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Main Issues:
Urban heat island
Ventilation for city design and energy
Thermal comfort and quality of live



Design for Changing Climate
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Faculty of Architecture

The University of Hong Kong



Urban Climatic Map Study for Hong Kong
http://www.pland.gov.hk/pland_en/p_study/prog_s/ucmapweb/index.htm

http://www.pland.gov.hk/pland_en/p_study/prog_s/ucmapweb/index.htm


• Sub-tropical Climate

• High Density Urban 

Development

• Urban Heat Island 

Effect Intensifying



Accelerating Increase in 

Urban Temperatures

• 1947 to 2010: ↑ 0.16oC per decade

• 1981 to 2010: ↑ 0.26oC per decade

Deteriorating Urban Wind

• Waglan Island: No significant trend

• King’s Park: ↓ 0.60m/s per decade



EPD’s Project: 

Table 3.4 Percentage Increase of Energy Consumption due to 
Temperature Rise

Provision of Service for Characterising the Climate Change Impact in Hong Kong 

Increase in Energy Consumption



Hong Kong is well endowed with wind.
It only needs to be optimized by planners and 

designers with better designs, achieving better wind 
environment and reducing Urban Heat Island effect.



2006

•AVA incorporated into HKPSG Chapter 11

•HPLB-ETWB joint Technical Circular No. 1/06 on 

AVA promulgated

•‘Urban Climatic Map and Standards for Wind 

Environment Feasibility Study’ (the Study) 

commissioned

2005

• Completion of ‘Feasibility Study on Establishment 

of Air Ventilation Assessment (AVA) System’ (AVA 

Study)

2009

• Technical Expert Workshops conducted on the 

methodology of the Urban Climatic Analysis Map 2010

• Sustainable Development 

Council’s 51 recommendations 

include the UCMap



URBAN CLIMATE

Wind 

(Dynamic Potential)

Heat 

(Thermal Load)

Study Focus

•Formulate Urban Climatic Maps

•Establish a Wind Performance Criterion

•Refine the Air Ventilation Assessment System

Other 

Factors

Human Thermal Comfort



Urban Climatic 

Planning 

Recommendations 

Map (UC-ReMap)

URBAN CLIMATIC MAPS

International Application of UC Map

Urban Climatic 

Analysis 

Map 

(UC-AnMap)

Urban Climatic Map Studies in Tokyo

Climate Atlas for

Stuttgart

Ren, C., Ng, E. and Katzschner L. (2011) Urban Climatic Map Studies: a Review, International Journal of Climatology. 31 (15): 12 2213-2233. DOI: 10.1002/joc.2237.



Urban Climatic Map for better 

planning – early Urban Climatic Map 

efforts in 

Germany and Japan

Recent Urban Climatic Map efforts by our team

•Ng, E., & Ren, C. (2015). The urban climatic map: A methodology for sustainable urban planning  [Book]. https://doi.org/10.4324/9781315717616 



The Study

Planning 

information 

(PlanD): land 

use, building 

height, greenery, 

etc.

Wind Standards, refined AVAS

User Urban Thermal Comfort 

Survey 

Other Considerations

Field Measurement

Studies

Benchmarking of 

existing Urban 

Conditions

Urban Climatic Planning 

Recommendation Map

Site wind availability 

Meteorological 

data (HKO)
MM5 Wind 

Modelling

Wind Tunnel Modelling

CFD Simulation

Urban Climatic Analysis 

Map

Planning policy 

and framework

For an urban climatic (District) level of understanding:
• Establish a strategic understanding of the urban climate of Hong Kong for district planning  (Urban Climatic Analysis 

Map & Urban Climatic Planning Recommendation Map)

Objectives

Methodology



Urban 

Climate

City location
• climate
• topography
• rural surrounds

Weather
• Wind
• Cloud
• Temperature
• RH
• Radiation

City form
• material & fabric
• structure
• building cover
• land use

City size
• size
• density of land uses

Time
• day
• season

City metabolism
• energy/water use
• waste & emissions
•Anthropogenic

Oke, 1980, unpubl.

