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Vision

Towards quality urban living, for now
and for the future

Better planning and design to improve urban climate and
urban air ventilation for healthier, more comfortable and
more sustainable urban living
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Prologue

Hong Kong is a high density city situated in the sub-tropical climate region with hot
and humid summer months.
Owing to our high density urban development, Hong Kong is suffering from the
Urban Heat Island (UHI) effect. Our urban areas are significantly warmer than the
rural surroundings. As a result of the UHI effect, the number of very hot days
(maximum air temperature greater than 33°C) and very hot nights (minimum air
temperature greater than 28°C) has increased dramatically. This leads to
uncomfortable urban living, heat stress and related health problems, and increase in
energy consumption. All in all, this has resulted in poorer living quality.
There is a need to optimise the planning and design of our city to facilitate more wind
penetration through the city fabric, and to attain a higher quality urban environment
with thermal relief and reduction of heat stress, especially in the public realm.
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Translation
Sing Tao Daily News - 1,800
elderly pressed safety bell (i.e.
Personal Emergency Link Service)
under very hot weather
(Sing Tao) 5th July 2010 (Mon) 08:28

Very Hot Weather Warning
continues. From mid-night till 6 am,
90 elderly pressed the safety bell, of
which 10 have been sent to hospital
due to vomiting and pain.
時

56 safety bells were alarmed
under very hot whether
Commercial Radio 2nd Aug 2011

Hong Kong Observatory continued
to issue Very Hot Weather Warning,
and forecast the weather to be
sunny and hot. The maximum
temperature in the urban area is
about 33oC, and 1-2oC higher in the
New Territories. From mid-night to 6
am, Senior Citizen Home Safety
Association recorded 56 times of
elderly ringing safety bell, of which 8
had to be sent to hospital due to
breathing difficulties and pain.

Intensification of the built environment can also lead to the UHI, which in turn would
lead to increases in heat stress, energy consumption and heat related mortality,
especially for the poor and vulnerable sector of society. Local researches have
suggested that an increase in 1oC daily mean temperature above 28.2oC is
associated with an estimated 1.8% increase in mortality rates.*
*The statistics on the increase in mortality rates is referenced from the research of Emily YY Chan et al (2010)
„A study of intracity variation of temperature-related mortality and socioeconomic status among the Chinese
population in Hong Kong‟, published in the Journal of Epidemiology of Community Health.
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Background

Based on the “Feasibility Study for Establishment of Air Ventilation Assessment
(AVA) System” (AVAS Study) completed by the Planning Department in November
2005, a set of planning guidelines for promoting better air ventilation was added in
Chapter 11, i.e. Urban Design Guidelines, of the Hong Kong Planning Standards and
Guidelines (HKPSG) and promulgated in August 2006. In tandem, the then Housing,
Planning and Lands Bureau and Environment, Transport and Works Bureau jointly
issued a Technical Circular No. 1/06 on Air Ventilation Assessments, setting out a
framework for AVA and requiring all major government projects to include AVA as
one of the planning and design considerations. As there is no benchmark, the AVA
System adopts an “option-comparison-and-improvement” approach. The AVAS
Study suggested that apart from considering the urban air ventilation environment, a
more holistic approach to reviewing Hong Kong’s urban climatic conditions for better
planning decision making at the territorial and district levels should be targeted.
In July 2006, the Planning Department commissioned a consultancy on the “Urban
Climatic Map and Standards for Wind Environment – Feasibility Study” (the Study) to
comprehensively and scientifically assess the urban climatic characteristics of
different parts of Hong Kong and to formulate holistic planning and design measures
to achieve long-term improvement of the urban living environment.
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Chapter 11 Urban Design Guidelines

HKPSG Urban Design Guidelines on Air Ventilation - Orientation
of Street Grids

HKPSG Urban Design Guidelines on Air Ventilation - Reducing
Site Coverage of the Podia to Allow More Open Space At Grade

Recommendations in the Council for Sustainable Development’s
Report on “Building Design to Foster a Quality and Sustainable
Built Environment”
In June 2010, subsequent to the Council for Sustainable Development’s public
engagement on "Building Design to Foster a Quality and Sustainable Built
Environment", the Council submitted 51 recommendations to the Government; one
of which is that it is important “to consider incorporating more scientific
considerations in the planning process, e.g. Urban Climatic Map”.
The Study has comprehensively and scientifically assessed the urban climate
characteristics of Hong Kong and recommended planning and design measures for
development in line with the Council for Sustainable Development’s comment for
achieving quality and sustainable built environment.
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Study Objectives and Tasks
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The urban thermal environment needs a balanced understanding of air
temperature, solar and surface radiation and wind.
Reference: Mochida, A., et.al. (2007). Management, control and design of urban
climate based on the heat balance analysis of outdoor space. Paper presented at
the ISWE School, Tokyo, Japan

The Study provides a more scientific and objective basis for identifying climatically
valuable and sensitive areas and assessing the urban climatic and air ventilation
impacts of major developments and planning proposals.
Two urban climatic factors are important and have been the subject of this Study:
wind and thermal comfort, and these two factors are related to UHI effect. Planning
data and climatic data have been combined and analysed to form the Urban Climatic
Analysis Map (UC-AnMap), and interpreted to derive the Urban Climatic Planning
Recommendation Map (UC-ReMap). The maps provide a tool for planners to
assess the effects of the city fabric, including topography, layout and buildings, on
wind and thermal comfort in the process of planning strategy or decision making.
Furthermore, the AVAS study completed in 2005 recommended the use of velocity
ratios to compare the relative air ventilation performance of development options in
the lack of objective benchmark standards. This Study has looked into the feasibility
of establishing a practical wind performance criterion. The Study has also carried out
further detailed studies with the objective to refine the AVA System for Hong Kong.
This Study has four main tasks, namely: (a) formulation of urban climatic maps of
Hong Kong, (b) wind tunnel benchmarking studies, (c) establishment of a wind
performance criterion, and (d) refinement of the AVA System.
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The Science of Urban Climatology
Two urban climatic factors, wind and thermal comfort, are important for town
planning and urban design in Hong Kong. These two factors are approached from
the understanding of the Dynamic Potential and Thermal Load of the built
environment.
As a result of its buildings, paved surfaces and complex building morphologies, the
city has its own urban climatic conditions that are very different from the rural and
natural areas.

