 25% of free wind. (Figure 3.3.4.2)

Figure 3.3.4.2: % of wind speed vs. distance from the break of 4 different permeability ratios
of break. (Brown 2001)
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3.3.4.5

But of course, buildings are typically much shorter then wind breaks. Still if the width
of the break is over 3-4 times the height, one could assume a good break, and the
estimate of Figure 3.3.4.1 and 3.3.4.2 holds.

3.3.4.6

In Hong Kong, because of the need to optimize site frontage, architects typically line
their tower blocks one after another with only tiny gaps in between. This effectively
creates a ‘good’ windbreak. Rules must be established to prevent this from
happening. (Figure 3.3.4.3)

Figure 3.3.4.3: Wind speed at leeward side of the windbreak with different permeability. The
experiment was conducted with trees and it only serves to give a rough idea of
how permeability works. Detailed studies are needed for using buildings that
the research team at CUHK is currently undertaking together with wind tunnel
experts in National University of Singapore. (James 1988) (Courtesy G Z.
Brown 2001)
3.3.5

LANDSCAPE AND URBAN WIND

3.3.5.1 An increase of 10% tree canopy in an urban space could reduce about 10 to 20% of
the wind speed. (Heisler 1989) An increase of vegetation could decrease ozone
concentration. (Taha et al 1997) And numerous researches have been done on the
relationship between vegetation and the urban thermal environment. (Duckworth
and Sandberg 1954) (Oka 1980) (Gao et al 1994) (Oke 1977) (Jauregui 1990)
(Lindqvist 1992) (Eliasson 1996) (Taha et al 1989 1991) On average, proper
vegetation of open spaces could reduce the ambient temperature by 2 to 8 K.
3.3.5.2 The tree canopy could provide up to 80% shading from solar radiation. (Givoni 2003) As
noted elsewhere in this report, exposure to solar radiation is the major source of thermal
discomfort to pedestrian under Hong Kong’s hot and humid sub-tropical weather in the
summer months. (Figure 3.3.5.1)
3.3.5.3 Small green areas are also effective. It has been reported that a small park 60mx40m
could make a temperature difference of 3K. (Saito et al 1990) There are researchers
who even advocate that trees and parks should be spread throughout the urban
area to maximize their efficacy. (Givoni 1989, 1991) (Honjo et al 1990)
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Figure 3.3.5.1: Cooling effect due to tree and vegetation (Akbari et al 1992)
3.3.5.4

3.3.6
3.3.6.1

From the outdoor thermal comfort for pedestrian point of view, vegetation has an
overall positive contribution to make even if it reduces the urban wind speed. The
important consideration is how it should be designed, spaced, and located; and
what species to be used.
SKYLINES AND BUILDING HEIGHTS
Most of the current research on urban canyon has been concentrated on buildings
of similar heights. The question remains if it is better keeping a uniform height profile
or varying the building heights. Studies conducted recently at CUHK indicate that,
given the same density, by varying the skyline, it is possible to improve the pressure
differences of buildings, and therefore improve ventilation for indoor comfort. The
research is still on-going and may yield further results to inform this study. (Ng 2004)
(Figure 3.3.6.1) Furthermore, it could be demonstrated that given a performance
requirement, one could have up to 25% more accommodation.

Figure 3.3.6.1: Ventilation studies: varying building heights vs. uniform heights. It could be
demonstrated that by varying the building heights, mean ACH could increase
from 10 to 25 on the windward facades. Overall improvement is from 5 ACH to
18 ACH. Definition: base – uniform building height, random – random distribution
of building height, stratum – artificial manipulation to form city centre in the
middle with evenly distributed building height around the peripheral (similar to
pyramid and Z1 to Z4 refer to the 4 zones facing at East, South, West & North
respectively). The figure is indicative of an experimental research. For further
details, see Appendix 3F and Ng 2004.
Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 104 of 282
CUHK

3.3.7
3.3.7.1

STEPPING BUILDING HEIGHTS
Stepping of building heights has been coined as a possible design feature to allow
better wind flow. For this to be effective, the lower building should be at the
windward side of the site with the higher building leeward. Wind hitting the taller
building will bring the air down. (Figure 3.3.7.1)

Figure 3.3.7.1: Height relationship between windward and leeward buildings to effectively
bring air down. Note also the recommended width of street.
3.3.7.2

However, for this to be effective, the leeward building should be 1.5 to twice the
height of the windward building. The canyon between them should not be too
narrow too. The height of the windward ‘lower’ tower should roughly be not higher
than 1.5 to 2 times the width of the street. (Thurow 1983) (Figure 3.3.7.2)

Figure 3.3.7.2: Predicted wind speed attenuation with 2 buildings of different heights. For
example, if the building in front is 40m high and the building at the back is 60m
high, W/H ratio is 0.7. If the space between is 30m wide, then L/H is 0.5.
Referring to the graph, this configuration could achieve the maximum wind
speed ratio at location a, and R=0.6. (Penwarden & Wise 1975)
3.3.7.3

Stepping the roofline of the street also affects its efficacy in dispersing pollutants.
(Hoydysh 1988). It has been reported that pollution concentration of the leeward
side halves when the block steps up. (Figure 3.3.7.3) (Figure 3.3.7.4) The key
message is: never put a short block behind a taller block when facing the prevailing
wind. If that is unavoidable, other measures must be implemented.
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Figure 3.3.7.3: Bottom 3 graphs are leeward facades. Top 3 graphs are to scale of windward
facades. It has been reported that at near ground level, pollution
concentrations of the windward façade is about >14, >4 and 2 for step down,
level and step up configurations. For the leeward façade, the concentration is
11, 11 and 5. It can be concluded that by stepping up the block on the leeward
side of the street, pollution levels could be reduced by half. (The height of the
leeward block is 7.5. The heights of the windward blocks are 3.75, 7.5 and
11.25. The street width is 6.25 and the block width is 60.)

Figure 3.3.7.4: Flow trajectories of the pollutant in level (left) and step up (right) canyon. [The
diagram (a) even notch indicates frame up to 26, whereas the diagram (b) step
up notch indicates frame up to 20. By frame 21, the pollutant exits the system
from the side. The more important feature to note is the speed of movement
(gaps between frames). Air is moving faster in (b). The sideward vortex
eventually brings the pollutant out.]
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3.3.8

METHODOLOGIES AND LIMITS OF WIND TUNNELS

Figure 3.3.8.1: Typical wind tunnel. (Courtesy BRE, UK)
3.3.8.1 The wind tunnel is a mechanical means of producing wind under a controlled
environment to study the air around a model. Early wind tunnels were primarily used
for studying the aerodynamics of aircrafts. The first attempt to use wind tunnels for
non-aeronautical engineering dated back to the time of the French engineer
Alexandre-Gustave Eiffel, the designer of the grand Eiffel Tower. Thereafter, wind
tunnels were widely used for studying architectural aerodynamics. (Plate 1982)
(Appendix 3O)
3.3.8.2 Wind tunnel for architectural studies must have capabilities for creating flows that
simulate the basic characteristics of natural wind at a site in order to obtain windeffect data representative of full-scale conditions. Natural wind at the site is
composed of characteristics associated with flow approaching the site and
characteristics resulting from flow over nearby buildings, structures, and significant
topographic features.
3.3.8.3 Wind tunnel designed to develop this type of flow are classified as boundary-layer
wind tunnels. Typically, such tunnels are 2 to 5 m wide, have long working sections
(15 to 30 m), and use air at atmospheric pressure (figure 3.3.8.1). Maximum
operating speeds are usually in the range of 10 to 50 m/s. Alternatively, short-testsection wind tunnels are used with various devices (spires, vortex generators, and
fences) placed at the entrance to the test section to generate acceptable mean and
turbulent flow conditions. Devices of this type are also used to increase boundarylayer depth in long-test-section tunnels and to create partial-height, boundary-layer
simulation for study of wind effects on low-rise structures. A typical wind tunnel is
shown in Figure 3.3.8.2. (Cermak et al. 1998)

Figure 3.3.8.2: Typical wind tunnel, with wind flow profile indicated. (Courtesy of Plate, 1999)
Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 107 of 282
CUHK

3.3.8.4

Conventional boundary-layer wind tunnels are limited to thermally adiabatic or
neutrally stable conditions, there exist a number of important applications which
require that the stratification of the atmosphere be considered, in particular, air
pollution problems are often critical in stratified conditions. Thermal wind tunnels
were developed to fill this gap. This type of wind tunnels is equipped with a heating
system, which enables modeling of thermally stratified turbulent boundary layers.
Figure 3.3.8.3 shows the design of a stratified wind tunnel. (Appendix 3L)

Figure 3.3.8.3: A stratified wind tunnel.
3.3.8.5

Wind tunnels, properly configured, (the technical configurations of using the wind
tunnel should not be the concern of planners), could be used for many studies,
among them:

3.3.8.6

Pedestrian wind comfort (and wind gust)
Typically including a few buildings modeled with some detail, and using smoke and
threads as direction indicators (for slow wind) and hot wires as measuring
transducers (for strong wind). Scaled models of 1:100 or so are typically used.
(Figure 3.3.8.4)

3.3.8.7

Local wind field disturbance
Used to study wind reduction factor, or turbulence of nearby buildings and
obstructions, for example, area behind a big building.

3.3.8.8

Pollution near buildings
Local point or area sources discharge into wakes of buildings, streets or open
spaces are investigated by appropriate wind profile scaling and geometrical
similarity of model and proposed design. Tracer techniques are normally used.

3.3.8.9

Building ventilation
Used to find the best locations of windows of a building. Smoke test is normally
used to visualize the flow. Ventilation under a condition could be deduced by the
difference between inlet fluid and outlet fluid. Very large scale models (say 1:20) are
typically used. These models have properly detailed features. Profile of wind is
normally not important.

3.3.8.10 Air pollution in city canyons
Pollution dispersion, in canyon wind flow, and ventilation potentials of residential
units of the canyon could be studied. Tracer gas, anemometer, smoke tests could
be used.
3.3.8.11 Mesoscale environment and complex terrain
Small scaled models of 1:1000 to 1:5000 could be used. This is to study the airflow
and adjust it to local conditions. This is particularly useful (say for TKO site) when
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the approaching wind is highly modified by the topography. The distorted wind
profile of a condition could then be used as input to further detail studies.
3.3.8.12 Complex heat source
Coupled with the complex terrain for flows over terrains of varying temperature
input. Effects of heat island, thermal stratification could be studied. But this requires
a thermal wind tunnel.
3.3.8.13 City planning
Arrangement of streets, parks, highway, wind breaks, wind diverting features and so
on could be studied. Typically small scale models (1:1000) of the town are used and
smoke test for visualization. It gives a rough cut to the problem. It is generally
difficult to use the same model to study pedestrian wind comfort in detail. (Figures
3.3.8.4 and 3.3.8.5)

Figure 3.3.8.4: Reconfigure the ground to improve wind conditions after wind tunnel tests.
(Cermark et al 1963)

Figure 3.3.8.5: Small scale model with wind speed sensors on ground level to study
pedestrian wind.
3.3.8.14 Typically, a number of quantities could be obtained using the wind tunnel tests. (Figure
3.3.8.6) The important thing to note is the normal scale of the model to be used for a
particular kind of test. Say for example, for air flow and velocity study, the scale of model
used is typically 1:100-1:300. This is due mainly to the need to put “large” sensors close to
the ground to capture pedestrian level wind. The scale could not be too small also
because of the problem of precise modeling and roughness of the material to be used.
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Purpose
Wind Load
Indoor Ventilation

Variable
Pressure

Comfort
Wind Gust

Air velocity

Pollution

Air flow
Concentration
Figure 3.3.8.6: Working with wind tunnel.

Sensor
Manometer
Pressure transducer
Pilot-static probe
Hot wire anemometer
Irwin pressure probe
Laser-Doppler method
Tracer gas technique
Digital image processing

Scale
1/300-1/600
1/100-1/300
1/100-1/500

3.3.8.15 If for example a 1:150 model is used, given the width of a wind tunnel to be 3-metres
wide, the maximum width that could be studied in one go is just under 450m, or less
due to the need for putting in the surroundings. If a larger area is to be studied at that
scale, two or more models may be needed.
3.3.8.16 Working with wind tunnels generally will involve models of different scales. Initial
topographical models are of smaller scale to cover a larger area. Wind conditions of
a certain location affected by the land form could be predicted using un-obstructed
free wind. This data could then be used to calibrate the wind direction, speed and
probability of the location where the buildings will be located. Large scale models
could then be built to investigate the design development and other details.
3.3.8.17 Suffice is to mention that the proper use of wind tunnels for urban studies is an
established science. Specialists in wind tunnel laboratories are generally
knowledgeable enough to advise clients of the steps necessary to approach a
problem. They will collate the data collected and present it in such a way that design
decisions could be followed up. Typically, using the same initial model, design
changes could be made and tested conveniently and relatively cheaply. The
workflow could typically be summarized in Figure 3.3.8.7.
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Meteorological
Data

Topographic
Model

Statistical description of
wind speed for all
directions

Model Scale typically used:
1/1000 – 1/5000

Local wind
field properties

Urban Area
Model

Model Scale typically used: 1/100 –
1/500. Model surrounding buildings,
about 300-800m from site

Wind Tunnel
Test

Measure wind velocity at full range
of wind direction, 10 or 22.5 deg
intervals

Result

Figure 3.3.8.7: A typical workflow of using a wind tunnel.
3.3.8.18 Factors to be considered during wind tunnel setting up
Typically boundary layer wind tunnels are 2 to 5m wide, have long working sections
of 15 to 30m. Nearby significant buildings, structures and topographic features
collectively modify the approach flow and should be included as part of the model
for simulation of wind at a particular location. In urban settings, the modeling of this
near field typically requires the scaled reproduction of all major buildings and
structures within about 300 to 800 m from site and usually covers the entire
turntable of the wind tunnel.
3.3.8.19 Selection of geometric scale
The geometric scale of the model of a building should be chosen to maintain, as
closely as possible, equality of model and prototype ratios of overall building
dimensions to the important meteorological lengths of the modeled approach wind.
The length scale selection is based on an attempt to satisfy the following equalities;
(H/Z0)m = (H/Z0)p

(H/ Zg)m = (H/ Zg)p

(H/Lt)m = (H/Lt)p

where H = characteristic dimension of the building
Z0 = roughness length of the terrain
Zg = the boundary layer depth
Lt = scale of turbulence
m and p refers model and prototype
Typically geometric scales used in studies of wind effects on large buildings range
between approximately 1:300 and 1:600. Larger scales, approximately 1:100 and
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larger are used in studies of smaller buildings in which emphasis of flow simulation
is on the atmospheric surface layer and on small scale turbulence.
3.3.8.20 Blockage consideration
In selecting the model scale it is important to minimize the influence of wind tunnel
walls and excessive blockage of the test section. Models cause a blockage to the
wind tunnel, as their size becomes significant relative to the cross section of the
wind tunnel. This blockage speeds up and distorts the flow over and around the
model. Blockage ratio is defined as the ratio of the frontal area of the model building
to the cross sectional area of the wind tunnel test section. For the blockage ratio of
5% and less, distortion effects are negligible. For blockage ratios between 5% and
10%, distortion effects become significant and must be considered. For blockage
ratio greater than 10%, the validity of the data must be ascertained through
additional tests at a smaller scale.
3.3.8.21 Reynolds number scaling
Strict scaling of the mean wind and the turbulence Reynolds number (Re) for the
flow is generally not possible for wind tunnel model studies of buildings. Usually this
is not a serious limitation. Nevertheless, it is important to recognize the
consequences of Re disparities and to make corrections where appropriate.
Correction for differences between model and full scale Re values are generally
required for rounded shapes. To improve similarity curved surfaces of models are
sometimes roughened in order to achieve behavior more comparable to that at a
higher Re. (A range of 1.2x10^5 to 2.0x10^5 has been suggested). (Niemann 1993)
3.3.8.22 Some examples of wind tunnel studies are as below:
1.
Pedestrian comfort study is to identify the condition of wind gust and
investigating the wind field and wind speed at street level. These issues are
best determined at the early design stage so that modifications can be made.
Figure 3.3.8.8 shows a study of pedestrian comfort in the space enclosed and
streets around the buildings.

Figure 3.3.8.8: Wind tunnel test of pedestrian comfort.
2. Dispersion of pollutants from vehicular & other local sources in urban geometry is
one of the most important planning issues which had been extensively studied in
wind tunnels for many years. Figure 3.3.8.9 shows a large-scale study of this kind
in Basel, a city in Switzerland. A model (1:300) which covers an area of a bit less
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than 3 km2 of urban roughness densely covered by over 3200 houses was built.
The result of this study provided reference data for urban boundary conditions and
pollutant dispersion suited for the comparison with full-scale experiment &
numerical model predictions. Another similar study was conducted very recently
by the US government on the reconstruction of the World Trade Center (WTC).
The study investigated the pollutant transport and dispersion in Lower Manhattan
from the WTC site. Figure 3.3.8.10 shows a 1:600 model of Lower Manhattan for
the purpose.

Figure 3.3.8.9: Wind tunnel test of pollutant dispersion in Basel, Switzerland.

Figure 3.3.8.10: Wind tunnel test of pollutant dispersion in Lower Manhattan, U.S.
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Wind tunnels are established, accurate and powerful tool to understand urban wind conditions
in complex streetscapes and typographical conditions.
(Picture courtesy of BRE, UK)

3.3.9

METHODOLOGIES AND LIMITS OF CFD

3.3.9.1

CFD is a developing and promising science. It has helped engineers around the
world to solve practical problems in the fields of Defense, Energy, Aerospace,
Maritime, Water, Chemical, Atmospheric and Environmental problems.

3.3.9.2

CFD modeling is the process of representing a fluid flow problem by mathematical
equations based on the fundamental laws of physics, and solving those equations to
predict the variation of the relevant parameters within the flow field. Usually these
will be velocity, pressure and temperature and other variables such as turbulence
parameters and concentrations of chemical species. The equations include those for
the conservation of momentum, which are sometimes referred to as the NavierStokes equations, and the conservation of mass (Table 3.3.9.1). In solving these
equations the velocity and pressure are predicted throughout the flow field. The
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need to predict temperature will necessitate solving an equation for the conservation
of energy. The solution of an additional equation must be obtained for each new
variable to be calculated.
Table 3.3.9.1

Transport equations of the k-ε turbulence model

Continuity

∂U i
=0
∂X i

Momentum

U

Thermal energy
Turbulence Kinetic
energy
Turbulence dissipation
rate
Eddy viscosity
3.3.9.3

j
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∂ ⎡
∂U j
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2

vt = C D ( k / ε )

Many commercial CFD packages are available: Fluent, CFX, CFD++, Star, cfdesign,
Phoenics, Flomerics, and so on. But basically they are similar. Typical CFD
packages contain 3 main elements:
1.

2.
3.

The pre-processor, which serves to input problem parameters, generate the
grid of the computational domain, select the physical and chemical
phenomena that need to be treated, define the fluid properties, and finally
specify the appropriate boundary conditions.
The solver which first approximates numerically the unknown flow variables,
then discretises the governing flow equations using these approximations, and
finally solves the resulting system of algebraic equations.
The post processor, which displays the grid and geometry of the domain, plots
vectors and contours and may even provide animation facilities for dynamic
result display.

3.3.9.4

In order to carry out CFD air flow predictions, the boundary conditions for the
calculation must be defined, and it is necessary to do this for each equation to be
solved. This is achieved by specifying the geometry of the space, and overlaying
this geometry with a mesh of control-volumes. Then, it is necessary to identify on
the locations of any inlet and outlet, the velocity and temperature of the inlet air, the
heat transfer processes occurring at surfaces and within the space, and if required,
the location and release rates of any indoor air pollutants. The relief of the buildings
due to the presence of balconies or the street due to the presence of vegetation,
parked cars, etc can be taken into account by introducing a roughness coefficient for
each surface of the domain.

3.3.9.5

The size of the mesh or control volume is an important factor which affects the
convergence of the solution as well as accuracy of the results. The space discretisation
is usually not uniform since a higher resolution is needed near canyon walls. Usually
finer mesh will give rise to more robust results. However, it should be noted that the
solver running time is very much dependent on the number of cells.

3.3.9.6

Many studies have demonstrated that numerical simulation can be a tool for
analyzing the flow field in complicated areas. By successfully decreasing the domain
area, airflow within small building areas can be reproduced well. The details of
urban canopy can be efficiently taken into account due to the fine grid generation
capabilities. The inlet boundary condition will usually be expressed in the form of
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boundary layer wind profile like power law wind profile to simulate the atmospheric
boundary layer. The wind speed (uref) will be based on the data obtained from the
climatic data or site measurements. However, there is a catch using fine grids, and
that is the compounding of errors during each generation of resolving the numerical
formulae. In layman terms: “one could look finer and deeper, but at the same time
risk getting a blurred image.”
3.3.9.7

Though CFD has been seen as a modeling technique requiring long computational
times and expensive hardware/software resources, recent computer hardware
developments have contributed to the spread of CFD modeling, since the speed and
memory capacities of PCs are now sufficient for relatively small applications.

3.3.9.8

However it should be kept in mind that the main objective of an environmental CFD
exercise is to improve the understanding of the behavior of a system, rather than
obtaining results readily comparable with regulatory standards. It should be stressed
that all mathematical models need thorough validation against experimental data.
The accuracy of their predictions is bounded by the accuracy of the input data.
Therefore, decision makers should use modeling results cautiously, especially when
relevant field measurements are not available.

Figure 3.3.9.1 A study of wind flow inside a deep canyon with CFD under the European
Urbvent project (courtesy Professor Mat Santamouris.)

3.3.9.9

Unlike using CFD for mechanical and system designs, the key problem of using
CFD for building and urban level space design, as with any computational numerical
methods, is reliability. Professor Mat Santamouris has revealed that in a recent
(unpublished) European project coordinated by Francis Allard of the University of La
Rochelle, results show that using CFD in the built environment could be seriously
questioned. It was extremely difficult to obtain reliable and repeatable results.
(Figure 3.3.9.1) (Table 3.3.9.2)

Table 3.3.9.2 Results of a recent unpublished European study investigated the accuracy of
computational simulations for urban studies and concluded that error up to
50% is not uncommon.
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Theoretical Model CFD
code
Wind
Components
Valong
+0.065
Vacross

-0.032

Vvertical

+0.013

Experimental data
Wind Components (m/s) -24
hr
+0.57 (75%), 0 (20%), -0.29
(5%)
+0.18 (49%), 0 (36%),-0.07
(16%)
+0.36 (7%), 0 (36%),-0.47
(56%)

Wind Components (m/s) - Night
period
+0.41 (67%), 0 (30%), -0.18
(4%)
+0.15 (41%), 0 (44%),-0.06
(15%)
+0.29 (6%), 0 (50%), -0.42
(44%)

3.3.9.10 Reliable CFD results have to go through a rigorous process of verification and
validation. In the discipline of “building design”, this is still an on-going scientific
research agenda. (Stern 1999) (AIAA 1998) (Coleman and Stern 1997) (Oberkampf
1993)
Verification is defined as a process for assessing simulation numerical
uncertainty and, when conditions permit, estimating the sign and magnitude of
the simulation numerical error itself and the uncertainty in that error estimate.
Validation is defined as a process for assessing simulation modeling
uncertainty by using benchmark experimental data and, when conditions
permit, estimating the sign and magnitude of the modeling error itself.
Sources of errors and uncertainties in results from simulations can be divided
into two distinct sources: modeling and numerical. Modeling errors and
uncertainties are due to assumptions and approximations in the mathematical
representation of the physical problem (such as geometry, mathematical
equation, coordinate transformation, boundary conditions, turbulence models,
etc.) and incorporation of previous data (such as fluid properties) into the
model. Numerical errors and uncertainties are due to numerical solution of the
mathematical equations (such as discretization, artificial dissipation,
incomplete iterative and grid convergence, lack of conservation of mass,
momentum, energy, internal and external boundary non-continuity, computer
round-off, etc.).

3.3.9.11 Taking reasonable precautions, CFD may be applied to give an “overall” feel and
magnitude of the design proposal. It could also be useful comparing very “roughly”
the merits of two designs.
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CFD is a useful tool to study and make comparison of
wind conditions of design proposals. However, extreme
care must be exercised. If unheeded one risks “garbage
in, garbage out”. (Picture courtesy of Dr A T Chan, HKU)

3.3.10 KEY FINDINGS
3.3.10.1 Data from Hong Kong Observatory suggests that average wind speeds in urban
districts in Hong Kong, both Mongkok and TKO, are not high. One needs to design
carefully to utilize what is available. To understand the wind conditions of the site,
the following methodology may be adopted.
A.

B.

Before the site of a new town is chosen, conduct tests and/or undertake
detailed wind measurements on site to fully understand the wind conditions
and availability, and to avoid and deal with poorer areas due to the topography
and local features. The wind data at Waglan Island represents Hong Kong’s
wind field with no obstruction. This could be used as a reference. Various
mesoscale modeling tools could also be used. The results could be further
augmented by using a steady state interpolation type program such as the
USEPA model called CALMET to provide further horizontal interpolation of the
wind field down to hundreds of metres. Alternatively, wind tunnel test could be
carried out to investigate the effects of topography and local features to the
site’s wind characteristics and strength.
Together with the mixing height data from HKO, an estimation of the ground
condition, the boundary layer (vertical wind profile) of the site to be studied
could be estimated. This information, together with the probability of wind from
various angles (typically 16 to 36 directions) could then be used to estimate a
picture of the wind on site during the year. This wind data of the site could then
be used to guide various urban and building studies.

3.3.10.2 Wind science and research exist to guide an understanding of the behavior of wind
in cities. Some parametric, simplified and “deem to satisfy” relationships between
urban geometry and morphology exist to give a rough idea of what to aim for.
However, most of the existing research findings are for conditions less dense and
compact than Hong Kong. Care must be exercised when they are extrapolated. One
must accept errors beyond what was originally stated in the research. Otherwise, a
programme of research must be initiated to obtain useful information for Hong Kong.
3.3.10.3 The urban wind conditions of Hong Kong could be typified with a number of key
scientific understandings: Urban Wind Canyon and Urban Building Wind Break. The
following general findings of good practice hold:
1.
2.

3.

Align streets of urban canyon parallel to the prevailing wind (using data of A
and B above).
Orientate the grid of the streets so that more, and wider, streets are parallel to
the prevailing wind. This reduces blockage effect. Improve thermal
stratification. The corner wake effect of this layout will also help air circulation
of streets.
Shallow canyons are better, avoid deep canyons. But it is not always practical
in Hong Kong to have shadow canyons. Canyons with a height to width ratio
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4.

5.
6.
7.

8.

9.
10.

exceeding 2.5 to 3 will have a lot of problems especially when wind is flowing
perpendicular to the street. Design features (e.g. vertical wind chimney) may
need to be incorporated to the district design of streets of canyons to minimize
the adverse effects.
The thermal stratification effect is useful to promote vertical air flow through
deep canyons. Orientate the street east-west so that one side of the canyon is
under the sun most of the time. By the way, the east-west orientation is also
good for the prevailing wind.
Reduce width of buildings to minimize the wind break effects. Arrange the
building blocks in such a way that the leeward facade and zones are
ventilated. Staggering the blocks is a useful method.
Allow appropriate gaps between buildings. An initial expert qualitative general
guide is at least 20 to 30% of the average width of the buildings on both sides.
Of course, further researches are needed.
Elevating the building from the podium will help air channel through the bottom
and ventilate the leeward zones. Suitable pedestrian level shields must be
incorporated so that the wind will not create wind turbulence at ground level.
Together with the gaps between blocks and appropriately placed sky gardens,
they give a permeability ratio of say 30-50%.
Plant trees of appropriate type to offer a canopy for shading, to reduce the
ambient outdoor temperature, and to improve the ambience of the outdoor
space, and yet at the same time blocking the least amount of wind at the
pedestrian level.
Vary building heights of a district as much as possible.
Carefully step the building heights towards the wind with the right proportion.

3.3.10.4 Working with wind tunnels is in the domain of specialists and scientists. It is
generally not necessary for clients, designers or planners to worry about the
technicalities of the work procedures. Reputable laboratories and consultants could
also assist the interpretation of scientific data to guide designs. In general, wind
tunnel tests are more reliable and are capable of studies of different scales. They
are sometimes more costly. For studying wind due to thermal stratification effects,
special thermal wind tunnels are needed.
3.3.10.5 CFD is an emerging technology. For room airflow of fixed and simple boundary
conditions, and simple geometry they are reliable tools. Unfortunately, for urban or
larger scale studies, they are still limited. This is mostly due to the difficulties in
estimating the boundary conditions, and to resolve to a small enough model grid
without compounding the errors due to numerical calculations. CFD could be useful
giving a rough guide to the magnitude of quantities involved, and for comparative
studies. One must be extremely careful about reading the seductive colour pictures
and arrows of CFD results. There are two very well rehearsed sayings in the
discipline: “garbage in, ‘colour’ garbage out”. “Tell me what result you need, we will
generate the picture to show it”. A note of caution is warranted here, and using CFD
for outdoor urban level simulation and prediction is generally not recommended save
a few very simple conditions and parametric studies.
3.3.10.6 Since CFD is an emerging technology, a high level of expertise is required to
operate it and interpret the results. In general, an undergraduate student could use
the software to give nice colour pictures. Doing it properly and to expertly interpret
the results requires “scientist” level expertise with solid mathematics and physics
backgrounds – and in general reputable scientists of that caliber will avoid CFD
altogether except for some research purpose. CFD could also be very expensive to
run if a large number of tests are needed. For example, to obtain results for wind
directions of 36 directions at 10-degree intervals, one only needs to turn the model
in a wind tunnel and subject it to different wind directions. To do that in CFD will be
very time consuming.
3.3.10.7 The study team, together with comments from our international experts, opines that,
for complex urban wind studies, wind tunnel is preferred.
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3.4 Evaluation: Expert Evaluations of the Wind Environment in Hong
Kong-- Mongkok and TKO
1)
Comments of three international experts on Mongkok and TKO are as
follows. The experts are brought to the respective sites to experience firsthand the
conditions of the sites. Members of the study team provided some explanations
before the visit using the information pack (see Appendix 3H). Officials from the
Planning Department also accompanied Dr Wong when visiting TKO.
2)
The comments expressed here were written by the experts themselves
(except comments from Professor Givoni, which was paraphrased). No editing was
made except some insertions marked < > to clarify points. Important points were
summarized in 3.4.3.
3.4.1

MONGKOK (OLD URBAN FABRIC)

3.4.1.1

Expert evaluation provided by Dr Wong Nyuk Hien of Department of Building,
National University of Singapore, visit made 29th May 2004.

3.4.1.1.1 Wind condition in Mongkok – from the HK Observatory data, it seems that the only
prevailing wind direction during the Summer season is East with about 40%
frequency. The wind data also indicates that the wind speed is relatively low,
ranging from 2.1 to 2.5 m/s.
3.4.1.1.2 Key characteristics of Mongkok
1.
3 major roads oriented in the East- West orientation to allow the channeling of
the wind coming primarily from the East orientation.
2.
However, due to the very tight site, it is extremely difficult for wind to penetrate deep
into other parts.
3.
Buildings with mixed heights & functionalities. They vary from shops to residential
units and factories.
4.
Buildings are spaced with very minimal or literally no setbacks. These have
resulted in the formation of very narrow and tall alleys with very poor
ventilation. This problem is further aggravated by the fact that these alleys are
frequently used for activities which can generate pollutants – both biological
pollutants as well as heat from the air conditioning condensers as well as
cooling towers. There is a possibility that legionnaire bacteria generated from
the cooling towers get entrained into the buildings next to them.
5.
Minimal or no planting of trees at the street level. There is minimal shading at the
pedestrian level.
6.
In general, the street width to building height ratio is very small, resulting in the
formation of very deep canyons. This tends to trap heat as well as pollutants
especially if the streets are not well ventilated.
7.
High degree of anthropogenic heat generated at the street level both by the
automobiles, air conditioning condensers, sign boards as well as shop
activities. It is observed that the use of window type air conditioners is very
pervasive, arranged in a very haphazard manner.
3.4.1.1.3 What can be done to improve the ventilation at Mongkok
1.
Improve the permeability of the site at the ground level so as to ensure that the
wind traveling along the 3 major E-W roads can penetrate deep into the site.
This can be achieved by proper linking and widening of the minor roads to
these 3 roads. Creation of permeability in buildings at ground level by having
open plazas that permit cross ventilation.
2.
Encourage proper planting of trees at the pedestrian walk ways to provide shade as
well as cooling.
3.
Try to encourage the use of centralized air conditioning systems rather than
window type air conditioners. This can allow the proper channeling of the heat
extraction from the air conditioning systems. District cooling system may be
Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 120 of 282
CUHK

4.

5.

considered since the site is very tight and concentrated. The heat extracted
can even be recovered for heating.
In order to improve the ventilation at the very narrow alleys, some form of
ventilation system may be considered. For example, the provision of stacks/
chimneys in these areas. These chimneys can be driven by wind or by
mechanical fans powered by solar panels.
For future new development, some of the strategies proposed for TKO also
should be applicable here.

For residential blocks above the podium, try to create void decks to
improve ventilation at the ground level. Planting of trees at this level is
also encouraged.

Proper orientation and layout of the blocks. Example, formation of a curve
or U shape with openings facing the prevailing wind direction.

Varying the height of the blocks rather than using uniform height.

Stagger the arrangement of the blocks if they are of same height.

For very tall building blocks, mid level permeability may be required.

