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Scope of today’s talk 

• Climate change, heatwaves, urbanisation –    

setting the context 

• Heatwave effects – people, buildings, 

infrastructure 

• Planning, design and management responses – 

towards more resilient cities 

• Some heatwave related research at UNSW FBE 





Urbanisation and densification 

of urban form 
• 2007: a landmark year –   

city dwellers for the first time 

comprised the majority of 

the human population 

• This is projected to rise to 

two-thirds by 2050 

• Four urban form “attractors”: 

– High density high-rise 

– Low density high-rise 

– High density low-rise 

– Low density low-rise 

• Urban growth is a given; 

only variable is which 

typology will predominate 



• Albedo↓, impervious surfaces↑, vegetation↓, 

anthropogenic waste heat↑ → urban heat island 

• Synergistic effect with climate change (UHI lets 

us experience 2050 conditions now!) 

• Exacerbation of heatwaves: temperature↑, air 

pollution↑, air movement↓ 

Urban intensification and 

microclimate 



Urban temperatures – intensified via the “lens” of climate change – are further 

augmented or diminished through the interaction between urban form (the shape of 

the city), urban metabolism (flows and activities), urban materials (fabric and 

surfaces) and urban landscapes (vegetation and water bodies). Human intervention 

comes through design (quantitative: form, materials, landscapes) and through culture 

change (qualitative: metabolic flows and human activities).  



Effects on people  

• Morbidity and mortality, for example:   
– 70,000 heat-related deaths were reported* during the 2003 heat 

wave in Europe in 2003 

–  In January 2009 morgues in Melbourne exceeded capacity as 

they dealt with more than twice the number of bodies than in the 

same period of the previous year** 

– Summer data for Hong Kong indicated a two-fold increase*** in 

death rate in the >65 age group when net effective temperature 

(NET) exceeded 26 °C  

– AND MANY MORE… 

 
*Robine, J. M., Cheung, S. L. K., Le Roy, S., Van Oyen, H., Griffiths, C., Michel, J. P., & Herrmann, F. 

R. (2008). Death toll exceeded 70,000 in Europe during the summer of 2003. Comptes Rendus 

Biologies, 331(2), 171-178. 

**ABC. (2009). "Melbourne morgue full after heatwave deaths." 

http://www.abc.net.au/news/stories/2009/02/06/2484219.htm.  

***Leung, Y. K., Yip, K. M. and Yeung, K. H. (2008). “Relationship between Thermal Index and 

Mortality in Hong Kong.” Meteorological Applications 15(3), 399-409. 



Effects on people  

• Domestic violence, for example*: 

• And aggressive crime generally 

increases linearly as apparent 

temperature increases**: 

*Auliciems, A., & DiBartolo, L. (1995). Domestic 

violence in a subtropical environment: Police 

calls and weather in Brisbane. International 

Journal of Biometeorology, 39(1), 34-39. 

**Butke, P., & Sheridan, S. C. (2010). An 

analysis of the relationship between weather and 

aggressive crime in Cleveland, Ohio. Weather, 

Climate and Society, 2(2), 127-139. 



Effects on buildings and 

infrastructure 

• Scenario analysis: the longer the hot spell, the higher the 

cooling energy required*  

• For a typical single floor house with 3 bedrooms, the daily 

cooling energy requirement in a 4-day heatwave event was 

32% more than the demand in a single 1-day hot spell.  

• In other words, an n-day hot spell has more pronounced 

effects on building performance than n hot days occurring 

separately, basically due to the effects of thermal mass. 

*Nguyen, M., Wang, X., & Chen, D. (2010). An Investigation of Extreme Heatwave 

Events and Their Effects on Building & Infrastructure. National Research Flagships 

Climate Adaptation. 



Effects on buildings and 

infrastructure (cont’d)* 
• Electric power losses in 

transmission and distribution 

networks 
Ploss = I2R 

where I = current, R = resistance 

and ΔR / R = αΔT 

where α = temperature coefficient of resistance 

• Mechanical thermal stress and 

buckling in steel structures  
Thermal expansion δT = αLΔT 

where L is the length of the rail, and α is the thermal 

expansion coefficient 

Buckling of tram tracks due to the 

heatwave in Clarence Park, South 

Australia in February 2009. 