An understanding of UHI of a city - daytime and night time

A schematic depiction of energy fluxes over an urban and

air and surface temperatures. Courtesy: EPA, USA

a rural area. Reference: Oke, T.R. (1987). Boundary

http://www.epa.gov/heatisland/about/index.htm.

Layer Climates. London, Routledge.

What is Thermal Load?
Thermal Load measures the stored or emitted heat intensity of particular localities of
urban areas. It has an effect on intra-urban air temperature increase depending on the
building volume (which has an impact on heat storage, and blocking the sky view hence
slowing the city’s cooling at night), the topography and the availability of green space.
What is Dynamic Potential?
Dynamic Potential of an area depends mainly on its ground roughness which influences
the air ventilation and air exchange of the areas. It is evaluated mainly based on ground
coverage of buildings, natural landscape and proximity to surrounding openness.
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Buildings in cities are mostly constructed of concrete and other manmade materials.
They have higher thermal capacity than the natural environment, and therefore store
more heat during daytime. The heat stored will elevate urban temperature. At night,
tall buildings block the urban area’s sky view and hence limit their ability to release
the heat back to the atmosphere, thus elevate the night time temperature. The
residual heat is carried forward to the next day. The vicious cycle continues.
In sum, typically an urban area gains more heat than it loses, resulting in UHI. The
urban area has tall buildings and therefore high ground roughness. Wind will flow
over it more slowly and urban air ventilation is weaker to alleviate the UHI.

Urban Heat Island: A satellite image showing the high urban temperatures
in Mong Kok, Yau Ma Tei, Hung Hom and Tsim Sha Tsui. Courtesy:
Professor Janet Nichol, HK PolyU

Urban Heat Island: A satellite image showing the high urban temperatures
in areas like Mong Kok, Yau Ma Tei, Hung Hom and Tsim Sha Tsui.
Reference: Nichol, J., & Wong, M.S. (2009). Mapping Urban
Environmental Quality Using Satellite Data and Multiple Parameters.
Environment and Planning B: Planning and Design, 36 (1): 170-185.
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(Top) The rise in air temperature in Hong Kong over the last hundred
years; note the acceleration in the recent years (red line).
(Bottom) The urban wind at King’s Park as compared to the ambient
wind at Waglan Island. Over the years, the urban wind speed has
reduced more than half due mainly to taller and bulkier buildings in
our city.
Courtesy: Hong Kong Observatory

The Hong Kong Observatory has reported that Hong Kong’s urban temperature is
increasing over the decades. The rate of increase in average temperature in Hong
Kong between 1947 and 2010 was about 0.16°C per decade. During 1981-2010, the
average rise amounted to 0.26°C per decade. Coupled with the UHI effect, the air
temperature rise will further intensify. With an UHI intensity increased by 3°C, the
number of very hot days and very hot nights in Hong Kong will increase from 10 to
over 90 days and from 20 to over 120 nights respectively (Ng, E. (2009). Wind and
Heat Environment in Densely Built Urban Areas in Hong Kong. Global Environmental
Research, 13 (2): 169-178). This will have significant impact on urban living.
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A wind profile of the city. Note the significant decrease in wind speed within the urban canopy layer (UCL) of
the city due to buildings and large podia.
Reference: Ng, E., Yuan, C., Chen, L., Ren, C., & Fung, J.C.H. (2011). Improving the wind environment in
high-density cities by understanding urban morphology and surface roughness: A study in Hong Kong.
Landscape and Urban Planning, 101 (1): 59-71. DOI:10.1016/j.landurbplan.2011.01.004.

Good urban air ventilation is an effective mitigation measure. However,
Hong Kong’s urban wind environment is deteriorating due to the intense
urban developments, which increase the surface roughness and block the
free flow of air, and that leads to weaker urban air ventilation and higher
urban thermal heat stress.
All in all, there is a need to plan and design our city to optimise the urban
climatic condition and urban air ventilation based on a better understanding
of the urban climate spatially.
We must find planning and design means to utilise Hong Kong’s wellendowed wind environment, as well as to lower the urban air temperature
when we further develop our city.
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The Science of Biometeorology
Human Heat Balance Model

What is Biometeorology?
Biometeorology is an interdisciplinary science
studying the interactions between atmospheric
processes and living organisms - plants, animals
and humans. The most important question that
biometeorology answers is: How does weather
and climate impact the well-being of all living
creatures?

To further understand the relationship between the urban climatic environment and
human thermal comfort, it is necessary to understand the science of biometeorology:
how one feels the environment thermally depends on the heat balance relationship
between the human body and its immediate surroundings. If the body gains heat
energy due to high air temperature and strong solar or environmental thermal
radiation, then one will feel uncomfortable. On the other hand, if there are light winds
blowing over the body which carry some of the heat-gain away from the body, then
one will feel more comfortable. This synergetic understanding of human heat
balance related to various environmental and physiological parameters including air
temperature, relative humidity, solar and environmental thermal radiation, wind,
clothing, metabolism, etc. can be depicted using the Physiological Equivalent
Temperature (PET).
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Physiological Equivalent Temperature
(PET) is the temperature of a reference
environment based on a heat balance
model that combines various climatic and
physiological variables including air
temperature, relative humidity, solar and
environmental thermal radiation, air
movement, clothing and metabolic rate to
give a synergetic indicator of human
thermal comfort. It is an index widely used
to understand the thermal comfort
environment of outdoor spaces.