Reference:
• Assimakopoulos, V., ApSimon, H., Sahm, P. and Moussiopoulos, N.: 2000, ‘Effects of
Street Canyon Geometry on the Dispersion Characteristics in Urban Areas’, Proceedings
of the 16th IMACS World Congress, 21–25 August 2000, Lausanne, Switzerland.
• Berkowicz, R., Hertel, O., Larsen, S. E., Sorensen, N. N. and Nielsen, M.: 1997,
Modelling Traffic Pollution in Streets, NERI, Roskilde, Denmark.
• Dabberdt, W. F. and Hoydysh, W. G.: 1991, ‘Street canyon dispersion: Sensitivity to block
shape and entrainment’, Atmosph. Environ. 25A, 1143–1153.
• DePaul, F. T. and Sheih, C. M.: 1986, ‘Measurements of wind velocities in a street
canyon’, Atmosph. Environ. 20, 555–559.
• Hunter, L. J., Johnson, G. T. and Watson, I. D.: 1992, ‘An investigation of threedimensional characteristics of flow regimes within the urban canyon’, Atmosph. Environ.
26B, 425–432. Johnson, G. T. and Hunter, L. J.: 1999, ‘Some insights into typical urban
canyon airflows’, Atmosph. Environ. 33, 3991–3999.
• Kastner-Klein, P. and Plate, E.J.: 1999, ‘Wind tunnel study of concentration fields in street
canyon’, Atmosph. Environ. 33, 3973–3979.
• A. Kovar-Panskus, P. Louka, J.-F. Sini, E. Savory., M. Czech, A. Abdelqari, P. G.
Mestayer and N. Toy, (2002) Influence of Geometry on the Mean Flow within Urban
Street Canyons – A Comparison of Wind Tunnel Experiment and Numerical Simulations,
Water, Air, and Soil Pollution: Focus 2: 365–380, 2002.
• Kovar-Panskus, A., Moulinneuf, L., Savory, E., Abdelqari, A., Sini, J.-F., Rosant, J.-M.,
Robins, A. and Toy, N.: 2002, ‘A wind tunnel investigation of the influence of solarinduced wall-heating on the flow regime within a simulated urban street canyon’, Water,
Air, and Soil Pollut., Water, Air, and Soil Pollution: Focus 2: 365–380, 2002.
• Liedtke, J., Leitl, B. and Schatzmann, M.: 1999, ‘Dispersion in a street canyon:
comparison of wind tunnel experiments with field measurements’, in P. M. Borrel and P.
Borrel (eds), Proc. of Eurotrac Symposium ’98, WIT Press, Southampton, pp. 806–810.
• Nakamura, Y. and Oke, T. R.: 1988, ‘Wind, temperature and stability conditions in an E–
W-oriented canyon’, Atmosph. Environ. 22, 2691–2700.
• Pavageau, M., Rafailidis, S. and Schatzmann, M.: 1996, ‘A Comprehensive Experimental
Databank for the Verification of Urban Car Emission Dispersion Models’, Proceedings of
the 4th Workshop on Harmonisation within Atmospheric Dispersion Modelling for
Regulatory Purposes, 6–9 May 1996, Ostende.
3.4.1.2 Expert evaluation provided by Professor Mat Santamouris of Department of Physics,
University of Athens, Greece. Visit made 6th June 2004.
3.4.1.2.1

Existing Situation
Researches of the reltationship between the above roof wind and the in-canyon
wind exists. (Figure 3.4.1.1) The area is characterized by very deep urban
canyons. Buildings in the canyons are of mixed heights. Materials used are of
medium to low reflectivity to solar radiation. Important obstacles are placed in the
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facades as well as in the streets. Most of the streets are oriented North – South
with three major roads oriented in East-West. No trees or other cool sinks at the
street level.
3.4.1.2.2

Air Flow in the Area

Figure 3.4.1.1 The graph above demonstrates measured results of an urban canyon in
Greece. The X axis is the above roof wind speed. The Y axis is the in-canyon
wind speed near ground. As the wind above is < 2.5 m/s, decoupling occurs
(green zone) and the air movement inside the canyon is no longer driven by
the above roof wind, and low wind speed will occur.
The prevailing wind speed in the area is from the East according to the data from the
HK Observatory. The wind speed is quite low ranging from 2.0 to 2.5 m/sec. Given the
characteristics of the canyons, (see appendix 3K) it is almost impossible for the air to penetrate
into the canyons. Even for the canyons with an East to West Orientation, the wind speed has to
be very low. In South-North oriented canyons, the ambient air cannot generate a flow inside the
canyon, thus a chaotic flow of a very low speed is generated by the anthropogenic activities in
the canyon. The magnitude of this speed will be lower than 0.5 m/sec. At the same canyons,
because of the orientation, thermal phenomena may not be important, thus a thermally
generated airflow is rather impossible. (Figure 3.4.1.2) Very low wind speeds in the canyon
affect highly the environmental quality, increase pollution levels and decrease the comfort
levels.
Ambient Wind Speed (m/sec)

5.5

4.0

3.0

2.0

0.2

Temperature Difference, (C)
-1.9

0.0

1.9

Figure 3.4.1.2 The graph above shows the variation of the vertical wind speed, (w), as a
function of the temperature stratification inside the canyon, and the ambient
wind speed, (Vh), when counter clock flow occurs into the canyon.
3.4.1.2.3

Temperature Conditions
Given the lack of cool sinks, and the high rate of the generated anthropogenic
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heat, it has to be expected that the temperature in the canyons may be 1- 2 C or
more higher than the undisturbed ambient temperature. Recent measurements
reported in International Scientific Journals for Hong Kong show a temperature
increase of up to 2 C. Such a temperature increase may have a very important
impact on the cooling demand of the buildings in the area and thus a significant
impact on the global economy of HK.
3.4.1.2.4

Possible Solutions

3.4.1.2.4.1. To improve the thermal conditions in the area the following measures are
proposed :
1.

2.
3.

Use of cool materials in the pavements and building facades to decrease absorption
of solar radiation. Cool materials are characterized by high solar reflectivity and if
possible by high emissivity. For streets the use of asphalt with a high percentage of
white aggregates has to be considered.
Planting of trees where possible and mainly at the pedestrian walk ways in
order to provide shade, lower the ambient temperature because of
evapotranspiration and filter pollution.
Decrease the rate of the anthropogenic heat generated. This can be achieved
either by decreasing the car circulation in the area or by replacement of the
individual air conditioning units by central AC systems or if possible by district
cooling systems.

3.4.1.2.4.2. To improve the air flow in the area the following measures may be considered :

3.4.1.2.5

1.

Deep canyons may be ventilated using vertical chimneys that transfer air from
the canyon to the boundary layer above the buildings. Transfer of the air
through the chimneys can be achieved by creating a pressure difference
between the lowest and the highest part of the chimney. Such a pressure
difference may be created by placing black metal surfaces at the top of the
chimney, (solar chimney), or by using the pressure of the undisturbed wind
speed above the buildings or by the combined effect of both. The sizing as well
as the architectural integration of the chimney has to be studied in detail. Such
a chimney will contribute to the improvement of comfort at the lower level of
the canyon and decrease the pollution levels.

2.

The overall permeability of the area has to be increased at the ground level.

Further researches detailing Hong Kong’s urban wind conditions, both in-Canyons
(Figure 3.4.1.3) and in-towns are strongly recommended.

Figure 3.4.1.3 It is important to gather further site measurement and information of Hong
Kong’s canyon before detail remedial works and guidelines could be drawn up.
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3.4.1.3 Expert evaluation provided by Professor Baruch Givoni of Department of Architecture,
UCLA, USA. Visit made 23rd March 2004.
3.4.1.3.1

Key characteristics of Mongkok
Overall, the more wind, the better for HK urban areas
As a general rule, the more wind available to the streets, the better it will be for
these dense urban areas like Mongkok.
2.
Design Interventions
Given the extremely high density of the urban fabric and the narrow streets, the most
probable strategies for improving the air ventilation is to take advantage of varying
building heights for diverting winds to the lower levels. Nonetheless, assessment will
be required to quantify the performance.
3.
Urban Landscape
Trees and urban landscape will be beneficial for enhancing thermal comfort of
pedestrians, although trees can sometimes lower the wind speed.

1.

3.4.1.3.2

What can be done to improve the ventilation at Mongkok
Street / Breezeway / Open Space
 Widening of streets / disposition of open space along the prevailing wind
direction will help.
 No need / no use / even worse for widening of those other streets at the
other direction.
2.
Tower Height
• Beneficial use of random tower heights is potentially of the highest value to
dense urban area like Mongkok, especially improving the situation of those
"stagnant" areas.
• The idea of "washing machine" may work (which involves two high towers
strategically located at a diagonal relationship across a road junction).
3. Tower permeability
Gap between tower and podium will work, if there is a "proper" design
relationship between the tower and its podium, i.e., the tower should be setback
from the podium edge so that a part of the down wind could be funneled through
the designated gap to the street at the leeward side which is the area in need of
more wind.

1.

3.4.2

TSEUNG KWAN O (NEW TOWN)

3.4.2.1 Expert evaluation provided by Dr Wong Nyuk Hien of Department of Building,
National University of Singapore. Visit made 28th May 2004.
3.4.2.1.1 Wind condition in TKO – from the HK Observatory data, it seems that the only
prevailing wind direction during the Summer season is South, from the sea. A
previous study had also identified the breezeways for the site. It will be good to take
a look at the data so that a better understanding of the wind behaviour for the site
can be obtained. The wind data also indicates that the wind speed is relatively low,
ranging from 1.8 to 2.1 m/s. It is assumed that this is the wind speed measured at a
height of 10m above ground at the weather station. <It is actually 20m above
ground. >
3.4.2.1.2 The current layout of the housing blocks has been carried out to minimize the
obstruction of the breezeways. As such, it can be observed that the breezeways
can penetrate deep into the site. The breezeways are also well linked with the
roads/streets to ensure that the wind can be channeled into different parts. This will
certainly improve the pedestrian comfort.
3.4.2.1.3 However, the layout of the housing blocks has raised certain concerns about the
creation of stagnant zones which will result in poor ventilation in the residential
units.
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3.4.2.1.4 For a single row of housing blocks, it is more beneficial to arrange the elongated
face of the block in a manner perpendicular to the prevailing wind rather than
parallel to it. If permissible, the blocks can be arranged in such a manner to form a
curved shape or U shape with the opening facing the prevailing wind. This will form
a wind scoop to optimize the utilization of the wind.
3.4.2.1.5 For more than one row of blocks, it can be observed that for a particular cluster of
housing blocks, they are all of similar height, in some cases arranged in a manner
perpendicular to the prevailing wind direction. The blocks are also observed not to have
any openings at all. This arrangement is good only for the first row of housing blocks.
They will create the shadowing effect to the rows of housing blocks behind resulting in
poor ventilation. To overcome this situation a few suggestions are as follows:
1.
2.

3.

Staggering the arrangement of the blocks such that the blocks behind are able
to receive the wind penetrating the gaps between the blocks in the first row.
Vary the heights of the blocks with increasing heights with the shortest facing
the prevailing wind. If this is not possible, it is better to have varying heights
rather than similar height. A study has shown that blocks with varying heights
can improve the ventilation by about 70%.
Create some permeability in the housing blocks. This can be achieved at the
ground level by creating void decks. This will improve not only the air
movement at the ground level thus improving the pedestrian comfort, it will
also serve to remove the pollutants and heat generated at ground level. The
channeling effect created by the void decks also serves to improve the
ventilation performance for those residential units at the lower floors. For very
deep canyons, mid-level permeability may be required to improve the
ventilation performance for those residential units situated at mid-floors.

3.4.2.1.6 It is also observed that multi-storey car parks are arranged next to the residential
blocks with minimal setback. This is of concern as study has shown that the
residential units next to the car park can experience high pollutant levels such as
CO and NOx generated from the automobiles. This problem is further aggravated
by poor ventilation due to the blockage of the multi-storey car park. Other problems
include noise and head light intrusion from the cars.
3.4.2.1.7 For those blocks arranged above the podium, it is very encouraging to see that the
rooftop of the podium blocks is covered with rooftop greenery. This will improve the
comfort level as trees can create excellent shading. Due to evapo-transpiration
process of the trees, cooling effects can be produced. Studies in Singapore have
shown that the cooling effects can be up to 4 degrees C. The presence of rooftop
greenery also reduces the problem of heat and glare generated by the bare
concrete surface of the podium. However, it is important to note that trees also
produce moisture thus increasing the Relative Humidity. This will affect the thermal
comfort. It will be ideal if void decks can be created at the podium level to further
improve the ventilation so that the RH can be controlled.
3.4.2.1.8 Planting of more trees also at the street level. As explained earlier, trees not only
provide shading as well as cooling, trees can also absorb pollutants thus helping to
mitigate the problem of air pollution.
3.4.2.1.9 For future development, the main objective is to ensure that the new housing blocks
will not block the prevailing wind. This is to ensure good ventilation for the existing
blocks and at the same time ensuring that the residential units in the new blocks
can also enjoy good ventilation.
1.

By arranging the blocks parallel to the prevailing wind will ensure that there is
minimal blockage to the wind. However, this arrangement will mean that the
new blocks will have minimal ventilation. To overcome this problem, some form
of “wind catcher” must be arranged to channel the wind into the residential
units. Alternatively, the blocks can be arranged at an angle to the prevailing
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2.

wind. It is also important to note that by arranging the blocks this way, the
elongated face of the blocks will be orientated at the East and West thus
resulting in high solar exposure. Proper shading at the openings should be
provided to minimize solar heat gain.
For big plots of land, it may be advisable to divide into smaller lots so that a
certain amount of set back can be created between the plots to ensure proper
channeling of wind. However, it is important to ensure that the clusters of
blocks within the smaller plot are arranged such that there is a certain degree
of permeability to minimize the creation of stagnant zones.

3.4.2.1.10 In the planning of the proper orientation and layout of the blocks to optimize wind
flow around the blocks, it is essential to note that such planning should also
consider the internal layout of the units in the blocks. Failure to do so will render the
planning exercise futile as wind will not be able to be properly channeled into the
units to improve the natural ventilation.
3.4.2.1.11 In order to ensure that the future development can be carried out to optimize the
natural ventilation, it is essential to have a good understanding of the wind
behaviour in this area. Thus, it is suggested that a mini weather station can be set
up at a rooftop of the existing block with minimal obstruction to log in the weather
data (wind speed and direction, temperature, RH and solar radiation) during the
summer months. This weather data will be very useful for future wind tunnel testing
or CFD simulations of the proposed new development.
3.4.2.2 Expert evaluation provided by Professor Mat Santamouris of Department of Physics,
University of Athens, Greece. Visit made 7th June 2004.
3.4.2.2.1 Existing Situation
According to the existing meteorological data the wind speed in the area is mainly from
South, southwest and southeast directions. Also, the mean wind speed is low and
varies between 1.5 to 3 m/sec. This data is measured at 20 m height. However, given
the location of the meteorological station, these data may not be considered as
representative of the area. It is strongly suggested that the wind speed and direction are
measured at a non-obstructed position close to the coast. The collected data have to be
analysed in detail to understand the specific patterns of the air flow in the area. Specific
attention has to be given to the patterns of the sea and land breeze that may dominate
the airflow conditions in the area. Lack of proper meteorological data may result in
important design errors.
3.4.2.2.2 Air Flow in the Area
1.
Given the lack of buildings in the coastal zone, the air flow in the windward
façade of the existing buildings is non-obstructed and thus this façade of the
buildings may be ventilated properly. However, this is not the case in the
leeward façade of the very tall buildings where the wind speed is quite low.
Although there is a lack of measurements, this is very evident from the
distribution of smells in the area. Smells produced by the restaurants and the
apartments are highly blocked in the area. Thus, it may be indirectly concluded
that pollutants generated by cars and other sources are blocked as well. The
position of the exhausts from the shops and mainly the restaurants as well as
from other buildings are always very close to the ground level and contribute
highly to inappropriate air quality. Exhausts containing a high pollution load
when released at such a low level may affect seriously the health of citizens.
2.
In order to have a very clear idea of the air flow and pollution levels in the area
it is strongly recommended to perform spot measurements of the wind speed,
temperature and of the concentration of some of the pollutants. Measurements
have to be performed at selected positions of the area and mainly in the
leeward parts of the buildings. These measurements have to be performed for
a limited time period and for representative climatic conditions in order to map
the specific conditions in the area.
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3.

Given that the area is hilly and part of it is south oriented, the creation of local
thermal winds may be investigated. Such thermal winds when appropriately
considered may contribute to improve considerably the local comfort
conditions.

3.4.2.2.3 Temperature Conditions
There is no indication of higher air temperatures. This is mainly because the air flow
is quite adequate and advection affects are dominating. However, the materials
used in the streets and pavements are characterized by a relatively high
absorptivity to solar radiation while green areas are minimised. Thus, in case the
density of the buildings increases in the future and the coastal area is built, the
overall thermal balance of the area will be more positive and this may have an
important impact on the thermal comfort conditions in the region.
3.4.2.2.4 Possible Solutions
As it concerns the position of the new buildings in the coastal area, it has to be
mentioned that any advice is subject to the knowledge of the right wind data.
Considering that the wind is mainly coming from south, southeast and southwest
orientations, the following has to be mentioned:
1.

2.

3.
4.
5.

To avoid obstruction of the sea breeze, the axis of the buildings has to be
parallel to the wind. In this case the new buildings will be poorly ventilated. To
enhance natural ventilation in the new buildings, wind walls have to be
integrated close to their windows. Attention has to be paid in order that the
wind walls do not block the land breeze.
Creation of open parts in the building blocks to increase their permeability may
be always combined with appropriate wind walls that will contribute to develop
pressure differences across the building facades and thus will permit the air to
flow through the open part of the building. The design of the wind walls for both
the openings of the apartments and the open parts of the buildings has to be
performed according to the known standards.
Creation of some permeability in the ground level by void decks will contribute to
achieve a better circulation of the air and thus better comfort conditions and
lower pollutant concentrations.
Use of cool sinks, like trees, water, etc, as well as the use of cool materials in
the pavements, streets and building facades will contribute highly to achieve
lower air temperatures, lower radiant temperatures and better comfort.
The positioning of the exhausts from the ventilation systems in the area has to
be seriously reconsidered.

Site measurement is crucial
to quantitatively understand
the wind environment in
TKO. Otherwise, comments
could only be approximate –
Professor Mat Santamouris
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3.4.2.3 Expert evaluation provided by Professor S Murakami of Tokyo University, 23 Sept
2004.
The comments minute below is based on a working session between K S Wong and
Professor Murakami in the CUHK, 23 Sept 2004.
3.4.2.3.1

Issues / criteria

Priority in Tropical Cities

Wind is the most valuable natural resource. We should capitalize on it. The most
important point is to minimize blockage to it at an urban scale.

Urban scale ventilation and more wind for pedestrian level are of primary significance in
tropical cities. The more wind in the urban areas, the better for HK citizens.
Air Pollution

Air pollution is considered as a secondary concern in the AVAS, since there are other
means to control the pollutants (e.g., control on emissions from cars / other
anthropogenic sources).
Pedestrian Level Wind Climate

Pedestrian level wind climate [excessively strong winds as concerned by RWDI] is a
very localized issue and not very important at most time for a tropical city like HK.
3.4.2.3.2

Planning / design

Site Coverage

The effect of building layout (especially in term of building site coverage) is of higher
priority than that of building height. (Stepping tower heights in rows may not be of any
meaningful use for improving the urban scale ventilation.)
Permeability / Breezeway / Streets / Building Setback

Widening of streets / breezeways and gaps between buildings are considered of much
higher effectiveness. The gap width between buildings is preferably about 30% of the
building frontage.

To add, the provision of permeability / gap nearer to the pedestrian level is far more
important than that at high levels.

For Mongkok district, the proposal of street widening is strongly supported. Roughly, an
effective building setback may be in the order of 5m on each side, and preferably for
those streets along the prevailing wind direction.
Podium

The “podium” structures commonly found in Hong Kong are very bad from the viewpoint
of maximizing wind available to pedestrian. The podia with high percentage of site
coverage not only block most of the wind to pedestrian (affecting comfort and air
quality), but also minimize the “air volume” available near the pedestrian level (affecting
air quality).
Tower

In order to maximize the wind availability to pedestrian, the disposition of towers
preferably abuts the podium edge that faces the concerned pedestrian area/street.

The concept of “washing machine” (the strategic juxtaposition of towers near road
junction) as stated in the chapter 3 may be useful but with very localized effect only.
Elevated walkway / Signage

Elevated walkways will adversely affect the wind environment at pedestrian level, as
observed in Mongkok.
Signage is preferably of the vertical type in order to minimize wind blockage, particularly in
those areas with a high density of projecting signs
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3.4.2.3.3

Implementation / others

Wind Velocity Ratio

For air ventilation assessment, the concept of “wind velocity ratio (Vg/V∞)” should be
considered.

For streets along the prevailing wind direction, the preference to a higher wind velocity
ratio may have to be targeted – from the viewpoint of maximizing the urban scale
ventilation.
Wind Data

Weather station to collect wind data for each district (or more specifically, each wind
zone) is highly recommended. Mobile station is considered an acceptable, effective
means.

Among others, the information about prevailing wind direction(s) is of the highest
importance.

To facilitate the planning process, the wind data collection should be carried out at least
one year in advance.

3.4.3

A SUMMARY OF KEY SUGGESTIONS

3.4.3.1 Mongkok
3.4.3.1.1 Mongkok can be characterised as an urban mass with varying building heights, (at
the moment), narrow streets and mix activities with a high living density. Conditions,
in terms of air ventilation, are poor and with low wind speed above the canyons.
This urban form makes dispersion of pollutants and heat, from traffic as well as
anthropogenic, ineffective. Achieving human comfort in outdoor streets and spaces
due to wind is almost impossible, not to mention the possibility of wind for indoor
thermal comfort.
3.4.3.1.2 Before implementing any remedial works, it is necessary to obtain further site
measurement data. It is important to collect further data on (1) air pollutant inside the
canyon (CO or NOx and VOC would do), (2) ambient temperatures both inside and
outside the canyon, (3) surface temperatures of the facades – this can be done easily
using an infra-red camera, (4) wind speed and direction at various heights of the
canyon, along the canyon, as well as on the roof top, (5) smoke tests may be
conducted to see how air circulates inside the canyon. These quantitative data will
help to identify critical remedial works. (Figure 3.4.3.1 and 3.4.3.2) One could not
stress enough of experimental data to guide action. An example of this approach is
the Dapple project (dispersion of air pollution and penetration into the local
environment (http://www.airpollution.org.uk/dapple/) in the UK. Another example is
the DIANA project in Finland (http://www.airpollution.org.uk/dapple/). In a nutshell, the
projects attempt to: Assemble geographical information of the city, and emission
characteristics of the city, conduct site data measurement, gather weather data,
conduct traffic simulation, and assemble dispersion models for various sources and
for different urban forms. And least but not lest collate data and analysis.
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Figure 3.4.3.1 The mobile measurement station to measure air conditions in urban canyons –
air speed and direction, and temperature at various heights across the canyon.
(Courtesy Mat Santamouris)

Figure 3.4.3.2 Thermal imaging to understand surface temperatures of urban canyon and to
study wind due to thermal stratification. In this picture, note the high ground
surface temperature due to the solar radiation and inappropriate material used
(in this case asphalt which has high absorptivity and low emissivity (Courtesy
Mat Santamouris)
3.4.3.1.3 Without the benefit of (3.4.3.1.2), the recommendation here could only be qualitative
but nonetheless useful to bear in mind.
1.
2.
3.
4.
3.4.3.2

Vegetation: Tree planting and greenery.
Reduce sources of heat and pollutants: use of centralized cooling system,
divert heat and anthropogenic pollutant away from the canyon more effectively
(e.g. ventilation chimney).
Improve dispersion and air movement: widen streets, vary building heights,
more open spaces, more gaps between building buildings, better building
block layout and geometry.
Install active devices (e.g. ventilation chimney, wind walls and so on) to assist
(3).

Tseung Kwan O

3.4.3.2.1 TKO can be characterised as wide streets with densely built lots, large low level
podiums, centralized traffic hubs, fairly uniform building heights, large open spaces,
large building blocks forming wind breaks. On the whole, conditions in terms of air
ventilation are acceptable save a few critical areas: (1) next to public transport
interchange, (2) behind large building blocks.
3.4.3.2.2 Unlike the canyon layout of Mongkok, the problem facing TKO may not be that well
understood due to its unique urban morphology. Hence, collecting further site
information is absolutely crucial to understanding the problem or else one may risk
solving the wrong problem. Data collection procedures for TKO may not be as well
documented as the canyon layouts of Mongkok. So it is important to conduct a pilot
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round with spot measurements taken at say 40-50 spots on site under a range of
ambient conditions. Mobile equipment with lesser accuracy may be employed to
measure (1) CO or NOx and VOC; (2) ambient temperatures, (3) wind speed, (4)
surface temperature of buildings. In addition, a weather station should ideally be set up
nearer to the waterfront (30-50 metre from the seafront) at 10m height to measure the
wind conditions and ambient temperature. The pilot measurement is useful to establish
an outline thermal and pollution concentration map to guide further studies.
3.4.3.2.3 Concerns are voiced in a number of locations, but mostly within the building lots: (1)
PTI’s exhausts near ground pedestrian level, (2) multi-storey car park close to
residential units, (3) building block layout forming windbreaks to the prevailing wind,
(4) uniform building heights within the lots, as well as in the neighbourhood, (5)
Efforts must be spent examining if it is indeed possible to address these concerns
at the planning level.
3.4.3.2.4 Without the benefit of (3.4.3.1.2), the recommendation here could only be qualitative
but nonetheless useful to bear in mind.
3.4.3.2.5
1.
2.
3.

4.

Vegetation: Tree planting and greenery especially on the ground. Trees with a
better shading canopy are better. Achieving outdoor comfort through better
shading is very effective.
Orientation: Correct orientation to take advantage of the prevailing wind is
important. Blocks should ideally be placed oblique to the wind at around 20
degrees.
Improve permeability: Encourage gaps between towers; encourage void
decks between podium and towers; discourage full coverage of podium on site.
Policies to encourage permeability will address the problem of tightly knitted
building blocks now happening on building lots.
Open space: This includes the proper use of breezeways, wide streets, and
parks.

3.5

Parameters & Design: Key planning Parameters and Indicators
for Design Interventions

3.5.1

FRAMEWORK OF STUDY & UNDERSTANDING

3.5.1.1 Before buildings take place the wind environment of a place is dictated by the
macroclimate and natural topography. When a place is urbanized, the inhabitants not
only create a city but also an urban environment which is proved to be closely related
to the urban texture of the city. The structure of the city can modify the microclimate.
The effect of the evolving urban geometry on the microclimate becomes more
apparent and significant when the development density is increased. The
intensification process is different from place to place and the urban geometry of
each city is unique. The resultant wind environment of a city is a complex interplay
between urban geometry, natural topography and macroclimate.
3.5.1.2 In Hong Kong, many disciplines have a role to play in shaping the urban environment.
For example, planners prepare town plans controlling land use disposition, density
and plot size; architects design block layout and buildings; traffic engineers/ highway
engineers decide on the hierarchy of roads and therefore road widths/ capacities,
and design elevated roads/ footbridges; environmental policy makers decide on air
quality objectives, fuel standards and noise mitigation measures, etc. According to
the Assignment Brief, this Study should concentrate on factors which can be
influenced by planners during the preparation of town plans. In the development
process of a piece of virgin land, disposition of land uses and planning parameters
are always determined first which can shape the urban form to a large extent. It is
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proved that the urban form has much bearing on the air ventilation performance. If
the wind factor is taken into account at an early planning stage, it is believed that a
better-ventilated urban environment can be achieved in a more effective way.
3.5.1.3 In Hong Kong, planning is carried out at three levels, namely, territorial, sub-regional
and district/ local planning. The territorial and sub-regional planning mainly involves
formulation of planning strategies, establishment of planning objectives and
development guidelines, and designation of strategic development areas. Research
shows that topography can largely affect the meteorological characteristics of an
area. If the air circulation potential of an area is highly restricted by the topography,
desirable air ventilation performance would hardly be achieved regardless of the
structure of the town. Thus, choice of location for a new town development is of
paramount importance. However, identification of a new development area suitable
for strategic growth has to take into account a number of considerations including
protection of the natural environment, cost of infrastructural development, long-term
development strategy, population to be accommodated etc. Given the very limited
developable land in Hong Kong, it is not envisaged that the wind factor will play a
determinant role in the site identification process. In other words, not much work can
be done at the strategic planning level to influence the choice of locations for
establishing a new town purely from the air ventilation point of view. Nevertheless, at
the district/ local planning level, there is scope for impacting the air circulation
potential of an urbanized area. Therefore the effect of town planning on air ventilation
is investigated at the district and the local/ site levels.
3.5.1.4 In the plan-making process, various planning parameters are assigned and
exercised through both statutory and administrative means. Town plans prepared by
the Planning Department (PlanD) can be grouped into two broad categories, namely,
statutory plans and departmental plans. Statutory plans include Outline Zoning Plans
(OZP) and Development Permission Area Plans (DPA Plans). OZPs are normally
prepared within the framework of the sub-regional development strategies. They
show the broad land use pattern and major road systems of the planning areas. An
OZP, once gazetted, has statutory effect. DPA plans are prepared for the areas
requiring immediate control prior to the preparation of OZPs. Town plans usually
cover a new town or a large district with statutory control on land use, density, and
site coverage and building height where appropriate. Departmental plans generally
comprise Outline Development Plans (ODP) and Layout Plans, which are used
mainly within the Government for administrative purposes as details on these plans
may be subject to frequent changes. Although such plans have no statutory effect,
they are binding on all Government departments. The ODP provides the basis for
formulating development programme and preparing the OZP if no OZP exists for the
area. Layout Plans cover smaller areas of the town in larger scale with more detailed
control on road widths, lot sizes, breezeways, building setback and plot ratio, site
coverage and building height controls for plots of land etc which are binding on
Government departments during formulation of lease conditions and conditions of
grant for new development areas.
3.5.1.5 Certainly not all planning parameters are related to air ventilation. Those which are
more likely to affect the wind environment are identified in the following sections for
further deliberation of possible design-based solutions.
3.5.1.6 The Assignment Brief has identified the following design and planning parameters
that might bring noticeable impact to change the macroscopic wind environment,
assuming the building densities (in terms of plot ratio for instance) are given and
considered beyond the scope of this study:
1.
2.
3.
4.
5.

Planning layout configuration
Building mass
Building height
Disposition & orientation
Position of major open space & pedestrian areas
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6.
7.
8.
9.
10.

Road patterns
Extensive road decking
Large site podium structure
Provision of breezeways or wind barriers
Massive site formation or reclamation, etc.

3.5.1.7 Study Areas: Mongkok and Tseung Kwan O (TKO)
The existing urban district of Mongkok and the new town development area of
Tseung Kwan O were identified as suitable ends of the urban fabric spectrum
appropriate to act as study areas. In order to gain the requisite background
understanding and overview to the two areas, background data and urban mappings
of the two sites were compiled and developed into an ‘Information Package’ for
distribution. The information contained within this package includes, among others,
Data on Isotherm and Prevailing Winds, Data on Wind Roses, Aerial Photos, FishEye View images of the ‘Sky-view Factor’ within the areas, District Zoning
Information, as well as mappings identifying and delimiting each of the study areas.
(Please see Appendix 3H)
3.5.1.8 Mongkok
The study team started with Mongkok district (an old urban area with high building
density and poor air ventilation) for the investigation. A design charette with
professionals and academics was held at the CUHK Department of Architecture in
February 2004, with a view to identifying various potential design interventions that
might enhance the wind conditions at various levels in Mongkok district. The list of
key design interventions might be outlined as below:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Large site configuration agglomerated from small lots preferably with its longer
frontage parallel to the prevailing wind direction;
Modifying the building mass with higher permeability especially at the tower
levels;
Varying building heights (at district level as well as at strategic spots such as near
road junctions);
Minimizing excessively massive building frontage directly facing the prevailing
wind direction;
Providing major open space / pedestrian area parallel to the prevailing wind
direction;
Widening of existing narrow roads (and/or setback of tower blocks above
podium), particularly which are parallel to the prevailing wind direction;
Minimizing elevated walkways decking (similarly for other overhead elements
such as signage) over narrow streets;
Providing higher permeability at large podium structures, or between tower and
podium levels;
Providing breezeways (gaps) between tower blocks along street;
Optimizing landscape design (including trees, water features, canopies, etc.)
for an appropriate wind environment at pedestrian and podium deck levels.
(Note: The effects of any massive site formation or reclamation have not been
explored in this charette.)
More detail about the design interventions is in Part 3.5.4 of this report.

3.5.1.9 Tseung Kwan O
The study team had a second design charette for Tseung Kwan O new town in May
2004. The focus was placed on the further development area of TKO district near the
waterfront, which is largely a vacant land already reclaimed from the sea. The list of key
design interventions might be outlined as below:
1.
2.

Aligning the major local streets in parallel to the prevailing wind direction so as
to form breezeways through the district from the seaside;
Aligning the tower bocks in parallel to the prevailing wind direction in line with
the aforesaid design strategy;
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3.
4.

5.
6.
7.
8.
9.
10.

3.5.2

Locating the open spaces in-between the layers of tower blocks for maximizing
the distance between buildings and in turn widening the breezeway;
Locating low-rise GIC sites (e.g. schools) in-between the layers of tower blocks
for maximizing the distance between buildings and in turn widening the
breezeway, and modifying the GIC buildings into 1-3 storey podium structure /
deck with extensive landscaping design on its roof;
Locating any polluting source (such as public transport interchange [PTI]) at
location along breezeway and with its exhaust well above pedestrian level and
other sensitive receivers;
Varying the height of tower blocks so as to have the lower building height close
to the major pedestrian areas such as the central waterfront promenade;
Increasing the permeability of tower blocks with multi-storey voids at both
above podium level and higher levels (as sky gardens);
Providing a terraced podium edge facing pedestrian walkways / roads and with
extensive landscape across the podium levels for enhancing thermal comfort;
Providing gaps, preferably in parallel to the prevailing wind direction, at the
podium levels for functional use (such as local vehicular access) as well as for
natural ventilation;
Providing wind walls or similar design features for enhancing natural ventilation
potential for building interior, especially for those tower blocks with major
facade orientation at a right angle to the prevailing wind direction.

DISTRICT LEVEL CONSIDERTIONS

3.5.2.1 Street Patterns, Breezeways and Building Plot Configuration
1.

In a densely built area, breezeways should play a key role in channeling air
into the inner parts of the area. Breezeways can be in the form of primary
roads, open spaces and low-rise buildings through which air reaches the heart
of the urban area. The effectiveness of a breezeway in channeling air would
depend on its orientation in relation to the direction of the prevailing wind and
its geometrical relationships with surrounding developments.

2.