‘Fixed’ – Location 

‘Modulators’ – Time, Weather

‘Manageable’ (policy, planning, design) – Size, Form, Metabolism

Examples and References

Urban Boundary Layer

Urban Canopy Layer

Roughness sub-layer

What influences Urban Climate?

Every city is different, for 

sub-tropical climate, 

optimising the city 

environment for human 

thermal comfort in the 

summer months and 

providing urban air 

ventilation are essential 

considerations for 

planners

Modified after Oke (1997)



What is Urban Climatic Map?

• The Urban Climatic Analysis Map

• The Urban Climatic Planning Recommendation Map

Berlin UC-Maps 1988-1992

Examples and References

Urban Climatic Map has 2 components:

Urban Climatic Map integrates urban climatic factors and town planning considerations.  

It provides a strategic information platform and urban climatic planning framework
to planners for making informed planning decisions. 



Many countries around the world, more advanced in Germany and Japan, have already 

formulated their Urban Climatic Maps.

Examples and References



The draft HK Urban Climatic Analysis Map

Framework of Hong Kong Urban Climatic Maps

Air Temperatures, relative humidity, solar radiation, cloud cover, wind, …

Urban Climatic Planning Zones,

Air Movement, 

Air Paths and Breezeways

Thermal Load    +    Dynamic Potential    +    Wind Information

DATA: Synthetically evaluating all relevant planning parameters

Urban Parameters   Building Volume, Ground Coverage, Natural 

Landscape, Topography, Green Space, Proximity to Openness

Climatic Parameters   Wind Information, Solar Radiation, Air 

Temperature, Humidity

Technical Studies data   MM5/CALMET wind simulation, user 

survey, field measurements, wind tunnel studies, CFD studies

Urban Climatic Climatopes Urban Planning Climatopes

Urban Climatic Planning Recommendation MapUrban Climatic Analysis Map



The draft HK Urban Climatic Analysis Map

The concept of 

Physiological Equivalent Temperature (PET) 

as the synergizing variable for the HK Urban Climatic Analysis Map

*note*  

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 

radiation, air movement, clothing and 

metabolic rate to give a synergetic 

indication of human thermal comfort.  It is 

an index widely used to understand the 

thermal comfort environment

人體熱能(等效)溫度

AIR 

VENTILATION
AIR 

TEMPERATURE

Human Thermal Comfort evaluated

Humidity, solar radiation and 

other physiological factors

Survey on Thermal 

Sensations

Dynamic potentials Thermal  load

PHYSIOLOGICAL

EQUIVALENT

TEMPERATURE 

PET

Urban Climatic Analysis Map (PET)

城市熱負荷城市通風潛力

都市氣候環境圖



The draft HK Urban Climatic Analysis Map

Layer structure of UC-AnMap

=

Building Volume Topography Green Space Ground Coverage Natural Landscape Proximity to Openness

+

+

Thermal Load Dynamic Potential

Draft UC-AnMap Further Wind Information Final UC-AnMap

Landuse TopographyBuildings





UC-AnMap

UC-AnMap

Wind Information 

UC-AnMap

8 Urban 

Climatic Classes

UC-ReMap

5 Urban Climatic 

Planning Zones

UC-ReMap

UC-ReMap

Wind Information



UCPZ 1

UCPZ 2

UCPZ 3

UCPZ 4

UCPZ 5

UC-AnMap UC-ReMap



UC-ReMapUC-AnMap

Understanding Analysis Strategies

Application:-

•Identifies appropriate planning and design measures to improve urban climate

•Provides a strategic urban climatic information platform for guiding the planning 

and development process for future development, e.g. the location of new development 

areas in UCPZ 2

•Provides an urban climatic planning framework for reviewing statutory town plans 

and formulating suitable planning parameters

Reference should also be made to strategic and district considerations and site circumstances



Urban Climatic Maps and HK’s Planning Framework

Urban Climatic 

Analysis Map
Urban Climatic Planning 

Recommendation Map

+

Wind information

inform

Detail further additional studies: 