Based on the Users Urban Thermal Comfort Survey under the Study, it has been
established that the neutral PET (nPET) (the reference temperature with neutral
thermal sensation, i.e. neither too cool nor too warm) in the summer months of Hong
Kong is 28°C. The nPET is the benchmark for assessing impact on human thermal
comfort and developing the wind performance criterion for Hong Kong. With this
understanding, the need for urban air ventilation, and the need for reducing air
temperature and environmental thermal radiation (e.g. by intensifying greening) can
be quantified.

School of Architecture, CUHK

Page 14 of 60

Planning Department: Urban Climatic Map and Standards for Wind Environment – Feasibility Study
EXECUTIVE SUMMARY

Wind and Urban Ventilation

Hong Kong Observation Stations

At pedestrian
level hourly
mean (m/s)*

*The pedestrian level hourly mean wind speed is extrapolated
based on the observations of selected HKO weather stations.

According to Hong Kong Observatory’s measured wind data of Hong Kong, it can be
stated that Hong Kong enjoys good wind throughout the year. The onus is how to
optimise it for the benefits of quality urban living.
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Urban Climatic Maps

(Top) The Urban Climatic Map System of the Stuttgart Regional Federation, Germany.
Courtesy: Office for Environmental Protection, City of Stuttgart, Germany
(Bottom) The Environmental Map of the Metropolitan Tokyo. Reference: TMG. 2005.
The thermal environment map and areas designated for the implementation of
measures against the Heat Island Phenomenon, Bureau of Environment, Bureau of
Urban Development, Tokyo Metropolitan Government (TMG), Tokyo, Japan.

The Study has drawn upon international experience, especially that of Germany and
Japan, and well-recognised methodologies. Reference has been made to The
Association of German Engineers (VDI) Guideline VDI3787 Part 1: Environmental
meteorology climate and air pollution maps for cities and regions. The state-of-theart approaches and some key lessons have been learnt.
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Urban Climatic Map is an information and evaluation tool to integrate urban climatic
factors and town planning considerations to assist planning decisions. Urban
Climatic Map typically has two main components, i.e. the UC-AnMap the UC-ReMap.

Countries that already have, or will have their urban climatic maps in assisting planning decisions
Reference: Ren, C., Ng, E. and Katxschner L (2010) Urban Climatic Map Studies : a Review,
International Journal of Climatology, DOI: 10.1002/joc.2237

The UC-AnMap is the basis of the UC-ReMap. Urban climatic information and
knowledge of the thermal load and dynamic potential characteristics of the UCAnMap are translated into recommended planning actions in UC-ReMap. The UCReMap provides planning recommendations based on an evaluation of a number of
planning parameters, including building volume, building height, ground coverage of
buildings, greenery coverage, urban and building porosity, air paths, and
breezeways.
The maps provide an urban climatic-based planning framework and holistic
information platform typically at the city and district levels. It also provides the
contextual information for further studies at local and site planning scales. The UCReMap presents a spatial evaluation of current urban climatic characteristics and
identifies climatically valuable area, problem areas and sensitive areas that are in
need of strategic planning attention and improvement. The UC-ReMap itself is not a
regulatory instrument. It facilitates a participatory planning process by providing
useful urban climatic information.
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Urban Climatic Maps – Hong Kong
Study Methodology

Users Urban Thermal Comfort
Survey

The study methodology of Hong Kong Urban Climatic maps

The UC-AnMap is formulated taking into account the international experiences,
including relevant German Guidelines on climatic maps, the Thermal Environment
Map studies of Japan, and the unique climatic characteristics and urban
morphologies of Hong Kong. Various analyses of the existing urban climate and wind
environment characteristics were conducted, including wind modelling, wind tunnel
benchmarking studies, model simulations, field measurements, etc. to verify and
calibrate the study findings.
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Field Measurement Studies

Field measurements of selected urban areas of Hong Kong have been conducted.
The results have been used to calibrate and validate the UC-AnMap, as well as to
develop an understanding on PET derived from the Users Urban Thermal Comfort
Surveys.

Users Urban Thermal Comfort Surveys

Users Urban Thermal Comfort Surveys have been conducted throughout 2006-2007
to capture a wide range of weather conditions in Hong Kong during the 2702
interviews completed. The results have been used to devise the nPET for Hong
Kong people. In turn, the understanding has been used to devise the classifications
of the UC-AnMap and establish the Wind Performance Criterion of Hong Kong.
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Wind Tunnel Studies

Wind environment studies using wind tunnel have been conducted for 20 study
areas in 10 selected urban districts around Hong Kong. The study results have been
used to benchmark the study findings.

Meso-scale wind and CFD Parametric Studies
Scientists at HKUST have coupled the prognostic MM5 (Fifth-Generation
NCAR/Penn. State Mesoscale Model) meso-scale model with the CALMET
(California Meteorological Model) diagnostic model for producing high resolution
wind fields of Hong Kong with resolution of 100m x 100m. This has been used to
generate the Wind Information Layer of the UC-AnMap. Various parametric studies
using Computational Fluid Dynamics (CFD) simulations have been conducted. The
results are used to establish the Wind Performance Criterion and mitigation
measures.

MM5-CALMET meso-scale model simulation of the prevailing wind environment of typical summer months of Hong
Kong. Reference: Yim, S.H.L., Fung, J.C.H., Lau, A.K.H., & Kot, S.C. 2007. Developing a high-resolution wind map
for a complex terrain with a coupled MM5/CALMET system. Journal of Geophysical Research, 112: 1-15.
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Calibration and Validation
Various field measurements, surveys, experimental and simulation studies have
been conducted to calibrate and validate the UC-AnMap. They include on-site
studies using both spot and mobile traverse measurements; simulations using CFD,
meso-scale and urban canopy computational models; and wind tunnel studies. It has
been concluded that the UC-AnMap is robust and fit for purpose.