Local roads further diffuse air all around the urban area. Again, the widths of
the roads should be designed with respect of the dimensions of the
surrounding developments in order to funnel wind effectively. In current
practice, the orientation of roads is designed based on highway requirements,
topographical and visual considerations, and road width is determined by the
estimated road capacity required to cater for the traffic generated by the
planned land uses.

3.

The building plot configuration is interrelated with the pattern of roads. The
new development areas and new towns established over the past 10 to 15
years are generally characterized by wide roads, large building plots and high
development density. In order to maximize the quality of the views available to
the inhabitants of a development, building blocks are usually aligned closely
along the long frontage of the plot resulting in a significant wall effect. It is also
common that the parking facilities and a retail mall are accommodated in a
podium structure with permissible full (100%) site coverage. If this mode of
development is widely adopted in a town, the air permeability of the whole
town can be reduced significantly despite the designation of breezeways. To
increase the air permeability, it is worthwhile considering that the longer
frontages of large building plots are aligned with the prevailing wind or building
plots are divided into smaller lots with more local roads or non-building areas
in-between.

3.5.2.2 Land Use Pattern, Disposition of Open Spaces and Clustering of Low-rise Buildings
In drawing up a town plan, land uses are planned with a view to fulfilling various planning
standards and technical requirements. Based on the results of various technical
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assessments including air, noise and visual impact assessments, some restrictions on
land use disposition may be imposed. For instance, polluting uses must be
accommodated in designated areas so as to maximize the air pollution dispersion
potential and a buffer distance should be maintained between the polluting uses and
sensitive receivers. Open spaces and low-rise buildings are usually distributed in a way
that the densely built high-rise developments can be appropriately spaced out for visual
relief. Low-rise buildings commonly referred to as G/IC facilities, such as schools,
hospitals, town hall and religious institutions etc. From the view of optimizing air
movement, densely built areas interweaved with open spaces and low-rise buildings can
help create a more staggered urban structure which in turn increases air pressure
difference and therefore wind flow. Open space linkages may also be conducive to air
movement at the pedestrian level.
3.5.2.3 Building Heights
Building height controls are sometimes imposed due to airport height restrictions
(AHR) or urban design considerations. Following the promulgation of the Urban
Design Guidelines in 2003, it is envisaged that more building height controls will be
determined on a district basis in order to shape desirable skylines and preserve
views to key ridgelines from important vantage points. A stepped height concept is
generally adopted that the heights of buildings should gradually increase from the
seaside towards inland areas. The planning control on building heights is usually
exercised through either statutory town plans or layout plans/ lease conditions.
Recently, a new approach has been adopted. Before height restrictions are
incorporated into statutory plans, guidelines are prepared for public consultation and
to provide a reference for the Town Planning Board in consideration of planning
applications. Appropriate degree of variation in building heights between different
development sites can help instigate downward wind flow in the gaps between them.
3.5.3

LOCAL/ SITE LEVEL CONSIDERATIONS

3.5.3.1 Building Heights
Although it is the intention of the Government to encourage height variation of the
developments comprising more than one building block, usually only a maximum
building height is stipulated in the relevant OZP or layout plan/ lease conditions in
respect of the site concerned. This often results in a monotonous roofline with slight
or even no variation in building height as the developer tends to maximize the height
of the development for marketing reasons. If it is intended to promote a meaningful
height variation within a development site to optimise wind potential of the
development itself, the land use zone of the development site can be divided into
sub-zones with different maximum height restrictions or a range of building height to
be achieved can be stipulated in the relevant OZP.
3.5.3.2 Building Mass, Disposition and Orientation of Building Blocks
1.

Despite the control on development bulk implemented through the Building
(Planning) Regulations, restrictions may be stipulated in statutory town plans and
layout plans/ lease conditions to further control the development bulk in terms of
plot ratio, site coverage, etc. The stipulation of more stringent control can be on the
grounds of infrastructural constraints and visual impact etc.

2.

The size of a development site in new towns can be as large as 3 to 4 ha,
which is generally much bigger than a typical building plot in the old urban
areas. To optimize the views of the inhabitants, the building blocks are very
often erected as a wall on the periphery of the site with little gaps in-between. It
is considered that this huge concrete wall would perform as a wind barrier,
which may substantially reduce the wind available to other building blocks
behind it within the same site and other sites. The impact of individual
development sites may be added up to give accumulative effects on airflows in
a wider context.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 135 of 282
CUHK

3.

In view of the scarcity of developable land in Hong Kong, the scope for
substantially reducing the development density to increase the general air
permeability of a town to a desirable level would be very limited. In fact, simply
reducing the development density may not be effective in improving air
ventilation performance. To improve the air permeability of a wall-like
development and dilute its negative impact on wind capture potential of
adjacent developments, gaps can be created between building blocks,
between the podium and the building blocks built atop and within the building
blocks at various levels.

3.5.3.3 Podium Structure
At present, 100% site coverage is permitted for a podium not exceeding 15m in
height. The prevalent huge podium structures, in particular those built on large sites,
may greatly restrict air movement at the street level and therefore cause stagnant air.
To enhance the air permeability, it is worthwhile considering reducing the site
coverage to allow for air corridors (in the form of pedestrianised street) penetrating
the podium at the street level. But the air corridors have to be carefully designed to
avoid gust of wind which makes pedestrians feel uncomfortable.
3.5.4

DESIGN INTERVENTIONS

The aspects of the design interventions are grouped into six broad categories, which in turn
contain 2 or 3 sub-categories:
1.

2.

3.
4.

5.
6.

Street / Breezeway
1.1. Road pattern
1.2. Street width
1.3. Breezeway
Land Use
2.1. Open Space
2.2. Low-rise or G/IC
2.3. Polluting sources (PTI)
Building Height
3.1. District building height
3.2. Local building height
Building (Tower) Permeability
4.1. Gaps between towers
4.2. Gaps between tower and podium
4.3. Gaps in a tower
Podium
5.1. Setback of podium
5.2. Gaps in podium
Miscellaneous
6.1. Wind / ventilation enhancing features
6.2. Landscaping (street / podium / sky-garden)
6.3. Sign board / street stall

The framework is applied to both Mongkok district and Tseung Kwan O (TKO) district. These
opinions on the probable design interventions for Mongkok and Tseung Kwan O respectively
are preliminary and subject to expert review and/or further verification.
3.5.4.1 Street / Breezeway
Under “Street/Breezeway”, the sub-categories are “road pattern”, “street width” and
“breezeway”.
3.5.4.1.1 Mongkok
In Mongkok district, the existing road pattern has evolved over time into a basic grid
layout with rectangular street blocks of typical size at about 0.5 ha each. The longer
side of the street blocks (about 100m long) typically face east / west, and their
shorter side (about 40m long) typically faces north / south. While the fine grain of
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the existing road pattern is considered as a positive element of the urban fabric,
further enhancement for air ventilation could be introduced through better
responses to the prevailing easterly wind direction. The corresponding design
interventions could involve:
1.
Street Pattern
Increase pedestrian streets or grid density in the east-west orientation to form
breezeways. This is the direction parallel to prevailing wind direction in
summer. (Fig 3.5.4.1)
2.
Street Width / Breezeway
Widen existing streets parallel to the prevailing wind direction. (Fig 3.5.4.2)
3.5.4.1.2 Tseung Kwan O
1.
In TKO, the “further development area” near the waterfront has been planned
with its local access roads mainly running in the north-south orientation. This is
considered as a favorable layout for harnessing the local wind potential for
flushing out the street pollutants and for acting as breezeways for serving the
inner development sites in TKO. On the other hand, for TKO district, there are
also 70m to 100m wide breezeways planned for facilitating the north-south air
movement. Its effectiveness should be subject to further review.
2.
However, a probable problem area is associated with some of the as-built
large-scale residential developments located to the north of the TKO “further
development area”. These development sites are very large, typically 3-4
hectares each. In some cases, the longer side of the street block faces south
(the sea) and could be up to 250m in length for a single development. Coupled
with its tall and densely packed tower blocks across the east-west orientation
as a huge wind barrier (approximately 250m wide x 200m tall), stagnant air
zones would result on the leeward side of such developments.
3.
Therefore, for TKO “further development area”, the proposed design strategies
could involve:
• Street Pattern
Minimizing traffic in local streets and aligning local streets to be in parallel
to the prevailing wind direction. (Figure 3.5.4.3)
• Street Width / Breezeway
Providing breezeways to the water/seaside to facilitate the inflow of
prevailing winds across the district. (Figure 3.5.4.4)
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Fig. 3.5.4.1 Mongkok Street Pattern
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Red dotted line at 15m represents typical podium height

Fig. 3.5.4.2 Mongkok Street Width
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Pink shaded represents proposed new road pattern in this design

Fig. 3.5.4.3 Tseung Kwan O Street Pattern
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.4 Tseung Kwan O Breezeway
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.4.2 Land Use
Under “Land Use”, the sub-categories are “open space, low-rise G/IC (Government,
Institution and/or Community Use)”, and “Polluting Source” (such as PTI [public
transport interchange]).
3.5.4.2.1 Mongkok
1.

In Mongkok district, owing to historical reasons, there is a lack of open space
and community facilities in the central portion of the existing urban area. A
major PTI is now located at an elevated site near the eastern edge of Mongkok
district, next to the KCR railway station. However, some of the narrow local
streets in the inner part of Mongkok are still used as stations for mini-buses
that are sources of local pollutants. (Figure 3.5.4.5)

2.

Based on the notion that if more local open space and community facilities
would be planned for revitalizing Mongkok district, the proposed design
strategies could involve:
• Open Space
Aligning new interconnected open spaces along east-west orientation to
form breezeways that would harness the prevailing easterly wind. (Figure
3.5.4.6 and Figure 3.5.4.7)
• Low-rise G/IC
Aligning new low-rise G/IC sites similar to the above concept, and/or
integrating them with open spaces for providing breezeways across the
district. (Figure 3.5.4.8)

3.5.4.2.2 Tseung Kwan O
1.

2.

In TKO, the large open spaces and G/IC sites (e.g., schools) are often
separated from the development sites. Given the extremely high development
intensity of individual sites at large lots (plot ratio 8+/-), stagnant air zones
would result within and near development sites. Should the density be
maintained, the design interventions could involve:
• Open Space
Distributing open spaces in-between development sites for optimizing
effective separation distances between high-rise blocks. (Figure 3.5.4.9
and Figure 3.5.4.10)
• Low-rise G/IC
Spreading the G/IC sites similar to the above concept, and modifying the
G/IC developments into a stepping podium structure of about 1-3 storeys
with extensive landscaping for the podium deck in order to facilitating
smooth air movement at the lower levels. (Figure 3.5.4.11)
On the other hand, the existing PTIs in TKO are located at some central
locations with their exhaust outlets arranged only slightly above pedestrian
level. (Figure 3.5.4.12) In the TKO “further development area”, any additional
PTI or similar facility should be better considered in terms of location as well as
the exhaust arrangement.
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Fig. 3.5.4.5 Mongkok Polluting Sources (P.T.I.)
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.6 Mongkok Open Space
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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The existing open spaces are
scattered and mostly located at
the peripheral of the district.

Vs
Adding a strip of open space
parallel to prevailing wind as a
breezeway.

Fig.3.5.4.7 Mongkok Open Space
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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G/IC
Low –rise
Future development

Organising G/IC
(government /
institution /
community land
uses) and lowrise buildings as
a means of
relieving the
ventilation
problems found
in areas with
congested highrise.

Fig. 3.5.4.8 Mongkok Low-Rise G/IC
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.9 Tseung Kwan O Open Space
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.10 Tseung Kwan O Open Space
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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New schools & courtyards
(originally 9 six-storeys
high standard schools

G/IC (Government/Institution/Community Land Use)
(School of 6 storeys)

G/IC
(Schools of 2-3 storeys at the podium level)

Fig. 3.5.4.11 Tseung Kwan O Low-Rise G/IC
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.12 Tseung Kwan O Polluting Sources (P.T.I.)
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.4.3 Building Height
Under “Building Height”, the sub-categories are “district building height” and “local
building height”.
3.5.4.3.1 Mongkok
1.

2.

3.

In Mongkok district, owing to historical reasons, a random distribution of
building heights has evolved across the area. The older building blocks are
approximately 40m tall, while the taller recent redevelopments are from about
60m up to about 240m plus. Such an existing urban pattern is considered
advantageous for natural ventilation for the district in general.
However, for particular streets with a higher commercial value (such as Nathan
Road / about 25m wide), there have been recent re-developments intensively
along both sides of the street which in turn resulted in an urban canyon
bounded by almost consistently tall blocks of 70-90m high. Such a situation
potentially causes worse air movement at localized areas within Mongkok.
The proposed design interventions could involve:
• District Building Height
Reinforcing the varying building height scenario as exists. (Figure 3.5.4.13)
• Local Building Height
Locating tall buildings at a staggered/diagonal disposition at major road
junctions to create eddies for pollutant dispersion (“washing machine”
effect). (Figure 3.5.4.14)

3.5.4.3.2 Tseung Kwan O
1.

2.

In TKO, most of the existing high-rise residential developments are built to
about 50-storeys tall and commonly with a uniform tower height across each
development site. For private-sector developments, the tower blocks which are
mostly designed above a podium are often slightly taller than those public
housing projects in the same vicinity. The public-sector housing developments
usually have their residential blocks detached from amenity facilities (shopping,
car parking, etc.) which are built as separate low-rise blocks.
For the TKO “further development area”, the proposed design strategies
involve:
• District / Local Building Height
Stepping down tower block profile both towards the seaside to the south
and towards the central pedestrian zone in the central area. (Figure
3.5.4.15 Figure 3.5.4.16)
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Fig. 3.5.4.13 Mongkok District Building Height
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.14 Mongkok Local Building Height
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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G/IC

Fig.3.5.4.15 Tseung Kwan O District / Local Building Height
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig.3.5.4.16 Tseung Kwan O District / Local Building Height
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.4.4 Building (Tower) Permeability
Under “Building (Tower) Permeability”, the sub-categories are “gaps between towers”,
“gaps between towers and podium” and “gaps in a tower”.
3.5.4.4.1 Mongkok
In Mongkok district, given the orientation of the existing street blocks (with their
longer frontage facing the prevailing wind direction), there are probable stagnant
zones especially in those streets running in the north-south direction. The local
effect would be even worse if there are huge re-development sites such as the
recent urban renewal project at Shanghai Street. To address this concern, the
proposed design interventions involve:
1.
Gaps between Towers
Introducing gaps / increasing gap width between towers, especially facing the
prevailing wind direction. (Figure 3.5.4.17)
2.
Gaps between Towers & Podium
Introducing gaps / increasing the gap height between towers and podium for
high-rise developments. (Note: The effect of ventilation gap could be coupled
with the tower setback from the podium edge so as to channel the downwash
wind through the opening towards the street at leeward side where more wind
is in need.) (Figure 3.5.4.18)
3.
Gaps in a Tower
Introducing gaps (sky gardens or similar) / increasing the gap height in the
tower portion of high-rise developments. (Figure 3.5.4.19)
3.5.4.4.2 Tseung Kwan O
In TKO, the existing high-rise developments are very dense and commonly form
huge wind barriers, say 200m both in length and in height. There may be very
narrow gaps between towers of say 5m which represents only about 10%
permeability. Between the towers and podium, where entrance lobbies / amenity
facilities, etc. are located, the height of which is usually only about a few metres tall.
In the tower portion, refuge floor(s) are required under the latest fire safety
regulations. The refuge floor may be landscaped and doubled as a sky garden. To
reduce the air blockage associated with the huge wall effect, the proposed design
interventions could involve:
1.
Gaps between Towers
Introducing gaps / increasing gap width between towers. (Figure 3.5.4.20)
2.
Gaps between Towers & Podium
Introducing gaps / increasing the gap height between towers and podium for
high-rise developments. (Figure 3.5.4.21)
3.
Gaps in a Tower
Introducing gaps (sky gardens or similar) / increasing the gap height in the
tower portion of high-rise developments. (Figure 3.5.4.22)
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Red dotted line at 15m represents typical podium height

Fig. 3.5.4.17 Mongkok: Gaps between Towers
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Red dotted line at 15m represents typical podium height

Fig. 3.5.4.18 Mongkok: Gaps between Towers and Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 158 of 282
CUHK

Red dotted line at 15m represents typical podium height

Fig. 3.5.4.19 Mongkok: Gaps in a Tower
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.20 Tseung Kwan O: Gaps between Towers
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.21 Gaps between Towers and Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.22 Gaps in a Tower
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.4.5 Podium
Under “Podium”, the sub-categories are “setback of podium” and “gaps in podium”.
3.5.4.5.1 Mongkok
In the discussion about “street/breezeway”, the podium setback in general has
been proposed in the context of street widening. In Mongkok district, the recent
urban renewal development at Shanghai Street introduces another concern about
having a super high-rise block (about 240m tall) and long super podium (about
100m tall x 200m long) abutting narrow streets. The concerned podium, which is
allowed to be 100% site coverage under the current Building (Planning) Regulation,
has its long frontage blocking the prevailing wind direction. The corresponding
design interventions could involve:
1.
Setback of Podium
Providing setback of very tall buildings from streets / pedestrian walkways,
together with wind amelioration measures designed at low level for pedestrian
comfort. (Figure 3.5.4.23)
2.
Gaps in Podium
Introducing gap(s) (permeability) at the podium level for allowing the prevailing
wind through the site at pedestrian level. (Note: Attention would be made to
the details of the gap design so as to minimizing any adverse channeling effect
in relation to pedestrian comfort.) (Figure 3.5.4.24)
3.5.4.5.2 Tseung Kwan O
In TKO, the existing large development sites are commonly associated with very
long podium structures (usually 15m high and some being 250m continuously)
abutting the pavement. As discussed in the earlier sections, there is the concern
about stagnant air zones especially at the leeward side of such long podium areas.
The corresponding design interventions could involve:
1.
Setback of Podium
Providing podium setback or a stepping effect of the podium so as to minimize
its visual impact as well as enhancing the wind environment. (Figure 3.5.4.25)
2.
Gaps in Podium
Introducing gap(s) at podium level to create greater permeability thereby allow
prevailing wind passage through the development site at pedestrian level.
(Note: The gap may serve as local vehicular access, and landscaped
courtyards may also be introduced to the podium level for harnessing the
potential of natural ventilation.) (Figure 3.5.4.26)
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Fig. 3.5.4.23 Mongkok: Setback of Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.24 Mongkok: Gaps in Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.25 Tseung Kwan O: Setback of Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.26 Tseung Kwan O: Gaps in Podium
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.4.6 Miscellaneous
Under “Miscellaneous”, the sub-categories are “wind/ventilation enhancing features”,
“landscaping (street / podium / sky garden)”, and “others (such as sign board / street
stall in the older urban areas and building form / features for new town areas)”.
3.5.4.6.1 Mongkok
In Mongkok, the extremely deep and narrow urban canyons (street width typically in
the range of 15-34m; high-rise blocks of 60m and above) result in poor air movement
at the pedestrian level. The existence of large projecting sign boards (a common
feature in the older urban areas), densely-packed street stalls (localized in some
streets), and elevated pedestrian decking (localized in some streets) further affect the
performance of air ventilation. The proposed design interventions could involve:
1.
Wind / Ventilation Enhancing Features
Introducing the innovative idea of “ventilation enhancing pipes” which can be
installed on the facade of high-rise buildings for withdrawing the polluted air at the
street level up to the roof top for dispersion. (Note: The system can be operated by
both active and/or passive means.) (Figure 3.5.4.27)
2.
Landscaping (Street / Podium / Sky Garden)
Introducing more trees and soft landscaping elements for enhancing the microclimate. (Note: The setback of building podium may be involved in order to
acquire space for tree planting especially along some existing narrow streets.)
(Figure 3.5.4.28)
3.
Sign Board / Street Stall
Minimizing projecting sign boards, etc., that block prevailing wind. (Figure
3.5.4.29 & 3.5.4.30)
3.5.4.6.2 Tseung Kwan O
1.
In TKO, as in most other new towns, the typical high-rise residential towers are
designed with eight apartment units per floor in order to optimize the spatial
efficiency. As a result, some of those flats may always be located at the wind
shadow zone with less wind potential for thermal comfort. Building form and/or
special design features should be explored to improve the situation.
2.
For the micro-climate and the building interior respectively, the proposed design
interventions are:
2
Landscaping (Street / Podium / Sky Garden)
Introducing more trees and soft landscaping elements at streets, podium
decks, sky gardens and roof decks for enhancing the micro-climate.
(Figure 3.5.4.31)
3
Building Form / Features
Introducing a more wind-responsive building form or feature with a view to
optimizing the potential of natural ventilation for the building interior (e.g.,
incorporating wind walls on the facade of the building which runs in parallel
to the prevailing wind direction.) (Figure 3.5.4.32)
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Fig. 3.5.4.27 Mongkok: Wind / Ventilation Enhancing Features
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.28 Mongkok: Landscaping (Street / Podium / Sky Garden)
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.29 Mongkok: Sign Board / Street Stall
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Half of the
stalls removed

Fig. 3.5.4.30 Mongkok: Sign Board / Street Stall
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.31 Tseung Kwan O: Landscaping (Street, Podium, Sky Garden)
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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Fig. 3.5.4.32 Tseung Kwan O: Building Form / Features
 Box checked in black represents the primary design intervention.
 Box(es) checked in gray represent items that might have to vary for accompany of the
intervention.
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3.5.5

SUMMARY

3.5.5.1 Summarizing the above sub-sections of this report, a number of key planning
parameters could be identified as shown in Fig.3.5.5.1. It is important that, for better
air ventilation of the city, they be considered at an early design stage. More usefully
for this study, one could now zoom in to these parameters and establish if it is
possible to make quantitative and objective “prescriptive rules” to guide design. The
development of AVAS will proceed along that line.
Road Patterns / Breezeways
Land Use Disposition / Open Spaces
Building Height
Building Blocks: Mass / Disposition / Orientation
Podium Structure (normally up to 15m above street level)
Note: ■ Major design parameters at the concerned level

Local Level
□
□
■
■
■

District Level
■
■
■
□
□

Fig.3.5.5.1: Categories of key design parameters at district & local levels affecting air
ventilation
3.5.5.2 Considerations, Limits and Future Work
3.5.5.2.1 This part establishes the parameters that are most likely to impact the air quality of
our urban environment. Some design interventions are demonstrated. They are
deemed to be good practice given some generic understanding of Reviews, Wind
Science and Criteria for wind as in 3.2, 3.3 and 3.4. They serve as a visual
reference of how science may affect design.
3.5.5.2.2 The design interventions are “suggestions”. That is to say, the precise ratio,
quantity, dimensions and mathematics are not known and will not be known for a
number of reasons.
There is a general lack of detailed and comprehensive information on
meteorological data in a district, e.g. wind direction and wind speed, and
pollution levels. Without this information, it is impossible to fine tune the
parameters. A compromise is to establish guidelines that are “towards the
better” instead of definitive. In this case, the cost-benefits could not be
established. The next stage of the study will see if they could be investigated
and established. If so, how? If not, why? And what steps are necessary to get
there.
There is a need to develop a parametric understanding to pin down the exact
quantities of design interventions.
There is a need to establish cost-benefits of a certain performance
requirement and the society as a whole has to endorse it.
3.5.5.2.3 Wind environment can be easily affected by very local factors, such as proximity to
hills (topography), walls, buildings, gaps etc. It is difficult to generalise the situation.
Changes of block layout and design on one site will affect the neighbouring sites.
Therefore for accurate assessments, individual sites would require site-specific
assessment. Hence based on the design studies, it is necessary to have 2 levels of
assessments under AVAS – Performance and Prescriptive.
3.5.5.2.4 The urban texture of a town is the result of a planning and development process
which takes account of a number of socio-economic and technical considerations.
In drawing up a town plan or development scheme, it commonly happens that some
factors conflict with each other. In most cases, a compromise has to be sought to
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achieve an optimal town plan/ development scheme which can fulfill different
objectives and criteria. If impact on air movement becomes one of the technical
considerations in the process, it is envisaged that air ventilation performance may
not be able to be optimised considering other factors.
3.5.5.2.5 It is understood that the building design of a development can affect the air
ventilation performance at the local scale. However, control on building design is
basically outside the scope of town planning. Nevertheless, scientifically, the two
work together.
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3.6

AVAS: The Air Ventilation Assessment System – a Hypothesis

3.6.1

METHODOLOGY AND FRAMEWORK OF AVAS

3.6.1.1 The establishment of the criteria, the scientific understanding, the review of
conditions and problems of Hong Kong, the identification of parameters and design
possibilities ultimately lead to the question: Is it possible to develop an Air Ventilation
Assessment System for Hong Kong?
3.6.1.2 Based on current scientific know how, the study can conclude that a certain form of AVAS
system could be developed. It is anticipated that the AVAS, when further developed could
have the following components:
1.

2.

3.
4.

A Good Practice guide, based on the understanding of chapter 3.2 of this
report, to advise designers and planners going about their works. The guide
should be advisory only. It is up to the discipline of the profession to voluntarily
follow the guide rules.
A number of prescriptive rules in the form of an urban design guide to effect
changes to smaller sites and the metro areas. This also allows designers some
rough ideas of the quantities to follow. For example, if an index of say 50%
could be specified, then designers could visually know roughly how the design
may go.
Performance requirement tests of larger sites and developments are required
to demonstrate that the development proposal does not adversely impact its
surroundings.
Performance requirement tests should also be required for urban level
planning that the performance of in-between spaces and buildings within the
area are tested.

3.6.1.3 However, it relies on:
1.
2.

3.
4.

5.
6.

Can better site survey works be conducted to understand quantitatively the
core of Hong Kong’s problems and needs?
Without a proper site survey and assessment, one might risk understanding
the problem wrongly; worse still, one might risk solving the wrong problem.
Moreover, any remedial works or design interventions could only be
approximate without quantitative data.
Is wind data that covers the entire territory readily available to provide the
reference to AVAS?
To properly implement AVAS, there is a need for wind as well as pollution data
of the site. Otherwise, it is necessary for a design proposal to measure,
simulate or somehow calibrate and appropriate the data needed. This could be
prohibitive and resources expensive.
What format should AVAS be introduced? Laws? Guidelines? Credit Systems or
what other forms?
It is easier to develop a voluntary credit system than a piece of law. For a
certain form of best practice guide, it is reasonable to use approximate
numbers and indexes as the aim is to move “towards a better future”. Precision
is never a concern. However, if AVAS was to be introduced as a mandatory
requirement, then it will have to go through a much more lengthy process of
testing, validation, feedback and consultation. Its scientific content will have to
be much more precise and rigorous. Its cost benefits will have to evaluated.

3.6.1.4 It has been hypothesized that two main approaches of AVAS could be formulated.
They are not mutually exclusive. The approaches, together, will be able to cope with
the time and cost issues of the system, as well as the size and scale issue of
evaluation. The approaches of AVAS are; Performance based and Prescriptive
based. Some initial thoughts are as follows.
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3.6.2

PERFORMANCE BASED APPROACH
Difficult, time consuming and can be expensive to do. Requires expertise normally
beyond architects and planners. However, it is scientifically much easier to define.

3.6.2.1 Some initial ideas could be speculated here. Detail development and feasibility have
to be further studied in later working papers of this study.
3.6.2.2 The method outlined here is suitable for a “large” development site or a district. The
fundamental assumptions of the assessment method hypothesized here are:
1.
2.
3.
4.
5.
6.

There is a mutually respectful relationship between the development under
assessment and its surrounding buildings and an assumption should be made
of the surrounding area that is yet to be.
The assessment is independent, and may not be compensated with other
measures – this is highly unrealistic as environmental factors (e.g. wind, solar,
temperature and so on) are always inter-related to each other.
The conditions of the surroundings remain the same. That is to say, the input
climatic and environmental data, and the macro-surroundings of the
development will remain unchanged.
The criteria used are valid now and in the future. That is to say, there is no
change to the performance requirements of say outdoor comfort of inhabitants
of Hong Kong.
For district level development proposals, it is assessed within itself. No account
will be made of its impact to an adjacent district.
For large development sites (2 hectares or above), it is assessed for its impact
to the surroundings (adjacent lots).
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3.6.2.3 Given a design layout, how is one going to assess it based on the performance criteria? A
scenario is illustrated below as an example. All figures, ratios, and quantities used are
hypothetical for illustration only.
3.6.2.3.1 Test methodology
Two designs (ABC and XYZ) are to be compared and are to be tested for outdoor
wind comfort; a threshold wind speed of 1.5 m/s is specified. No upper limit is set for
the test for wind gust investigation.
Step 1.
Step 2

Step 3

The wind conditions on an hourly basis of the site are obtained including
wind speed and wind direction. The probability of wind availability and the
strengths are noted. The information could be formatted as in Appendix 3I.
Resolve the wind data in Step 1 to discrete steps, say wind direction of 12
to 36 quarters and wind speed of a few categories. The resolution of the
steps depends on the precision one desires.

Construct the models with the tested sites and the surroundings. Discretise
the model to a resolution of 500 squares on plan of spaces surrounding
the developments to be tested, apply random (stochastic) sampling to
select 50 points for detailed study.
The sampling of the 50 points and their results will represent the overall
performance. For detailed further study of the design (problem areas), additional
discretionary points could be added.
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Step 4

Subject the models to wind tunnel or (if scale and complexity permit) CFD
tests. Collect information of each test location under different wind speeds
and different wind directions. Complete the table for each of the test
points.

Step 5

Apply performance criteria to select boxes that meet with the
requirements, sum up the probabilities of the boxes and collate data.

Step 6

Based on the results, many questions and decision could be made. For
example:
Out of 50 points, how many points pass the performance criteria? If design
ABC has 37 passed %, and model XYZ has 23 passed %, as far as air
ventilation for outdoor comfort is concern, model ABC is better.
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Nature (sponge) provides the most powerful metaphor
to the thinking of the permeability index
3.6.3

PRESCRIPTIVE BASED APPROACH

3.6.3.1 For designers, it is simple, straightforward, and easy to apply. But it is extremely
difficult to develop scientifically. A few possible suggestions are:
1.
2.
3.
4.
5.

Street width to building height ratio
Openness ratio/index
Building heights and height ratio/index
Permeability index
Site coverage ratio

3.6.3.2 Some initial ideas could be speculated here. Detailed development and feasibility
have to be further studied in later working papers of this study.
3.6.3.3 The method outlined here is suitable for initial assessment and for smaller
developments (costs of performance tests may prohibit using the performance based
approach). The fundamental assumptions of the assessment method hypothesized
here are:
1.

2.

Assumptions
The context under evaluation is fundamentally similar to the context when
the parameter was researched. That is to say, for example, a prescriptive
rule designed and investigated for low rise houses in the UK should NOT be
used to assess high rise buildings in Hong Kong no matter how it is
extrapolated.
• The conditions of the surroundings remain the same. That is to say, the input
climatic and environmental data, and the macro-surroundings of the
development will remain unchanged.
• The criteria used are valid now and in the future. That is to say, there is no
change to the performance requirements of say outdoor comfort of
inhabitants of Hong Kong.
•

•
•
•
•
•

Following the study outlined in this chapter, the following rules are most likely:
Street width to building height ratio
Openness ratio/index
Building heights and height ratio/index
Permeability index
Site coverage ratio
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Figure 3.6.3.1

Street width to Building height ratio

3.6.3.4 The street width to building height ratio basically controls the canyon effect of the built
environment. In Hong Kong, under the auspices of Light and Ventilation requirement of
the Buildings Ordinance, buildings not facing the street have a H/W ratio of 3 between
them. For buildings facing a street wider than 4.5 m, there is no restriction. Nowadays, in
some parts of Hong Kong, the street width to building height ratio could go to 6, 7 or even
deeper. This is unprecedented in most parts of the modern world. If a precise ratio is
desired, research programmes need to be initiated to find out its magnitudes.

Figure 3.6.3.2

Openness ratio

3.6.3.5 The openness ratio basically is about the amount of open space near and around the
building or development that are of the kind, shape, position and quality that will
affect the effectiveness of wind moving around the site. It could also be regarded as
the amount of openness on plan. The horizontal open space on top of a podium
could be regarded open under the openness ratio.
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Figure 3.6.3.3

Building height ratio

3.6.3.6 For wind, the absolute building height is not the sole consideration. It is the relationship
of building heights with each other that is more important. Buildings height ratio is the
degree of variation of building heights within one’s site boundary and with their
surroundings. As outlined before in this report, varying building heights in a certain way
could significantly improve the wind flow around the buildings

Figure 3.6.3.4

Permeability index

3.6.3.7 Permeability index denotes the amount of openness of a development on elevation.
It should include the gaps between buildings, sky gardens, void deck above the
podium, and the filtering of air through the building. Permeability has to be
directional. Hence, it may be necessary to contemplate that the development should
have a permeability of A% facing the prevailing wind, and B% facing other directions.
A > B.
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Figure 3.6.3.5

Site coverage ratio

3.6.3.8 Site coverage ratio is similar in concept to Openness ratio except that it only concern
space within the boundary, and in general only for ground level open space. The
ratio could be used to effect widening of streets and passages through the site.
Passages in the direction of the prevailing wind are particularly encouraged.

