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Increasing the resilience to the health impacts of extreme weather on elderly people 
under future climate change
在未來的氣候變化下，增強極端天氣對老年人健康影響的應變能力

• Three major aspects  研究的三大範疇

• Future climate data to take into account urbanization effect
• 考慮城市化影響的未來氣候數據

• Mitigation through urban planning and design
• 透過城市規劃及設計制定減緩措施

• Adaptation to extreme hot weather by social services
• 提供社會服務及支援以適應極端酷熱天氣

Motivation



政府間氣候變化專門委員會（IPCC）在2012年的極端事件特別報告中指出：

21世紀大多數地區,熱浪的長度,頻率和/或強度
均可能會增加。
The length, frequency and/or intensity of heatwaves would likely 
increase over most land areas in the 21 century. 

Motivation



The growing but largely unrecognized death toll from rising 
global temperatures will come close to eclipsing the current 
number of deaths from all the infectious diseases combined 
if planet-heating emissions are not constrained, a major 
new study has found.

Rising temperatures are set to cause particular devastation 
in poorer, hotter parts of the world that will struggle to 
adapt to unbearable conditions that will kill increasing 
numbers of people, the research has found.

We need to understand the risk and invest to mitigate that 
risk, before we really start to notice the impacts.

https://www.theguardian.com/us-news/2020/aug/04/rising-global-temperatures-death-toll-infectious-diseases-study?fbclid=IwAR3hOv4UJNVddZGmNdf2B4v9IWfUnZ-MYfYgVSYYR2E_dG_yCORwT3-Ai_Q



High Population Density + High Building Density 
Population Density:   approximately 6000p / sq.km in metro areas

Building Density: Domestic Plot Ratio: 8-11; average building height: 60m in metro areas



Built Environment vs Environmental Problems

Source from: http://www.scmp.com/magazines/48hrs/article/1736867/city-angles-hong-kong-seen-through-lenses-three-photographers

Low urban air volume poor Air Ventilation
High surface temperature hotter urban environment

heat stress
Low sky view hot air cannot escape

heat cannot radiate out
No shading direct sunlight

hotter urban environment
No greenery reduced evapotranspiration

hotter urban environment



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

Hot, but Less No Wind  



Extreme Hot Weather in Hong Kong 

Projected annual number of hot nights, very hot days and cold days in Hong Kong 
under the high greenhouse gas concentration scenario

Climate Change in Hong Kong. from Hong Kong Observatory: http://www.hko.gov.hk/climate_change/obs_hk_extreme_weather_e.htm

Changes in the annual number of hot nights, very hot days and cold days in Hong Kong

香港急速的城市化和氣候變化導致更頻密的極端酷熱天氣，例如酷熱日及熱夜數目。
Rapid urbanization in Hong Kong and climate change have led to more frequent extreme weather events such as 
very hot days and hot nights.
預計未來出現極端酷熱天氣的日子將會更加頻繁。
Extreme hot weather are also expected to substantially increase in the future.



9Source: The Weather of July 2020. https://www.hko.gov.hk/tc/wxinfo/pastwx/mws2020/mws202007.htm
來源: 香港天文台Facebook專頁

Extreme Hot Weather in July 2020
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Impact of Extreme Hot Weather on Mortality 香港極端酷熱天氣對死亡風險的影響

Objective of the Study 研究目的

• To evaluate the impact of different types, lengths, and occurrence timing of extreme hot weather on all-cause mortality
• 評估不同類型、長度、出現時間的極端酷熱天氣對死亡風險的影響

• To identify the difference and interactive effect of extremely hot weather conditions between daytime and nighttime 
• 判定日間和夜間出現的極端酷熱天氣對死亡風險的不同和交互效應

• To determine vulnerable population during an 
extreme hot weather event

• 找出於極端酷熱天氣時較受影響的群組

• To suggest a typical heatwave definition in Hong Kong 
and estimate its lagged effect on all-cause mortality

• 為香港作出典型熱浪的定義，與及估計對
死亡風險之滯後效應



Methodology of the Study 研究方法

• Very Hot Day (VHD)  酷熱日
• Daily Tmax ≥ 33°C  每天最高溫度攝氏33度或以上

• Hot Night (HN)  熱夜
• Daily Tmin ≥ 28°C  每天最低溫度攝氏28度或以上

• Length  長度
• 1-2 consecutive VHDs  連續一至兩天酷熱日
• ≥ 3 consecutive VHDs  連續三天以上酷熱日

• Occurrence timing of a new “Extreme Hot Weather Event”
每次「極端酷熱天氣」出現時間

* Two consecutive VHDs as one EHWE  連續兩天酷熱日為一次極端酷熱天氣

• 0 days in between  沒有間隔，即連續出現
• 1-3 days in between  相隔一至三天
• > 3 days in between  相隔多於三天

• Two consecutive VHDs with intermittent 0, 1, 2 ,3 HNs
連續兩天酷熱日，而間歇出現 0, 1, 2, 3 天熱夜