Data structure of the UC-AnMap

To start with, the urban climate of the city is analysed based on a balanced
consideration of six key geographical and development variables affecting thermal
load and dynamic potential and hence human thermal comfort. A wind information
layer is drawn up to show the wind environment of different parts of Hong Kong.
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Thermal Load Analysis – the analysis focuses on the important variables
contributing to the localised thermal loads. A major negative factor to increase
thermal load is building volume, whilst topography and green space are positive
factors contributing to a reduced thermal load.
Dynamic Potential Analysis – the analysis focuses on the important variables
(ground roughness) affecting the wind environment. A major negative factor to
decrease air ventilation is ground coverage, whilst natural landscape and
proximity to openness are the main positive factors contributing to increased air
movement.
Wind Information Layer – the analysis focuses on the wind information,
including directions and speeds of prevailing winds in the summer. This layer
sheds light on air mass exchange and cold air production.
Urban climatic and planning data with respect to the six factors (or parameters)
related to thermal load and dynamic potential are assembled. PET, as a human
urban thermal comfort indicator, is used to synergise all these six factors according
to their effects on PET. Positive and negative classification values are assigned
corresponding to the increase or decrease in thermal load and/or dynamic potential
due to each factor and their implications on the increase or decrease in PET. The
resultant PET value denotes the net effect of the factors on the urban climate.
Based on the analysis and evaluation, the urban climatic factors are translated into 8
different climatopes/climatic classes subject to different impacts on human thermal
comfort and they are mapped out for the whole territory in the form of the UC-AnMap.
Hong Kong is located in the sub-tropical climate region with hot and humid summer
months. To address urban thermal comfort, the UC-AnMap is developed to capture
the most critical conditions in the summer months, i.e. June, July and August.

Climatopes

are

spatial

units

which

exhibit

relatively

homogenous urban climatic characteristics, for example, open
land, water or urban climatopes. Eight climatopes are
identified for Hong Kong.
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(Top) Wind roses of Hong Kong in the summer months based on HKO’s
long term measured data.
(Bottom) Collated prevailing wind directions based on MM5-CALMET
model simulation results.

A layer of Wind Information is prepared for Hong Kong, based primarily on long
term wind data collected at 40 Hong Kong Observatory (HKO) stations, and
supplemented with HKUST’s MM5-CALMET modelled wind simulation data at 60m
above ground (at roughly the average building height of urban Hong Kong).
Topography, greenery and ground roughness information are also referred to when
the data are evaluated.
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Wind information layer of Hong Kong in the summer months.

The wind data for the critical summer months (June-August) of Hong Kong forms
the basis of evaluation. The background wind, channelling wind due to topography,
the localised land and sea breezes, as well as the downhill air movements are
summarised in the wind information layer. Areas of similar characteristics are
grouped into zones with their key characteristics and wind directions noted. The
wind information layer is incorporated into the Final Hong Kong UC-AnMap.
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In line with the international practice, especially the experience gained by German
and Japanese researchers, the urban climatic information collated in the form of the
Final UC-AnMap are further evaluated and interpreted to formulate the UC-ReMap.
For clear and definable planning actions, the eight urban climatic analysis classes of
the UC-AnMap are consolidated into five Urban Climatic Planning Zones (UCPZ) of
the UC-ReMap in accordance with their similar urban climatic characteristics with
respect to the human thermal comfort and planning implications.
Planning recommendations are made with respect to each of the UCPZ to facilitate
early consideration of urban climatic issues in the strategic/district planning process.
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Recommended Strategic Planning Actions
For each of the FIVE Urban Climatic Planning Zones of the UC-ReMap, key planning
recommendations at a district planning level are formulated based on the analysis
and evaluation of the effects of various planning parameters on thermal load or
dynamic potential.

Urban Climatic Planning Zone (UCPZ) 1
This zone comprises areas extensively covered with natural vegetation, at higher
altitude and with minimal obstructions to wind. They provide a cooler and more
conducive thermal comfort environment and their cool air production capability can
be beneficial to nearby urban areas. These climatically valuable areas and urban
climatic conditions should be preserved as far as practicable.
The majority of areas falling within this zone is currently subject to different statutory
controls such as country parks and conservation-related/non-development zones on
statutory town plans and hence there is a presumption against development. The
broad strategic planning actions recommended are:
1

Natural areas especially sources of cold air
production and drainage areas beneficial to
other areas (e.g. vegetated hill slopes adjacent
to urban areas) should be preserved. Sealing
(covering of ground surface) or development
should be discouraged.

2

In view of its urban climatic value, there is a
general
presumption
against
major
development in this zone.
Small-scale and essential developments may
be allowed in areas other than in natural areas
identified in 1 above subject to:
(a) careful planning and design of these
developments to minimise any disruption to

3

the existing urban climatic characteristics;
(b) maximising greening and open areas; and
(c) minimising sealing.
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Urban Climatic Planning Zone (UCPZ) 2
This zone covers areas which are currently urban climatically “neutral’ in terms of
urban thermal comfort and the general urban climatic characteristics should be
maintained as far as possible. They mostly cover the urban fringe or rural lowland.
The broad strategic planning actions recommended are:
1

2

3

General urban climatic characteristics such as
lower building volume, open spaces and
greenery should be maintained as far as possible.
New low-density individual developments could
be allowed subject to:
(a) a low building volume and a satisfactory
disposition of buildings to align with the
prevailing wind directions and
preserve/enhance existing air paths;
(b) a low ground coverage in order not to
impede air movement; and
(c) maximisation of greening within development
sites.
New comprehensive development is possible
subject to thorough urban climatic consideration.
Prudent planning and building design is
necessary to avoid degrading the urban climatic
condition. Breezeways and air paths must be
carefully designed. Street grids and building
disposition must respect prevailing wind
directions. High building volume and ground
coverage should be discouraged.