Micro-climatic and AVA

Provide boundary conditions and 

background understanding 

for

Urban Climatic Maps and HK’s Planning Framework



HOUSING, PLANNING AND LANDS BUREAU TECHNICAL CIRCULAR 

NO. 1/06 ENVIRONMENT, TRANSPORT AND WORKS BUREAU 

TECHNICAL CIRCULAR NO. 1/06 (version 2, 2012)

房屋及規劃地政局 + 環境運輸及工務局

Ch11 Urban Design Guidelines

11. Guidelines on Air Ventilation & Urban CLimate

空氣流通評估方法技術指南

香港政府規劃署Planning Department

http://www.pland.gov.hk/tech_doc/hkpsg/english/ch1/ch1_text.htm


No “wall” building

Not 100%  site coverage

Greening Intensified at grade

Setback from narrow streets

Permeable podium

Inner-site air corridor & air-path 

connectivity

http://www.ura.org.hk/en/projects/redevelopment/kwun-tong-town-centre-project/project-update.aspx





UC-ReMapUC-AnMap

Urban Climatic (Planning) evaluations

Reduce ground coverage in the inner land area.  Maintaining building setback and scrutinizing building volume in 

this focus area is recommended, especially along major roads such as Des Voeux Road Central and Queen’s 

Road Central.  Further development ishould balance any increase of building volume with lowering the ground 

(site) coverage.  Carefully plan and control extensive property development above podiums to enhance urban 

porosity and good air circulation at street level, especially along Des Voeux Road Central.

Respect and enhance the connection of existing NE-SW air paths to capture the summer prevailing wind from 

the S quadrant, such as Aberdeen Street, Peel Street, Graham Street, D’Auilar Street and Jubilee Street.

Respect and enhance the connection of existing NW-SE air paths to capture the easterly and westerly 

channeling wind. If possible, some streets should be widened and landscaped, e.g. Des Voeux Road Central, 

Queen’s Road Central.

Planting and greenery is strongly recommended.  Incorporate greenery / green elements into building design to 

create continuous green corridors in the focus area and to provide reliefs;

Carefully planning and creating the connection of green open space in the focus area to provide reliefs are 

recommended.  Carefully utilize G/IC sites (lower and smaller buildings with planting and greenery) and open 

spaces to provide reliefs.  Examples are the G/IC sites around Queen’s Road Central and Wellington Street.

Building height/volume control

Ground/Site Coverage

Greenery & Green Oasis

Open Spaces / GIC sites

Building setback

Air path connectivity: hillside to 

waterfront

An example of OZP Review utilising the UC-Map understanding











No “wall” building

Not 100%  site 

coverage

Greening 

Intensified at 

grade

Setback from 

narrow streets

Permeable 

podium
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Eco - Planning of Kaohsiung City by Using Urban Climatic Map

REN CHAO, LAU KA-LUN

Department of Architecture, 

The Chinese University of Hong Kong

from http://cgi.blog.roodo.com/trackback/3379983

Chao REN , Edward NG

School of Architecture

The Chinese University of Hong Kong
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Wind Information – Layer 8 : Land &Sea Breezes

Since Kaohsiung is a coastal city, the phenomenon of land & sea

breezes could be observed, which can be used to improve the urban

thermal environment.

During the night time, land breezes come from the ENE, N and SES

directions, so the high wind velocity areas focuses on the inland

areas, such as the east part of Zuoying District and Cianjhen District.

During the day time, sea breezes come from the WNW, W and S

directions, so the high wind velocity areas focuses on the waterfront,

such the outlet of Love river in Cianjin District.

Wind Velocity in night time                             Wind Velocity in day time
(李彦颐, 2009a & 2009b；高雄都市發展局，2009)

Summer Daytime

V=2.83m/s

Summer Nighttime

V=1.93m/s

(Military Geography , 1998)
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Thermal Stress

Dynamic Potential

Wind Information

Urban Climatic Map for Kaohsiung 

City
Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

Layer 7

Layer 

8b

Layer 8a
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Kaohsiung Map Level of 

Plan Action

Urban Climatic and 

Environmental 

Characteristics
No.