A sponge ventilating: A sponge is covered with tiny pores, which lead internally to a system of
canals and eventually out to one or more larger holes. The water brings in nutrients and
oxygen, while it carries out waste and carbon dioxide.
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Task 3
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4

TASK 3: IMPLEMENTATION PROCEDURES & STRATEGIES
To promote better layout of building blocks in
the city, we are examining the practicality of
stipulating air ventilation assessment as one of
the considerations, similar to traffic and
infrastructure capacities, for all major
development or redevelopment proposals and
in future planning. We propose to consult
stakeholders on the measurement, scope and
mechanism of application and other detailed
requirements for an air ventilation assessment.
(Team Clean 2003)

4.1 Introduction
4.1.1

“Based on the recommended approach and methodology in Task 2, the Consultant
shall undertake preliminary and broad assessment on the practicability and primafacie reliability, cost effectiveness and limitations of conducting air ventilation
assessment as one of the technical considerations in vetting development proposals.
The Consultant shall advise on the minimum scale, size and scope of projects which
should benefit from and warrant such air ventilation assessment to produce
meaningful and reliable results in a cost effective manner. The Consultant shall also
recommend the implementation mechanism to impose and monitor air ventilation
assessment if considered necessary in the planning and development process either
as an administrative or a statutory measure within the existing institutional
framework.” (Study brief – Task 3)

4.1.2

“The Consultant shall develop generic guiding principles or performance checklist
setting out the important wind factors to guide land use planning and initial planning
and design of large scale development proposals before any actual undertaking of air
ventilation assessment for professional users’ reference. The principles or
performance checklist should provide good practice guideline as to how land use and
site planning, urban design, building forms and their three-dimensional relationship
with adjacent structures and terrains, stepping height profile and use of enhancement
or mitigation measures etc., can help enhance air circulation and avoid creation of
unfavourable wind conditions.” (Study brief – Task 4)

4.1.3

This chapter follows the technical fundamentals established in chapter 3. When
reading this report, the spirit of the study, with the title beginning with “Feasibility
study for Establishment of …” must be borne in mind. The next two chapters are
about implementation and guidelines. However, any implementation
recommendations and guidelines could only be built on the limited technical picture of
the previous chapter. The problem is that, at the moment, there is very little research
and site measurement data to quantitatively guide actions.
It was strongly recommended in chapter 3 and reiterate here that should the outline
technical and implementation strategies of this report prove reasonable, a more
thorough and precise research programme be launched. Firstly, to fill in the
knowledge gaps we have for Hong Kong, as follows:
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Lack of quantitative data of existing conditions
Lack of generic data of wind in urban conditions
Lack of data to pin down the performance criteria needed for local inhabitants
Lack of research data to develop detail prescriptive rules and guidelines
Secondly, to completely review current planning practice, so as to identify
incomparable and anomalies, and perhaps identify and confidently isolate the key
points to apply the needed urban acupuncture. This is not an easy task as it is
pending on at least having some of the missing data as listed above plus knowledge
of the ethos and rationales of the existing planning system, and plus a strategic view
of the future urban morphology and development of Hong Kong.
4.1.4

The above tasks are labour, technical and resources intensive. The Consultant
opines that a solid programme of 4-5 years with a good team of researchers, planners
and designers may be needed. A strong will from the Government, and support and
collaboration from the stakeholders and the consent of the general public are also
demanded. At the end of the day, the successful implementation of the AVAS is a
scientific, as well as a political undertaking.

4.1.5

In view of a lack of data as identified above, the proposed AVAS could only be
implemented in stages. This chapter identifies 4 key stages.
The text of chapter 4 explains the details of the stages. Stage 1 could be
implemented almost immediately. Stage 2a requires gathering of meteorological,
topographical and land use data. Stage 2b requires site studies, measurements and
further validations and could be implemented after the “benchmarking” is done.
Stage 3 requires parametric testing and validations. The research works for the
stages could be conducted concurrently given the right support. Therefore, it is
reasonable to suggest completion of the research work of all four stages of AVAS in a
matter of say 5 years. In short, a fully developed AVAS is possible in say 5 years
time.

4.1.6

Stage 1 of AVAS focuses on performance testing. Wind tunnel as a study tool is
recommended. Wind tunnel science is an established engineering practice (unlike
CFD, which is still very much laboratory and experimentally focused and debated).
Each wind tunnel expert has his own way of working but largely follows a similar
approach. If the outcome is agreed, it is generally not necessary for the client to
know the technical details.

4.1.7

A hypothetical work out of Stage 3 – Prescriptive rules is included as a demonstration
of principles. It is not the final outcome.

4.1.8

It must be noted that a quality built environment is not only about good wind and air
ventilation. Environmentally, there are many other issues to be considered. Thus, the
recommendation of this study does not necessarily exclude other measures and
strategies to improve our city, nor does the study indicate any pre-eminence of air
ventilation over other environmental measures.
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4.2 Considerations – Issues and Approaches
4.2.1

APPROACH FOR FORMULATING SELECTION CRITERIA

4.2.1.1

The terms “health” and “comfort” are synonymous. The World Health Organisation
(WHO) has since 1948 defined it as: Health is a state of complete physical, mental
and social well-being and not merely the absence of disease or infirmity.

4.2.1.2

The study could not focus on Severe Acute Respiratory Syndrome (SARS). SARS
should be considered a one-off emergency clinical event. The spread of SARS is
still a medical mystery. The spread of disease, air borne or not, is a complicated
science, and is depending on a number of factors (e.g. the type of virus, and so on).
For enclosed spaces, there are standards governing the design of say hospital
wards, research laboratories and so on. (see WHO laboratory biosafety manual, 2nd
ed., WHO/CDS/CSR/LYO/2003.4, Geneva 2003). However, it is practically
impossible to design our built environment to the high standard of a laboratory to
confidently avoid the transmission of diseases.

4.2.1.3

Research studies indicate that better indoor ventilation and air change are beneficial
to “dilute” the concentration of germs within the room and thus may reduce the
harmfulness. But there is no established international standard and little appropriate
research to guide the design of our surroundings beyond the limits of laboratory
conditions – let alone the very special circumstances of Hong Kong. Hence, it is
impossible, with our current state of knowledge, to confidently establish what the
standard should be for a normal built environment (spacing, geometry, openings,
design features and so on). Although the study was initially referenced by the
Team Clean Report, the consultant, in consultation with the Planning Department,
has opined that the study should not concentrate on disease transmission, but
taking SARS as a wake up call to establish the feasibility of improving the livability,
quality and sustainability of our city in general based on an Air Ventilation
Assessment System for planning.

4.2.1.4

Referring to chapter 3, it highlighted four performance criteria for wind in cities.
Namely, wind for indoor thermal comfort, wind for outdoor thermal comfort, wind for
pollution dispersion, and wind gust.

4.2.1.5

Chapter 3concludes that for indoor thermal comfort, an indoor air speed of around 1
m/s over the occupants’ body could be desirable for our summer conditions. To
achieve that requires three key conditions to be met: Firstly, the outdoor wind speed
outside the window is available, and is likely to be in the range of 3-5 m/s. Secondly,
the window(s) is/are positioned in such a way that wind could enter the interior and
over the body(ies) of the occupant(s); it is very likely that cross ventilation is needed
and the building be designed in such a way that “pressure differences” of windows are
maximised. Thirdly, the path of the wind entering the building must be reasonably
“clean” so that the occupants would not unnecessarily close the window and block the
natural wind flow.
An achievement of indoor comfort is largely a building design problem. From a
planning perspective, for wind to be available at the window pane of an residential unit,
the external urban morphology must be carefully designed to allow a general urban air
movement and to prevent stagnant zones.

4.2.1.6

Chapter 3 concludes that outdoor pedestrian comfort is a function of air temperature,
wind speed and solar radiation. Recent researches indicate that for cities with high
relative humidity (RH), the effect of RH is negligible. For outdoor ground level
pedestrian comfort, a wind speed of around 1.0 to 2.0 m/s could be desirable in the
summer months. This will provide a sensation of light breeze over the pedestrians.
However, the study also states that there are other measures, like provision of
shading and vegetation, which could also be effective and conducive to a quality
external environment.
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4.2.1.7

Chapter 3 concluded that whereas air pollution is a more complicated science, an
urban phenomenon, mostly has to be studied on a case-by-case basis. For case
studies of critical conditions, detailed study of stagnant zones of complex geometry,
wind tunnel testing could be used. Some simplified note could be drawn here as a
matter of giving a ‘peripheral indication’. The consultant opines that “a steady wind
speed at pedestrian level of the order of at least 1 m/s in the direction parallel to the
canyon or similarly towards the free air should in general be reasonable for diluting
and dispersing general pollution reasonably expected in streets and canyons.” The
above roof wind speed to result in this 1m/s pedestrian level wind will have to be
higher, and it will depend on the urban geometry.

4.2.1.8

In general, for outdoor spaces, wind gust of more than 5-8 m/s should be avoided.
However, unlike cooler climates, wind gust causing discomfort is typically not a
major problem in many sites of Hong Kong save for examples of some exposed
waterfront locations.

4.2.1.9

Overall, the studies of criteria lead to the general conclusion that: For urban Hong
Kong, typically more wind the better. And if the wind speed at the pedestrian level
could be maintained at around 1.0 to 2.0 m/s, the benefits could be desirable. Once
the performance criteria (or standard) could be stated, it is possible to examine our
city fabric to detect why one is not getting it. Moreover, it is possible to develop new
rules and practices that the probability of getting it in future plans could be improved.

4.2.2

AIR VENTILATION ISSUES IN RELATION TO EXISTING URBAN TEXTURE
Chapter 3 has identified the likely problem areas (based on qualitative expert
judgment) of Mongkok (metro urban fabric) and TKO (new town). The understanding
enables critical solutions to be identified. Prudent interpretations must be exercised
as the issues are only noted qualitatively by experts. Chapter 3 has also revealed
that there are some disagreements among the experts. For example, the effects of
gaps and their positions might need further testing. Nonetheless, overall speaking,
there was an agreement.

4.2.2.1

Urban city area – Mongkok

Urban Texture
a)

Tight site, narrow streets
and alleys

Air Ventilation Issues

Solution

Wind difficult to
penetrate deep into
different areas

 Proper linking and widening
of roads along the prevailing
wind direction
 Disposition of open plazas at
ground level
 More gaps between towers
(e.g. say 30% of the building
frontage) and “void deck” at
ground level
 Use vertical-type signboards
rather than horizontal-type to
minimize wind blockage
Note: Void deck is typically
single or double storey open
space underneath the tower;
that is to say, the bulk of the
building is raised to create an
open space underneath with
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only the supporting columns
and main cores to come
through. The term void deck
is followed from Singapore
and their public housing
design
Basically, there are 3
categories of voids:
Void on ground or at ground
level (or known as void deck
by adopting the terminology
used in Singapore);
Void on top of podium; and
Void in tower (e.g., sky
garden).
b)

Small street width to
building height ratio

Formation of deep street
canyons that trap heat
and pollutants

 Vary the building heights
 Provision of ventilation
system e.g. stacks/ chimneys
 More gaps between towers
and use void decks at ground
level

c)

d)

e)

Uniform building heights

Minimizing wind
availability at pedestrian
level

Buildings with very
minimal or literally no
setbacks

Poor ventilation inside
narrow and tall alleys

Large land lot

Formation of huge
podium and narrow
street

 Mixing land uses
 Vary building heights

 As in (b)

 Large land divides into
smaller lots
 Allow air path(s) across the
site
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f)

Towers built on podiums

Minimizing wind
availability at pedestrian
level

 Avoid the use of podiums
 Minimize the extent of podium
and to create air path across
the site.

g)

Minimal or no planting of
trees at street level

Minimal shading at
pedestrian level (poor
pedestrian comfort)

 Planting of trees at pedestrian
walks to provide shade,
cooling and filter pollution
(also consider wind blockage
by trees, selection of tree
types is important. In
general, opt for large canopy
trees with tall trunks)

h)

Waste heat from
automobiles, air
conditioners, sign boards
and shops dumped to
streets

High degree of
anthropogenic heat at
street level (poor
pedestrian comfort)

 Decrease car circulation
 Use centralized air
conditioning and/or district
cooling
 Use ventilation chimneys to
direct heat away from canyon

i)

Materials in pavements
and building facades are
medium and low solar
reflectivity

High absorption of solar
radiation (poor
pedestrian comfort and
heat island effect)

 Use cool materials with high
solar reflectivity and high
emissivity
 Reduce direct solar gains of
surfaces (e.g. planting and
shading)

j)

Main arteries not
following directions of
prevailing wind – wrong
street orientation

First row of building
blocking the subsequent
rows resulting in poorer
wind penetration

 Orientate street to +/- 30
degree of prevailing wind
 Also widen streets to be
breezeways.
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4.2.2.2

Long term problems – Mongkok

Whilst the existing conditions in Mongkok is of some concern as listed above. It appears that
the worst is yet to come when landowners start to maximize their plot ratio entitlement without
any limit. Urgent measures are needed to prevent the eventual scenario of say 30 to 40
storeys high buildings lining both sides of the streets which is only 15 to 20 m wide. (The H to
W ratio will result in canyons of 4:1 and above. This is highly undesirable, as in general
canyons beyond 2:1 are already considered problematic and undesirable in many overseas
studies.
In general, streets in Mongkok are narrow and orientate perpendicular to the prevailing wind.
Block/street lengths between east – west streets are long, thus it is difficult for wind to flow
through the streets. Since the street are narrow and orientated east – west, differential
thermal stratification could not be maximized to bring beneficial effects.
4.2.2.3

Suburban new town area – Tseung Kwan O

Urban Texture
a)

First row buildings of
similar height
perpendicular to the
prevailing wind direction

Air Ventilation Issues

Solution

Create shadowing effect
to the rows of buildings
behind which resulted in
poor ventilation

 More gaps between towers
and void decks at ground
level
 Vary building height
 For tall towers, shortest
façade should face the
prevailing wind direction
 Properly layout of buildings
and streets to create air
movement by thermal
stratification

b)

Building layout creates
stagnant zones

Poor ventilation in
residential units

 Use of wing walls to channel
wind into residential units ( in
general, encourage cross
ventilation through the unit
and maximize pressure
difference of windows.

c)

Uniform building heights

Minimizing wind
availability at pedestrian
level

 Mixing land uses

Formation of huge
podium and narrow
street

 Divide large land into smaller
lots

 Create air paths through site

d)

Large land lot

 Vary building heights
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e)

Minimal or no planting of
trees

Poor pedestrian comfort

 Planting of trees at pedestrian
walks to provide shade,
cooling and filter pollution
(also consider wind blockage
by trees)
 Rooftop greenery at podium
 Use of cool sinks, like water
to lower radiant temperature

f)

Ventilation exhausts of
restaurants, shops, PTI
(public transport
interchange), and RCP
(refuse collection point)
very close to ground level

Pollutants trapped at
ground level resulted in
poor air quality

 Reconsider the position of
exhausts e.g. along
breezeway and well above
pedestrian level to facilitate
pollution dispersion
 Use ventilation chimneys to
direct pollutants away from
canyon

g)

Materials in pavements
and building facades are
of high solar absorptivity

High absorption of solar
radiation (poor
pedestrian comfort and
heat island effect)

 Use of cool materials in
pavements, streets and
building facades

h)

Multi-storey car parks
next to residential blocks

Pollution and noise
problems

 Reconsider site design

4.2.2.4

Uncertainties

Most international experts opine that understanding TKO is more difficult than understanding
Mongkok.
Mongkok more or less follows the traditional canyon layout (albeit in our case, the canyon is
deeper and one might need to extrapolated one’s scientific understanding.) Behaviours within
the canyon have been researched and most of its characteristics are known.
TKO is very different. Most experts opine that some spot measurements are needed to
further its understanding.
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4.2.3
4.2.3.1

PRIORITIZATION OF FACTORS
The prioritization of the “solutions” are gauzed with reference to the following 4
aspects, which embrace on one hand the air ventilation performance considerations
and on the other hand the implementation considerations:
Higher Priority

Lower Priority

Air Ventilation
Consideration 1:
Extent of impact

Meso:
District level

Micro:
Local / individual site level

Air Ventilation
Consideration 2:
Effect on pedestrian

Direct implication to
the pedestrian / street
level

Indirect implication to the
pedestrian / street level

Implementation
Consideration 1:
Scope

Planning issue;
with broader and
longer term
implications

Building- or landscape- related
issue; with local / shorter-term
implications

Implementation
Consideration 2:
Practicality

Relatively easy from a
technical /
economical / practical
viewpoint

Relatively difficult from a
technical / economical / practical
viewpoint

Note: The priority of each solution may differ, dependent on the actual context, i.e., whether
in an old urban area or a new town.
Based upon the above framework and given the expert opinions from the international
advisors, the following categories of priority are mapped out.
1. Hierarchy of priority 1

2. Hierarchy of priority 2

Provision / addition of strategic breezeways with
significant width. #
Avoidance of blocking streets which perform as
breezeways.
Avoidance of podium/lowrise block encroaching onto
breezeway zone.
Create interlinked networks of open space within the
urban fabric to act as air paths for wind to flow
through.
Linkage & widening of streets (e.g. building setback in
old urban area).
Integration of pedestrian zone & greenery into major
breezeways.
Conservation of lowrise GIC / heritage sites,
especially in old urban area; or linkage of lowrise GIC
sites / parklands along the prevailing wind path.
Beneficial use of "thermal wind" effect to be created
with proper building / street configuration, wherever
appropriate (dependent on a combined consideration
over the orientation of prevailing wind and solar path).
Creation of voids at pedestrian level. Use of void
decks is an example.
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3. Hierarchy of priority 3

4. Hierarchy of priority 4

Proper segregation of pedestrian area from major
roads / exhaust from PTI, RCP, etc.
Provision of open plaza and voids at ground level (*).
Avoidance of the use of podium (*).
Provision of permeability at podium / minimize podium
site coverage.
Provision of permeability / sky garden between
podium deck and tower.
Provision of permeability at tower level / wide gap
between towers.
Design with “effective” varying tower heights.
Design with tower right at podium edge facing streets /
pedestrian area.
Integration of more greenery along streets / GIC sites,
etc.
Planting more trees at pedestrian walks for solar
shading, cooling and filtering pollutants.
Planting more trees / soft landscaping at podium deck
/ facade, etc.
Use of cool materials with high solar reflectivity and
high emissivity for street paving and building surfaces.
Provision of district cooling system or similar central
AC system.
Minimization of waste heat / emissions from various
exhausts into main pedestrian zones.
Installation of vertical-type projecting signs, rather
than horizontal type.
Avoidance of extensive road decking at urban
canyons.
Provision of ventilation system, e.g., stacks / vertical
chimneys to divert heat and pollutants away from
urban canyons.

Notes:
(*) To be coupled with the possibility of more space for tree planting and soft
landscaping.
(#) Breezeway / Main Avenue
“A good street layout with respect to urban ventilation in a hot-humid region is when
wide main avenues are oriented at an oblique angle to the prevailing winds (e.g.
between 30 and 60 degrees). This orientation enables penetration of the wind into
the heart of the town.” (B Givoni) As echoed by Professor S Murakami, the first
priority for urban air ventilation in hot-humid cities like Hong Kong is to let more wind
penetrate through the urban district. Wide main avenues and/or breezeways along
the prevailing wind directions are considered as the most effective means to achieve
this goal, given the high density context of the urban areas.
4.2.4
4.2.4.1

FACTORS FOR CONSIDERATION IN IDENTIFYING CONDITIONS REQUIRING
AVA
It has been pointed out in chapter 3 that the resultant wind environment of an
urbanised area is a complex interplay between macroclimate, natural topography
and urban geometry. As not much work can be done to change the macroclimate,
natural topography and even the choice of locations for establishing new urbanised
areas, the urban geometry becomes a decisive factor that influences the air
ventilation performance in the urban space.
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4.2.4.2

Chapter 3 has demonstrated that the layout and design of an urbanised area would
have profound effect on the air ventilation performance of the area. The road
pattern, building plot configuration and land use disposition would largely affect the
level of air ventilation that can be achieved. Therefore, an air ventilation
assessment should be undertaken at the district level during town plan preparation
for a new development area.

4.2.4.3

If an air ventilation assessment is undertaken during the preparation of a town plan,
the framework of a desirable urban geometry can be established with a view to
ensuring a satisfactorily ventilated urban environment. Subsequently, controls on
building heights, site coverage and non-building areas would need to be stipulated
on the relevant statutory and departmental plans to guide individual developments.
It has proved that the bulk, disposition and orientation of building blocks on
respective development sites would have cumulative effect on the air movement at
the district level. The results of the district-based assessment will form the “Base
Scenario” that represents an acceptable urban environment in terms of air
ventilation.

4.2.4.4

As regards the developed areas, when there is comprehensive review or updating of
the existing town (land use) plans which will probably have significant implications
on the urban form, an air ventilation assessment for the whole concerned area
should be carried out. This is to ensure that the spatial implications of the review
would not worsen the existing air ventilation situation. Examples of such kind of
review include the proposed building height restrictions for the Kowloon Bay and
Kwun Tong Business Areas as a consequence of the Study on Urban Design
Guidelines for Hong Kong. The restrictions are mainly intended to preserve views to
the Kowloon Ridgelines from popular vantage points.
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4.2.4.5

Ideally, at the local/ site planning level, any development that would change the
urban geometry should be put to the air ventilation test, particularly in the developed
areas. However, it would be impracticable to request all individual developments to
go through an air ventilation assessment in view of the time required to collate the
relevant meteorological data1 and set up a model simulating the complex urban
structure as well as the costs involved. To take a balanced approach, it is
recommended that only the development projects that would likely cause adverse or
significant impact on the air ventilation performance would need to be put to the test.
The circumstances under which an air ventilation assessment would be required
depend on the nature, scale and location of development projects. Based on the
current research findings, the specific conditions that would have greater likelihood
of giving rise to a significant and profound impact on the microclimate are identified
below. It is considered that the urban climate would benefit from undertaking AVA
under these selected conditions. Furthermore, it should be noted that with the
proposed “Urban Climatic Map” (details refer to Chapter 4.3), problematic and
sensitive areas in terms of air ventilation could be identified, and projects at specific
locations will be required to conduct AVA.
(1) Deviation from Prescribed Development Restrictions

4.2.4.6

As mentioned above, requirement for undertaking air ventilation assessment has to
be incorporated in the process of town plan preparation in order to formulate a
development framework that would result in an optimal “Base Scenario” for air
ventilation. With this framework, development of individual land plots are not
required to go through any further assessment provided that the development
complies with the relevant design parameters. In the event that an intended
development presents any deviation from the development restriction(s) arising from
the district-based air ventilation assessment for a new development area, an areaspecific air ventilation assessment should be conducted to ascertain if such
deviation would lead to any adverse impact on the air circulation in the vicinity with
reference to the “Base Scenario” formulated in the district-based assessment.
(2) Erection of Building Structure within Breezeway

4.2.4.7

1

In a densely built-up city, like Hong Kong, breezeways should play a key role in
channelling air into the inland areas. Breezeways can be in forms of primary roads,
open spaces and low-rise building corridors through which air reaches inner parts of
urbanised areas largely occupied by high-rise buildings. In view of the functional
importance of the breezeways in ventilating the densely built environment, any
change in use and building structure falls within a designated breezeway should go
through an air ventilation test unless it fulfils the prescribed development restrictions,
if any, which are recommended based on a district-wide air ventilation assessment.

Meteorological characteristics are area/ site specific. At present, there is generally a lack of these kinds of data.
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(3) Development on Waterfront
4.2.4.8

At present, the surface areas of the building façades fronting onto the sea are
usually maximised to allow as many users as possible to enjoy a pleasant vista.
This common mode of development may create a substantial “wall effect”, which
would hamper the penetration of sea breeze into inland areas. The resultant
adverse effect on air ventilation would be more noticeable in the confined airsheds,
which are topographically confined by hills inhibiting air pollution dispersion. It is
worthwhile considering that air ventilation assessments are required to be carried
out for the developments on the waterfront sites especially within confined airsheds.
In the longer term, the waterfront areas that are climatically sensitive can specifically
be identified when the proposed “Urban Climatic Map” (details refer to Chapter 4.3)
is developed.

(4) Site Area Larger than 2 Hectares with High Development Density
4.2.4.9

It is understood that despite the development scale, changes in the design,
disposition or orientation of a building may have noticeable impact on the air
circulation in the vicinity. However, in view of the resources and time needed for
carrying out AVA, it would be preferable to apply AVA selectively in order to achieve
a favourable urban climate in a cost-effective manner. In fact, large-scale
developments with a higher density are considered having greater propensity for
causing significant/ profound impact on the urban climate, particularly due to the
popular huge podium structure. It has been proven that the prevailing large
impermeable podium has immense impact on wind availability at the street level.

4.2.4.10 It is also appreciated that smaller sites have fewer opportunities for incorporating
effective and practicable building designs to alleviate the impact. On the other hand,
larger sites provide more opportunities for employing a better design to minimise the
impact. Environmental Protection Department’s (EPD) experience may be relevant
here, as 2-hectare has been adopted as the threshold to trigger an Environmental
Impact Assessment (EIA) requirement for a public landfill proposal and trigger road
traffic noise exposure compliance for a residential development.
4.2.4.11 It is proposed to take a prudent approach at the outset of the application of the
AVAS, as there is inadequate research on the local climate. With reference to
EPD’s experience, it is considered appropriate to request for areas without a districtbased ventilation assessment, the developments with a site area over 2ha and a
plot ratio of 5 or above to go through AVA. Within existing developed areas, if the
Government or a private developer intends to amalgamate small lots into a bigger
site (at least 2 ha) for redevelopment of a plot ratio of 5 or above, the same criteria
should also be applied. These thresholds are proposed as the starting point and
they can be refined as AVAS evolves over time with further research done and
experience accumulated. By applying these criteria, the urban developments that
may bring about significant and prolonged implications on microclimate will be
subjected to AVA. The main advantage of having such criteria is allowing project
proponents to have greater certainty. This would help avoid ambiguity in relation to
the need for undertaking AVA for developments.
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4.2.4.12 It is noted that some areas with lower development density also encounter
ventilation problems, which may be inherent in the natural topography. However, in
view of the resources needed for collating comprehensive meteorological data and
conducting an air ventilation assessment, effort should first be put on the highdensity areas and the areas where the air pollution level is high. Having said that, in
the longer term, the coverage of air ventilation assessment could be extended to all
identified problematic areas in the Territory despite the development density when
the proposed “Urban Climatic Map” (details refer to Chapter 4.3) is developed.
(5) Street Closure/ Realignment
4.2.4.13 From the air ventilation point of view, roads function as air pipes to diffuse air into
small parts of urbanized areas. Any street closure/ realignment for development
may mean blockage of an air corridor or impediment to air exchange, which in turn
may result in major influence on air circulation around the development site. If the
street concerned forms part of a major breezeway, the impact could be even more
substantial. Thus, it is suggested that assessments should be carried out to
ascertain the air ventilation impact of the developments involving street closure/
realignment, such as in the case of urban renewal projects.
(6) Decking above Road
4.2.4.14 In highly congested built-up areas, extensive elevated structures (e.g. footbridges
and flyovers) would have considerable impact on the air movement at the street
level, particularly in old urban areas where buildings are very close to each other
with little setback and air ventilation corridors to a large extent rely on roads. If an
extensive elevated structure is built along a road and covers most of the road
surface, the decking-over together with the adjacent building walls will create an
artificial confinement, which can inhibit air movement. Therefore, it is proposed that
air ventilation assessments be required for implementation of elevated structures
that cover a substantial portion of a road in dense urban areas.
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(7) Climatically Problematic/ Sensitive Areas
4.2.4.15 In the long run, it is proposed to develop an “Urban Climatic Map” which identifies
the areas that exhibit ventilation deficiencies or climatically sensitive to changes in
urban geometry. The Urban Climatic Map can also advise on the development
measures for improvement of the urban climate. As indicated in Chapter 4.3, the
map could be developed within two years. Depending on the severity of the
ventilation problems identified in the “Urban Climatic Map”, AVA will be required for
any development/ redevelopment within such areas.
(8) Signboards, Building Projections and Obstructions
4.2.4.16 Any projection of a building “beyond one’s own site boundary” should be defined as
“projection” or “obstruction” in the concerned context.
4.2.4.17 Large signboards beyond lot boundary with significant projection encroaching onto
the street and in continual, dense clusters will obstruct the movement of wind along
the street. This could be serious if the street is also an air path or a breezeway, but
we may have to NOT over-react to “isolated” signboards. In general, signboards
across the street should be discouraged. Large signboards could in effect block the
main wind movement along the street. The number of signboards, and their
combined sizes, per unit length of road should be regulated.
4.2.4.18 In dense urban areas such as Mongkok, there are commonly extensive
advertisement signboards projecting above the street. The street widths are often
narrow and bounded by tall buildings at both sides of the street, thereby forming a
deep urban canyon with poor air ventilation. A high density of the projecting
signboards, especially those of the horizontal type, further worsens the air
ventilation at the street level. For those problematic areas especially in old urban
areas, it is suggested that air ventilation assessments should be carried out by the
Government so as to establish reasonable and effective requirements/guidelines for
controlling the future design and erection of projecting signboards above streets. It
is likely that the vertical type signboards would be a better design alternative in
terms of air ventilation.
4.2.4.19 A detailed parametric study of the impact of the wind environment due to projections
and obstructions may be needed, if possible, but is beyond the scope of this study.
An integrated approach considering all forms of obstruction together is a better
approach. All possible obstructions should then be identified first, and a
methodology be developed to account for them. The Consultants identified two
major obstructions in this case through reviewing the old urban area Mongkok:
“signboards” and “street stalls”. Although trees could also obstruct wind, they offer
positive benefits too.
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(9) Exhausts from Public Transport Interchanges
4.2.4.20 For new development areas, land use planning should properly take into account
the location of public transport interchanges (PTI) which are preferably situated near
breezeways so that the exhaust can be dispersed more easily. Their exhaust
location should not face into a stagnant zone or an area with poor air ventilation, as
verified through air ventilation assessments. Any other similar major exhausts near
pedestrian level should follow the same consideration.

4.3 Design and Stages of AVAS
The proposed Air Ventilation Assessment System (AVAS) is divided mainly into two
approaches: 1) performance based and 2) prescriptive based. The performance
based method is a set of standard procedures for applicants to demonstrate that their
design complies with the preset requirements or before any standards are available,
to compare with existing situations or to compare the relative performance among
options. On the other hand, the prescriptive based method is the result of
simplification of a performance requirement given certain assumption of
circumstances of the context. It is a set of design rules that applicants have to apply
in order to satisfy the preset requirements.
The selection of assessment methods mainly depends on the scale of the
development, the location of the site and the complexity of the work. For planning of
large development or site that is influential to the wind field of the whole district, the
performance based method is generally recommended. For developments of small
lots or a few towers, in most of the cases, the prescriptive based method might do.
AVAS Approach
Performance based
e.g. Wind Tunnel
Test

Projects
Large development site/ district,
site sensitive to wind field,
buildings with complicated
geometry

Implementation
Standard procedures well
developed and readily
available, can be implemented
in short term

Prescriptive based
e.g. Design Rules

Small lots and buildings with
simple geometry

Requires a lot of laboratory
experiments and scientific
evaluation, aims for long term
development

In addition, for strategic guiding of planning, the development of an Urban Climatic
Map for Planning of Hong Kong is recommended.
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4.3.1
4.3.1.1

THE KEY STAGES OF AVAS
Stage 1 – Performance based testing for comparative studies and identification of
likely problem areas.

Wind tunnel test
Wind tunnel testing is an established engineering know-how and is largely reliable
yielding results to guide design. Without any solid guiding standards or criteria to be
adopted, tests could only be conducted to “compare” the merits of designs. Velocity
Ratio is recommended to be the metric to use to assess and evaluate options.
Velocity Ratio VRw is defined as the ratio of wind velocity at the pedestrian level (2m
above ground) of the site and the wind velocity at the top of the wind boundary layer. It
indicates how much of the wind availability of a location could be experienced and
enjoyed by pedestrians on ground taking into account the surrounding buildings. As it is
solely affected by the buildings of the location, it is a simple indicator one might use to
assess the effects of proposals. The ratio factors and sums the probability of wind from
different directions. The velocity ratio allows designs to be “compared” and “assessed”.
The velocity ratio also allows the likely problem areas to be identified and highlighted.

VRi =

16

V pi
V∞i

and

VRw = ∑ Fi × VRi
i =1

where Fi is the probability of wind from a direction i and i = 16 directions at 22.5 degree
interval
Note: Firstly the velocity ratio of a point on site due to wind coming from a certain
direction is established based on testing. The velocity ratios of the point with wind
coming from all directions are obtained likewise. Secondly, these ratios will be
summed and combined based on the probability of wind from a particular direction
and the corresponding velocity ratio of that direction.
Using the Velocity Ratio, designs could be evaluated. For example, one might state
that (a statement with fictitious % for illustration only): “None of the immediate
surrounding open spaces should have a velocity ratio less than 10% AND more than
50% area of the immediate surrounding open spaces should have a velocity ratio
exceeding 50%.” This would prevent adverse zones/spaces from appearing and at the
same time an average to be attained overall. [detailed performance % would need to
be defined].
For example, given design A and B, if on the whole design A has a higher velocity
ratio and that it also has fewer very low ratios and compared to design B, A is better
than B.
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The diagram below indicates the velocity ratios of a large housing development in
Hong Kong. Various colours are used to denote wind amplification and reduction
(Velocity Ratios). In this case, red indicates higher Velocity Ratio, blue indicates
lower Velocity Ratio.
[The study was done by professor Phil Jones in Cardiff University using their wind
tunnel. A measurement technique employing “varying wind tunnel speeds with
semolina seeding on the ground, time lapse photography and image digitizing” allows
velocity ratios of a large area to be recorded very quickly and with reasonable
accuracy. Spot validation was achieved using laser wind speed detector. In this
example, wind comes from the right.]