School of Architecture, CUHK

Page 29 of 60

Planning Department: Urban Climatic Map and Standards for Wind Environment – Feasibility Study
EXECUTIVE SUMMARY

Urban Climatic Planning Zone (UCPZ) 3
This zone covers areas which are currently subject to urban climatically “moderate”
impact in terms of urban thermal comfort. They are mostly in the urban fringe or less
dense development areas. Some mitigation actions are encouraged where possible.
The broad strategic planning actions recommended are:
1

Additional
subject to:

development

is

permissible

(a) urban climatic evaluation in terms of
building volume and green coverage;
(b) dispositioning of new buildings in line
with the prevailing wind directions, to
preserve /enhance existing air paths;
(c) reduction of ground coverage in order
not to impede air movement; and
(d) maximisation of greening, particularly

2

trees planting within development sites
and adjoining streets.
Greening should be promoted in open areas
as far as practicable.
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Urban Climatic Planning Zone (UCPZ) 4
This zone covers area which are already densely built-up. Thermal load is high and
dynamic potential is low. Some strong impact on thermal comfort is expected.
Mitigation actions are recommended and necessary.
Isolated clusters of UCPZ 4 can be found in the new towns in Tai Po, Ma On Shan,
Yuen Long, Tin Shui Wai, Tung Chung, etc. These areas currently benefit from the
extensive green areas (UCPZs 1 & 2) around them, downhill air movements and
valley winds.
preserved.

These green areas and natural ventilation systems should be

Other clusters of UCPZ 4, mixed with scattered UCPZ 5, can be found in Tseung
Kwan O, Tuen Mun, Shatin, Aberdeen and so on. There are air paths and
breezeways dividing the development clusters within these areas and providing
useful air ventilation reliefs. The broad strategic planning actions recommended are:
1

2

3

Air paths/breezeways, low-rise low-density
Government, Institution or Community
(GIC) sites should be preserved as far as
possible.
Greenery, particularly tree planting on
streets and open areas, should be
increased.
Additional development should not be
allowed unless with appropriate mitigation
measures, including:
(a) reducing ground coverage to balance
against any increase in building
volume;
(b) respecting existing air paths and
introducing new ones, if feasible;
(c) positioning buildings to align with the
prevailing wind directions; and
(d) maximising greening within
development sites.
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Urban Climatic Planning Zone (UCPZ) 5
This zone comprises areas which are very densely built-up. Thermal load is very
high and dynamic potential is low. Very strong impact on thermal comfort is expected.
A high frequency of occurrence of thermal stress is anticipated. Mitigation actions
are recommended and essential.
UCPZ 5, intermixed with UCPZ 4, are found in the metro areas of Hong Kong at the
northern part of the Hong Kong Island, at the Kowloon Peninsula and at Tsuen Wan.
The broad strategic planning actions recommended are:
1

2

3

4

Intensification of GIC sites which serve as a
relief to the existing condition should be
avoided. Additional and intensified greening
within the GIC sites is essential.
Additional greenery and tree planting on
open areas and streets in this zone is
essential and recommended.
Intensified
greening in “Open Space” zones is strongly
recommended.
The existing urban environment should be
improved by:
(a) identifying, respecting, widening and
enhancing existing air paths;
(b) creating new air paths;
(c) reducing ground coverage, setting back
building line along narrow streets,
aligning the long frontage of building with
prevailing wind directions; and
(d) maximising site greening upon
development /redevelopment.
Intensification of use, adding building volume
and/or
ground
coverage
are
not
recommended
unless
with
strong
justifications
measures.

and

appropriate
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Functions of the UC-ReMap

The Hong Kong Urban Climatic Maps provide a holistic urban climatic planning
information platform for strategic and district planning purposes. It may also provide
the urban climatic contextual information for micro-climatic and AVA studies. The
UC-ReMap is to be incorporated in the Hong Kong Planning Standards and
Guidelines to guide the strategic and district planning process.
Although the UC-ReMap of Hong Kong is formulated based on a 100m x
100m grids, the map should not be read pixel by pixel. Rather, the pattern,
clustering and extent of the pixels give a better understanding of the general
characteristics of an area/district. The map should not be used literally for
site specific reference and application.
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The UC-ReMap provides a strategic and comprehensive urban climatic planning
framework and information platform for Hong Kong. It could serve the following
planning functions:


The UC-ReMap helps understand and identify appropriate planning and design
measures for formulation of planning guidelines on matters related to urban climate.



The UC-ReMap provides a strategic urban climatic information platform for guiding
the planning and development process for future development, e.g. maximising the
mitigation opportunities within the UCPZs 3, 4 and 5, accommodating
comprehensive new development areas in UCPZ 2 with prudent planning and
building design measures and preserving the climatically valuable UCPZ 1.



The UC-ReMap provides an urban climatic planning framework for review of OZPs
and formulation of suitable planning parameters.



The UC-ReMap facilitates understanding and analysis of the urban climatic issues
and conditions of a district and in devising planning strategies and solutions to
improve the urban climate.
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Analysis

Understanding

Strategies

Issues

Solution

Cases of application. Reference should also be made to strategic and district planning
considerations and site circumstances.

The UC-ReMap provides broad-brush planning recommendations formulated on
the basis of urban climatic considerations. Planning proposals have to take into
account other planning considerations and the site context.
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SIX Planning and Design Measures to Improve
Urban Climate

1

Greenery

2

Ground Coverage

3

Proximity to Openness and Connectivity

4

Building Volume

5

Building Permeability

6

Building Heights

Through scientific parametric studies and academic research, the UC-ReMap has
recommended six planning and design measures at district and project levels to
reduce thermal load, promote air ventilation for better urban thermal comfort and
improve the urban climate.
These planning and design measures are derived based on the urban climatic
considerations with reference to the area average 100m x100m grid understanding
of the UC-ReMap and assuming urban homogeneity. They are not for direct
application on individual sites, but for guiding project planning and design on a
district/ area basis. In determining appropriate development parameters for
individual sites, apart from these measures, reference should also be made to other
strategic and district planning considerations, as well as individual site
circumstances.
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A greening strategy to increase green coverage, e.g. providing extensive road side
tree planting, green podium, green wall and low-level green roof, is effective to
enhance human thermal comfort in the urban environment. Creating urban green
oasis and establishing network of connected green corridors, ideally free of traffic,
can allow resting points and more thermally comforting routes for pedestrians.
Properly planned tree planting and good greenery coverage can reduce the
thermal load of the urban environment.

