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Executive Summary 

Urban Heat Island (UHI) Effect 

Australiaôs cities generally are warming up faster than 
their surrounding rural areas. Average urban 
temperatures in the last two decades are possibly the 
highest in at least the past century (CSIRO, 2015). Even 
without global warming, cities already face a problemð
the urban heat island (UHI) effect, whereby inner urban 
areas are hotter than the surrounding rural areas. Urban 
sprawl, intensive pavements and buildings themselves 
contribute to the UHI effect, firstly because they require 
sources of shade to be removed and secondly because 
they retain heat in their own right. The UHI intensity in 
Australian cities is quite significant; the current average 
maximum intensity varies from 1.0°C to 7.0°C, compared 
to 0.5°C to 3°C in the early 1990s, and this may be just 
the beginning of the UHI intensification problem.  

Urban heat is already taking a toll on human health. 
Between 1993 and 2014, extreme heat caused more 
deaths in Australia than floods, cyclones, lighting, 
wildfires and earthquakes combined. This cost will grow 
as urban temperatures rise. Rising temperatures and heat 
islands also harm public health through heat stress and 
other heat-related illnesses, such as respiratory and heart 
disease, all of which impact disproportionately on poor 
and marginalised groups in inner cities. The most 
vulnerable to heat-related illness are the elderly, young 
children, people with certain chronic conditions, the 
mentally impaired, outdoor workers and low-income or 
socially isolated residents.  

In addition to the public health problems it causes, urban 
heat increases energy use and hence energy costs, as 
well as environmental pollution. Hotter days in urban 
areas leads to peak energy consumption to meet the 
higher demand for cooling, thereby increasing 
greenhouse gas emissions (GHGs) and conventional 
pollutants. This intensified energy demand increases the 
financial cost to state and local governments and cause 
brownouts or blackouts, which in turn makes emergency 
response during extreme heat events more difficult. 
Moreover, urban warming affects social behaviour, work 
and labour productivity, and has major implications for 
new urban development, growth corridors and critical 
national infrastructure.  

Evidence on Urban Microclimate Mitigation  

Local governments can prepare for heat events through 
emergency response plans, outreach to vulnerable 
neighbourhoods, and by setting up cooling centres. 
However, emergency responses and adaptation alone 
will not save a communityôs most vulnerable residents. 
Emergency response planning fails to address other 
interrelated aspects of urban heat extremes, mentioned 
above, such as energy disruption, air pollution, loss of 
work place productivity and infrastructure failures. Long-
term mitigation strategies in both the natural and the built 
environments are needed to keep residents, buildings 

and communities cool while also saving energy, health 
and economic costs.  

This discussion paper analyses the different natural and 
built environment mitigation strategies and technologies  ╖  
urban greenery, green roofs and walls, water-based 
technologies, cool roofs, and cool pavements  - to help 
local governments reduce the effect of increased heat on 
their communities and citizens. Unlike traditional dark 
surfaces that absorb heat, cool roofs reflect light and heat 
back into the atmosphere, thus keeping buildings cooler. 
Similarly, cool pavements reduce temperatures either by 
reflecting or absorbing energy. Green roofs, urban 
greenery and water-based technologies not only absorb 
less heat, they actively cool the surrounding air by 
evapotranspiration. Individually, each mitigation strategy 
can reduce high temperatures in urban areas; together in 
a citywide adoption, they can drastically reduce the UHI 
effect itself, while providing many additional co-benefits. 
By drawing on analytical criteria, local governments can 
compare the different mitigation strategies available and 
determine which works best for them.  

Present and Future Policy Directions  

This discussion paper also examines the existing urban 
heat mitigation policies and interventions, including 
government operations themselves, mandatory or 
incentives for private choices, and public education. 
Governments face challenges in adapting to urban heat 
because of the complexity of choices available, limited 
resources, the need to coordinate among many local 
agencies and, in some cases, scepticism about climate 
change. The mitigation strategies and key 
recommendations proposed in this discussion paper can 
therefore provide an effective decision framework for 
governments and other stakeholders to help overcome 
these barriers.  

The proposed recommendations for different sets of 
stakeholders will be discussed in both panel and open 
discussion sessions at the Cooling Cities National Forum 
held on 4 August 2017 and the outcomes of the National 
Forum will be used to update these recommendations. 

Key recommendations for the Commonwealth 
Government: 

¶ Greater emphasis on cross-governmental heat 
mitigation planning, through the development of an 
inter-ministry co-ordination committee; 

¶ Integration of heat mitigation planning with the 
climate change agenda; 

¶ Integration of urban heat mitigation measures into 
documents/policies that already indirectly address 
heat mitigation, including the National Construction 
Code and the National Urban Policy; 

¶ Publication of national benchmarks on heat 
mitigation measures; 

¶ Nationwide public communication on heat mitigation 
that goes beyond leaflets. Examples include online-
calculators, an informative website and a 
compendium of strategies and best practices; 
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¶ Development of a comprehensive policy-oriented 
program to demonstrate the value of heat mitigation 
for national policy; 

¶ New project funding models to support scaling up of 
case study projects; 

¶ Integration of UHI mitigation strategies into the 
national green building rating systems.  