District 

Name

Menu of Effective Control Measures 

Greenery Shading

Cool 

Albedo 

An-Heat 

Release

Air 

Exchange

Air 

Pollution

Mitigation 

Action 

Necessary

High to very high thermal stress 

and low dynamic potential due 

to high ground coverage, high 

Anthropogenic Heat (An-Heat) 

Release, various commercial 

activities and low greenery 

coverage;


Cianjin ▲▲ ▲ ▲ ▼▼ ▲▲ ▼


Yancheng

▲▲ ▲ ▲ ▼▼ ▲▲ ▼


Sinsing

▲▲ ▲ ▲ ▼▼ ▲ ▼

Some 

Action 

Required

High to medium thermal stress 

and low to medium dynamic 

potential due to low to medium 

ground coverage, medium An-

Heat Release, some 

commercial activities, lots of 

industrial activities and low 

greenery coverage;


Lingya ▲▲ ▲▲ ▲ ▼▼ ▲▲ ▼


Sanmin ▲▲ ▲ ▲ ▼ ▲ ▼▼


Cianjhen ▲▲ ▲ ▲▲ ▼▼ ▲ ▼▼


Siaogang ▲▲ ▲ ▲▲ ▼▼ ▲ ▼▼

Preserve & 

Enhance

Medium to low thermal stress 

and medium to high dynamic 

potential due to low to medium 

ground coverage, low An-Heat 

Release, some commercial and 

industrial activities and medium 

to high greenery coverage;   


Zuoying ▲ ▲▲ ▲ ▼ ▲▲ ▼


Nanzih ▲ ▲ ▲▲ ▼▼ ▲ ▼▼


Cijin ▲ ▲ ▲▲ ▼ ▲▲ -▼

Gushan ▬ ▲ ▬ ▬ ▲ ▬

▲: Recommend to improve the existing condition;                ▲▲ : Strongly recommend to improve the existing 

condition;

▼: Recommend to mitigate the existing condition;             ▼▼: Strongly recommend to mitigate the existing condition;

▬,: Maintain or Protect the existing condition, 
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Greener

y 

Conserv

ation 

Area

Urba

n 

Park

Cooling 

Branch

Major 

Air 

Path

Green 

Line 

Building 

Height / 

Position 

Control 

Area

Green 

Rail 

Track

Detail 

Planning

Detail 

Planning



“Towards quality urban living, 
for now and for the future”

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

ØClimate condition in PP

ØMaterials and Methods

ØPreliminary Results  

ØConclusion
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Ø PP has a tropical climate, with distinctive wet and dry 
seasons, which is hot year-round with only minor 
variations.

Ø PP experiences the heaviest precipitation from 
September to October with the driest period in January 
and February.

Ø Precipitation in the city comes with southerly or 
southwesterly monsoon circulation.

Ø PP experiences seasonal monsoon floods and 
sometimes river overflows its banks leading to bank 
erosion as well.

CLIMATE CONDITIONS
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WIND DIRECTIONS AND WIND CHARACTERISTICS
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MATERIALS

Pou Senchey (RUPP2)

Boeung Keng Kang (FFI)
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METHODS

The UHI intensity (Oke 1973, Steeneveld et al. 2011):

𝑈𝐻𝐼 = 𝑇!"#$% − 𝑇&!#!"#$% (1) 

The UHI rate (Ma et al., 2009; Wolberg, 2006): 

UHI% = (Du-Ds)Du (2)

The diurnal VUHI (𝐷𝑉) and the seasonal VUHI during daytime (𝑆𝑉'$() and 

nighttime (𝑆𝑉%)*+,) (Sun et al., 2019):

𝐷𝑉 = 𝑈𝐻𝐼𝐼'$( − 𝑈𝐻𝐼𝐼%)*+, (3) 

𝑆𝑉'$( = 𝑈𝐻𝐼𝐼'$(
'"( − 𝑈𝐻𝐼𝐼'$(-., (4)

𝑆𝑉%)*+, = 𝑈𝐻𝐼𝐼%)*+,
'"( − 𝑈𝐻𝐼𝐼%)*+,-., (5)
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LAND USE CHANGE 