1

Greenery



Increase greenery, preferably through tree planting at grade.
Create and preserve urban green oases.
Establish networks of connected green spaces.





Roof top greening at high level is desirable but cannot improve thermal
comfort at pedestrian level.
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High ground coverage of buildings in an urban area significantly reduces the air
space available for air ventilation. In urban areas where streets are narrow and
ground coverage is high, it is important to consider measures such as providing
non-building areas, building set back, as well as creating more open spaces so
that the district average ground coverage can be lowered. Greening at grade in
these areas further improves the urban climate for pedestrian activities.

2

Ground Coverage



Reduce ground coverage.
Encourage setbacks along narrow streets.
Designate non-building areas to allow air penetration.
Reduce frontage areas of building to increase permeability.
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Urban space connectivity is very effective in promoting good air ventilation through
the city. The free flow of air ventilation through the urban fabric, for example on the
northern shore of the Hong Kong Island, can be greatly assisted by connecting the
waterfront with the vegetated hill slopes through a “connection” of breezeways, air
paths, open spaces, greeneries, green oases and green fingers.

Various

connection strategies can be considered.

3






Proximity to Openness and Connectivity
Preserve/create breezeways/air paths.
Greening along breezeways provides cooler and cleaner air.
Designate/orientate non-building areas perpendicular to waterfront and
vegetated hill slopes.
Connect green spaces through air paths.

Reference: Ng, E., Yuan, C., Fung, J.C., Ren, C., & Chen, L., (2011) Improving the wind environment in highdensity cities by understanding urban morphology and surface roughness: A study in Hong Kong, Landscape
and Urban Planning 101 (1) 59-74.
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Low Sky View Factor (SVF) restricts the cooling of the city by selfblocking the long wave radiation escaping the city, thus intensifies
Urban Heat Island (UHI).
Courtesy: KNMI Klimaatdesk, Netherlands
The higher the building volume, the higher the thermal load as the localised heat
capacity is increased whilst the radiative cooling effect in city at night is reduced.
Tall buildings flanking narrow streets limit urban air ventilation. Excessive floor-tofloor height, as well as excessive concessionary gross floor area (GFA), increase
the building volume and hence increase the thermal load to the environment.

4

Building Volume



Regulate building volume/Sky View Factor.
High building volume lead to high thermal load and temperature.
In medium/high density areas, further development should be accompanied
by appropriate building design to mitigate the increased thermal load.
Increase in floor-to-floor height will increase the building volume and thus
thermal load. Thus, excessive floor-to-floor height should be avoided.






Low Building Volume
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Reference: Wong, M.S., Nichol, J.E., Ng, E (2011) A Study of the “wall effect” caused by
proliferation of high-rise buildings in Hong Kong, using GIS techniques, Landscape and Urban
Planning, 102, 245-253
Wall like buildings completely block urban air ventilation and create large wind
wake areas behind that is stagnant and unhealthy.

Given the tall building

morphology of urban Hong Kong, gaps between building towers and holes
incorporated into the towers, especially near the pedestrian level, are useful
design features.

5

Building Permeability



Closely packed buildings impede air flow.
Promote building gaps and separations to facilitate air flow. (Making
reference to the Practice Note for Authorized Persons, Registered
Structural Engineers and Registered Geotechnical Engineers (PNAP) APP152 on Sustainable Building Design Guidelines by the Buildings Department,



building separation that provides a permeability equivalent to 20% to 33.3%
of the total projected facades of the buildings is a good starting point for
district planning and design.)
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Scientifically, urban air flow depends on Building Height/Street Width (H/W) ratio
Reference: Chen, L., Ng, E. An, X.P., Ren, C., He, J., Lee, M., Wang, U. and He, J.
(2010) Sky View Factor Analysis of Street Canyons and its Implications for IntraUrban Air Temperature Differentials in Hig-Rise, High-Density Urban Areas of Hong
Kong: A GIS-Based Simluation Approach, International Journal of Climatology.
DOI:10.1002/joc.22453

In general, gradation of building heights would help wind deflection and avoid air
stagnation. Where appropriate, building height variation across the district and
decreasing height towards the prevailing wind direction should be adopted to
promote air movements. Excessive building heights increase urban roughness and
reduce urban air ventilation in the air layer between the ground and the average
building height.

6

Building Heights



In low/medium density areas with Building
Height/Street Width (H/W) of 2 and below,
controlling building heights is effective in
promoting air ventilation.
In medium/high density areas with H/W of 3
and above, building height control alone
may not be effective. Other parallel
measures such as provision of building





separation, air paths, building setback and
greenery, reducing ground coverage, would
be needed.
A variation in building height profile can enhance air ventilation.
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Air Ventilation Assessment (AVA) System

For the lung to work properly, firstly, the key
bronchus must be free flowing (this is
analogous to the planning level); and secondly
the bronchioles and alveoli should also be
functioning (this is analogous to the building
design level).