• 2D0N (30 times 次), 2D1N (37 times 次), 
2D2N (44 times 次), 2D3N (47 times 次)
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10 Jul
Tmin: 29.3°C
Tmax: 32.2°C

11 Jul
Tmin: 29.2°C
Tmax: 33.4°C

12 Jul
Tmin: 29.1°C
Tmax: 33.5°C

13 Jul
Tmin: 28.7°C
Tmax: 33.2°C

14 Jul
Tmin: 28.6°C
Tmax: 33.6°C

15 Jul
Tmin: 28.8°C
Tmax: 33.9°C

16 Jul
Tmin: 27.4°C
Tmax: 32.7°C

17 Jul
Tmin: 27.8°C
Tmax: 33.4°C

18 Jul
Tmin: 28.9°C
Tmax: 33.2°C

19 Jul
Tmin: 28.9°C
Tmax: 32.9°C

1-2 consecutive VHDs 

≥ 3 consecutive VHDs 

VHD  酷熱日 VHD  酷熱日

HN  熱夜HN  熱夜 HN  熱夜



Findings of the Study 研究結果

• Increased mortality risk is relative to normal days.
酷熱天氣相對於一般日子所增加的死亡風險。

• Hot nights are associated with increased mortality risk (2.43%)
熱夜增加了2.43%的死亡風險。

• Prolonged heat events (≥ 5 days) are associated with higher mortality 
risk (3.99% for VHDs and 6.66% for HNs).
長時間的酷熱天氣與較高死亡風險有關，例如連續五天酷熱日增加
了3.99%的死亡風險，而連續五天熱夜則增加了6.66%的死亡風險。

• A combination of consecutive very hot days and hot nights has a 
stronger effect on mortality risk.
連續日間和夜間的酷熱天氣對死亡風險有較顯著的影響。

• Female and elderly citizens are more affected by hot weather during 
night-time (5 consecutive hot nights).
女性及長者更容易受連續夜間酷熱天氣影響。
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Hot Night (Tmin > 28°C)

VHD VHD VHD VHD VHD 3.99%

HN HN HN HN HN 6.66%

2.43%

HN

VHD

HN HN

VHD
5.32%

6.06% 5.33%

Impact of Extreme Hot Weather on Mortality 香港極端酷熱天氣對死亡風險的影響



Conclusions of the Study 研究結論

• Hot nights are associated with higher mortality risk than very hot days.
熱夜比酷熱日與較高死亡風險有更密切的關聯。

• Extreme hot weather during night-time prevents citizens relieving from the heat.
市民難以從夜間酷熱天氣中得以喘息，減弱人體恢復的效果。

• Female and elderly citizens are more affected by hot weather during night-time.
女性及長者更容易受連續夜間酷熱天氣影響。

• It is important for citizens to increase their awareness preparedness to extreme heat during night-time.
市民需提升對夜間酷熱天氣的意識及準備。

• Cooling the body is effective in preventing heat exhaustion or heat stroke during extreme hot weather.
於酷熱天氣期間，市民應多加注意為身體降溫，以免出現熱衰竭或中暑等情況。
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Objective of the Study 研究目的

• To investigate the spatial pattern of extreme hot weather conditions in Hong Kong
研究香港極端酷熱天氣的空間分佈

• To determine the factors of the built environment potentially contributing to the spatial variability of extreme hot weather
判定導致極端酷熱天氣的空間變異性的潛在因素

15

Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈
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Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈

Land Use  土地用途 Road Network  道路網絡

Urban Morphology 城市形態 Population  人口數據

Data of the Study 研究數據
• Hourly air temperature data from 40 HKO Stations (2011-2015)

• 取自40個天文台氣象站的每小時氣溫記錄

• Very Hot Day Hour 酷熱日時數 and Hot Night Hour 熱夜時數
• VHDH: Total number of hours ≥ 33°C during daytime (0700-1800)

日間溫度攝氏33度或以上的累積時數
• HDH: Total number of hours ≥ 28°C during night-time (1900-0600)

夜間溫度攝氏28度或以上的累積時數

• Land Use Regression Approach    土地利用迴歸模式
• Spatial Mapping    製作酷熱日時數及熱夜時數地圖

Very Hot Day Hour  酷熱日累積時數 Hot Night Hour  熱夜累積時數
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Results of the Analysis 分析結果

• Factors affecting the spatial pattern of VHDHs 影響酷熱日累積時數空間分佈的因素
• Government, institution and community land use  

政府、機構或社區用地（普遍建築密度不高，建築設計考慮微氣候因素）
• Altitude  海拔高度（
• Immediate area around expressway  高速公路附近範圍（空曠環境與柏油路令路面