*Nguyen et al. (2010).  



Towards more resilient cities 

• General principle – at both urban and architectural scale 

– control both heat gain AND heat loss 

• Climatic responsiveness involves taking advantage of 

solar access (orientation to the location’s sun path), 

natural ventilation and the existing landscape (landform 

and vegetation) 

 
Image: Stefan Rousseau/Associated Press  



Passive 

design 

strategies 
• Built Form: Factors such as orientation, building depth, massing, 

window design and external shading, including “borrowing” the 

effects of other buildings and vegetation. 

• Internal configuration: Grouping or zoning of spaces with similar 

heating, cooling and lighting requirements helps reduce energy 

consumption 

• Passive solar architecture includes the effective management of 

solar radiation and natural heating/cooling sources 

- Passive heating/cooling  - Envelope design 

- Passive lighting and sun control  - Thermal mass 

- Windows and shading 



Passive 

design 

strategies 

State University, 
NY: Sunshades 
integrated with 

solar power 
generation 

Natural ventilation 

Naturally occurring air movement can 

be harnessed in the building design to 

achieve the following effects: 

• Interior air cross flow – changes in 

atmospheric pressure creating 

secondary air flows 

• Heat extraction – vertical thermal 

convection 

• Pre cooling of air inflow – changing 

latent heat capacity of air through 

introducing moisture to the air 

Natural 
ventilation 
combined with 
natural 
daylighting and 
control of solar 
gain 



Passive design strategies 
Design elements for natural ventilation and cooling: 

• Cooling courtyard (fountain) 

• Use of pressure differences 

• Solar greenhouse 

• Clerestory 

• Pergola 

• Solar chimney 

• Subsidence tower 

• Evaporative cooling (dripper) 



Airflow under tree 

Placement of 

vegetation near 

building 

Helping cross 

ventilation by 

landscaping 

Beneficial breezes can 

be guided by carefully 

sited landscaping 

Passive design 

strategies 



Urban management strategies – 

case study - Victoria 

• Findings of 2014 investigation by Victorian 

Auditor-General: 

– Governance arrangements are not clear  

– Quality of planning for heatwaves is variable 

– Public health messages are not always well 

targeted 

– Heatwave plans activation is not well 

understood  



Case study – A-G’s 

recommendations 

• That Emergency Management Victoria:  
1. Working with appropriate agencies, clarifies the control and other 

roles and responsibilities for heatwave arrangements  

2. Facilitates the development and implementation of coordinated 

whole-of-government heatwave arrangements  

3. Facilitates the development of guidelines, including appropriate 

minimum standards for content in state-level sub-plans of the 

State Emergency Response Plan  

4. In developing the new emergency management planning 

legislation, clarifies the role of municipal councils and includes a 

quality assurance mechanism for municipal emergency 

management planning. 

 



Case study – A-G’s 

recommendations cont’d 

• That the Department of Health:  

1. Assures itself that public health services are well prepared to 

manage the risk of critical infrastructure failure during a 

heatwave  

2. Develops a communication strategy for heatwaves that 

includes public awareness and education activities  

3. Implements a phased approach to heat health alert warning 

categories in line with the Victorian Warning Protocol 

4. Reviews the purpose and effectiveness of the Heat Health 

Information Surveillance System during a heatwave  



Urban management strategies - 

examples 
• Typical examples of local gov’t heatwave 

responses (summarised from A-G’s Report):  

– Extending swimming pool hours  

– Providing water at cool places such as libraries  

– Organising transport home from cool places for the elderly  

– Adjusting outside play time at children services  

– Shopping for clients  

– Modifying Meals–on-Wheels delivery  

– Implementing staff policies on working in hot weather 



Some heatwave related 

research @UNSWFBE 

1. Impacts of higher temperatures and extreme heat on 

local governments in the Southern Sydney Region  

(Master of Sustainable Built Environment, Elisa Idris) 

2. Urban heat island effect and thermal comfort for the 

elderly in hot-humid Thailand  
(PhD, Sumavalee Chindapol) 

3. Design, context and use of public space: the influence 

of heat on everyday behaviour in outdoor Western 

Sydney settings  
(PhD, Louise McKenzie) 

 



1. Impacts of higher temperatures and 

extreme heat on local governments in 

the Southern Sydney Region  

 
• The study initially establishes the broad impacts of climate change 

on SSROC member councils and investigates the extent of risk 

management application within councils as a process for managing 

climate change.  