Along the same scientific thinking of urban climatology and with reference to the
SIX Planning and Design Measures to improve urban climate as outlined above,
AVA provides a methodological framework for objective and quantitative
assessment.
Referring to the section on the science of biometeorology, urban outdoor thermal
comfort is important for people using outdoor spaces. The summer months are
considered the most critical for urban thermal comfort in Hong Kong. Based on the
Users Urban Thermal Comfort Survey, the nPET in summer is 28°C.
In terms of urban climate, wind is important improving urban thermal comfort in the
hot and humid summer months of Hong Kong. In Hong Kong streets, the mean
radiant temperature (Tmrt) under shading in summer are typically 32 to 34°C,
taking into account the average humidity and solar radiation. To achieve the nPET
experienced by pedestrians, “light air” of 1 m/s, as defined in the Beaufort scale,
would be necessary.
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AVA –Wind Performance Criterion
Balancing the desirable minimum wind requirement and practical considerations of
the existing built environment, a wind performance criterion comprising two
components is proposed for Air Ventilation Assessment applicable development
sites:

Median hourly mean wind speed ＞＝ 1 m/s
can roughly be equated to one waving a fan
against oneself.

(A) Wind Performance Requirement:
80% of all test points inside the assessment area have:
Annual median hourly mean wind speed ＞＝ 1 m/s

AND

Summer median hourly mean wind speed ＞＝ 1 m/s
95% of all test points inside the assessment area have:
Annual median hourly mean wind speed ＞＝ 0.6 m/s AND
Summer median hourly mean wind speed ＞＝ 0.6 m/s
The requirement for 80% of all test points to achieve the 1 m/s is in recognition of
some unavoidable isolated wake areas behind buildings. The requirement of 95%
of all test points to achieve a minimum of 0.6m/s is to safeguard against a stagnant
wind environment.
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(B) Alternative (Prescriptive) Approach:
The desirable “light wind” situation especially in the summer months may be difficult
to achieve in some areas in Hong Kong due to the existing topography and compact
building morphology, such as high-density development, narrow streets, large
building bulk and large podia and hence the limited site wind available in the
surroundings. Subject to demonstration that the Wind Performance Requirement,
after all the possible and practical mitigation measures have been considered and
incorporated where appropriate, cannot be practically achieved, the project
proponent may be allowed to adopt the Alternative (Prescriptive) Approach, which is
proposed to help mitigate the urban climatic impact arising from individual
development.

The Alternative (Prescriptive) Approach is proposed to cope
with circumstances when the Performance Approach has
been demonstrated to be practically impossible to comply
with.
Similar to UCMaps, the Alternative (Prescriptive) Approach
is based on the same scientific understanding derived from
parametric tests. It relies on the same area average
understanding parametrically that if ALL the building sites
in the area follow the same prescriptive approach, the
“collective and cumulative overall (thermal + dynamic)
urban climatic condition” would approach that under the
Performance Approach – by lowering the ground coverage,
increasing the airspace nearer to the ground level and by
providing greening and tree shades.
The rationale of the Alternative (Prescriptive) Approach is
that: everybody has to do his/her fair share towards a
common future.
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Parametric Tests for Mitigation Design Measures under Alternative
(Prescriptive) Approach

Urban Permeability
Parametric studies have been carried out to test the effects of various mitigation
design measures. Smaller ground coverage is found to be particularly useful in
contributing to increased air movement near ground. A ground coverage of no more
than 70% is recommended to improve air movement to reduce thermal load.

The relationship between Spatial Average Velocity Ratio and Ground Coverage Ratio has
been studied using wind tunnel studies. It can be established that higher gross building
coverage ratio leads to lower average urban air ventilation near ground.
Reference: Yoshie, R., Tanaka, H., Shirasawa, T, and Ng, E. 2008. Experimental study on
air ventilation in a built-up area with closely-packed high-rise buildings. Paper presented at
the The 2nd WERC International Symposium on Architectural Wind Engineering, Wind
Engineering Research Center.
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Greening
Greenery lowers thermal load of the urban areas. From the parametric studies, tree
planting is found to be particularly useful in reducing the localised thermal load near
ground. On a district basis, about 1/3 of green area may reduce thermal load by
approximately one urban climatic class hence reducing the reliance on urban air
ventilation.
Tree Coverage
Difference in
Air Temperature

8%

10%

30%

0.2ºC

0.4ºC

0.8ºC

Local researchers have conducted studies using the micro-meteorological model
ENVI-Met on effects of the amount, type and position of greening on the
pedestrian thermal comfort. The study has concluded that 30% greening (tree
planting) may reduce urban temperature by 0.8ºC in the hot and humid summer
daytime conditions of Hong Kong.
Reference: Ng, E., Liang, C., Wang, Y.N. and Yuan, C., (2011) A Study on the
Cooling Effects of Greening in High Density City: an experience from Hong Kong,
Building and Environment, online 28 July 2011, ISSN 0360-1323, DOI: 10.1016/j.
buildenv.2011.07.014
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Mitigation Design Measures
Buildings Department’s PNAP APP-152 on Sustainable Building Guidelines
promotes sustainable building design measures, which also target at provision of
building separation, setback and greenery. Taking into account the Study’s analysis
of various factors affecting urban climatic situation and the PNAP APP-152, the
following prescriptive design measures are formulated:
•

ground coverage of no more than 65%;

•

building (tower block) permeability as per PNAP APP-152;

•

building setback requirement near narrow street as per PNAP APP-152; and

•

greenery (preferably tree planting) of not less than 30% for sites larger than
1 ha and 20% for sites below 1 ha. Sites smaller than 1,000m2 are exempted.
Greenery should preferably be at grade, in particular at ground level. A set of
guidelines on greenery calculation is to be established in promoting tree
planting through practicable and flexible approaches.
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Exemption
Developments with demonstrated functional requirements in terms of building length
and/or ground coverage (e.g. infrastructural facilities, transport terminus, sports and
civic facilities) may be exempted from the mitigating design measures under the
Alternative (Prescriptive) Approach, provided that the followings are undertaken:
•

building separation requirement is fully complied with for other buildings on the
same site or other parts of the building that are located above such special
facilities being exempted, where applicable;

•

a quantitative AVA be conducted to demonstrate that the design option with all
practicable mitigation/improvement measures has been selected in comparing
with different design options; and

•

maximising greening and tree planting opportunities within the pedestrian zone,
preferably at grade and at the part of the site not built over.
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Refinements to AVA System

The current AVA system has been in force since 19 July 2006 and is defined by the
Technical Cricular No. 1/06 on Air Ventilation Assessment jointly issued by the exHousing, Planning and Lands Bureau and the ex-Environment, Transport and
Works Bureau. Based on the Study findings and a review of the completed AVAs,
the following major refinements to the AVA System are proposed:






Include the proposed Wind Performance Criterion as a quantitative yardstick to
confirm acceptance of design options in air ventilation terms.
Extend the scope of application of AVA requirements to cover both public and
private sector projects.
Include non-waterfront development sites with lot frontage over 140m in the
category of projects requiring AVA, i.e. second part of item (i) as shown in the
above table.
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There are also some methodological and technical refinements to the AVA System
as follows:


Median hourly mean wind speed is added as an indicator to measure the wind
performance.