It is also possible, in some cases, to identify particular areas of the design which is
obviously inferior. For example, during the wind tunnel performance testing, a corner
of the street is consistently providing very low wind velocity ratio when compared to
other ratios, it could be a candidate of problem and may require further notice and
understanding.
Once A and B is compared, a design choice could be exercised. Suppose A is
selected but further improvement is desired. Detailed modifications of A could be
carried out (say A1) and results could be compared with the base case A. Further
modifications (say A2, A3 and A4) could also be furthered. In short, reiterations may
be needed and every time, there is a need for a base case and a modified case.
Absolute quantities could be obtained too. For example, 50% of the area is having a
Velocity Ratio of 40%. For this site, referring to the general wind availability of the
site, 40% VR could be translated to say 1.5 m/s at 65% of the time when wind is
available. Designers in this case could report, “It is very likely that after the buildings
are built, 50% of the outdoor spaces will have a wind speed good enough to achieve
“thermal comfort” 65% of the time in the summer months of Hong Kong when
pedestrians are walking under shade”. It is however impossible in this case to say if
this is good or not as no performance benchmark is available to evaluate.
For comparative tests be meaningful and useful, a “well intended” and “good spirit”
approach is needed, as it is impossible to be legalistic using this approach, and no
“minimum” achievement can be guaranteed. No absolute standard could be stated,
however, using the methodology defined in this report and the Velocity Ratio as an
indicator, options could be compared and design improved. The method is useful to
evaluate the merits of a number of designs. The method is also most suitable when the
design teams genuinely wish to improve their designs. For example, recent
environmental studies by the Housing Department on all their projects represent efforts
in this direction. Stage 1 of the AVAS may provide a robust methodology for HD to
consider.
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4.3.1.2

Stage 2a – urban climatic mapping for guiding planning strategically
Resolving the AVAS on a site to site basis based on performance testing and/or
prescriptive rules is like detection and solving the problem. One may argue that by
the time it happens, it is too late to solve.
Looking at the issue more strategically may be a better and more proactive way to go.
An Urban Climate Map (UCM) for Planning might be developed. (see below for
Urban Climatic Map methodology)

Below is a schematic methodology of the Urban Climatic Map and its planning
implications. Note the scientifically developed urban climatic map must at the end
couple with the planning aims to result in an Urban Climatic Advice Map.
1

investigation and evaluation of the existing data

Actual Situation
=
Thermal/Dynamic
Urban Climate Maps (UCM)

classification of the
topographical
situation

classification of
structures

classification of
land use

slope and air path
classification

for dynamics

Planning Aims
(f.e. Urban Development)
Description of Conflicts

for thermal aspects

2

air pollution
measurements

measurements

Evaluation of the Actual Situation
planning advises
=
Urban Climate Advising Map (UCAM)

thermal anaysis

dynamic analysis

urban climate map

drawings of qualities and processes

analysis of problem
areas

3
4
5
5

evaluation of climatic processes
with different classifications

urban climate advice map

with planning advices following climatic judgements

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

6

Page 204 of 282
CUHK

The UCM methodology is a brainchild of Professor Lutz Katzschner, an urban
meteorologist at Universitat Kassel, Germany. Lutz has worked on the method for
more than 20 years. Professor Katzschner is also the chairman of the working group
for a national guideline on urban planning and urban climate appointed by the Verein
Deutscher Ingenieure. Illustrated below is Prof Katzschner’s qualitative judgement of
the wind availability mapping of Hong Kong. An urban climatic map will be a
quantitative and detailed version of it.

Fundamentally, the Urban Climatic Map approaches planning and design from the
mesoscale. Based on wind availability data from the Hong Kong Observatory,
topographical data, and land use and zoning information from PlanD, a district’s
availability and needs for wind could be mapped. Wind paths could be identified.
Sensitive and critical areas could be established. (See below) The urban Climatic Map
could then form the basis of a Planning Map to guide planning decisions.
The development of the UCM is a direct answer to an European Directive that one must
demonstrate that all new planning and urban developments in EEC do not “deteriorate”
the environmental attributes of the site and its surroundings. [For further details, see
www.staedtebauliche-klimafibel.de or www.stadtklima.de where all the downloads are
presented. There are an emission law, an environmental law and a building law all
separated. Altogether it is called "Umweltrecht".]. Planners need tools to carry out the
Directives and Professor Lutz Katzschner’s UCM was adopted in some cities in
Germany to pilot.
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(Above) An Urban Climatic Map of Kassel is illustrated here as an example. Critical
air paths are indicated as black lines. Typically, along these air paths to the city are
the critical sites that require very careful planning and design. The white arrows
indicates movement of air into the system from the surroundings when modeled by
the topography. Red areas are existing problematic areas that future planning efforts
must focus to relieve. Green and Dark Blue are areas that planning control could be
relaxed for climatic reasons.
The Urban Climatic Advice Map (see below) allows planners to “see” the urban
environmental problems “territory-wide”. It allows areas to be graded according to its
development impact to the surroundings. For example, a certain part of the city or
district may have more sensitive impact environmentally, careful drafting of
requirements and planning guidelines for that area could then be made.
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4.3.1.3

Stage 2b – Performance based testing for evaluation with the aid of benchmarked
results.

Wind tunnel test
For designs and circumstances that a comparison could not be made, and/or a more
definitive performance standard is desired, there is a need to carry out researches to
secure that standard.
“Benchmarking” is a reliable research methodology to use. The advantage of
benchmarking as compared to say Parametric Studies is that benchmarking takes
into account current and existing conditions. It invariably incorporates factors and
current practice beyond the consideration of wind. And it deals with conditions that
people recognised.
The methodology of benchmarking may involve
(A) Choosing 15, 20 or even 30 urban sites representing Hong Kong’s urban
morphology.
(B) Subject the sites to wind tunnel tests and obtain their Velocity Ratios.
(C) A few sites may require site measurement for the purpose of validation.
(D) The likely Velocity Ratio representing the sites may result, say W%,
(E) Once the benchmarking exercise is conducted, a decision would have to be made
to set the desirable but realistic wind performance(s) as the standard for Hong
Kong. The decision would have to take into account (A) the performance criterion
originally defined and how far the benchmark results deviate from it, (B) the cost
effectiveness and the practical implications, and (C) the political aspiration and
public opinion should a better standard be wished. In short, it is going to be a
scientific, as well as a political decision.
An important note of the Benchmarking methodology is (E) above. Once benchmark
results of the existing conditions are available, there is still a need to exercise some
judgements to select the desirable performance standard to adopt. References must
be made back to the performance criteria established, but if and when the two are
very different, it could be politically difficult.
Take an example: if W% (see D above) could only on average give a street level wind
movement of say 0.2 m/s. Referring to the performance criteria established earlier,
this is obviously sub-standard. A political decision will have to be made to adhere to
a lower “sub-standard” and respect the current practice and conditions, or to go for an
“ideal” standard which is beneficial but extremely difficult to resolve. Sometimes, if
the political will is there, a staged progression to higher standard may be staged.
This is very similar to the adoption of progressively tougher emission standards of
cars over the last ten years or so by the EEC. In their case, it allows the car industry
to slowly improve.
Subject to the results of benchmarking, it is possible that a range of Velocity Ratios and
Standards could be stated based on the location and the general wind conditions of the
site. This could be easily captured as a contour map of Hong Kong. [A similar
approach has been used for solar and daylight regulations in China].
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4.3.1.4

Stage 3 – Prescriptive based testing based on ratios, geometrical rule, and/or
indexes.

Prescriptive ratio

Performance based tests are robust and reliable when conducted properly. However,
they could only be conducted “after” the design is done and for “evolution” and
“comparative” studies. Moreover, they are time consuming and expensive to
conduct – especially if the designs have to go through reiterative processes.
Prescriptive rules, ratio and indexes for the AVAS must be developed eventually.
Very much in the spirit of say the Building Regulations that “a habitable room must be
provided with a window area of at least 1/10th of its floor area for daylight and
opening of at least 1/10th of its floor area for natural ventilation.” This is an example
of prescriptive rule that allows designers to observe and the regulators to control.
The performance equivalent of this prescriptive rule may be “an air change rate of 3
inside the room given a certain wind pressure difference outside”.
4.3.2
4.3.2.1

PERFORMANCE BASED APPROACH – WIND TUNNEL TEST – STAGE 1 & 2b
Performance Criteria of Wind Tunnel Test
Performance based method is a set of standard procedures for applicants to
demonstrate that their design complies with the preset requirements or to compare
with existing situations or to compare the relative performance among options. Based
on the recommendations of our international experts including Professor Mat
Santamouris, Professor Shuzo Murakami, Professor Lutz Katzschner and Dr. Wong
Nyuk Hien, wind tunnel test is preferred over computer simulation for our purpose.
Hence, the consultant opines that wind tunnel test should be the unique performance
based assessment method in AVAS.
[A further note of CFD: CFD technology is developing rapidly, although currently they
are limited, the consensus is that in say 10 year’s time, it might replace wind tunnels.
Currently, it requires extreme care and expertise to handle when dealing with outdoor
spaces (they are reliable for indoor studies). Difficulties to correctly account for
turbulence especially in the wake area of the buildings, and difficulties defining the
boundary conditions are two research obstacles required to be resolved (since the
indoor environments do not have those difficulties, CFD is thus comfortable dealing
with them). And the difficulties compound when dealing with the very complex
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highrise and compact geometry of Hong Kong as most existing validations are still
limited to simple scenarios. However, should some consultants wish to use CFD, the
onus is on them to prove their competence with “validated” results – that could be
extremely difficult but perhaps not impossible.]
The circumstance independent criteria for Hong Kong, in a nutshell, the consultant
opines that wind speed of 1.5 m/s for the summer months should be the target of
AVAS, however, this target might not be achievable because 1) wind availability in
Hong Kong is quite low for our urban morphology; 2) the dense congested urban
environment minimizes wind flow. Therefore, the 1.5 m/s criterion could only be an
almost idealized goal to achieve. To develop criteria, which are more appropriate to
the urban context of Hong Kong, the easiest method is to benchmark the existing
conditions.
Benchmarking can be done by wind tunnel modelling of some say 20 existing sites in
Hong Kong, supplemented by field measurement in 2 to 3 of the selected sites for
full-scale validation. The selection of sites should range from congested urban area to
suburban new town area. Through study of the urban wind climate of Hong Kong in
different part of the territory and different kind of urban fabric, public acceptable
benchmark(s) for different category of sites can be established. The benchmark
criteria are likely to be stated as the percentage of outdoor space that could achieve
certain wind velocity ratio in certain amount of time, that is, they will be functions of
wind velocity ratio, percentage of site area and amount of time. A benchmark criterion
would look like this “To demonstrate that at least 50% of pedestrian area achieves a
wind velocity ratio of 40% for 80% of time in a year (or summer months)”. A rating
system may be applied. The system may include:
a.
Type of space/ usage
Higher rating given to area that is frequently used by people, for example, major
streets and open plaza.
b.
Time
Higher rating given to time period that has more pedestrians in the streets, for
example, rush hours.
4.3.2.2

Method of Wind Tunnel Test
(Also see Appendices 4A, 4B, 4C 4D and 4E)
Wind tunnel is a mechanical means of producing wind under controlled environment
to study the air around a model. The main function of wind tunnel for ventilation
studies is to predict the wind velocity and wind pressure of a scale model with its
surroundings constructed and placed in the wind tunnel. There are many different
types of wind tunnels. The one known as Boundary Layer Wind Tunnel will be ideal
for pedestrian wind study. Appendix 4A and 4B contain more information about
physical model study of urban wind field using wind tunnel. Information of several
well-established international wind tunnel testing institutes is listed below, more
details in Appendix 4C.
Asia
- CLP Power Wind/Wave Tunnel Facility, Hong Kong University of Science
and Technology
http://www.ust.hk/~webwwtf/
- Bridge & Structure Laboratory, Civil Engineering, University of Tokyo
http://bridge.t.u-tokyo.ac.jp/index.html

Europe

America

- Building Research Establishment, UK
http://projects.bre.co.uk/EnvDiv/windengineering/index.html
- Environmental Wind Tunnel Laboratory, Hamburg University, Germany
http://www.mi.uni-hamburg.de/technische_meteorologie/windtunnel/mainpage.html
- Wind Engineering and Fluids Laboratory, Colorado State University, US
http://www.windlab.colostate.edu

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 209 of 282
CUHK

- RWDI Consulting Engineers, Canada
http://www.rwdi.com
- CPP Wind Engineering Consultants, US
http://www.cppwind.com
Australia

- VIPAC Engineers & Scientists
http://www.vipac.com.au/building/index.asp
- WindTech Consultants Pty Ltd.
http://windtech.com.au/wind_environment.html

The testing procedures could be divided into two parts: measurement of overall
performance and spot check of potential problem area. To test the overall
performance, the tested model will be discretised to many smaller finite volumes. A
random generation will be used to statistically and randomly sample a representative
number of the discretised points. The wind velocity ratio of these sample points will
then be measured. The results of measurement could be compared to the preset
criteria or compared between different design schemes.
If the overall performance of the model is not a study focus, then specific points could
be marked on the model. This discretionary approach requires that the critical points
be identified. This requires some expert judgment. The discretionary approach is best
used when a threshold reporting mechanism is used in the rules. For example, when
one wishes to make sure that no location of the model has less than 1 m/s wind
speed of a certain percentage of time in a year.
Many techniques have been successfully used to investigate and measure pedestrian
level winds in the wind tunnel. (Appendix 4D) They range from simple flow
visualization, with smoke in air or ink in water, to sophisticated laser Doppler methods.
The most commonly used quantitative methods are pressure probe and hot-wire
anemometers. Wind tunnel experts will be able to recommend on the most suitable
techniques for the tests concerned.
4.3.2.3

Information Required for Conducting Wind Tunnel Test
Wind data:
Wind conditions (wind speed and direction) on an hourly
basis of the test site are required. This set of wind data can be obtained by:
i.

Interpolation of nearby weather stations

ii.

Wind tunnel simulation of full-scale mean flow field using topographic
model at scales in the range of 1:1000 to 1:5000. The simulation result
can be used to form the basis for subsequent modeling of the wind at
larger scale.

Wind tunnel consultant will have the techniques and methods to collect
necessary data. The probability of wind availability and the strengths are noted.
The information could be formatted as below. (See also Appendix 4D for larger
picture)
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The graph (above) could inform the probability of wind of a certain magnitude coming from a certain
direction during a reference year at a mast height of say 10m. This data is the wind availability of
the site.

Hong Kong has a wealth of weather stations collecting wind data for a long
period of time. It is useful to understand the trend by further examining the
wind data in details.
Despite the large number of stations, they will only provide information in the
specific area of the station and could be off the mark within a few hundred
metres of the station. This is a result of the topography and the presence of the
sea, etc, as mentioned earlier. Hence it would be appropriate to undertake
some territorial meteorological modelling to fill in the blanks.
The HK Environmental Protection Department has a modelling system called
PATH which has been used to recreate past weather patterns on an hour by
hour basis. The model that is used in the Path System is MM5 which is a well
respected model used for weather forecasting worldwide (left figure below). It
has been adapted for regional scale studies and could provide some very
useful information on the various wind regimes that exist throughout Hong Kong.
The MM5 type modelling effort can be further augmented by using another
modelling program developed by the USEPA called CALMET. (right figure
below)
EPD(HK) does not use CALMET, the task therefore will have to be
commissioned to consultants. For example, the Center for Coastal and
Atmospheric Research, HKUST under the directorship of Professor Alexis Lau
has CALMET, and might assist.

(Above) Show typical output from MM5 and CALMET runs for projects in HK. Note that while
general roughness is considered in these models the effect of specific built forms is not considered.
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This model interfaces with the regional model output to provide further
interpolation of the wind fields down to a few 10s of metres. This model has
also been used in HK. This analysis could be performed once on behalf of the
Planning Department and thus have it available for use by any consultants who
will undertake the District and Detailed Studies at a later date (a strongly
recommended task – refer to 0.14B earlier in this report).
Once the simulated wind climate is crosschecked and compared with measured
data of HKO stations, it could form a reference. Site or district specific wind
studies could be easily carried out relying on this reference. This generally
saves the need to conduct large scale topographical study every time a study is
needed. (see below)

(left) shows a large scale model to be tested in a wind tunnel. (right) shows a typical output of
velocity profile, urban boundary layer height and velocity intensity.

Model;
Model of the tested sites and the surroundings in scale about 1:100 –
1:500. The scale is site specific that depends on the complexity of the site and
resolution of the results. Wind tunnel consultant will be able to recommend on
suitable scales. It is likely that different wind tunnel consultants will require different
scale models, as it is wind tunnel specific.
4.3.2.4

Reliability of Wind Tunnel Test
Properly scaled wind tunnel tests are capable of providing representative information
on the action of wind in real conditions. The reliability of wind tunnel data includes the
consideration of both the accuracy of the overall simulation and the accuracy and the
repeatability of the measurements. One of the critical factors that affects the accuracy
of wind tunnel modelling is the scale of test models. The test models are required to
geometrically scaled that include aerodynamically significant details in all areas of
interest. The scale of models used should meet the requirements set forth in ASCE
manual of wind tunnel studies. (ASCE 1999)
Another factor that affects the reliability of wind tunnel data is the ‘time for averaging’
of the results. In general, it is found that while on any given day the agreement
between wind tunnel studies and full-scale measurements may be poor, however,
when long-term averages are used, the agreement is much better. The reason is that
wind tunnel data are taken using a neutrally stable approach flow, whereas neutral
approach flows may be infrequent in real life. Given enough time for averaging, these
non-neutral flows, the average, of day and night conditions, approaches values
associated with neutral conditions. As such, the probability or % of wind is still
calculable. And as such, the proposed AVA method is more focused on the overall
effect, and not on the precise account of a particular day.

4.3.2.5

Limitation of Wind Tunnel Test
The major limitation of wind tunnel test is on the scale of test models. Models cause a
blockage of the wind tunnel, as their size becomes significant relative to the crosssection of the wind tunnel. This blockage speeds up and distorts the flow over and
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around the model. This speed-up can be determined with wind-speed measurements
made in the plane of the model, while correction for the effects of the distortion of the
flow is more difficult. Therefore, in selecting the model scale, it is important to
minimize the influence of wind-tunnel walls and excessive blockage of the test section.
For a blockage ratio of 5% and less (ratio of the frontal area of the model building or
structure, including an allowance for the proximity model, relative to the crosssectional area at the wind tunnel test section), distortion effects are negligible and a
correction for the speed-up of the flow at the model is sufficient. For blockage ratios
between 5 and 10%, distortion effects become significant and must be considered.
For blockage ratios greater than 10%, the validity of the data must be ascertained
through additional tests at a smaller scale. Wind tunnel consultant will be able to
recommend an appropriate scale of modeling that minimizes the effect of blockage.
4.3.2.6

Cost and Duration of Wind Tunnel Test
For a development of say 1 hectare with 2-4 towers, the costs of wind tunnel testing
20 points on the ground level of the design for different wind speeds and 16 directions,
the costs will be in the order of 250,000 to 500,000 Hong Kong dollars. The test will
take approximately 2-4 weeks. The wind tunnel consultant will be able to collate the
data to required format.
If the site wind speed and direction is not available, additional costs will be incurred.
The cost is difficult to estimate as it depends on a number of factors. If a
topographical model needs to be built, the costs will be higher. If the consultant could
estimate the wind conditions of the study site without modeling, the cost will be lower.

4.3.2.7

An Illustrating Example of Wind Tunnel Test (data is fictitious)
A scenario of wind tunnel assessment is illustrated below as an example. All figures,
ratios, and quantities used are hypothetical for illustration only.

Two designs (ABC and XYZ) are to be compared and are to be tested for outdoor
wind comfort; a threshold wind speed of 1.5 m/s is specified. No upper limit is set
for the test for wind gust investigation.
Step 1.
Step 2

Step 3

The wind conditions (2m above ground) on an hourly basis of the site
are obtained including wind speed and wind direction.
Resolve the wind data in Step 1 to discrete steps, say wind direction
of 16 to 36 quarters and wind speed of a few categories. The
resolution of the steps depends on the precision one desires.

Construct the models with the tested sites and the surroundings.
Discretise the model to a resolution of 500 squares on plan of open
spaces surrounding the developments to be tested, apply random
(stochastic) sampling to select 50 points for detailed study.
The sampling of the 50 points and their results will represent the overall

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 213 of 282
CUHK

performance. For detailed further study of the design (problem areas),
additional discretionary points could be added.

Step 4

Subject the models to wind tunnel tests. Collect information of each
test location under different wind speeds and different wind
directions. Complete the table for each of the test points.

Step 5

Apply performance criteria to select boxes that meet with the
requirements, sum up the probabilities of the boxes and collate data.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 214 of 282
CUHK

Step 6

Based on the results, many questions and decision could be made.
For example:
Out of 50 points, how many points pass the performance criteria? If
design ABC has 37 passed the performance criteria, and model XYZ
has 23 passed the performance criteria, as far as air ventilation for
outdoor comfort is concerned, model ABC is better.

4.3.3

Urban Climatic Mapping – Stage 2b
For detailed technical information, refer to Appendix 4F. Some explanations here are
provided for outline awareness only.

One of the driving forces in the
environment of urban areas and cities is
the provision of fresh air. This air is
required for both diluting the pollution from
road transport and increasingly to provide
air for ventilating buildings. In the last few
years there has been a move away from
air conditioning buildings driven by both
Building Regulations and an
understanding that in some cases sealed
buildings have suffered from sick building
syndrome and therefore received poor
ratings in user satisfaction surveys (Probe
Studies).
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An urban climate map of the city of Kassel, Germany. Colours are used to identify the
importance of the site and its sensitivity of development towards its surrounding. For example,
by knowing how wind moves around the city, some sites on the paths of the wind will have
greater impact than another site say on the other side of the plain.
4.3.3.1

The map illustrated here is a brainchild of Professor Lutz Katzschner, an urban
meteorologist at Universitat Kassel, Germany. Professor Katzschner is also the
chairman of the working group for a national guideline on urban planning and urban
climate appointed by the Verein Deutscher Ingenieure.

4.3.3.2

Urban climatic map is a graphical tool for urban climate analysis. It shows the spatial
pattern of important planning parameters such as ventilation and thermal comfort in
an urban environment. The map is useful for urban decision makers, planners and
architects in predicting and assessing bioclimatic conditions, planning advices, use
of space and influence of urban design.

4.3.3.3

The mapping process calculates the influences of a space on urban planning based
on its morphological and meteorological characteristics. For thermal comfort
mapping, findings in field survey are also incorporated in the calculation. The result
of calculation is then shown on a map, which contains discrete zones with different
classes of planning advices.

4.3.3.4

The development of an urban climatic map is a long term goal. Hong Kong’s size
(big for a city) and its complexity mean that the existing tool used in Germany has to
be further developed. New mathematical models may need to be developed and
validations may be required.
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An understanding of the environmental condition of the site within the city could be made.
More importantly, its impact to the overall picture could be detected.
4.3.4
4.3.4.1

Prescriptive based approach – Design Rules – Stage 3
Prescriptive Rules (a hypothesis)
The performance based approach outlined above is a reliable methodology to
objectively assess a design’s wind and ventilation performance. The only drawbacks
are time and resources. For smaller projects of say a single tower block, a simpler
method may need to be developed. Prescriptive tests may be used. Prescriptive
method is the result of simplification of a performance requirement given a certain
assumption of circumstances of the context. It is a set of design rules that applicants
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have to apply in order to satisfy the preset requirements. Some of the possible rules
are listed below:
1.Openness Index
a.
Site openness ratio
b.
District openness ratio
2.Building Form Index
a.
Street width to building height ratio
b.
Building height ratio
c.
Permeability Index
4.3.4.1.1

Openness Index

The openness index basically is about the amount of open space near and around
the building or development that are of the kind, shape, position and quality that will
affect the effectiveness of wind moving around the site. It could also be regarded as
the amount of openness on plan. The openness index includes the consideration of
two levels: a) site openness ratio and b) district openness ratio.
4.3.4.1.1a. Site Openness Ratio

Site openness ratio is about the space within the boundary, and in general only for
ground level open space. The ratio could be used to effect widening of streets and
passages through the site. Passages in the direction of the prevailing wind are
particularly encouraged.
4.3.4.1.1b. District Openness Ratio
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District openness ratio is similar in concept to site openness ratio except that it
concerns space of the whole district. Under the definition of this ratio, the horizontal
open space on top of a podium could be regarded open. In calculating the openness
index, a rating strategy may be applied. The system takes into account the
significance of the open space in wind climate, for example, higher rating given to
space approximate to breezeway, main streets or large open plaza. The system will
also account for the influence on pedestrian activity and urban wind flow. Further
investigation and testing are required to establish the openness index, however, the
consultant opines that the development of this design rule would be highly feasible.
4.3.4.1.2

Building Form Index

The building form index basically is about the geometry of urban fabric, the
dimensions of building height, street width and length and their relationships. The
building form index includes the consideration of two issues: a) street width to
building height ratio and b) building height ratio.
4.3.4.1.2a. Building Height to Street Width Ratio

The street width to building height ratio controls the canyon effect of the built environment.
In Hong Kong, under the auspices of Lighting and Ventilation requirements of the
Buildings Ordinance, prescribed windows not facing the street have a H/W ratio of 3
between them. For buildings facing a street wider than 4.5 m, there is no restriction.
Nowadays, in some parts of Hong Kong, the street width to building height ratio could go
to 6, 7 or even deeper. This is unprecedented in most parts of the modern world. If a
precise ratio is desired, research programmes need to be initiated to find out its
magnitudes.
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4.3.4.1.2b. Building Height Ratio

For wind, the absolute building height is not that important. It is the relationship of
building heights with each other that is more important. Buildings height ratio is the
degree of variation of building heights within one’s site boundary and with their
surroundings. As outlined before in this report, varying building heights in a certain way
could significantly improve the wind flow around the buildings.
Further investigation and testing are required to establish the building form index,
however, the consultant opines that the development of this design rule would be
highly feasible.
4.3.4.1.3

Permeability Index

Permeability index is a 3-dimensional view of the relationship between urban
geometry and urban wind climate. It denotes the amount of openness of a
development on elevation. It should include the gaps between buildings, sky gardens,
podium setback, void deck above and below the podium, and the filtering of air
through the building. Permeability has to be directional. Hence, it may be necessary
to contemplate that the development should have a permeability of A% facing the
prevailing wind, and B% facing other directions. A > B. As the permeability index
relates to space openness and the geometry of urban fabric, the index, in a way,
could incorporate the above openness index and building form index into a single
index.
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Further investigation and testing are required to establish the permeability index,
however, the consultant opines that the development of this design rule would be
highly feasible.
4.3.4.2

Method of developing Prescriptive Rules
An example of the prescriptive rule: Permeability Index is illustrated below. This is
only an embryonic idea of an approach towards the Permeability Index [P]. It serves
as an outline illustration of the concept and should not be read at this stage as
definitive.

Nature (sponge) provides the most
powerful metaphor to the thinking of the
permeability index

An example of parametric test by Professor Ng and Dr Wong
conducted in a wind tunnel in NUS Singapore
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The Index could be defined as the amount of air [Q1] moving through an object in
time t. In general, the amount of air passing through a section could be defined as
the area of the section [A] times the velocity [ν] of the air. The Permeability (1 /
resistance) of wind passing through an object is proportional to the void(s) [V] of that
object, a coefficient [a] governing the fiction when air passes through the void(s), and
the length [D] the air has to travel. These parameters will govern the development of
the permeability ratio relating the ratio to the performance desired. This is the task of
a research project.
The assessment method for the Ratio could be formulated as follows: Given a design
as in figure 4.3.4.1a, note the direction of the prevailing wind (additional wind
directions could be considered if needed). Draw a number of sections across the
design perpendicular to the wind – the intervals of the section is a matter of further
research. A height should be specified under which the need for permeability is
greater. This height [H] is to be used for all subsequent calculations. The amount of
void [V] could then be calculated based on the sections.
The length of the path (or how easy air passes through the voids) is proportionate to
the following factors:
The relationship between V of section 1 and V of section 2 [ω]
The total travel distance of air [D]
A number of correction coefficients may also be needed, they are:
The openness of the site [α]
Ground roughness and low buildings [φ]
Coverage ratio of the development [β]
Permeability index of the development [P] is

P = α ⋅ β ⋅ϕ ⋅ω ⋅V ⋅ D
where
n

m

V = ∑∑
i =1 j =1

M ij
H ∗Wn

n

D = ∑ Di
i =1

The index, like any prescriptive rules, could easily be applied to evaluate designs to
determine how conductive the development is to the moving of air around it. (Figure
4.3.4.1a- 4.3.4.1e) All limitations of a prescriptive rule apply.
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•

The design proposal needs to be
evaluated for the permeability
index.
Plan and elevations of the design
is available.
Surrounding conditions are
known.

•
•

Figure 4.3.4.1a The working of permeability index I

•

Based on the direction of the
prevailing wind, a number of
sections are drawn. The
sections are drawn to a
predetermined interval.

Figure 4.3.4.1b The working of permeability index II
•

Using the sections, with a predetermined H, the “void” is
calculated.

V =1−

•

•

M1 + M 2
%
H ×W

M1 & M2 being the area of the
building when the sections are
cut. W is the width of the site
boundary.
V of all the sections are noted:
V1, V2, V3 & V4. This information
characterizes the design for the
amount of void from ground to H.
A mathematical formula will
calculate the effective V based
on V1.

Figure 4.3.4.1c The working of permeability index III
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•
•

The length of air movement could
be determined on plan between
section & .
At regular interval a to f, a ray
parallel to the prevailing wind
could be projected.

D = ∑ Da + Db + K + D f

Figure 4.3.4.1d The working of permeability index IV

•

•
•

Given any D & V values, the
permeability index of the
development could be looked up
with a table.
A number of correction tables
could be used to take into
account other site factors.
Given P, a decision could be
made to determine if the design
is appropriate for the site.

Figure 4.3.4.1e The working of permeability index V
The example is a preliminary attempt to the development of a prescriptive rule. All
figures, ratios, and quantities used are hypothetical for illustration only. The example
is a conceptual demonstration that the development of prescriptive design rules is
indeed highly feasible.
4.3.4.3

Information Required for Prescriptive Method
Development Should any of the 3 indexes be regarded as probable, further
researches include wind tunnel experiment as well as site measurements are
necessary to establish the relationship between the ratio and the performance
that could be attained.
Application
The prescriptive method contains a set of simple design rules that
are easy to understand and practical to apply. No extra information is required
in application.

4.3.4.4

Reliability of Prescriptive Method
The reliability of prescriptive method much depends on the degree of similarity
between the conditions under evaluation and the conditions when the prescriptive
parameter was researched. This includes the consideration of two issues:
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(i) The context under evaluation is fundamentally similar to the context when the
parameter was researched. That is to say, for example, a prescriptive rule designed
and investigated for low rise houses in the UK should NOT be used to assess high
rise buildings in Hong Kong no matter how it is extrapolated.
(ii) The conditions of the surroundings remain the same. That is to say, the input climatic
and environmental data, and the macro-surroundings of the development will remain
unchanged. If the conditions under evaluation are similar to the fundamental
prescriptive conditions, the result obtained will be within acceptable range of accuracy.
4.3.4.5

Limitations of Prescriptive Method
The limits of the prescriptive method are that an assumption of the circumstance of
the context must be estimated, otherwise an application may violate the system. For
example, the rule may state, “for a room of 100m2, the window must be 5 m2 for
proper ventilation”. The fundamental assumption behind the rule, not stated, is that
the window is on the surface of the façade. Using scientific methods, it could be
tested that such a window will give 3 ACH, which may be the standard that needs to
be achieved. However, if a submission is made with the window behind a deep reentrant, the window will still satisfy the rule, but when tested, will perform very poorly.
Furthermore, the benchmark standards behind the prescriptive rules must be valid
now and in the future. That is to say, there is no change to the performance
requirements of say outdoor comfort of inhabitants of Hong Kong. Any changes made
on the criteria require simultaneous redevelopment of the prescriptive rules.

4.3.4.6

Cost and Duration of Prescriptive Method
The application of prescriptive rules requires no cost (money and time) at all.
However, establishment of the rules is a tedious scientific process of parametric study
in nature. It requires wind tunnel experiments as well as site evaluation. To establish
a single prescriptive rule, it is estimated that 100 to 200 wind tunnel tests will have to
be performed. The process will take about 1 to 3 years to complete and the cost will
be in the order of HK$ 3-8 millions.

4.3.5

RECOMMENDATIONS OF WORKS LEADING TO THE NEXT STAGES OF
DEVELOPMENT OF AVAS
To advance the proposed AVAS from stage 1 to 4 and beyond, there is a need for
immediate actions to obtain further quantitative data. This is in the light of the fact
that this study relies a lot on qualitative expert judgments, overseas research data,
and extrapolation of existing wind science and knowledge to the conditions of Hong
Kong. Errors and unknown are inevitable as one is pushing against the boundaries of
current knowledge.

4.3.5.1

Some tasks are identified. Results of these tasks will (A) greatly clarify
(quantitatively) our understanding of the problem, (B) give information to assist the
development of the various Stages of AVAS, and (C) provide a mechanism to
monitor the conditions and effectiveness of various efforts. The consultant highly
recommends the government to:
a. Conduct wind availability study prior to all major new planning areas.
b. Commit study of urban wind climate of Hong Kong. Further investigation of
modelling programs such as MM5 and CALMET to simulate urban wind climate,
taking into account the topography and ground roughness.
c. Conduct detailed spot study of ventilation and pollution conditions in potential
problem urban area to identify the extent of the problem.
d. Conduct detailed study of the performance criteria of air ventilation in Hong Kong,
in order to understand the need of our people. The circumstance independent
criterion of 1.0-2.0 m/s proposed is purely based on overseas studies. Although
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they are indicative to our study, they are by no mean to be applicable to Hong
Kong. Local study of indoor and outdoor comfort is essential.
e. Set up a network of simple weather stations to continue monitor the wind climate
of urban Hong Kong. The weather stations have to be installed within the urban
context, especially in areas with a lot of building activities and redevelopments,
where wind climate will change instantaneously. These urban stations will be able
to collect wind data that beyond the HKO meteorological data at high level. This
set of data will be very useful for planners, designers and researchers to
understand more about our urban wind climate.
In Summary
Site wind availability study
Territory wind availability study
On site spot measurement
Further studies of performance criteria
Monitoring network

(related to Stage 1)
(related to Stage 2a)
(related to stage 2b)
(related to Stage 2b)

The costs of the tasks could be estimated as follow:
Time
A Site Wind availability study
6 mths-1 yr /
(measurement)
site
B Territory wind availability study
> 1 yr
(computational)
C On site spot measurement
> 1 yr
D Further studies of performance criterion
≈ 2 yrs
E Monitoring network
Long term
4.3.5.2

Resources
≈ HK$ 500,000 / site
≈ HK$ 1 million
≈ HK$ 1 million
≈ HK$ 1.5 million
Depends on extent of
network

Based on the works and understanding above, various detailed studies and works
could start.

A mobile canyon wind monitoring vehicle
in service in Athens, Greece. This provides data of
wind movement and circulation pattern
within the urban canyon.
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4.4 Implementation Mechanism
4.4.1

INTRODUCTION
Requirement for conducting air ventilation assessment for the projects involving the
conditions mentioned in Section 4.2.4 can be imposed in the planning and
development process through both statutory and administrative means within the
existing institutional framework. Three broad approaches are identified, viz.
“Regulatory Approach”, “Advisory Approach” and “Incentive Approach”. The
feasibility and appropriateness of these approaches are discussed below in relation to
the projects that should warrant air ventilation assessment.