Land use of PP has been 
changed to become

• Impervious surface
• buildings dominant

• High-rise buildings
• Narrow streets

Reduce ventilation

Increase HUI intensity
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TEMPERATURE DIFFERENCE 

Ø Temperature difference between urban and sub-urban areas:

Ø CBDs (Boeung Keng Kang (FFI)): 
Max: 15.1℃
Min: 2.9℃
Mean: 10.1℃

Ø Suburban (Pou Senchey (RUPP2)): 
Max: 13.1℃
Min: 2.2℃
Mean: 8.9℃



Enhancing Quality of Life through Sustainable Urban Transformation in Cambodia

Build4People Project គេ#$ង&ងសង់ស#$ប់#ប*ជន
!រេល%កកម(ស់ គុណ.ពជីវ 3ត របស់
អ7កទី9ក :ង េ<យ!របែម?ង េ@A
9ក :ងBនចីរ.ពេEកមF GA

SPONSORED BY THEDEF 2019-2021

R&D 2021-2025

IMP 2025-2027

build4people.org CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022 Page 9

UHI INTENSITY AND RATE 

Ø The increased intensity and rate of the UHI between the CBDs 
and suburban areas on average:

Intensity = 1.3°C 
Rate = 0.15% 
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VARIABILITY OF THE UHI (VUHI) 

Ø Maximum and minimum daytime temperature difference:
• CBDs (Boeung Keng Kang (FFI)): 15°C and 2.7°C 
• Suburban (Pou Senchey (RUPP2)): 12.9°C and 2.4°C

Ø Maximum and minimum night-time temperature difference:
• CBDs (Boeung Keng Kang (FFI)): 9.1°C and 0.7°C 
• Suburban (Pou Senchey (RUPP2)): 9.6°C and 0.2°C
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VARIABILITY OF THE UHI (VUHI) 

Ø The diurnal variability of the UHI (VUHI) on average: 
• CBDs (Boeung Keng Kang (FFI)): 5.1°C 
• Suburban (Pou Senchey (RUPP2)): 3.7°C 

ØDaytime and night-time UHI intensity in dry season (November-April) on 
average:
• CBDs (Boeung Keng Kang (FFI)): 10.3°C and 5.6°C 
• Suburban (Pou Senchey (RUPP2)): 8.7°C and 5.7°C 

Ø Daytime and night-time UHI intensity in wet season (May-October) on average:
• CBDs (Boeung Keng Kang (FFI)): 9.3°C and 3.8°C 
• Suburban (Pou Senchey (RUPP2)): 8.0°C and 3.7°C
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VARIABILITY OF THE UHI (VUHI) 

Ø Seasonal VUHI during daytime:
• CBDs (Boeung Keng Kang (FFI)): 1.0°C 
• Suburban (Pou Senchey (RUPP2)): 0.8°C 

Ø Seasonal VUHI during night-time:. 
• CBDs (Boeung Keng Kang (FFI)): 1.9°C 
• Suburban (Pou Senchey (RUPP2)): 2.0°C
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VENTILATION 

Ø Ventilation plays a crucial role to reduce the 
intensity of UHI in the city scale.

Ø Weather data observations indicated that more 
urbanizing areas are very low wind blow, 
compared to suburban areas. 

Boeung Keng Kang (FFI)
4:27 PM (10/01/2021)

Pousen Chey (RUPP2)
4:27 PM (10/01/2021)



Enhancing Quality of Life through Sustainable Urban Transformation in Cambodia

Build4People Project គេ#$ង&ងសង់ស#$ប់#ប*ជន
!រេល%កកម(ស់ គុណ.ពជីវ 3ត របស់
អ7កទី9ក :ង េ<យ!របែម?ង េ@A
9ក :ងBនចីរ.ពេEកមF GA

SPONSORED BY THEDEF 2019-2021

R&D 2021-2025

IMP 2025-2027

build4people.org CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022 Page 14

VENTILATION 

Ø Southwesterly winds can mitigate the intensity 
of the UHI

Ø The high, dense buildings in the CBDs may 
reduce inflowing winds => an increased 
intensity of the UHI.
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VENTILATION

ØWind velocity between CBDs and sub-urban 
areas:

Ø CBDs (Boeung Keng Kang (FFI)): 
• Max: 3.1 m.s-2
• Min: 0.4 m.s-2

Ø Suburban (Pou Senchey (RUPP2)): 
• Max: 7.8 m.s-2
• Min: 1.4 m.s-2

Ø Thus, the difference in wind velocity rate was 
1.8 m s−1 on average.
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VENTILATION 

Ø Wind flow at the CBDs:
• dry seasons (November–April) is North and Northwest direction, but it has 

changed to South and Southwest direction during February and March. 
• wet season (May–October) is North and Northwest direction, but it has changed to 

South and Southwest during August.

Ø Wind flow at the suburban areas:
• dry season are North and Northeast direction, but it has turned to South and 

Southwest direction during March and April. 
• wet season at the suburban areas South and Southwest direction, but it has 

turned to North, Northwest and Northeast direction during September and 
October. 
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CONCLUSION: KEY FINDINGS  

ØTemperature difference:
• CBDs (Boeung Keng Kang (FFI)): 10.1℃
• Suburban areas (Pou Senchey (RUPP2)): 8.9℃

ØThe increased intensity of UHIs between CBDs and suburban areas is 1.3°C.
ØThe increased rate of UHIs between CBDs and suburban areas is 0.15%.
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CONCLUSION: KEY FINDINGS  

Ø Maximum and minimum daytime temperature difference:
• CBDs (Boeung Keng Kang (FFI)): 15°C and 2.7°C 
• Suburban (Pou Senchey (RUPP2)): 12.9°C and 2.4°C

Ø Maximum and minimum night-time temperature difference:
• CBDs (Boeung Keng Kang (FFI)): 9.1°C and 0.7°C 
• Suburban (Pou Senchey (RUPP2)): 9.6°C and 0.2°C
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CONCLUSION: KEY FINDINGS  

ØThe diurnal variability of the UHI (VUHI) on average: 
• CBDs (Boeung Keng Kang (FFI)): 5.1°C 
• Suburban (Pou Senchey (RUPP2)): 3.7°C 

ØDaytime and night-time UHI intensity in dry season on average: 
• CBDs (Boeung Keng Kang (FFI)): 10.3°C and 5.6°C 
• Suburban (Pou Senchey (RUPP2)): 8.7°C and 5.7°C 

ØDaytime and night-time UHI intensity in wet season on average:
• CBDs (Boeung Keng Kang (FFI)): 9.3°C and 3.8°C 
• Suburban (Pou Senchey (RUPP2)): 8.0°C and 3.7°C
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CONCLUSION: KEY FINDINGS  

Ø Seasonal VUHI during daytime:
• CBDs (Boeung Keng Kang (FFI)): 1.0°C 
• Suburban (Pou Senchey (RUPP2)): 0.8°C 

Ø Seasonal VUHI during night-time:
• CBDs (Boeung Keng Kang (FFI)): 1.9°C 
• Suburban (Pou Senchey (RUPP2)): 2.0°C
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VENTILATION

Ø Wind flow:

• CBDs came from almost the same direction as North and 
Northwest during dry and wet seasons.

• suburban areas moved from North and Northwest 
during dry season and South and Southwest direction 
during wet season. 
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CONCLUSION: KEY FINDINGS  

Ø Wind velocity between CBDs and sub-urban areas:

• CBDs (Boeung Keng Kang (FFI)): 1.8 m.s-2

• Suburban (Pou Senchey (RUPP2)): 4.6m.s-2

ØThus, the difference in wind velocity rate was 1.8 m s−1 on average



Enhancing Quality of Life through Sustainable Urban Transformation in Cambodia

Build4People Project គេ#$ង&ងសង់ស#$ប់#ប*ជន
!រេល%កកម(ស់ គុណ.ពជីវ 3ត របស់
អ7កទី9ក :ង េ<យ!របែម?ង េ@A
9ក :ងBនចីរ.ពេEកមF GA

SPONSORED BY THEDEF 2019-2021

R&D 2021-2025

IMP 2025-2027

build4people.org CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022 Page 23