• From further analysis, the specific impacts of temperatures 

increases and extreme heat on local government assets, operations 

and responsibilities as well as community is explored.  

• Finally, adaptation actions to mitigate and increase resilience 

towards the impacts of higher temperatures and extreme heat are 

examined.  



Findings 

• A majority of the SSROC member councils have undertaken or 

are in the process of undertaking climate change risk 

assessments and adaptation planning 

• The most identified impacts of higher temperatures and extreme 

heat for the SSROC member councils include heating and 

cooling of buildings and facilities, changes to sports grounds 

and field management, heat stress and health related impacts, 

stress on water systems, accelerated deterioration of assets and 

infrastructure, and resilience of power supply 

• The key areas that SSROC can assist is member councils to 

adapt to these impacts includes increasing organisational 

capacity, improving knowledge, enhancing partnerships and 

collaboration, seeking grants and funding, and lobbying state 

government to undertake a leadership role 



2. Urban heat island effect and 

thermal comfort for the elderly in 

hot-humid Thailand  

To investigate thermal comfort of elderly people and their 

adaptive behaviour in Chiang Mai, Thailand 

To differentiate thermal comfort of the elderly between urban and 

rural areas in the hot and humid climate of Thailand 

To differentiate the adaptive behaviour of the elderly in the urban 

and rural areas 

1. Is there likely to be a difference in elderly thermal comfort levels in the urban 

(central city) locations compared with the surrounding rural areas? 

2. Will the elderly in rural areas adjacent to large cities be able to adapt more 

easily than those who live in the central parts of cities? 

3. Implications for the design of housing for the elderly in Thailand. 
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3. Design, context and use of 

public space: the influence of 

heat on everyday behaviour in 

outdoor Western Sydney settings 
 

 

Central research questions 
 

To what extent do hot weather and extreme 

heat influence behaviour and comfort in urban 

public space?  
 

To what extent do hot weather and extreme 

heat inform design and planning interventions 

for urban public space?  



   Methods 
 

    Context 
     Regional and local environmental contexts 

 

    7 year fieldwork program 
–      meteorological measurements 

–      behaviour settings/ microclimate 

–      counts and mapping  

–      ethnographic narrative 

–      heuristic inquiry  

–      infrared thermometry and imaging 

 

    Focus group 
     Seniors group 

    

   Longitudinal case study 
     Cabramatta, Western Sydney 

     Commenced 2006 (P/T) 

 



Dec 2006  

Good quality amenity 

and comfort for ‘staying’ 

and ‘walking’ activities 

Nov 2014 

Reduced amenity and 

comfort for ‘staying’ activities; 

need for artificial shade 

Scenario – Freedom Plaza, Cabramatta 
Poor ‘green infrastructure’ maintenance  

    

Results 
Behaviour shifts in public 

space  
– responses to ‘heat‘ and  

      environmental ‘quality’ 
 

Designing and planning 

health-supportive public 

spaces in a warming 

climate 
– bioclimatic design and       

thermal comfort choice 

– urban environments for 

physical activity, social 

interaction and connections 

with nature 

– elderly and people with 

chronic disease 

– equity and low SES 

communities 



Chapter 18:  

 

Hotter cities: climate change 

and planning for resilient, 

healthy urban environments 
Louise McKenzie 

 

 

 

 

 

 

 

 
The Routledge Handbook of 

Planning  

for Health and Well-Being 
Edited by Barton, H., Thompson, S. and Grant, M.  

Routledge 2015 



Left: Fooled by foliage: A Chinese businessman hid 

two illegally built extra storeys on his penthouse 

suite with trees and plants. Image from London 

Daily Mail.  

Right: Bus roof garden(!), New York, 

http://www.humantransit.org/2012/03/garden

ing-the-bus-roof-a-pretty-idea-but-.html 

Roof & wall greening has been 

posed as one strategy to deal with 

UHI and extreme heat events. Here 

are a couple interesting examples! 



 

Questions… 