4.4.2

REGULATORY APPROACH

Inclusion in Environmental Impact Assessment Ordinance (EIAO) - Technical
Memorandum
4.4.2.1

Under the current EIAO, the Director of Environmental Protection does not have the
power to request the undertaking of AVA. But, if necessary and appropriate, the
Technical Memorandum as part of the ordinance can be amended through a
legislative process in order to subject specific projects to AVA. Notwithstanding, as
there is a lack of a set of comprehensive meteorological data and a strong scientific
research base, it is considered inappropriate and premature to put the undertaking
of air ventilation assessment for specific projects as a law. Any amendments to the
EIAO will have to be approved by the Legislative Council (LegCo). If it has to obtain
the support of the LegCo, it is expected that very rigorous scientific substantiation
will be needed. Without adequate justifications and objective evidence, it will not be
able to establish a widely accepted assessment methodology and criteria and
formulate a set of convincing criteria for determining the need for air ventilation
assessment under the law.
Inclusion of Requirement for Air Ventilation Assessment in Planning Submission
Process under Town Planning Ordinance (TPO)

4.4.2.2

For other development proposals requiring planning submission (including planning
application under s.16 of TPO and rezoning request), the Town Planning Board
(TPB) has the authority to request proponents to undertake air ventilation
assessment, where appropriate, to demonstrate the air ventilation impact of
development proposals. The TPB as the approving authority can make a decision
balancing the different considerations. In other words, the TPB can still approve the
proposal even if it cannot fully fulfil all the assessment criteria. This implementation
mechanism can cover the following types of project or circumstances:

y
y
y
y
y
y
4.4.3

Involving departure from the prescribed development restrictions;
Change of use and erection of building structure within breezeway;
Waterfront developments, especially within confined airsheds;
Site area larger than 2 hectares with a plot ratio of 5 or above;
Involving street closure/ realignment; and
Climatically problematic/ sensitive areas identified in an Urban Climatic Map.

ADVISORY APPROACH
Inclusion of Air Ventilation Assessment in Plan-making Process

4.4.3.1

Requirement for conducting air ventilation assessment can be imposed in the planmaking process. A planning study is usually undertaken to form the basis for
drawing up the plan for a new development area. It is suggested that conducting of
air ventilation assessment be laid down as a requirement in the study brief. The
purpose of the assessment is to ascertain the optimal development option from the
microclimatic point of view, and to identify critical development parameters for
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various land plots and climatically sensitive areas. The findings of the assessment
will provide some design principles to guide the designation of breezeways,
disposition of land uses, design of road patterns and formulation of development
restrictions. The recommendations of the assessment may be incorporated in
departmental plans and form an integral part of the basis for drawing up statutory
town plans.
4.4.3.2

While the undertaking of AVA in the course of town plan preparation is optional and
the assessment recommendations are advisory, the findings drawn from AVA (e.g.
development parameters) can be executed through statutory means, e.g.
stipulations on outline zoning plans. For the development sites of particular
microclimatic significance, the need for conducting air ventilation assessment can
further be laid down in the Planning Brief, if any.
Inclusion of General Design Guidelines, Prescriptive Measures and Assessment
Criteria in Hong Kong Planning Standards and Guidelines (HKPSG)

4.4.3.3

It is also suggested that general design guidelines, prescriptive measures and
assessment criteria are introduced in the HKPSG to provide guidance for including
air ventilation considerations in the layout planning at both district and local/ site
levels. The HKPSG has long been used as a working manual in land use planning
and is well known to the public and the professionals in the planning and
development fields. Practitioners in both public and private sectors are encouraged
to incorporate the guidelines in preparing town plans and layout plans for individual
developments. Where appropriate, these guidelines can be used to comment on
designs submitted for consideration. The guidelines should be used flexibly on a
performance-oriented basis for the optimally ventilated environment.

4.4.3.3.1

In particular, for the development projects not requiring planning submission, the
prescriptive standards and guidelines should enable the practitioner to “fit” a new
development into the current urban texture in terms of air circulation without
conducting any air ventilation assessments, i.e. the “Prescriptive Method for
Assessment”.

Promulgation of Assessment Guidelines through Departmental Circulars
4.4.3.4

The infrastructure projects involving extensive elevated structures are usually
implemented by the works departments of the Government or railway corporations.
It is recommended that departmental circulars be prepared to provide guidelines on
the types of infrastructure project that would require air ventilation assessment.
Land Administration

4.4.3.5

4.4.4
4.4.4.1

In very exceptional circumstances that ventilation problems have been identified but
cannot be resolved in the town planning process, then it is worthwhile considering
that the requirement for air ventilation assessment be imposed through the land
administration process.
INCENTIVE APPROACH
With regard to the problematic/ sensitive areas identified in the “Urban Climatic
Map”, the Government may take a more proactive approach to encourage the
private sector to take into account the air ventilation factor in the development/
redevelopment process. Different levels/ forms of possible incentives have been
identified as below.
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Green Building Labelling System
4.4.4.2

The Air Ventilation Assessment may be incorporated into the assessment
framework of the Hong Kong Building Environmental Assessment Method (HKBEAM), a labelling system established in 1996 for buildings in Hong Kong, or
Comprehensive Environmental Performance Assessment Scheme (CEPAS). The
latter is currently under a consultancy study commissioned by the Buildings
Department.
GFA Exemption for Green Design

4.4.4.3

GFA exemption may be provided through a Joint Practice Note (JPN) to encourage
the design and construction of buildings to encompass environmentally proactive
features that are supported by an AVA to be conducive to a favourable microclimate
around the buildings. It is noted that this concept to a certain extent has been
incorporated in the current JPN No. 1 issued by BD, LandsD and PlanD in February
2001. On top of the existing provisions, it is recommended that an additional option
is to design the effective location and dimensions of a sky garden in residential
building for air ventilation supported by wind tunnel tests, for example, to ensure the
most favourable microclimate to the neighbourhood for individual cases. AVA is
only advisable in the current JPN.
Minor Relaxation on Development Restrictions

4.4.4.4

Under the current Town Planning Ordinance, the TPB may give favourable
consideration to improvement of microclimate as a justification for requesting minor
relaxation on GFA/ plot ratio/ building height restrictions in the planning application
process provided that it is demonstrated by an AVA. However, the minor relaxation
should be granted on condition that it neither compromises other planning objectives
nor contravenes the prevailing government policies.
Bonus GFA/ Plot Ratio

4.4.4.5

At the moment, the Buildings Authority may grant concessions in the form of
exemption of certain floor areas from GFA calculations and in the form of additional
plot ratio under Building (Planning) Regulations, in exchange for dedication of land
for public use. In future, if considered appropriate, the Government may consider
extending bonus GFA/ plot ratio to exchange for dedication of the areas for
improvement of microclimate. It should be emphasised that the incentives are to be
given to those developments with the design that is demonstrated by AVA to be
contributing positively to the local microclimate, but not because of the undertaking
of AVA alone. The AVA should only be a tool for demonstrating how a design
deserves an incentive. However, these concessions should be applied on condition
that they neither compromises other planning objectives nor contravenes the
prevailing government policies.

4.4.4.6

The application of the above incentives would mainly hinge on the Government
policy, maturity of the methodology for AVA and the kind of mitigation measures to
be promoted. Different forms of incentives can be adopted with a progressive
approach. At the beginning of promoting the undertaking of AVA, the labelling
system can be applied to encourage private developers to undertake the
assessment on a voluntary basis. When a widely accepted assessment
methodology and a set of convincing assessment criteria are established, other
comparatively mild incentives (i.e. GFA exemption and minor relaxation) may be
adopted to encourage environmentally sustainable design through a scientific
method. If the Government is keen to achieve more desirable urban climate at
particular sensitive locations/ areas through implementation of specific mitigation
measures (e.g. setback from streets, vertical chimneys to ventilate deep canyons), it
may be worth considering a more proactive approach (i.e. bonus GFA/ plot ratio). In
such cases, the incentive is actually a kind of compensation.
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4.4.5

APPLICATION OF IMPLEMENTATION MECHANISMS

4.4.5.1

Depending on the further development of the AVAS as described in chapter 4.3, a
progressive approach should be adopted for the application of the above-mentioned
implementation mechanisms. As indicated in the previous chapters, there is general
a lack of comprehensive information on wind data covering the whole Territory and
thorough understanding of the urban climate, and it still requires further in-depth
research to establish acceptable standards of air ventilation. In this connection, it
would be premature to request the private sector to conduct AVA on a mandatory
basis at this stage. In fact, urban climatic issues should be dealt with taking a topdown approach. Without the “Urban Climatic Map” and district-wide assessments
being done, it would not be able to determine how the urban form should be shaped
to optimise the urban climate through control on different development parameters.

4.4.5.2

At the first stage, an advisory approach is recommended for the application of AVAS.
The Government should take a leading role in demonstrating the importance of a
well-ventilated urban environment and its benefit to the public at large by introducing
AVA at an early stage of the plan-making process. In drawing up a new town plan
or undertaking a major review of an existing town plan, different development
options should be put to AVA with a view to shaping a climatically favourable urban
form. With the inclusion of AVA for preparation/ review of town plans, the
microclimatic consideration can properly be taken into account in formulating the
development framework on a district basis without compromising the development
potential substantially. It is also suggested that the Government and the quasigovernment organizations (e.g. Urban Renewal Authority) to take the initiative in
undertaking AVA for individual development projects under the circumstances
identified in section 4.2.4, where practicable. It is understood that the Housing
Authority has started investigating the development impact on microclimate and has
carried out AVA for various development projects during the design stage. The
private sector should also be encouraged to conduct AVA on a voluntary basis
through the “Green Building Labelling System”.

4.4.5.3

At the first stage of the application of AVAS, the Government as well as the private
sector would accumulate knowledge and experience on how the assessment helps
in preparing environmentally more sustainable design. In the meantime, the
preparation of the “Urban Climate Map” for the whole Territory may start and the
assessment system will further be developed based on more extensive scientific
research. It is expected that at the second stage a widely accepted assessment
method and a comprehensive set of assessment standards/ criteria can be
established as the AVAS evolves over time, and the Government would be better
equipped with the required vetting expertise and associated resources. With the aid
of the “Urban Climatic Map”, it would be more certain about what types of project/
circumstances should warrant an AVA and the conditions requiring AVA applied in
the first stage can be reviewed in a comprehensive manner. With definitive
assessment standards and criteria, it would be the time to start considering the
adoption of regulatory means, such as inclusion of the requirement of AVA in the
planning submission process under the TPO.

4.4.5.4

At the third stage, rules for prescriptive assessment will be developed to enable
more extensive and effective inclusion of microclimatic considerations in the
development process even without undertaking AVA. The rules will provide the
basis for preparation of planning standards and guidelines for the use of general
practitioners. With more rigorous scientific substantiation, and adequate knowledge
and experience accumulated, the Government may consider to request the
undertaking of AVA for specific projects under the EIAO and offer bonus plot ratio/
GFA for those developments contributing considerably to the improvement of urban
climate if the benefit from the AVAS has proven to be significant.

4.4.5.5

The phasing of the adoption of the above-listed implementation mechanisms is
presented in relation to the development stages of the AVAS in the table below.
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This is intended to indicate the appropriate timing of introduction of different
implementation mechanisms in relation to the development stages of the AVAS, but
it by no means concludes the feasibility of the implementation mechanisms
(particularly those that can only be adopted at Stage 2 or Stage 3) which should
take into account public views and the prevailing Government policy at a later stage.
Development Stage of AVAS
Stage 1 –
Performance-based Evaluation without
Benchmark Standards

Stage 2a –
Urban Climatic Mapping
Stage 2b –
Performance-based Evaluation with
Benchmark Standards
Stage 3 –
Prescriptive Guidelines

Possible Implementation Mechanism
y
Green Building Labelling System
y
Inclusion of AVA in Plan-making Process
y
Inclusion of General Design Guidelines in
HKPSG
y
Promulgation of Assessment Guidelines
through Departmental Circulars
y
Inclusion of Requirement for AVA in Planning
Submission Process under Town Planning
Ordinance (TPO)
y
Land Administration
y
Minor Relaxation on Development Restrictions
y
GFA Exemption for Green Design

y
y
y

4.4.6

Inclusion of Prescriptive Measures and
Assessment Criteria in HKPSG
Bonus GFA/ Plot Ratio
Inclusion in Technical Memorandum of
Environmental Impact Assessment Ordinance
(EIAO)

IMPLEMENTATION AUTHORITIES

4.4.6.1

The expertise needed will embrace the following:




Some Knowledge of atmospheric science, wind and wind availability sciences;
Some knowledge or appreciation of design and planning; and
Some knowledge of wind tunnel methodology and application.

It is expected that qualified engineers e.g. mechanical engineers, physicists,
environmental scientists, and atmospheric scientists with training and experiences in
working with wind tunnel would be the competent persons to conduct AVA.
4.4.6.2

Work process of AVAS
•

For projects that are larger than 2 hectares, on the waterfront, involve road
closure or has been identified in the Urban Climatic Map as sensitive etc,
proponents are required to submit a report of their own AVAS based on the
methodology established. In addition, the Town Planning Board (TPB) may
make discretionary request for any other projects to go through the AVAS
with explanations.

•

PlanD receives the materials and either assesses it in house, or sends it to
other government department(s) to vet. Proponents are required to answer
queries and provide additional information as needed.

•

If the submission is considered satisfactory taking into account all aspects,
the design could be recommended by PlanD to TPB. Otherwise, it is rejected
and the proponent will have to start the process again. The TPB is the
ultimate approving body.
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4.4.6.3

There are a few ways the submission could be vetted, which include:


A special panel may be established within PlanD. This could be in the form of
a sub-section of TPB, a committee or work panel with staff within PlanD, or a
committee of standing experts from outside. With this arrangement, PlanD
needs extra resources and expertise to handle the task.



A list of experts (internationally), say 15 of them, may be assembled. The
submission could be forwarded to say any 2 of them to assess independently.
Should their reports concur with each other, their recommendations will be
forwarded to TPB. If their views are different, a third, or even a fourth expert
could be asked. With this arrangement, a creditable list of experts is needed
and they need to be briefed of the AVAS initially. Their terms of reference
need to be defined. Extra resources are also required.



Vetting may be forwarded to other government departments (e.g. EPD). Their
recommendations will be forwarded to TPB for information. With this
arrangement, the department involved needs extra resources and expertise to
handle the task.

4.4.6.4

Various government departments and agencies could be involved in the
implementation process, particularly PlanD, EPD and BD. Co-ordination of these
key players is crucial to the betterment of the microclimate of the congested urban
environment. The TPB would be involved in any promulgation of new statutory
plans and necessary changes to land use zonings and development restrictions on
statutory plans.

4.4.6.5

It is recommended that AVA be carried out at an early stage of the town planning
process, e.g. the preparation of new town plans or major review of existing town
plans with a view to achieving desirable urban climate. The town plan drawn up
based on the recommendations of AVA provides the framework for urban
development which would ensure an acceptable urban climate at a district level.

4.4.6.6

It is considered that PlanD (probably CEDD in some cases) should take the lead in
including the AVA in the course of preparing town plans for new development areas
and reviewing existing town plans (including ODPs and OZPs). PlanD may
commission a consultant to carry out AVA for different plan layout options or include
it in the study brief just like other technical assessments. PlanD and its consultants
should act as the study manager to oversee the process of air ventilation
assessment for plan-making purposes. This is the same as the current practice for
air and noise impact assessments. PlanD will be the authority responsible for
advising TPB on the necessary amendments to OZPs, where appropriate, according
to the recommendations of air ventilation assessments. Based on the current
knowledge on the required expertise, EPD is considered to be most competent as
the authority for vetting air ventilation assessment reports. But it is recognised that
EPD does not have adequate resources at the moment to handle this extra mission.

4.4.6.7

To further ensure more favourable microclimate within or around a particular
development, submission of an AVA for approval may be requested at the planning
submission stage. For those individual developments requiring planning permission,
private developers may appoint experts, if necessary, to undertake AVA to
demonstrate the feasibility of the development proposals. Likewise, the assessment
results are to be vetted by EPD with additional resources made available.

4.4.6.8

At the building plan submission stage, if specific building structures are involved
which may cause air ventilation impact, BD may request for AVA and in coordination with EPD to vet the assessment report submitted by the proponent.
Again, extra resources will be required for both departments.
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4.4.6.9

Nevertheless, the actual vetting authorities should be determined at a later stage
when the full assessment system (including the Urban Climatic Map and
assessment standards) is established based on further research which will provide
more information to allow the Government to have a better understanding on the
technical and staff requirements.

A sketch of an Active Devices could overcome some of the
existing problems at street level. In high density city like
Hong Kong, active systems may be a viable solution.
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Task 4
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5

TASK 4: QUALITATIVE GUIDELINES

5.1 Introduction
The text provided here gives some outline guiding principles. Some quantities are quoted; as
detailed researches specifically tailored for the conditions of Hong Kong is not part of this
study, most of the quantities are based on expert judgments, or based on extrapolating
research data elsewhere and appropriating it approximately for Hong Kong.
5.1.1

THE BRIEF
“The Consultant shall develop generic guiding principles or performance checklist
setting out the important wind factors to guide land use planning and initial planning and
design of large scale development proposals before any actual undertaking of air
ventilation assessment for professional users’ reference. The principles or performance
checklist should provide good practice guideline as to how land use and site planning,
urban design, building form, stepping height profile and use of enhancement or
mitigation measures etc. can help enhance air circulation and avoid creation of
unfavourable wind conditions.” (AVAS Study Brief: Task 4)
In accordance with the study brief, the major guiding principles are outlined in the
following sub-sections for land use planning (district level) and initial planning and
design of large scale development proposals respectively. The key factors are:
District Level
Breezeway
Provision
 Building Plot Size &
Configuration
 Pedestrian Zone
 Land Use
 Height Profile
 Street Pattern



5.1.2



Large Scale Development Site
Building Height Variation



Building Permeability

Disposition & Orientation of Building Blocks
Setback of Building
Street Widening
Podium Structure
Conservation of Lowrise GIC / Heritage Sites
Greening of Pedestrian Area & Open Spaces
Segragation of Exhausts from Pedestrian
Area
 Active Devices
 Vertical Type of Projecting Signboards









HONG KONG PLANNING STANDARDS AND GUIDELINES (HKPSG)
The Hong Kong Planning Standards and Guidelines (HKPSG) is a Government
manual of criteria for determining the scale, location and site requirements of various
land uses and facilities. This manual is applied in planning studies, preparation /
revision of town plans and development control. The Planning Department
completed a study on the "Urban Design Guidelines for Hong Kong" in 2003. The
objective is to prepare a set of urban design guidelines to promote public awareness
on design considerations and provide a broad framework for urban design
assessment. The urban design guidelines are advisory. The urban design guidelines
currently under HKPSG cover a wide range of issues, including development height
profile, waterfront sites, public realm, streetscape, heritage, breezeways and so on,
which are to different extent related to this AVAS study. The relevant references from
the urban design guidelines are quoted in the following discussions, wherever
appropriate.
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5.1.3

SUSTAINABLE DEVELOPMENT
To create a high quality, sustainable built environment in Hong Kong, due
considerations should be given to urban design concepts and principles in the
planning and development process. Urban air ventilation is a key element among
other considerations. The following discussions will primarily focus on the air
ventilation aspect. It is by no mean an indication to suggest any singular
consideration of air ventilation without taking into account other planning and design
parameters, although urban air ventilation itself is a very important concern especially
for Hong Kong being a dense and tropical city. In a nutshell, the holistic planning and
urban design approach with due consideration of urban air ventilation should be the
way forward for the future development of Hong Kong into a healthy and livable world
city.

5.1.4

QUALITATIVE VS. QUANTITATIVE GUIDELINES
The guidelines on urban air ventilation are mostly qualitative and expert judgement in
nature at this stage. Limited quantitative guidelines, which are based on preliminary
expert judgment, are incorporated wherever available. They are based mostly on
experiences, and on appropriating or extrapolating similar research results conducted
elsewhere. However, they should be considered as indicative and subject to
refinement and verification upon further research studies on developing prescriptive
rules and guidelines.

5.2 Checklist for District Level Planning
5.2.1

BREEZEWAY PROVISION
“Due to its high development densities, most development in Hong Kong is 30 or 40
storey. Breezeways which are major open ways through this overall high density /
high rise urban form would be important to channel air flows taking into account
prevailing wind directions and development layouts. Breezeways should be provided
in order to improve the microclimate of urban environment and to allow effective air
movements into the urban area to remove gases, particulates and heat. …… Tall
buildings along the waterfront should be avoided to allow sea breezes blowing into
the city. …… Breezeways should be created and positioned wherever practicable to
preserve and funnel natural air flow, including valley winds and sea and land breezes,
to the developed area.” (HKPSG Chapter 11: Urban Design Guidelines, Items 5.2.56
& 5.2.58)
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The first priority for urban air ventilation in dense, hot-humid cities like Hong Kong is
to let more wind penetrate through the urban district. An array of main streets, wide
main avenues and/or breezeways aligned in a way to maximize the harnessing of the
prevailing wind is considered the most effective means to achieve this goal.
Wherever possible, even the podium and low-rise blocks should preferably not
encroach onto the breezeway zone. Where appropriate, major open spaces may be
aligned in such a way with the main avenues to form significant breezeways. The
disposition of local open spaces and low-rise buildings should be planned to form
some subordinate ventilation corridors, where opportunities arise. Tree planting
along streets should be encouraged as it will increase shade from the sun.
5.2.2

BUILDING PLOT SIZE AND CONFIGURATION
Judging from the experience of town development in Tseung Kwan O and West
Kowloon, huge plot sizes above 2 hectares (some are as big as 4 hectares) are
indeed impeding air movement. It is advisable to reduce the plot sizes to below 2
hectares in general unless there are other more dominant technical or implementation
considerations. However, it is not necessary to divide large plots into smaller plots by
streets. Alternatively, the subdivision can be achieved by designating strips of nonbuilding area traversing the plot. It is also preferable to align the longer frontages of
plots in parallel to the prevailing wind so as to minimize the obstruction of airflow.

5.2.3

PEDESTRIAN ZONE
“In Hong Kong, pedestrian movement in the city is uncomfortable or restricted by the
hot and humid periods as well as the wet rainy season. To minimize these negative
effects, the designers can provide shade for pedestrians. A safe, clean, accessible
and interesting pedestrian environment should be provided with due consideration to
microclimate for pedestrian circulation …… Pedestrianization offers an excellent
opportunity to minimize the conflict between vehicles and pedestrians, to provide
vehicle-free environment, to avoid undesirable impacts arising from traffic noise and
fumes, and to create a focus for pedestrian movement. Streets that have no overall
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highways significance but are of high pedestrian / built form significance could be
considered for pedestrianisation. Where appropriate, pedestrian priority facilities,
such as pedestrianised streets and underground / semi-submerged roads, should be
provided to encourage segregation of vehicles and pedestrian. ……” (HKPSG
Chapter 11: Urban Design Guidelines, Item 5.2.37 and 5.2.49)

The major pedestrian zones / paths should be segregated from traffic and/or
integrated with the breezeways. Tall trees with wide and dense canopy should be
planted along pedestrian walks for solar shading, cooling and pollutant filtering, while
causing minimal wind blockage to the pedestrian level. In new development areas,
pedestrianized streets/ non-building areas for outdoor activities for sub-division of
large land parcels would be effective in enhancing air circulation at the pedestrian
level while avoiding aggravation of traffic noise and fume impacts.
5.2.4

LAND USE
“…… Views corridors should be integrated in the design of development layouts and
can be combined with breezeways to be formed by …… open space, amenity area
and low-lying buildings.” (HKPSG Chapter 11: Urban Design Guidelines, Item 5.2.59)
The disposition of low-rise heritage / GIC / amenity sites, open spaces and nonbuilding areas could be integrated with breezeways for enhancing wind penetration
through the urban area.
Unless there are other reasons for co-locating certain G/IC uses, e.g. school village, it
would be preferable from ventilation point of view to decentralize the low-rise G/IC
developments and open spaces (e.g. school, clinic, parks, etc.) into high-density
neighbourhoods to allow gaps and establish a network of ventilation paths between
buildings as well as to induce building height variation. The staggered urban
structure can help increase air pressure difference and instigate wind flowing
throughout the urban area.

5.2.5

HEIGHT PROFILE
“The most recognizable cities in the world are often characterized by a number of
towers which are generally notably taller than the general building profile. The towers
with high quality architectural design and at suitable locations can help define images
of the cities. …… Where appropriate, variation in building heights, …… of building
blocks …… should be adopted to promote air movements.” (HKPSG Chapter 11:
Urban Design Guidelines, Items 5.2.13 and 5.2.57)
Besides paying respect to the ridgelines in planning for the overall height profile of the
town, stepped height concept is also generally applicable to enhancing air ventilation
with lower building height in the windward direction and the waterfront area. However,
its extent of effectiveness is subject to the actual magnitude of height variations as
well as to the depth of urban street canyons in between building blocks.
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A varying building height profile across the district will enhance the overall air
movements, when compared to a uniform height profile. On the other hand, the
strategic disposition of taller towers within the dense urban areas can help the air
movements in their surroundings. This has to be balanced with visual considerations.
5.2.6

STREET PATTERN
The length of street grid perpendicular to the prevailing wind direction should be as
short as possible with a view to minimize stagnant zones while maximizing
breezeways across the urban area.

5.3 Checklist for Site Level Planning
5.3.1

BUILDING HEIGHT VARIATION
Given the planning context in Hong Kong, it may not be practical to achieve
significant height difference between building blocks within a development site to
instigate adequately strong wind flow that can alleviate the severe urban canyon
effect. Notwithstanding, height variation within a development site should be
provided as much as possible with the principle that the height increases in the
direction of the prevailing wind. The stepped height concept can help optimize the
wind availability of the development itself.
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In theory, an optimum condition might be achieved when stepping building heights
from the prevailing wind (as below). H1/W1 or H2/W2 should be around 1.5 to 2
maximum. And to promote downwash of air from the leeward façade, the ratio of H2
to H1 should be around 2. Since building heights are high and streets between
buildings are narrow in Hong Kong, promoting air flow by stepping the heights may
not be as effective as having gaps on plan between towers.

A single tall building with a small footprint may not be a problem. Problems come
when “many” tall buildings are congested together, especially when they are
configured to form a high wall-like structure to the front of the prevailing wind. The
city behind will suffer. Therefore, it is advised that a limited number of tall buildings
should be built in a neighbourhood and they should be distributed in such a way not
to adversely block the wind.
5.3.2

BUILDING PERMEABILITY
The provision for higher permeability of the building mass, especially at the
pedestrian / low levels, should be promoted. This can be achieved by creating gaps
between building blocks, between the podium and the building blocks built atop (i.e.,
a void podium deck) and within building blocks at various levels.
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Where practicable, adequately wide gaps should be provided between building blocks
to maximize the air permeability of the development and minimize its impact on wind
capturing potential of adjacent developments. As a rule of thumb, the gap between
two building blocks should be ideally equivalent to 50% of the combined width of the
two blocks.

The gaps for enhancing air permeability are preferably provided with the largest
permeable area perpendicular to the prevailing wind.
5.3.3

DISPOSITION AND ORIENTATION OF BUILDING BLOCKS
To minimize obstruction of airflow, building blocks are preferably arranged in a linear
form with the main axis in parallel to the prevailing wind. However, it is also important
that individual building blocks can capture the wind for better indoor natural ventilation.
As a balanced solution, the angle between the main axis of the building blocks and
the prevailing wind direction (is preferably be within 30 degrees).
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5.3.4

SETBACK OF BUILDING
Especially for large sites facing narrow urban canyon as typically found in old urban
areas like Mongkok, the buildings at both sides of the street should setback at least
3m to 5m upon redevelopment or urban renewal.

5.3.5

STREET WIDENING
“Pavement should be of adequate width to accommodate pedestrian flows, street
furniture and additionally to allow reserves for utilities installations and street trees /
landscaping. In the older urban areas where pavements are of inadequate width to
serve present needs, effort should be made to widen these pavements through
building setback or reducing coverage of podia when redevelopment takes place. In
new development areas, good design and wider pavement should be provided for the
creation of a high quality pedestrian environment. ……” (HKPSG Chapter 11: Urban
Design Guidelines, Item 5.2.38)

The widening of streets along the prevailing wind direction is highly recommendable,
especially in the old urban district like Mongkok. Taking Mongkok as an example, the
building setback of about 3-5 m at both sides of a typical street is potentially a
recommendable and practical minimum for improving the urban air ventilation for the
entire district in long term (as opined by international expert Prof. S Murakami.) This
would be more possible when large land parcels are redeveloped.
5.3.6

PODIUM STRUCTURE
“…… Open spaces should also be encouraged at ground, podium …… levels of
developments accessible by users. Where practicable, developments should allocate
more ground level space for landscaped open spaces. …… Ground coverage of
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podium should be reduced to allow more open space at grade and for street
activities.” (HKPSG Chapter 11: Urban Design Guidelines, Items 5.2.32 and 5.2.37)
For large development/ redevelopment sites particularly in the existing urban areas, it
would be critical to increase permeability of the podium structure at the street level. It
may not necessarily be a void deck, but there should be some ventilation corridors or
setback in parallel to the prevailing wind.

Where appropriate, a terraced podium design should be adopted to instigate
downward airflow, which can help enhance air movement at the pedestrian level and
disperse the pollutants emitted by vehicles.

5.3.7

CONSERVATION OF LOW-RISE GIC / HERITAGE SITES
“Individual or clusters of heritage features should be recognized as important
contextual elements. Context or setting of these heritage features should be
responded. Suitable settings for heritage features should be preserved or created.
Wherever possible, views to the heritage features should be preserved and opened
up. Building heights of new neighbouring developments should generally respect and
if necessary be lowered towards the heritage features.” (HKPSG Chapter 11: Urban
Design Guidelines, Item 5.2.52)
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Especially in dense old urban districts, the low-rise GIC / heritage sites should be
conserved and valued as an opportunity for enhancing the urban air circulation and
microclimate, e.g., through integration of increasing urban greenery and view
corridors towards the heritage features, while conserving the low-rise development
area as a part of the breezeway for the urban area.
5.3.8

GREENING OF PEDESTRIAN AREA & OPEN SPACES
“Well-landscaped open spaces with a balance mix of hard and soft landscape should
be encouraged to meet the functional requirements for active and passive
recreational uses. Detailed micro-scale landscape design should be site specific to
maximize legibility, to create a comfortable environment and to green the city. ……
Where practicable, developments should allocate more ground level space for
landscaped open spaces. …… Landscaped green areas, tree planting and amenity
strips along streets, major transport corridors and walkways should be provided to
soften the man-made environment. ……. Green open space and vegetation help
moderate the city climate and ameliorate the effect of air pollution. Planting in open
space should be maximized in order to reduce heat gain and reflected heat in urban
area. Where appropriate, water features should be provided in open space to serve
as an evaporative cooling device and to enhance landscape design. …… For
individual development, the amount and variety of effective open spaces should be
maximized to reduce radiation gain of buildings and associated structures.” (HKPSG
Chapter 11: Urban Design Guidelines, Items 5.2.31 to 5.2.34)

In addition to promoting tree planting on pavements wherever possible, tall trees with
wide and dense canopy should be planted along entrance plaza / setback zone for
maximizing pedestrian comfort – reducing urban heat island effect while avoiding
blockage to air movements at the pedestrian level. In terms of landscaping details,
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canopy type trees (possibly in combination with lawn) are much more preferable than
low shrubs for enhancing comfort along pedestrian paths.
5.3.9

SEGREGATION OF EXHAUSTS FROM PEDESTRIAN AREA
The major pedestrian areas should be segregated from the exhaust of major roads,
public transport interchanges (PTI), refuse collection points (RCP), etc.

5.3.10 ACTIVE DEVICE
Particularly for problem areas such as deep urban canyons with very poor air
ventilation and high pollutant / heat emissions from traffic and nearby premises, active
devices for enhancing both air movement and pollutant dispersion can be considered.
Active devices may be in the form of an array of chimneys for providing extra airflow
between pedestrian level and above canyon height.

5.3.11 VERTICAL TYPE PROJECTING SIGNBOARDS
For urban canyons, projecting signboards are preferably to be vertical type instead of
horizontal type, especially in areas with a congested situation of projecting
signboards right above the pedestrian level.
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Task 5 and 6
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6

TASK 5: PRESENTATION & CONSULTATION WITH THE INDUSTRY

6.1 Synopsis
The Planning Department of the Hong Kong Special Administrative Region (HKSAR)
commissioned the Department of Architecture at the Chinese University of Hong
Kong to undertake a FEASIBILITY STUDY FOR ESTABLISHMENT OF AIR
VENTILATION ASSESSMENT (AVA) SYSTEM in October 2003. This study
responded as a result of the SARS outbreak in Hong Kong in early 2003 and the
Government’s subsequent call to develop and take forward proposals for improving
environmental hygiene in Hong Kong. The study conclusions were in taken with the
promulgation of “A First Sustainable Development Strategy for Hong Kong” in May
2005, for a healthy, comfortable and sustainable urban living environment.
Stakeholders Engagement Forum
As part of the Study Brief, the Consultant Team was required to consult professional
institutes, stakeholders and other relevant consultees on the consultant’s findings to
contribute towards, academics, before conclusion and incorporation in the final report.
(For the list of participants, please refer to Appendix.) A Stakeholders Engagement
Forum, was held on 11 May 2005, and attended by multi-stakeholder groups
representing major stakeholder groups including professional organizations, business
groups, wind assessment consultancies, academic institutes, and government
agencies.
Further Consultation Briefings
Further consultation briefings were subsequently made with individual organizations
in May and June 2005, including the Steering Committee on Team Clean Follow-up,
Town Planning Board (TPB), Planning Sub-Committee of Land and Building Advisory
Committee (PSC/LBAC), Real Estate Developers Association of Hong Kong (REDA),
Advisory Council on the Environment (ACE), Hong Kong Institute of Architects (HKIA),
Hong Kong Institute of Surveyors (HKIS), and Hong Kong Institute of Planners (HKIP).
Gist of Findings
A gist of findings was presented in the Stakeholders Engagement Forum as well as
the subsequent consultation briefings. The gist recapitulated the need for wind / air
ventilation for our urban environment and a review of the key issues, and presented
the proposed AVA methodology (based on “Velocity Ratio” as an objective indicator)
and implementation, qualitative design guidelines, and the scope for further
development.
Support & Comments & Way Forward
The public opinion in principle supports the study whose purpose is to ensure that air
ventilation aspects should be well taken into account during both planning and
development stages. In general, comments received at the Forum and briefings and
thereafter through written submissions suggested notable support for the initiative to
implementing the proposed AVA on an advisory basis at the initial stage (Stage A).
There was support for the HKSAR government and quasi-government bodies to take
the lead to apply AVA for evaluating and comparing design options in major planning
and large-scale developments. The responses concurred with the fundamental
concept that there is an urge to find ways for improving the air ventilation and
pedestrian wind environment of our city. An Air Ventilation Assessment (AVA)
system is considered beneficial to the community at large in the long run and should
be introduced to Hong Kong. It was also acknowledged that being a unique research,
further stages of study to develop benchmarking standards and establish an Urban
Climate Map were highly supported for execution in steps.
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Caveat
Last but not least, some cautionary remarks were raised with respect to balance
between the objective of air ventilation and wind environment with other important
considerations towards a quality and sustainable Hong Kong. Despite outside the
remit of this consultancy study, there would be a need to critically review the planning,
land and building development control under a separate initiative, with a view to
synergizing needs in a coordinated manner and in turn facilitating design optimization
for the benefits of the society at large.