吸收大量熱力）
• Proximity to waterfront or water bodies  與海濱地段的距離（水體為鄰近地方帶來

降溫效果）

• Factors affecting the spatial pattern of HNHs 影響熱夜累積時數空間分佈的因素
• Open space land use  開放空間用地（夜間釋放日間累積的熱力)
• Altitude  海拔高度
• Tertiary road  較次要的道路，例如社區內的街道或市區內的小街（狹窄的環境令

熱力難以釋放）
• Frontal Area Ratio  迎風面比率（影響市區空氣流通的重要因素）

Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈
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VHDH at Community Level 酷熱日累積時數

Tai Wai
大圍

Causeway Bay
銅鑼灣

Yuen Long  
元朗

Spatial Pattern 空間分佈
• VHDHs are generally 

higher in New Territories 
than in Kowloon or on 
Hong Kong Island.
新界地區酷熱日時數普
遍較港九市區為高。

Ta Kwu Ling  
打鼓嶺

Shek Kong
石崗

Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈
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HNH at Community Level 熱夜累積時數

Spatial Pattern 空間分佈
• More HNHs are generally 

observed in urban areas
大部份市區熱夜時數普
遍較高，成為熱夜的重
災區。

Causeway Bay
銅鑼灣

Central
中上環

Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈

Mongkok
旺角

Tsuen Wan
荃灣

Yuen Long
元朗

Tin Shui Wai
天水圍



Conclusions of the Study 研究結論

• Urban environment has a strong effect on the spatial pattern of extreme hot weather
城市環境對極端酷熱天氣的空間分佈有重要的影響。

• VHDHs are generally higher in New Territories than in Kowloon or on Hong Kong Island.
新界地區酷熱日時數普遍較港九市區為高。

• More HNHs are generally observed in urban areas.
大部份市區熱夜時數普遍較高，成為熱夜的重災區。
當中包括油尖旺、荃灣、中上環等；元朗及天水圍亦有較多熱夜。

• Improving urban ventilation and greenery mitigates the impacts of extreme heat in urban 
areas. 
改善城市通風和增加綠化能減緩極端酷熱天氣所帶來的影響。
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Spatial Pattern of Extreme Hot Weather in Hong Kong 香港極端酷熱天氣的空間分佈



本港酷熱天氣溫度一再破頂，上月天文台發出多次酷熱天氣警告，有組織訪問多區共百名的籠屋、天台屋、板
間房、劏房單位住戶，發現逾九成半受訪者認為在家比在外更熱，蟲鼠蚤患問題嚴重。
香港社區組織協會幹事胡加沂指，現時疫情嚴峻，基層市民在家抗疫時十分焗熱，但往日可借以消暑的政府設
施卻關門，促請政府於抗疫措施下考慮於18區另覓避暑中心。

發佈日期: 2020/07/19



Mitigation Measures through Urban Planning and Design 透過城市規劃及設計所制定的減緩措施
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Site Level  地盤層面

Reducing Site Coverage of the Podia  
減少平台的上蓋面積

Breezeway and Air Path   通風廊及風道 Orientation of Street Grids  街道布局的定向

District Level  地區層面

Terraced Podium Design  梯級式的平台設計

• Enhancing air ventilation 
at site and district level
改善地盤及地區層面的
空氣流通



Transpiration 
Cooling
蒸腾作用

Shade Cooling
遮蔭效果

Irradiance
Reflected

反射的太陽光

Irradiance Intercepted
or Absorbed

阻擋或吸收的太陽光

Respiration 
Increases 
Humidity

呼吸作用增
加濕度作降
溫用途

Cool Air Flowing under 
Tree Canopy

較涼快的風於樹下流動

• Promoting urban greenery 
at different levels 
增加城市內的綠化設施

Street Trees 街道樹木

Mitigation Measures through Urban Planning and Design 透過城市規劃及設計所制定的減緩措施

Podium Garden  平台花園

Vertical Greening 垂直綠化





Take Home Message
1. Prolonged extreme hot weather is associated with increased health risks, especially 

for the vulnerable population groups.
長時間的極端酷熱天氣增加市民的健康風險，對弱勢社群影響尤其嚴重。

2. Extreme hot weather (especially during nighttime) is commonly observed in urban 
areas of Hong Kong due to compact and high-density urban context.
由於高密度的城市環境，極端酷熱天氣（尤其夜間）普遍出現於港島及九龍市
區。

3. Citizens need to improve the awareness and preparedness to deal with such 
extreme heat events.
市民需要提升應對極端酷熱天氣的意識及準備。

4. Improving urban ventilation and greenery especially in downtown areas is highly 
recommended. 
建議改善城市通風和增加綠化，特別是市區較密集的環境。



Thanks! Any questions?
Dr. Kevin Ka-Lun LAU
Institute of Future Cities, 
The Chinese University of Hong Kong
Kevinlau@cuhk.edu.hk

Dr. Chao REN
Faculty of Architecture, 
The University of Hong Kong
renchao@hku.hk

mailto:Kevinlau@cuhk.edu.hk
mailto:renchao@hku.hk
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