Summer thermal comfort is critical. The air ventilation impact and performance
of the proposal in summer months, apart from the annual situation, is to be
analysed as a study requirement.
A set of standardised site wind availability data is recommended to improve the
accuracy and consistence for AVAs. In this connection, the Planning
Department is carrying out a Consultancy Study on Establishment of Simulated
Site Wind Availability Data for Air Ventilation Assessments in Hong Kong.
Clear and comprehensive documentation of input parameters and assumptions







and results of AVA should be provided.
The joint Technical Circular No. 1/06 on Air Ventilation Assessments should be
suitably amended to reflect the refined methodology and the wind performance
criteria for AVA.
School of Architecture, CUHK
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Stakeholders Engagement

Stage 1 – Technical Experts Engagement
A Technical Experts Engagement Workshop was held on 7
February 2009 to tap expertise in the relevant fields with a
view to confirming the Study approach and methodology
before finalising the UC-AnMap and proceeding to the
preparation of the UC-ReMap. After the workshop, evaluation
forms were sent to all participants and invitees who did not
attend the Workshop to collect their post-Workshop feedback.
The technical experts generally supported the need to
establish Urban Climatic Maps for Hong Kong and to
integrate urban climatic consideration into the town planning
process. Five complimentary returns and no negative
feedback had been received.

Stage 2 – Public Engagement
Stage 2 of the engagement focused on UC-ReMap, Wind
Performance Criterion and refinements to the AVA system.
The engagement programme commenced on 8 December
2011 and lasted until 15 February 2012. Briefings to the Land
and Development Advisory Committee, Town Planning
Board, Council for Sustainable Development and the
Advisory Council on Environment were made and their
comments were solicited. Different stakeholder groups,
including academics, experts, consultants, professional
institutes, green groups, development industry and interested
members of the public were widely consulted to bridge
understanding, to ensure that balanced views of society are
known and to gauge the majority views. Seventeen written
submissions were received including 10 from organisations
and seven from individuals. In general, there is a majority
support of the findings and recommendations of the Study.
Practical suggestions have been considered by the Study
team and have been incorporated into the Final Report,
where appropriate.
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Way Forward
Based on the UC-ReMap, it is clear that opportunities to
mitigate the higher thermal load and lower dynamic potential
within the UCPZs 3, 4, and 5 need to be maximised,
whereas the long-term development needs may have to be
satisfied in UCPZ 2, subject to prudent planning and building
design measures. The Study recommends a package of
measures, including the planning and design guidelines to
improve the urban climatic environment, the Wind
Performance Criterion and the revised AVA system. These
measures have to be implemented through concerted efforts
by both the public and the private sectors.
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By Government
●

incorporate the UC-ReMap, the Wind Performance Criterion and the planning
and design measures to improve the built environment into the Hong Kong
Planning Standards and Guidelines to guide both public and private
development projects;

●

suitably amend the joint Technical Circular No. 1/06 on AVA to reflect the
refined methodology and Wind Performance Criterion for AVA;

●

at district level, co-ordinate suitable planning measures to increase urban
permeability and reduce thermal load by regulating building density, building
height and ground coverage, introducing breezeway/air path, connecting green
and open space. PlanD, in this respect, has already been stipulating
appropriate planning and building measures on statutory town plans as
appropriate and during planning of new development areas such as Kai Tak
development;

●

require public projects in their early planning and design stage to carry out
AVAs in accordance with the revised Technical Circular and demonstrate
acceptability from air ventilation point of view; and

●

widely promote greenery, particularly trees, in public realm and open spaces so
as to improve the thermal comfort of the urban environment.
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By Private Sector
●

incorporate appropriate building design to ensure no adverse impact on the
urban climatic environment; and

●

demonstrate air ventilation acceptability when opportunities arise in application
for planning permission and lease modification, or demonstration of compliance
with the wind performance requirement under the Sustainable Building Design
Guidelines as one of the pre-requisites for applying for GFA concessions.

Notwithstanding the above, it must be
sustainable development is a matter
environmental, social and economic needs.
issue is one of the important considerations
and design process.

stressed that
of balancing
Urban climatic
in the planning

All in all, through the concerted efforts from the public and
private sectors, the urban living environment in Hong Kong
would gradually improve for the better, and for our future
generations.
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Postscript

It is often said that we do not own the city; we
simply borrow it from our children. It is also
important to share Sir Winston Churchill’s
wisdom, which can be paraphrased as: We
shape our city and our city will shape us, and our
kids.
Cities, ours included, are not made in one day.
What we have done in the past had impacted us,
and what we are, or are not, going to do will
impact our children.
Sustainable development is a matter of
balancing environmental, social and economic
needs. Urban climate is one of the important
considerations in the planning and design
process – it must not be neglected.
The Study provides an information platform that
informed discussion can be based. In due
course, we will shape a future for the next
generations. We must believe and value that we
all share the same responsibility towards a
common future, and we all must do our fair share
towards it.
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Urban Acupuncture as an analogy to signify the optimum and minimum
intervention one needs to bring “air” smoothly through our city again.
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