6.2 PRESENTATION & COMMENTS RECEIVED
Stakeholder Engagement Forum & Consultation Briefings
During the Stakeholder Engagement Forum on 11 May 2005 chaired by Professor
Essy Baniassad, a presentation was made by Professor Edward Ng, the lead
researcher of the Consultant Team. The Forum was well attended by representatives
from major stakeholder groups including professional organizations, business groups,
academic institutes, wind assessment consultancies, citizen groups and government
agencies. Consultation briefings in a similar presentation format were further made
with individual organizations in May and June 2005 by Professor Edward Ng and / or
Mr K S Wong, the Project Coordinator of Consultant Team. Further details of the
presentation contents can be found in the Gist of Study Findings and Technical Paper
5 – draft Technical Brief, both dated May 2005. The schedule of briefings is listed as
follows:
-

25.05.2005 Hong Kong Institute of Planners (HKIP)
03.06.2005 Town Planning Board (TPB)
03.06.2005 Real Estate Developers Association Hong Kong (REDA)
06.06.2005 Planning Sub-Committee of Land and Building Advisory Committee
(PSC/LBAC)
06.06.2005 Hong Kong Institute of Architects (HKIA) and Hong Kong Institute of
Surveyors (HKIS)
13.06.2005 Advisory Council on the Environment (ACE)
21.06.2005 Steering Committee on Team Clean

Written comments were received from the following organizations between May and
July 2005:
-

11.05.2005
09.06.2005
14.06.2005
21.07.2005

Hong Kong Institute of Surveyors (HKIS)
Hong Kong Institute of Planners (HKIP)
Real Estate Developers Association Hong Kong (REDA)
Hong Kong Institute of Architects (HKIA)

Major Comments Raised: Support in Principle
In general, there was no fundamental objection to the draft study recommendations.
There was in-principle support and agreement on the following aspects:
1. Need & Key Issues: For Major Planning & Development
Air ventilation should be given due consideration in the process of major planning
and development. Pilot case studies (such as the on-going Kai Tak Planning
Review) should be identified to help develop the test methodology, technical
specifications, benchmark standards and qualitative/quantitative guidelines for
design.
2. Implementation: Government to Lead
There was common concern that AVA should not be mandatory and applicable to
small-scale private developments. While the private sector can play a role and
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the provision of incentives should be considered, the Government and quasigovernment bodies should assume the main role to carry out AVA on an area
wide basis – for all major government / quasi-government projects, in planning for
new development areas, and major revision to town plans, etc. On the other
hand, it would be recommendable to have greater coordination and integration of
AVA system with other environmental assessment schemes for building /
development for synergistic effects.
3. Methodology: Velocity Ratio, etc.
There was no fundamental objection to the AVA methodology and framework
presented in the technical brief (WP5), including the use of Velocity Ratio as the
indicator, other than some draft comments to seek clarification of the details and
the reliability of using Computational Fluid Dynamics (CFD) for AVA.
4. Guidelines: Good for Reference
The proposed qualitative guidelines were considered useful to guide project
proponents, provided that they are for reference and air ventilation is considered
with due respect to considerations. They should be incorporated in the Hong
Kong Planning Standards and Guidelines (HKPSG) for enhancing the quality of
our built environment in an integrative way.
5. Further Studies on Urban Climatic Map, Benchmarking, and Quantitative
Guidelines
There was no objection to the further studies to provide a better understanding of
the local conditions and certainty for further refining the AVA system. Many
pointed out that the Urban Climatic Map was particularly of imminent need and
there was particular concern about the lack of clear benchmarking standard at
present to provide certainty on the acceptability of the air ventilation performance
of development proposals, thus reinforcing the need for the further studies
recommended for Stages B to D. however, there was some concern and doubt
on the usefulness and limitations of the quantitative guidelines which might
became binding and prescriptive.
Cautions & Remarks Raised:
Major cautions and remarks were raised on the following aspects:
1. Key Issues: Not for Small Projects and Need for Coordinated Policies /
Regulations
AVA should not be applied to small projects. On the other hand, many of the
problems of the existing urban fabric resulting in compact building masses and
insufficient gaps between buildings are due to large podia, fixed plot ratio and site
coverage and the combined effects of different regulations and government
requirements (such as building, environment and planning) with different
objectives influencing the urban fabric.
Some of the regulations and
requirements, as well as their interfaces, e.g., car parking standard, may need to
be reviewed. A balance must be struck.
2. Implementation: Advisory Approach
There was forewarning that any attempt to make the AVA mandatory would
unlikely be welcomed by the private development sector, and that air ventilation
should not become an over-riding factor in considering development proposals.
Its implication on development (in terms of cost, design flexibility and delay etc.)
should be carefully considered. There was concern that any further studies
should not lead to making the AVA system mandatory in the end.
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3. Methodology: Tools & Expertise
CFD should not be precluded as a potential tool for AVA. On the other hand, the
availability of expertise for undertaking AVA was also noted, and for successful
implementation of an AVA system, further advancement in this connection would
be required.
4. Guidelines for Design
The qualitative guidelines for design were considered a good starting point, but
there were remarks that only by a comprehensive review of the development
control mechanism including re-planning and in Hong Kong could significantly
produce solid improvement to our environment in the long term.
5. Further Development
There was concern whether the performance criterion of 1.5m/s as adapted from
overseas research and preliminary local studies could be applicable to Hong
Kong and the implications of not being able to achieve it for individual projects.
Further studies with reference to the particular local context would be required.

6.3 RESPONSE TO COMMENTS
The above comments and remarks were fair and reasonable. The comment were in
fact largely in line with the key recommendations of the Consultant Team, which
would be incorporated into the Final Report as presented under the following broad
aspects:


Need for Wind / Air Ventilation
Although the Study was initiated by the Team Clean Report, the Consultant Team,
in consultation with the Study Steering Group, opined that the Study should not
concentrate on disease transmission, but rather taking SARS as a wake up call to
establish the feasibility of improving the general livability, quality and
sustainability of our city based on an Air Ventilation Assessment (AVA) system for
planning. The Study had to take into account “wind for what” – both health and
comfort. Air ventilation in our city was generally not optimized. Stagnant and
critical areas were observed. Therefore, an underlying spirit of the Study was to
promote more scientific based urban interventions – conceptually described as a
form of “urban acupuncture” – for enhanced, long-term livability in the humid subtropical, high-density urban context of Hong Kong. The Study focused on the
fundamental mission: “How to design and plan our city fabric for better natural air
ventilation?”



Review of Key Issues
With reference to the observation of international experts, the common urban
issues and corresponding problems with respect to air ventilation were identified,
including tight sites packed with tall and bulky buildings facing narrow streets,
deep urban canyons, uniform building heights, buildings with minimal or literally
no setbacks, large podium and congested building masses without gap inbetween, row of towers of uniform height forming a wall effect facing prevailing
wind direction, building cluster and layout resulting in stagnant zones, and
minimal or no planting of trees and vegetation.
Expert recommendations further suggested the provision of breezeway / air paths,
stepping / varying building heights, alternative podium design with lower site
coverage, gap between buildings with proper disposition, building permeability at
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low and high levels, street widening / building setbacks, minimization of
decentralized heat generation from air conditioning system, non-obtrusive
signboards, and more greenery and “cool materials” in the urban areas. Given
Hong Kong’s dense urban conditions, the experts reckoned that wind is beneficial.
In general, the more wind the better – save some isolated gust problems that
could mostly be dealt with locally.


AVA Methodology
The focus of AVA system is to allow a simple assessment mechanism to aid
design and to optimize built forms, so as to promote better air ventilation through
the city fabric.
For the initial stage (Stage A) of AVA, a performance based assessment method
with “Velocity Ratio” (VR) of wind as an indicator was recommended. The work
methodology would allow design options to be compared so that a better design
in terms of urban air ventilation, especially at the pedestrian level, could be
objectively identified. Velocity Ratio indicates how much of the wind availability of
a location could be experienced and enjoyed by pedestrians on ground taking
into account the surrounding buildings. As the variable for a site is solely affected
of the planning and design of the subject development of the location, Velocity
Ratio is a simple indicator one might use to assess the effects of proposals and
the respective design options.
The assessment will report two key figures: “Site Velocity Ratio” (SVRw) is the
spatial average wind velocity ratio of all the perimeter test points, which gives an
indication of how the proposal affects the immediate surroundings; and “Local
Velocity Ratio” (LVRw) is the spatial average wind velocity ratio of all the
perimeter test points and all the overall test points, which gives an indication of
how the proposal affects the overall surroundings.
Two tools are commonly considered: Wind Tunnel and Computational Fluid
Dynamics (CFD). Wind tunnel is a mature technology, and international
standards, e.g., American Society of Civil Engineers (ASCE) – Wind Tunnel
Studies of Buildings and Structures, exists to ensure reliable results. For AVA,
wind tunnel is a preferred, recommended tool for testing quantitatively we use at
this juncture.



Implementation
With respect to the implementation of AVA, a soft, gentle launch with the
government taking a lead is strongly recommended. In principle, AVA is
suggested for major planning and development proposals.
Examples of condition recommending AVA potentially include the preparation of
new town plans and major revision of such plans, development that deviates from
the statutory development restriction(s), erection of building structure within a
designated breezeway, urban renewal development that involves agglomeration
of sites together with closure and building over of existing streets, large-scale
development with a high density (e.g., site area over 2 hectares and an overall
plot ratio of 5 or above, development with a total GFA of 100,000 s.m. or above),
and development with shielding effect on waterfront, particularly in confined
airsheds.
At the initial stage (Stage A), an advisory approach is recommended. The
Government and quasi-government organizations should undertake AVA during
preparation / review of town plans and for major projects. The air ventilation
impact of design options may be “compared” with a view to achieving a
favourable urban form. AVA may be implemented through administrative means,
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e.g., technical circulars for Government departments and Hong Kong Planning
Standards & Guidelines HKPSG.
The private sector is encouraged to conduct AVA on a voluntary basis at this
juncture, and “small projects” are not applicable in this context. Incentives to
encourage private sector to carry out AVA, can be by way of green labelling
system.


Qualitative Guidelines for Design
It is useful for project proponents to have qualitative idea “qualitatively” how to
optimize their designs for air ventilation in the early design stages. By following
some established guidelines, the proposal has a better possibility to achieve
better air ventilation and could then be confirmed with the AVA later. The
recommended qualitative design guidelines are associated with the following
aspects: the provision of breezeway and air paths, proper orientation of street
grids in relation to prevailing wind direction, linkage of open spaces, non-building
areas and setbacks, permeability of building masses, scale and design of podia,
height and disposition of towers, urban greenery, and avoidance of blockage of
sea/land breezes



Further Development & Related Review
The Study is original and unprecedented and will require further research and
data collection. Up to this juncture, Hong Kong lacks quantitative data of existing
conditions to pin down the exact performance, problem and issue in greater detail,
generic data of wind in urban conditions at pedestrian level, and research data to
develop detailed quantitative guidelines for design. It also needs to refine the
performance criteria for local inhabitants under diverse conditions, taking into
account the socio-habitual culture of Hong Kong. As such, three (3) further
stages for studying / implementing AVA, which can be carried out concurrently
but with different durations, are recommended for consideration by the
government for follow-up commissioning.
-

Stage B: Urban Climatic Mapping (1-2 years)
To identify climatically problematic / sensitive areas that require particular
attention or in need of planning and design interventions. Instead of
assessing a proposal when it arises, it is beneficial to know the wind
availability and problems of a site beforehand. Urban Climatic Map offers
such a possibility. Developed initially in Germany, the map scientifically
identifies the wind issues of areas. Sensitive areas warranting special
planning requirements could be identified.

-

Stage C: Performance-based Evaluation with Benchmark (2-3 years)
To establish a set of objective assessment standards and criteria for AVA,
with technical specifications and benchmark. Given Hong Kong’s existing
high-density urban form, it is necessary to know: What can reasonably be
achieved? What is the reasonable aspiration? And what could reasonably be
done?

-

Stage D: Quantitative Guidelines (2-4 years)
To formulate quantitative design guidelines to enable the practitioners to
grasp the basic and most important design requirements for a well-ventilated
urban environment at an early design stage. Quantitative guidelines can be in
the form of simple ratios or indexes. When applied, development proposals
would be deemed-to-satisfy air ventilation requirements without the need to
go through the testing process.
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6.4 CONCLUSION & WAY FORWARD
The Study has recommended a simple framework of AVA system based on the
current state of knowledge and data best available at the time of study. The system
can be built upon and further developed into a more robust system, if and only if more
information and data can be available through further studies.
Stage A
The Stage A should be implemented on advisory basis immediately including the
incorporation of the recommended qualitative design guidelines on urban air
ventilation into the HKPSG. HKSAR government and quasi-government bodies
should take the lead to applying AVA for evaluating and comparing design options in
major planning and large-scale developments.
Stages B to D
For Stages B to D, most stakeholders recognized the importance to establish an
Urban Climatic Map (Stage B) and Benchmarking (Stage C), provide a more robust
system for AVA to be commissioned by the government which would.
When this Study was initiated, the essence was very much one of a pilot and
“feasibility study”. The Stage A of AVA as reported was concludes that AVA is
possible. Upon the staged launch of the AVA system in Hong Kong together with the
necessary research and development as supported by various stakeholders, the
society strongly looks forward to building a more livable and sustainable Hong Kong
for us and our children – for an Asian world city.
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7

TASK 6: FORMULATE THE DRAFT STUDY BRIEF FOR APPLICATION

7.1 Introduction
7.1.1

The main purpose of AVA is to promote better urban design to facilitate good air
ventilation through the city, and to enhance pedestrian thermal comfort in the summer
months, as well as achieving other side benefits conducive to better urban
environmental quality in a high density city. Predominantly, save conditions in 7.1.2
below, “the more air ventilation, the better” for urban Hong Kong.

7.1.2

The focus of AVA is to assess air ventilation of the city. In some circumstances, it
may be necessary to mitigate the adverse effect of strong wind gust for safety of
pedestrians. However, for buildings situated in an exposed location where there is no
apparent shielding from the approaching wind, such as those with a frontage of an
open fetch of water, parkland or low-rise structures, on hill slope or hill top, an
assessment of the potential occurrence of windy conditions that may affect the safety
of pedestrians is strongly recommended.

7.1.3

In general, bulky and poorly designed buildings closely packed together will reduce
the possibility of achieving a quality urban wind environment and good air ventilation
through the city. It is important to find methods to assist policy-making, and to
optimize planning and design.

7.1.4

To expedite an assessment mechanism to guide the process, this brief recommends
the following technical methodology to head start the AVA for planning and
development proposals. However, this brief is not a technical specification, nor is it a
technical standard, nor a comprehensive technical document containing details of all
aspects of the work procedures of the assessment. Working with wind engineers is
highly recommended.

7.1.5

The technical brief is suitable to be referenced by anybody wishing to try out AVA to
guide their development projects. It is assumed that the brief is used to provide a
basic framework for design professionals to work with their wind engineers.

7.1.6

Please refer to Appendices 4F and 4G for examples of the technical brief.

Urban wind study
(courtesy BRE, UK)
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7.2 Indicator
7.2.1

In many cities in the cooler climatic zones, wind gust is the main problem, and
guidelines exist to direct project proponents towards a “safe” wind environment. In
tropical Hong Kong, most of the time, a light breeze is conducive to many outdoor
activities. Given the unique high density urban environment of Hong Kong, it is more
difficult but very important to maximize the probability of this light breeze.
Considering various factors, in general, the spirit of “the more air ventilation through
the city fabric, the better” is adopted. The key focus of AVA is to capture “how well
the urban design maximizes the potential wind availability (V∞) of the site”.

7.2.2

The key purpose of an indicator is to address what minimum wind environment
information, and in what form, is needed to guide design and planning so as to
achieve a better wind penetration into, and hence air ventilation of, the city especially
at the pedestrian level. The focus of the methodology to be introduced is about
providing information based on a simple indicator to allow better layout design of
developments and planning of the urban fabric. Wind Velocity Ratio (VRw) may be
used as the indicator.

VRw =

7.2.3

Vp
V∞

In a nutshell, V∞ is the wind velocity at the top of the wind boundary layer (typically
assumed to be around 650m above city centre, or at a height wind is unaffected by
the urban roughness below). Vp is the wind velocity at the pedestrian level (2m
above ground) after taking into account the effects of buildings. Vp /V∞ is the Wind
Velocity Ratio (VRw) that indicates how much of the wind availability of a location
could be experienced and enjoyed by pedestrians on ground taking into account the
surrounding buildings. As VRw is solely affected by the buildings of the location, it is a
simple indicator one might use to assess the effects of design proposals. The higher
the value of VRw, the lesser the impact of buildings on wind availability. For example,
experimental results in some cities (e.g. Tokyo) report VRw of around 10 to 40%.
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7.3 Methodology

Design, planning and
development proposal
need to be studied.

Selected sites and
affected areas
surrounding the proposal
are identified.

Resolve the meteorological wind
availability data (16 directions, strength
and frequency) to site wind data using
simulation or topographical models in
wind tunnel.

Based on a wind boundary layer profile
appropriate to the urban condition under
study, conduct tests (either by
simulation, or more accurately for
complex scenes, using wind tunnel) to
obtain results to be reported based on:
Wind Velocity Ratio (VRw)

Based on Site Spatial Average VR
(SVRw) and Local Spatial Average
VR (LVRw), evaluate the wind
impact of the design.
Also note stagnant zones (low VRw)
and wind amplification (high VRw).

Further Assessment if needed for
exposed sites:
Actual wind speed and
occurrence
Wind gust evaluation

Modify design and re-test if necessary in
order to optimize the proposal for
attaining higher velocity ratio

7.3.1

Based on using an appropriate tool and work procedures, VRw of a design may be
evaluated.

7.3.2

An accurately scaled model of the development to be tested and its immediate
surroundings should be prepared. Slopes, landscape and prominent features must
be carefully modeled. The extent of the surroundings to be included may be as
follows:
From the edge of the tallest buildings of the test site, include the surroundings to a
perpendicular distance of 2H in the construct of the model. “H” being the height of the
tallest building. Alternatively, if there are a few tall buildings on the test site, the
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measure of 2H may start from the boundary of the test site, and H may be taken as
the average height of the taller buildings on the test site. The is the Model Area of
the Test. Other than the method recommended, wind engineers can advice
alternative extent of the surroundings to be included on a case-by-case basis.
Sometimes it may be necessary to enlarge the model area if there are prominent
features immediately outside the 2H zone.

A 1:700 study model of Shinjuku government office development in Tokyo. The red line indicates the site boundary.
The black dots are some of the “perimeter” test points. The model includes surroundings of extent 2H of the test site.

7.3.3

Using the scaled model, test points may be assigned. VRw of each of the test points
will be recorded. Fundamentally, VRw to be recorded should form a reasonable
representation of the spatial average wind velocity ratios. The locations of the test
points may be as follow:

The black dots show the location of the test points on ground. Suitable sensors could
be placed to test wind velocity at 2m above ground.

Perimeter Test Points
(1) The purpose of perimeter test points is to evaluate the immediate impact of the
developments on the adjacent streets. Test points at around 10 to 50m center to center
(or more if larger test site is evaluated) may be located around the perimeters of the test
site. Test points are normally not necessary at perimeter(s) where there is no major air
ventilation issues e.g. waterfront area with ample sea breeze, inaccessible land such as
green belt. Tests points must be located at the junctions of all roads leading to the test
site, and at corners of the test site. This group of perimeter test points will provide data
for the Site Air Ventilation Assessment. Typically about 30 to 50 perimeters test
points well spaced out and located will suffice.
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The red line is the boundary of the test site. The green dots on it
are the perimeter test points.

Overall Test Points
(2) The purpose of overall test points is to evaluate the overall impact of the
development on the local area. Test points should be evenly distributed over the
Assessment Area of the Test. The radius of the assessment area is equal to H,
where H is the height of the tallest building (or the average height of the taller buildings).
H may be measured from the base of the tallest building, or from the boundary of the
test site the same way when 2H of the model area was decided. Test points should be
positioned where pedestrians can or will mostly access. This may include pavement,
open spaces, parks, piazzas, concourses and so on, but exclude back-lanes or minor
alleyways. For streets, the tests point should be located on their centerlines. Some of
the test points must be located at major entrances, as well as identified areas where
people are known to congregate. This group of overall test points, together with the
perimeter test points, will provide data for the Local Air Ventilation Assessment.
According to the Australian Wind Engineers Society Standard (Wind Engineering
Studies of Buildings, Quality Assurance Manual on Environment Wind Studies AWESQAM-1-2001 issued by Australasian Wind Engineering Society.), at least one test point
is recommended to be located for every 200m2 of the assessment area. In Hong Kong,
due to the high rise nature of developments and hence the larger assessment areas,
this standard may lead to over provision of test points. Depending on the level of detail
of the assessment, the actual number of test points may vary. For practical reasons, a
maximum of around 100 test points may be adequate for typical development sites.
Fewer overall test points (say 30 to 50) may be reasonable on a case by case basis.
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The dotted yellow line indicates the model area where all building within it must be featured.
The yellow shaded area is the assessment area where the overall test points are located. In
this case, some 60 overall test points are shown. The red line is the boundary of the test site.
The green dots on the red line indicate positions of the perimeter test points. In this case, some
40 perimeter test points are shown. Should a simpler test is desired, the number of test points
(both overall and perimeter) may be halved without losing too much details.

Special Test Points
(3) On a case-by-case basis, wind engineers may advise locating additional special test
points to assess the impact of the development on areas of special concerns e.g.
waterfront promenades or exposed areas etc. These additional special test points may
not be included in the Site and Local Air Ventilation Assessments. They independently
may provide additional information to designers.

Model showing the perimeter test points around the edge of the site, as
well as some of the overall test points further away from the site (including
roads and open spaces).
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7.3.4

Since Stage A of AVA is only to compare designs, subject to wind engineer’s advice
on a case by case basis, it may be possible to adopt a simplified site wind profile
based on the Power Law or the Log law with the appropriate coefficients.

U z ⎛ ZZ ⎞
⎟
=⎜
Power Law
U G ⎜⎝ Z G ⎟⎠
Uz
UG
Zz
ZG
α
σ
Z0
u*
Z

α

Log Law

Uz =

⎛Z ⎞
ln⎜⎜ ⎟⎟
σ ⎝ Z0 ⎠

u*

– wind speed at height z from ground
– wind speed at reference height (top of wind boundary layer)
– height z from ground
– reference height (top of the wind boundary layer)
– power law exponent
– von Karman constant = 0.4
– roughness length
– friction velocity
– height z from ground, same as Zz in power law

Terrain crossed by approaching wind
Sea and open space
Suburban or mid-rise
City center or high-rise

α
≈ 0.15
≈ 0.35
≈ 0.50

ZG

Z0

≈ 300
≈ 400
≈ 500

≈ 0.1
≈1
≈3

These coefficients are suggested as a guide only. Wind
engineers could fine tune them for the task at hand. For
more details, reference could be made to, for example,
American Society of Civil Engineers Wind Tunnel
Studies of Buildings and Structures 1999.

7.3.5

A more precise wind boundary profiles and wind turbulence profiles of the test site
can be obtained by using a large scale (1:2000 to 1:4000) topographical model.
Some sites may have their own unique set of wind profiles when wind comes from
different directions due for example to the topography, wind engineers must be
consulted.

Showing the interior of a boundary layer wind tunnel with the model to be tested. The spines
and roughness in front of the model create the required approaching wind boundary layer
profile, as well as the turbulence intensity profile.
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7.3.6

V∞ (wind availability of the site) should be established. This may be achieved by
resolving the meteorological wind availability data to site wind availability data.
Software or topographical model in a wind tunnel may be used. Percentage
occurrence of wind coming from each of the 16 directions (Fi) should be recorded.
These percentages will be required later to summate VRi (velocity ratio of the test
points when wind comes from direction i) into VRw.

A typical output of MM5 and CALMET for projects in HK – the meteorological wind data may be
resolved to site wind availability data using suitable software simulation.

Using scaled topographical model, the meteorological wind data could be resolved to site
wind availability data. Wind boundary layer profile and turbulence intensity profile of the
site could also be estimated.

Using the scaled model and an appropriate wind boundary layer profile, and using the
tool to be employed, VRw of the test points could be obtained. VRw is a summation of
VRi. “i”=16, that is to say, wind to the test site from each of the 16 directions at 22.5
degree interval (0-360 degree) must be accounted for.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 261 of 282
CUHK

A circular model in a wind tunnel allows the model to
be turned so as to obtain VR from each of the 16
directions very easily.

VRi =

16

V pi
V∞i

and

VRw = ∑ Fi × VRi
i =1

It is recommended that VRi be separately recorded, as they may be useful if there is a
need to convert VR to the actual wind velocity and frequency of occurrence. The
converted data may be useful to conduct further analysis beyond the key focus of AVA.
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A measurement technique employing “varying wind tunnel speeds with semolina seeding on the ground,
time-lapse photography, and image digitizing” allows velocity ratios of a large area to be recorded very
quickly and with reasonable accuracy. Spot validation was achieved using laser wind speed detector. In
this example, wind comes from the right. Red indicates higher VR, Orange indicates lower VR. (Courtesy
Professor Phil Jones, Cardiff University)

For example, there are two designs as follow. Suppose wind comes mainly
from the left. 9 test points have been positioned, and their velocity ratios are
as shown. The design on the left has many bulky buildings up wind, its U
shaped buildings are also sheltering the space behind. The design has an
average VRw of 0.18. The design on the right is more porous. It has an
average VRw of 0.28. Hence, in terms of the wind environment, the design on
the right is better overall. To improve the design, the VRw of the individual
test points may be examined. For example, the courtyeard space in the
middle of the design on the right record a VRw of 0.11. This could be
improved by opening an air path at the pedestrian level (as in the example on
the right), or by re-orientate the courtyard, or by changing the building heights,
and so on. In short, using VRw, it is possible for the designer to gauge how
well quantitatively one is doing.

7.3.7

VRw of all test points may be individually reported. They help to identify problem
areas. But for the purpose of AVA, and for building site developments, two ratios
could be reported, they give a simple quantity for overall comparison:
For the Site Air Ventilation Assessment, the spatial average SVRw of all perimeter
test points may be reported. This gives a hint of how the development proposal
impacts the wind environment of its immediate vicinity.
For the Local Air Ventilation Assessment, the spatial average LVRw of all overall
test points, as well as all the perimeter test points may be reported. This gives a hint
of how the development proposal impacts the wind environment of the local area.
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The local scale considerations should always take precedence over the site
specific scale considerations.
7.3.8

The following considerations may be useful to note:
In general, for AVA, the higher the values of the spatial average VRw, the better the
design. Comparing performances of design options using the spatial average VRw
(both SVRw and LVRw) is recommended.
The Site Air Ventilation SVRw gives an idea of how the lower portion of the buildings
on the test site affects the immediate surroundings. When problems are detected, it
is likely that design changes may be needed for the lower portion of the buildings (e.g.
the coverage of the podium).
The Local Air Ventilation LVRw gives an idea of how the upper portion of the buildings
on the test site affects the surroundings. When problems are detected, it is likely that
design changes may be needed for the upper portion of the buildings (e.g. reorientation of blocks and adjustment to the extent of the towers).
For very large sites, or for sites with say an elongated geometry, it may be necessary
to work out the SVRw and LVRw more intelligently. For example, say for an elongated
site, it might be useful to sub-divide the site into smaller sub-sections to work out the
spatial averages. It is possible that the development has a high VR at one end and a
low VR at the other end.
It may sometimes be necessary to examine VRw of the individual test points of SVRw
and/or LVRw to ensure that none is way below the spatial average. When this
happens, it indicates stagnant zones to be avoided.
On the other hand, no individual VRw should be obviously above the spatial average
SVRw and/or LVRw. When this happens, it indicates wind amplification, and the
possibility of wind gust and pedestrian safety concerns. Further assessments and
mitigation measures may be required.
In addition to SVRw and LVRw, and beyond the key focus of AVA, VRw of special test
points, if positioned, may be analysed. The results from these additional test points
will identify potential wind problems in areas of special concerns.

7.3.9

By carefully examining firstly the two spatial average VRw, and then, if necessary, the
individual VRw, and/or VRi, it is possible to gain an idea of the impact of a design on
the wind environment at the pedestrian level immediately around the test site, as well
as on the wind environment of the local area in general.

7.3.10 In some circumstances, it may be necessary to mitigate the adverse effect of strong
wind gust for safety of pedestrians. However, for buildings situated in an exposed
location where there is no apparent shielding from the approaching wind, such as
those with a frontage of an open fetch of water, parkland or low-rise structures, on hill
slope or hill top, an assessment of the potential occurrence of windy conditions that
may affect the safety of pedestrians is strongly recommended. Careful examination
of the test points and their respective VRw is useful.
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7.4 Application Notes
This section demonstrates how AVA may be carried out, specifically, the definition of
assessment areas and location of test points under different development scenarios.
Please refer also to Appendix 4 for a sample (model) study brief for AVA.
7.4.1

Planning of New Development Areas

7.4.1.1

Take Kai Tak as an example. Kai Tak is a very large site. The following note
provides hints when AVA is applied to Kai Tak. The key focus is perhaps not just
how the site as a whole may affect the surrounding areas, but how it could be better
planned within itself.

7.4.1.2

Even during the initial outline planning stage of the area, a lot more test points may
be needed to reasonably cover the whole area. It is opined that something in the
order of 300-500 points may be needed to usefully cover the site spatially (this could
be practically expensive experimentally). For a big site as large as Kai Tak, it is
likely that there are “better” and there are “concerned” areas.

7.4.1.3

Instead of working out the spatial average of the test points, which could be too
vague for informing design, each individual test point may be strategically positioned
to yield an overall picture and at the same time gives an indication of the immediate
areas around the particular test point. For example, if a particular sub-set of the test
points of an area all have low VR, then it is likely that it requires some attention and
re-design. If a particular test point in itself has a low VR, it only indicates a localized
problem that could in general be improved or resolve later when the blocks are
detail positioned and designed.

7.4.1.4

As the study advances, it may be necessary to divide the sites into smaller portions
and study them in details. For example, if wind tunnel is used, 1:500 model may be
used. Given a wind tunnel of say 3 metre wide, the portion that could be studied in
detail is under 1.5km x 1.5km.

7.4.1.5

Another approach sub-divides the site into smaller concern areas of study may also
be appropriate. This approach has the advantage of needing fewer test points
(which, as earlier stated, could be expensive experimentally). In this case, an early
preliminary qualitative assessment of the outline designs could be made. The
qualitative assessment gives a general review of the designs; gives some strategic
directions; points out likely problem areas; and identifies a few “important” areas for
quantitative works.

7.4.1.6

For Kai Tak, it is likely that 3-4 of these sub-areas could be identified. It is also likely
that most of these areas are at the perimeter of the site. Within each sub-area
identified, to assess how development in Kai Tak may affect its surroundings, the
guidelines on the extent of surroundings as outlined in section 3 earlier are
applicable. That is to say, only buildings and “lots” at the perimeter of the site need
to be considered. In general, taking into account tall buildings along the perimeter
of the Kai Tak site, an area 200 to 400m beyond the boundary into the existing
surrounding urban fabric will suffice. Again, it may not be too useful working our the
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spatial average of all the points, instead the methodology outlined earlier in section
7.4.1.3 could be used.
7.4.1.7

It is likely that many rounds of wind tunnel tests will be necessary. A re-iterative
process is very much the methodology to refine designs. Various scales of models
may be needed to zoom in and out of the study area. Wind engineer within the
design team will inform the process and to give advices.

7.4.1.8

For waterfront areas where there is no apparent shielding from the approaching
wind, an assessment of the potential occurrence of windy conditions that may affect
the safety of pedestrians should also be included.

7.4.1.9

Since the prevailing wind of Kai Tak is from the east and south-east, taking into
account the elongated geometry of the site, the likely affected areas could be Ma
Tau Kok, Kowloon City and San Po Kong. Properly designed breezeways along the
prevailing wind towards these areas and aligning the existing major roads in these
areas is important. For Kowloon Bay, a wide breezeway separating the Kai Tak site
and the existing urban fabric would in general minimize blockage. Some
breezeways and air paths north-south will provide ventilation when wind comes from
the south and south-west.

7.4.1.10 Designing the wind environment within the Kai Tak site is important. Care is needed
not to block the prevailing wind into the site. More care may be needed at the land
mass srounded by Ma Tau Kok, Sam Po Kong and Kowloon Bay. The gap between
Ma Tau Kok and Kowloon Bay must not be “closed” with tall buildings lining the
water front.
7.4.1.11 Please also refer to Appendix 4G for a sample brief for Kai Tak.
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7.4.2

District Scale Redevelopment

Take an example of a re-development of a district (as above, which is around 400m x
400m). It may be useful for the AVA to address design problems such as “Is the
breezeway effective?” “Can the open spaces help to channel air into the site?” “Does
the proposed lot and block layout, height and density affect air ventilation to spaces
within the site, as well as to the surroundings?” “Can the new development improve air
ventilation to the city fabric leeward of the prevailing wind?” The AVA test would help to
answer.
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As outlined before about the model and test points, a model with the assessment area
as shown above may be built. Include an area around the test site to a perpendicular
distance of H (height of the tallest building on site) as the assessment area. Likewise,
also include an area to a perpendicular distance up to 2H as the surroundings of the
model. It is likely that a model covering an area of 1.0 to 1.2 km2 be built. For wind
tunnel testing, a scale of around 1:500 is likely. Perimeter test points along the
boundary of the study site should be positioned. As the perimeter is long (about
1.5km), test points may be spaced out; some 100 perimeter test points may be needed.
In this study, overall test points both within and beyond the test site boundary may be
positioned. For a district of this size, some 100 to 200 test points or more may be
needed. Fewer test points are possible but have to be intelligently applied. Wind
engineers may advise.
The study could first focus on the laying out of the area, planning of roads and
breezeways, locations of open spaces and parks. It may then zoom in to deal with lots
and buildings. Options may be compared. With help from the wind engineers, the
optimum design may be evolved.
Again, it may not be too useful working our the spatial average of all the points, instead
the methodology outlined earlier in section 7.4.1.3 could be used.

7.4.3

Development within an Existing Urban Fabric - Waterfront

Waterfront sites are important, as they are the gateways of winds from the open sea.
This is crucially important especially when the waterfront site is facing the prevailing
wind. Blockage of prevailing wind by buildings along the waterfront will seriously affect
air ventilation of the city behind it.
It is important that the design achieves two goals as far as air ventilation is concerned.
Not only that it is important to optimize the design to achieve better Site Air Ventilation
VRw, it is more important to maximize the Local Air Ventilation VRw. The local scale
consideration should always take precedence over the site specific scale.
For areas facing the sea and/or the prevailing wind, wind gust and pedestrian safety
may be an issue. Mitigation measures dealing with wind gust are not difficult and
should not adversely affect the Site Air Ventilation VRw and Local Air Ventilation VRw.
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For the open site in the diagram on top, perimeter test points should be located along
the red line, which is the boundary of the site. Overall test points could be positioned
on the southern sides of the test site (shaded yellow) to cover an area of radius up to
H of the tallest building on site. The model should be built to 2H of the tallest building.
(For details and alternative methodology, refer to section 3 of this report).
To assess the possibility of wind gust on the waterfront of the site, special test points
may be placed. These points will not form the SVRw and LVRw of the AVA, but will be
useful to provide additional information for wind gust and mitigation design.
7.4.4

Development within an Existing Urban Fabric

Take a test site (within red lines) in the centre of Mongkok as an example. The
development’s impact on its immediate surrounding and the overall urban wind
environment are both important.
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A model about 2H from the edge of the tallest tower on site may be built. The
assessment area, which would be of radius up to H from the tallest building forms the
area of interest. Perimeter test points may be positioned along the red line at 10 to 20
m center to centre. Test points must be located where roads lead to the site (as at
green dots). These test points will yield results for the Site AVA.
In addition, within the assessment area, overall test points (blue dots) may be
positioned evenly around the site on streets and open spaces that pedestrians are likely
to access. These test points, together with the perimeter test points, will yield results
for the Local AVA.
Site and Local Velocity Ratios of the site under the existing conditions, and after the
development could be compared. Various design options of the development could
also be compared.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 270 of 282
CUHK

References

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 271 of 282
CUHK

References 1: (For TASK 1)
♦

Local Example 1:
”Architectural Studies of Air Flow at Amoy Gardens, Kowloon Bay, Hong Kong (Its
Possible Relevance to the Spread of SARS) by Prof. Tsou Jin-yeu, Department of
Architecture, CUHK” (Based on the abstract of the technical report submitted to World
Health Organization, Geneva, on May 2, 2003)

♦

Local Example 2:
”Environmental Consultancy for the Public Rental Housing Development at Tin Shui
Wai Areas 103 & 104, New Territories by Prof. Tsou Jin-yeu, Department of
Architecture, CUHK” (Based on the abstract of the environmental consultancy
technical report submitted to Housing Department, in May 2003)

♦

Local Example 3:
Tseung Kwan O Area 86 Development, New Territories, by RWDI Inc.

♦

Overseas Example 1:
West Indian Club - Grand Cayman Island by RWDI Inc.

♦

Overseas Example 2:
Toronto Rail Lands Redevelopment Project, Canada by RWDI Inc.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 272 of 282
CUHK

References 2: (For TASK 2)
•

Akbari, H, Susan Davis, Sofia Dorsano, Joe Huang and Steven Winnett, (1992) Cooling our
communities: a guidebook on tree planting and light coloured surfacing, US Environmental
Protection Agency, Office of Policy Analysis, Climate Changes Division, GPO doc#055-00000371-8, Washington DC, USA.

•

Allwine KJ, Shinn JH, Streit GE, Clawson KL and Brown M (2002). Overview of Urban
2000 – A multiscale field study of dispersion through an urban environment. Bulletin of
the American Meteorological Society, April 2002.

•

Arnfield, A.J. and Mills, G. (1994). ‘An Analysis of the Circulation Characteristics and
Energy Budget of a Dry, Asymmetric, East, West Urban Canyon. I. Circulation
Characteristics’. International Journal of Climatology, Vol. 14, pp. 119-134.

•

Berkowicz, R., 1999a. OSPM - A parameterized street pollution model, 2nd
International
Conference - Urban Air Quality, Measurement, Modeling and Management, 3-5 March,
Madrid, pp. 8.

•

Berkowicz, R., 1999b. A simple model for urban background pollution, 2nd International
Conference - Urban Air Quality, Measurement, Modeling and Management, 3-5 March,
Madrid, pp. 8.

•

Brown G Z and Dekay M, (2001) Sun, Wind and Light, 2nd edition, John Wiley and Sons
Inc., New York.

•

Chandler, T.J. (1960). ‘Wind as a Factor of Urban Temperature – A Survey of Northeast
London’. Weather 15 (x): pp. 204-213.

•

Chang, P.C., Wang, P.N. and Lin, A. (1971). ‘Turbulent Diffusion in a City Street’. Proceedings
of the Symposium on Air Pollution and Turbulent Diffusion, 7-10 December, Las Cruces, New
Mexico, pp.137-144.

•

Chan AT, So ESP and Samad SC. (2001) Strategic guidelines for street canyon
geometry to achieve sustainable street air quality, Atmospheric Environment, vol. 35,
pp. 5681-5691, 2001.

•

Chan AT, Au WT and So ESP. (2003) Strategic guidelines for street canyon geometry
to achieve sustainable street air quality – part II: multiple canopies and canyons,
Atmospheric Environment, vol. 37, pp. 2761-2772, 2003.

•

Chan L Y and Kwok W S, (2000) Vertical dispersion of suspended particulates in urban
area of Hong Kong, Atmospheric Environment 34, 4403-4412.

•

Chow, Shu Djen (1984), ‘Some Aspects of the Urban Climate in Shanghai’, World
Meteorological Organization 1986, pp. 87-109.

•

Cooke KM, Di Sabatino S, Britter RE, Caton F, Simmonds PG and Nickless G.
(2000).Tracers and Dispersion of Gaseous Pollutants in an Urban Area,
NERC/URGENT Project Ref:GST/02/1974, Technical Report.

•

Dabberdt, W.F., Ludwig, F.L. and Johnson, W.B. (1973). ‘Validation and Applications of
an Urban Diffusion Model for Vehicular Emissions’. Atmospheric Environment, pp. 603618.

•

Davenport, A.G. (1960). ‘Wind Loads on Structures’, Technical Paper No. 88, National
Research Council, Ottawa, Canada.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 273 of 282
CUHK

•

De Paul, F.T. and Shieh, C.M. (1986). ‘Measurements of Wind Velocities in a Street
Canyon’. Atmospheric Environment, Vol. 20, pp. 455-459.

•

DeWalle, D.R. (1983). ‘Windbreak Effects on Air Infiltration and Space Heating in a
Mobile House’. Energy and Buildings, Vol. 5, pp. 279-288.

•

Duckworth, E. and Sandberg, J. (1954). ‘The Effect of Cities upon Horizontal and
Vertical Temperature Gradients’. Bulletin of the American Meteorological Society, Vol.
35, pp. 198-207.

•

EC (1998) Technical report No 11 Guidance report on preliminary assessment under
EC air quality directives, European Environment Agency, Prepared by: Roel van Aalst ,
Lynne Edwards,
Tinus Pulles, Emile De Saeger,Maria Tombrou5, Dag Tønnesen.

•

EC (2001) ‘The Clean Air For Europe (CAFE) Programme: towards a thematic strategy for air
quality’, Communication from the Commission, COM (2001) 245 final, 4.05.2001, European
Commission, Brussels.

•

Eliasson, I. (1996). ‘Urban Nocturnal Temperatures, Street Geometry and Land Use’.
Atmospheric Environment, Vol. 30, No.3, pp. 379-392.

•

Evans B H, (1981) Natural Air Flow Around Buildings, Texas Engineering Experiment Station,
Research Report 59, March, College Station, TX: Texas A & M university, Texas Engineering
Experiment Station.

•

Gao W., Miura, S. and Ojima, T. (1994). ‘Site Survey on Formation of Cool Island due to Park
and Inner River in Kote –ku, Tokyo’. Journal of Architectural Planning and Environmental
Engineering AIJ, No. 456.

•

Georgii, H.W. (1970). ‘The Effect of Air Pollution on Urban Climates.’ In Urban Climates,
Technical Note No. 108. World Meteorological Organization: Geneva, Switzerland, pp.
214-237.

•

Gandemer J T, (1978) Discomfort due to wind near buildings – Aerodynamic concepts,
Building Research Translation Series, NBS Technical note, 710-9, US Dept of
Commerce.

•

Givoni, B. (1998). ‘Climate Considerations in Building and Urban Design’. John Wiley & Sons,
Inc., pp.258.

•

Givoni, B. (1989). Urban Design in Different Climates. WMO Technical Report 346.

•

Givoni, B. (1991). ‘Impact of Planted Areas on Urban Environmental Quality. A Review’.
Atmospheric Environment, Vol. 25B, pp. 289-299.

•

Givoni, B. (1989), Urban wind profile as a factor affecting urban ventilation and
vehicular air pollution concentration at street level, in Proc. Controlling summer heat
islands, UCal, CA, USA.

•

Givoni B et al., (2003) Outdoor comfort research issues, Energy and Buildings, vol. 35,
pp. 77-86.

•

Givoni B, (1998), Climate considerations in buildings and urban design, John Wiley &
Sons Inc., New York.
Government of the Hong Kong Special Administrative Region (1998) Air quality in Hong
Kong, EPD, Government of Hong Kong, Hong Kong.

•

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 274 of 282
CUHK

•

Government of the Hong Kong Special Administrative Region (2002) A Proposal to
Introduce LPG Taxis, consultation paper, Government of Hong Kong, Hong Kong.

•

Government of the Hong Kong Special Administrative Region (2002b) Guidelines for
local scale ir quality assessment using models, EPD, Government of Hong Kong, Hong
Kong.

•

Heisler, G.M. (1989). ‘Site Design and Microclimate Research’. Final outcome to the
Argonne National Laboratory, University Park, PA: US Department of Agriculture Forest
Service, Northeast Forest Experimental Station.

•

Hong Kong Government (1990) ‘Air Pollution Control (Fuel Restriction) Regulations
1990’ in Air Pollution Control Ordinance (Chapter 311) Gazette, vol 4/1990,
Government Printer, Hong Kong.

•

Honjo, T. and Takakura, T. (1990/91). ‘Simulation of Thermal Effects of Urban Green
Areas on their Surrounding Areas’. Energy and Buildings, Vol. 15-16, pp. 443-446.

•

Hotchkiss, R.S. and Harlow, F.H. (1973). ‘Air Pollution Transport in Street Canyons’. Report
by Los Alamos Scientific Laboratory for US Environmental Protection Agency, EPA-R4-73029, NTIS PB-233 252.

•

Hoydysh, W. and Dabbert,W.F. (1988).’ Kinematics and Dispersion Characteristics of
Flows in Asymmetric Street Canyons’. Atmospheric Environment, Vol. 22, No. 12, pp.
2677-2689.

•

Hoydysh, W.G (1972). ‘An Experimental Investigation of the Dispersion of Carbon
Monoxide in the Urban Complex’. AIAA Paper No. 71-523, Urban Technology
Conference, New York City, 24-26 May.

•

Hoydysh, W.G., Ogaw.a Y. and Griffiths, R.A (1974). ‘A Scale Model Study of
Dispersion of Pollution in Street Canyons’. APCA Paper No 73-1157, 67th Annual
Meeting of the Air Pollution Control Association, Denver, Colorado, 9-13 June.

•

Hunter, L.J., Johnson, G.T. and Watson, I.D. (1992). ‘An investigation of three-dimensional
characteristics of flow regimes within the urban canyon’. Atmospheric Environment, Vol.26B,
No.4, pp. 425-432.

•

Hussain, M. and Lee, B.E (1980). ‘An Investigation of Wind Forces on Threedimensional Roughness Elements in a Simulated Atmospheric Boundary Layer Flow –
Part II. Flow over Large Arrays of Identical Roughness Elements and the Effect of
Frontal and Side Aspect Ratio Variations’. Report No BS 56, Department of Building
Sciences, University of Sheffield.

•

Hussain, M. and, Lee B.E. (1980). An Investigation of Wind Forces on Three
Dimensional Roughness Elements In A Simulated Atmospheric Boundary Layer Flow.
Report BS 56, Department of Building Science, Faculty of Architectural Studies,
University of Sheffield.

•

Jacko, R.B. (1972).’A Wind Tunnel Parametric Study to Determine the Air Pollution
Dispersion Characteristics in an Urban Center’. PhD Thesis, Purdue University.

•

James G T, (1988) Climate and site, in R Gene Brooks ed. Site Planning, Environment,
Process and Development, Englewood Cliffs, NJ:Prentice Hall.
Jauregui, E. (1984), ‘The Urban Climate of Mexico City. In Proc. Technical Conference
in Mexico City: Urban Climatology and its Applications with Special Regard to Tropical
Areas WMO-No. 652, World Meteorological Organization: Geneva, Switzerland. 1986,
pp. 63-86.

•

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 275 of 282
CUHK

•

Jauregui, E. (1990/91). ‘Influence of a Large Urban Park on Temperature and
Convective Precipitation in a Tropical City’. Energy and Buildings, Vol. 15-16, pp. 457463.

•

Petra Kastner-Klein, Matthias Ketzel, Silvana Di Sabatino, Ruwim Berkowicz, Rex
Britter, Evgeni Fedorovich, (2002) SIGNIFICANCE OF TRAFFIC PRODUCED
TURBULENCE FOR URBAN DISPERSION MODELING, 4th AMS Symp. Urban Env.,
Norfolk, VA.

•

P. Kastner-Klein, E. Fedorovich, 2002. Diffusion from a line source deployed in a
homogeneous roughness layer: interpretation of wind tunnel measurements by means
of simple mathematical models. Atmospheric Environment, 36, 3709-3718.

•

P. Kastner-Klein, E. Fedorovich, M. W. Rotach, 2001. A wind tunnel study of organised and
turbulent air motions in urban street canyons. Journal of Wind Engineering and Industrial
Aerodynamics, 89, 849-861.

•

P. Kastner-Klein, R. Berkowicz, E. J. Plate, 2000a. Modelling of vehicle induced
turbulence in air pollution studies for streets. International Journal of Environment and
Pollution, 14, 496-507.

•

P. Kastner-Klein, E. Fedorovich, J.-F. Sini, P.G. Mestayer, 2000b. Experimental and
numerical verification of similarity concept for diffusion of car exhaust gases in urban
street canyons. Environmental Monitoring and Assessment, 65, 353-361.

•

P. Kastner-Klein, E. J. Plate, 1999. Wind-tunnel study of concentration fields in street
canyons, Atmospheric Environment, 33, 3973-3979.

•

B. Leitl, P. Kastner-Klein, M. Rau, R.N. Meroney, 1997a. Concentration and flow
distributions in the vicinity of U-shaped buildings: Wind tunnel and computational data,
Journal of Wind Engineering and Industrial Aerodynamics, 67-68, 745-755.

•

P. Kastner-Klein, E. Fedorovich, E. J. Plate, 1997b. Gaseous pollutant dispersion around
urban-canopy elements: wind tunnel case studies. International Journal of Environment and
Pollution, 8. 727-737.

•

Landsberg, H.E. (1981), ‘The Urban Climate’, Int. Geophys. Ser., 28, Academic Press.
N.Y.

•

Lee D. (1979), ‘Contrasts in Warming & Cooling Rates at an Urban & Rural Site.’ Weather
24, pp. 60-66.

•

Lee, I.Y., Shannon, J.D. and Park, H.M. (1994). ‘Evaluation of Parameterizations for
Pollutant Transport and Dispersion in an Urban Street Canyon using a Threedimensional Dynamic Flow Model’. Proceedings of the 87th Annual Meeting and
Exhibition of the American Meteorological Society, Cincinnati, Ohio, 19-24 June.

•

Lindqvist, S. (1992). ‘Local Climatological Modelling for Road Stretches and Urban
Areas’. Geografiska Annaler, Vol. 74A, pp. 265-274.

•

McCormick, R.A. (1971). ‘Air Pollution in the Locality of Buildings’. Philosophical
Transactions of the Royal Society of London, Ser. A., Vol. 269, pp.515-526.

•

Melaragno M G, (1982) Wind in Architectural and Environmental Design, New York,
Van Nostrand Reinhold, p.377.

•

Munn, R.E. (1970), ‘Airflow in Urban Areas’, In 15-39, Urban Climates, Technical Note
No. 108. World Meteorological Organization: Geneva, Switzerland.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 276 of 282
CUHK

•

Nakamura, and Oke, T.R (1988). ‘Wind, Temperature and Stability Conditions in an EW Oriented Urban Canyon’. Atmospheric Environment, Vol.22, No.12, pp. 2691-2700.

•

MK Neophytou and RE Britter, (2004) A SIMPLE CORRELATION FOR POLLUTION
DISPERSION PREDICTION IN URBAN AREAS, DAPPLE NOTE CAMBRIDGE 1
(JANUARY 2004)

•

Ng, E and Wong, K S, (2004) Dense and Green - Issues related to High Density Living,
First International Tropical Architecture Conference, Singapore, Feb 2004. (in CD
format)

•

Nicholson, S.E. (1975). ‘A pollution Model for Street-level Air’. Atmospheric Environment, Vol.
9, pp. 19-31.

•

Nunez, M. and Oke, T.R (1967). ‘Long Wave Radiative Flux Divergence and Nocturnal
Cooling of the Urban Atmosphere. II. Within an Urban Canyon’. Boundary Layer
Meteorology, Vol. 10, pp.121-135.

•

Oke T R, (1987) Boundary layer climates, Cambridge University Press.

•

Oke T.R. (1977). ‘The Significance of the Atmosphere in Planning Human

•

Settlements’. In E.B. Wilkin and Ironside, G. (eds), Ecological Land Classification in
Urban Areas, Ecological Land Classification Series, No. 3, Canadian Government
Publishing Center, Ottawa, Ontario.

•

Oke, T.R (1998).’Street Design and Urban Canopy Layer Climate’. Energy and
Buildings, Vol. 11, pp. 103-113.

•

Oke T R, (1981) Canyon geometry and the nocturnal urban heat island comparison of
scale model and field observations, Jnl of Climatology 1, 237-254.

•

Ogawa Y, Diosey P G, Uehara K and Ueda H, (1981) A wind tunnel for studying the
effects of thermal stratification in the atmosphere, atmospheric Environment 15, 807821.

•

Ooka R, Murakimi S, Iizuka S and Uehara K, (1999) Wind tunnel test of gaseous
diffusion in street canyon with thermal stratification, Wind Engineering into the 21st
century, Danish Wind Engineering Society, vol 2, A.A.Balkema, Netherlands, 781-786.

•

Pardyjak E R, Williams M D and Brown M J, (2002) FAST RESPONSE MODELING OF
A TWO BUILDING URBAN STREET CANYON, 4th AMS Symp. Urban Env., Norfolk,
VA.

•

Pasquill F, (1983), Atmospheric Diffusion, 3rd ed., John Wiley and Sons, New York,
pp.336-7, (stability categories and coefficients.)

•

Penwarden A D and Wise A F E, (1975) Wind environment around buildings, Dept of
Environment, BRE report, London HMSO.

•

Plate E J (ed.) Engineering meteorology, Elsevier Scientific Publishing Co., New York.

•

Poreh, M., and Paciuk, M. (1980), ‘Criteria for Identifying Wind Problems in Initial
Planning Stages’ (Hebrew) Building Research Station, Technion, Haifa, Israel.

•

Ratti C, DiSabatino S, Britter R, Brown M, Caton F and Burian S (2002). Analysis of 3-D
urban databases with respect to pollution dispersion for a number of European and
American cities. Water, Air and Soil Pollution: Focus 2:459-469.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 277 of 282
CUHK

•

Saito, I., Ishihara, O. and Katayama, T. (1990/91). ‘Study of the Effect of Green Areas
on the Thermal Environment in an Urban Area’. Energy and Building, Vol. 15-16,
pp.493-498.

•

Santamouris, M., Papanikolaou, N., Koronakis, I., Livada, I. And Assimakopoulos, D.N.
(1999). ‘Thermal and Air Flow Characteristics in a Deep Pedestrian Canyon and Hot
Weather Conditions’, Atmospheric Environment. Atmospheric Environment 33, 45034521.

•

Santamouris M (ed), (2001) Energy & Climate in the Urban Built Environment, James &
James, London.

•

Sini, J.F., Anquetin, S. and Mestayer, P.G. (1996). Pollutant Dispersion and Thermal
Effects in Urban Street Canyons. Atmospheric Environment, Vol. 30, No. 15, pp 26592677.

•

Soligo, M.J., Irwin, P.A., and Williams, C.J. (1993). “Pedestrian Comfort Including Wind
and Thermal Effects,” Third Asia-Pacific Symposium on Wind Engineering, Hong Kong.

•

Soligo, M.J., Irwin, P.A., Williams, C.J. and Schuyler, G.D. (1998). “A Comprehensive
Assessment of Pedestrian Comfort Including Thermal Effects,” Journal of Wind
Engineering and Industrial Aerodynamics, Vol.77&78, pp.753-766.

•

Taha, H., Akbari, H. and Rosenfeld, A. (1989). ‘Vegetation Microclimate Measurements:
the Davis Project’. Lawrence Berkeley Laboratory Report 24593, Berkeley, CA.

•

Taha, H., Akbari, H. and Rosenfeld, A. (1991). ‘Heat Island and Oasis Effects of
Vegetative Canopies: Microclimatological Field Measurements’. Theoretical Applied
Climatology, Vol. 44, p. 123.

•

Taha, H., Douglas, S. and Haney, J. (1997). ‘Mesoscale Meteorological and Air Quality
Impacts of Increased Urban Albedo and Vegetation’, Energy and Buildings, Vol. 25, pp.
169-177.

•

Tatsou Oka (1980). ‘Thermal Environment in Urban Areas’ Report D7: 1980, Swedish
Council for Building Research, Stockholm, Sweden.

•

Thurow C, (1983) Improving street climate through urban design, Planning Adivsory
Service Report no.376, Chicago, American Planning Association.

•

Turner D B, (1970) Workbook of atmospheric dispersion estimates, Office of Air
Programs Pub no. AP-26, EPA, USA.

•

Williams, C.J., Hunter, M.A. and Waechter, W.F. (1990). “Criteria for Assessing the
Pedestrian Wind Environment,” Journal of Wind Engineering and Industrial
Aerodynamics, Vol.36, pp.811-815

•

Williams, C.J., Soligo M.J. and Cote, J. (1992). “A Discussion of the Components for a
Comprehensive Pedestrian Level Comfort Criteria,” Journal of Wind Engineering and
Industrial Aerodynamics, Vol.41-44, pp.2389-2390.

•

Williams, C.J., Wu, H., Waechter, W.F. and Baker, H.A. (1999). “Experiences with
Remedial Solutions to Control Pedestrian Wind Problems,” Tenth International
Conference on Wind Engineering, Copenhagen, Denmark.

•

Michael D. Williams, LANL, Los Alamos, NM; and M. J. Brown and E. R. Pardyjak, 2002:
Development and testing of a dispersion model for flow around buildings, 4th AMS Symp.
Urban Env., Norfolk, VA.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 278 of 282
CUHK

•

Wedding, J.B., Lombardi, D.J. and Cermak, J.E. (1977). ‘ A Wind Tunnel Study of
Gaseous Pollutants in City Street Canyons’. Journal of the Air Pollution Control
Association, Vol. 27, 557-566.

•

WHO (2002) AMIS Handbook of Methodologies in Air Pollution Management, World
Health Organization, Geneva

•

Wong, C M, Ma, S, Hedley, A J and Lam, T H (2001) ‘Effect of air pollution on daily
mortality in Hong Kong’ in Environmental Health Perspectives, vol 109 , pp335-340

•

Wu H, (1994) Pedestrian level wind environment around buildings, PhD Thesis,
Concordia University, Montreal, Canada.

•

Yamartino, R.J. and Wiegand. G. (1986). ‘Development and Evaluation of Simple
Models for the Flow, Turbulence and Pollution Concentration Fields within an Urban
Street Canyon’. Atmospheric Environment, Vol. 20 pp.2137-2156

A city of tomorrow? The form of things to come.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 279 of 282
CUHK

References 3: (For TASK 3 and 4)
♦

ASCE. (1999), American Society of Civil Engineers (ASCE) Manuals and Reports on
Engineering Practice No. 67: Wind Tunnel Studies of Buildings and Structures,
Virginia: ASCE, 1999.

♦

AIAA, (1998) Guide for the Verification and Validation of Computational Fluid
Dynamics Simulations, G-077-1998.

♦

Aynsley RM et.al. (1977) Architectural Aerodynamics, London: Applied Science, 1997.

♦

Bachlin W et al, (1991) Wind field and dispersion in a built-up area – a comparison
between field measurements and wind tunnel data, Atmospheric Environment, 25A,
1135-1142.

♦

Cermak JE et al. (1998) Wind Tunnel Studies of Buildings and Structures, Reston, VA:
American Society of Civil Engineers, 1998.

♦

Coleman, H.W. and Stern, F., 1997, "Uncertainties in CFD Code Validation," ASME J.

♦

Givoni, B. (1989). Urban Design in Different Climates. WMO Technical Report 346.
Kubota, T. and Miura, M. A Study on the Planning Method of Residential Area in
Consideration of Wind Flow for a Sustainable City – Wind tunnel tests on the wind
flow in the residential areas of Tokyo.

♦

Katzschner, L. (1997), Urban Climate Studies as Tools for Urban Planning and
Architecture, Anais IV. ENCAC, Salvador

♦

KUBOTA T and MIURA M, (2002) A Study on the Planning Method of Residential
Area in Consideration of Wind Flow for a Sustainable City, working paper, Shibaura
Institute of Technology 307 Fukasaku, Saitama 330-8570, JAPAN.

♦

Nikolopoulou, M., Baker, N. and Steemers, K. (2001). Thermal comfort in outdoor
urban spaces: the human parameter, Solar Energy, Vol. 70, No. 3

♦

Plate EJ (1982) Wind tunnel modeling of wind effects in engineering. In: Plate, EJ
(ed.), Engineering Meteorology. Elsevier, Amsterdam, pp. 573-639.

♦

Plate EJ (1999) Methods of investigating urban wind fields – physical models,
Atmospheric Environment, 33, 3981-3989.

♦

Team Clean (2003), Report on Measures to Improve Environmental Hygiene in HK,
HKSAR, p. 87.

♦

Williams C D and Wardlaw R L, (1992) Determination of the Pedestrian Wind
Environment in the City of Ottawa Using Wind Tunnel and Field Measurements, Jnl of
Wind Engineering Industrial Aerodynamics, 41-44, pp. 255-266.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 280 of 282
CUHK

Reference 4: (For TASK 6)
♦

Aynsley R M et.al. (1977), Architectural Aerodynamics, London: Applied Science,
1997.

♦

ASCE (1999), American Society of Civil Engineers (ASCE) Manuals and Reports on
Engineering Practice No. 67: Wind Tunnel Studies of Buildings and Structures,
Virginia: ASCE, 1999.

♦

AIAA (1998), Guide for the Verification and Validation of Computational Fluid
Dynamics Simulations, G-077-1998.

♦

AWES (2001), Quality Assurance Manual on Environment Wind Studies, AWESQAM-1-2001.

♦

Coleman H W and Stern F (1997), "Uncertainties in CFD Code Validation," ASME J.

♦

Gandemer J T (1978), Discomfort due to wind near buildings – Aerodynamic
concepts, Building Research Translation Series, NBS Technical note, 710-9, US Dept
of Commerce.

♦

Givoni B et al. (2003), Outdoor comfort research issues, Energy and Buildings, vol. 35,
pp. 77-86.

♦

Givoni B and Noguchi M. (2004), Outdoor comfort responses of Japanese persons,
Proc. Passive and Low Energy Architecture PLEA Conference 2004, July, Eindhoven,
Netherlands.

♦

Kubota T and Miura M, (2002), A Study on the Planning Method of Residential Area
in Consideration of Wind Flow for a Sustainable City, working paper, Shibaura
Institute of Technology 307 Fukasaku, Saitama 330-8570, JAPAN.

♦

Munn R E (1970), ‘Airflow in Urban Areas’, In 15-39, Urban Climates, Technical Note
No. 108. World Meteorological Organization: Geneva, Switzerland.

♦

Nikolopoulou M, Baker N and Steemers K (2001), Thermal comfort in outdoor urban
spaces: the human parameter, Solar Energy, Vol. 70, No. 3

♦

Oke T R, (1987), Boundary layer climates, Cambridge University Press.

♦

Plate E J (1982), Wind tunnel modeling of wind effects in engineering. In: Plate, EJ
(ed.), Engineering Meteorology. Elsevier, Amsterdam, pp. 573-639.

♦

Plate E J (1999), Methods of investigating urban wind fields – physical models,
Atmospheric Environment 33 (1999) 3981-3989.

♦

Santamouris M, Papanikolaou N, Koronakis I, Livada I and Assimakopoulos D N
(1999), ‘Thermal and Air Flow Characteristics in a Deep Pedestrian Canyon and Hot
Weather Conditions’, Atmospheric Environment. Atmospheric Environment 33, 45034521.

♦

Soligo M J, Irwin P A, Williams C J and Schuyler G D (1998), “A Comprehensive
Assessment of Pedestrian Comfort Including Thermal Effects,” Journal of Wind
Engineering and Industrial Aerodynamics, Vol.77&78, pp.753-766.

♦

Soligo M J, Irwin P A, and Williams C J (1993). “Pedestrian Comfort Including Wind
and Thermal Effects,” Third Asia-Pacific Symposium on Wind Engineering, Hong
Kong.

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 281 of 282
CUHK

♦

Tacken M (1989), A comfortable wind climate for outdoor relaxation in urban areas,
Building and Environment, vol. 24, no. 4, pp. 321-324, 1989.

♦

Williams C D and Wardlaw R L, (1992) Determination of the Pedestrian Wind
Environment in the City of Ottawa Using Wind Tunnel and Field Measurements, Jnl of
Wind Engineering Industrial Aerodynamics, 41-44, pp. 255-266.

CONTENTS of Appendices
1 TASK 2
1.1 Appendix 1A: List of Participants at Brainstorming Workshop
1.2 Appendix 1B: List of Discussion Questions
1.3 Appendix 1C: Wind for Thermal Comfort of inhabitants of the City
1.4 Appendix 1D: Wind for Pedestrian and Outdoor Comfort
1.5 Appendix 1E: Air Pollution and Dispersion
1.6 Appendix 1F: Wind gust
1.7 Appendix 1G: An understanding of Wind and Urban Wind Environment in Hong Kong
1.8 Appendix 1H: Parametric Studies of Urban Design Morphologies and their Implied
Environmental Performance
1.9 Appendix 1I: Thermal and air flow characteristics in a deep pedestrian canyon under hot
weather conditions
1.10 Appendix 1J: Design Information of Mongkok and Tseung Kwan O
1.11 Appendix 1K: Wind Roses
1.12 Appendix 1L: Air quality standards and objectives of USA, Europe and Hong Kong
1.13 Appendix 1M: Canyon geometry and wind speed – experimental results
1.14 Appendix 1N: A thermal wind tunnel that could be used to accurately simulate wind
conditions in urban environment taking into account thermal stratification effects
1.15 Appendix 1O: Outdoor comfort research issues
1.16 Appendix 1P: Relationships between outdoor wind speeds and interior air speed under
various window sizes and locations
1.17 Appendix 1Q: Some wind tunnels in the world
1.18 Appendix 1R: Towards Minimalism – Designing for Survival, Health and Comfort
2 TASK 3
2.1 Appendix 2A: Methods of investigating urban wind fields – physical models
2.2 Appendix 2B: Determination of the Pedestrian Wind Environment in the City of Ottawa
using Wind Tunnel and Field Measurements
2.3 Appendix 2C: Wind Tunnel Testing Institutes
2.4 Appendix 2D: Wind Data – an example based on Hong Kong Wanglan weather station
2.5 Appendix 2E: A Study on the Planning Method of Residential Area in Consideration of Wind
Flow for a Sustainable City–Wind tunnel tests on the wind flow in the residential areas of
Tokyo
2.6 Appendix 2F: An introduction to the Urban Climatic Map
3 TASK 5
3.1 Appendix 3A: Stakeholder Consultation Workshop: List of Participants
4 TASK 6
4.1 Appendix 4A: Assessment Criteria
4.2 Appendix 4B: Wind tunnel vs. CFD
4.3 Appendix 4C: Wind Tunnel Guidelines and Standards
4.4 Appendix 4D: Wind tunnel methodology
4.5 Appendix 4E: CFD Expert Forum
4.6 Appendix 4F: Sample “Technical Brief”
4.7 Appendix 4G: Sample “Technical Brief” for Kai Tak

Planning Department: Feasibility Study for Establishment of Air Ventilation Assessment System
FINAL REPORT

Page 282 of 282
CUHK