Key recommendations for States and Territories 

¶ Greater emphasis on participation of municipal 
governments in implementing heat mitigation 
strategies;  

¶ Integration of the mitigation strategies into future 
urban design guidelines and development; 
assessment criteria for public and private buildings; 

¶ Greater emphasis on intra- and inter- departmental 
co-ordination on long-term urban and spatial 
planning for heat mitigation;   

¶ Mandating selected mitigation measures across 
state government facilities;  

¶ Development of green space regulations for new 
developments through indexes such as Berlinôs 
Biotope Area Factor and Seattleôs Green Factor;  

¶ Implementation of metropolitan greening strategic 
planning across all metropolitan areas;  

¶ Incentives for industry and public; 

Key recommendations for Local Governments 

¶ Integrating heat mitigation planning into community 
strategic planning or community resilience agendas;  

¶ Developing heatwave action plans, with a focus on 
area-specific cooling strategies; 

¶ Introducing urban, district and precinct-level green 
rating systems to encourage participation and 
competition between neighbourhoods; 

¶ Engagement with the community to activate 
community-wide actions and programs;  

¶ Community engagement, consultation and 
participation in developing urban heat and green 
space policies; 

¶ Alignment of existing policies with urban heat and 
green space policy.  This may include removal and 
or modification of barriers and conflicting 
requirements; 

¶ Greater integration of heatwave planning and 
community resilience, through liaison between 
appropriate teams in public health, environment and 
planning offices; 

¶ Greater emphasis on the engagement of urban heat 
mitigation agenda throughout projects (as opposed 
to specific projects in specific times). 

Key recommendations for the built environment industry 

¶ Greater emphasis on partnerships between 
industry, scientists and environmental leaders; 

¶ Industry óchampionsô and ótorchbearersô to 
implement and showcase projects in their own 
facilities;  

¶ Incentives for customers using and adopting 
mitigation measures; 

¶ Engagement with not-for-profit and community-
based organisations to implement mitigation 
strategies; 

¶ Implement innovative initiatives and programs jointly 
with buildersô association (e.g., to award new 
constructions with mitigation measures). 
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1. Introduction 

Background  

Cities are home to more than half the global population, 
and human history is often defined in terms of the history 
of urbanisation. In the last two hundred years, the global 
population has increased six fold, while urban population 
has grown 128 times (Schell et al., 1993). Future 
projections indicate that by 2050, nearly 70 per cent of the 
earthôs population will live in urban areas (UN-DESA, 
2014). Urbanisation and the unprecedented increase in 
urban population has resulted in urban sprawl, and the 
radical transformation of environments from native 
vegetation to largely built-up areas. The phenomenal shift 
in human population to urban centres and the resulting 
rapid urban growth has dramatically affected local and 
regional climates, urban environmental quality and 
standard of living. Over-consumption of resources and 
inappropriate territorial development has caused serious 
urban environmental issues like air pollution, noise, poor 
water quality and depletion of natural resources 
(Emmanuel and Krüger, 2012). Added to this, urban 
sprawl and the sealing of urban surfaces with intensive 
paving and buildings has led to the reduction of green 
spaces, an increase of the anthropogenic heat released 
to the atmosphere, temperature increase and thermal 
stress (Santamouris, 2015b).  

Higher ambient temperatures and frequent extreme heat 
events have serious energy, health and well-being, 
environment and economic impacts; they therefore pose 
a significant risk to sustainable urbanisation and 
resilience of cities. Urban heat increases the 
concentration of urban pollutants, affects urban air quality 
(Sarrat et al., 2006), acts as a catalyst for the formation of 
harmful tropospheric ozone (Stathopoulou et al., 2008), 
increases energy consumption for cooling purposes (as 
well as the peak electricity demand) (Santamouris, 
2014b), raises the ecological footprint of cities 
(Santamouris, 2015b), and affects outdoor and indoor 
thermal comfort conditions (Salata et al., 2017). It is 
widely recognised that extreme temperatures significantly 
increase mortality and morbidity rates, especially among 
the elderly, children and low-income communities (Chien 
et al., 2016; Taylor et al., 2015). Moreover, urban warming 
has major implications for new urban development, 
growth corridors and critical national infrastructure 
(Chapman et al., 2013). Hence, there is an urgent need 
to enhance planning policies and regulations for urban 
heat mitigation, to improve coordination between 
government, private sector and communities, and to 
support decision-making by integrating the scientific 
evidence of mitigation strategies.  

Advanced mitigation technologies and scientific models 
generally exist to counterbalance the impact of the UHI 
effect. Implementing mitigation technologies such as cool 
roofs, cool pavements, green roofs, and urban green 
zones, could be a way forward in this regard, given their 
multiple environmental and economic benefits (Akbari 
and Kolokotsa, 2016; Santamouris, 2017). Though expert 
knowledge and a wide variety of real-scale application-

based mitigation strategies, the linkage of such evidence 
to government and industry decision-making is not well 
developed. It is therefore critical to use scientific evidence 
and scientific models on local climate change mitigation 
effectively in planning and policy to address serious urban 
sustainability challenges, to guide sustainable urban and 
regional development, and to achieve national objectives 
and global commitments on climate change.  

Purpose   

The purpose of this discussion paper is to explore ways 
in which governments at different levels and built 
environment industry in Australia can address the 
challenges of urban heat and local climate change. This 
discussion paper proposes that Australian governments 
support urban heat mitigation primarily by creating 
enabling policy, institutional and funding (co-funding with 
federal, state and territory governments) environments 
and support industry-led interventions that will avoid the 
future impacts and costs of extreme temperatures, and 
simultaneously contribute to better health, well-being and 
economic outcomes in Australia. The recommendations 
and highlights will be discussed in panel and open 
discussion sessions at the Cooling Cities National Forum 
in Sydney on August 4, 2017. The outcomes of the 
National Forum will be used to update these 
recommendations. 

Discussion points 

There are two key issues for debate at the National 
Forum: 

¶ Evidence on microclimate mitigation: the technologies 
and strategies for urban heat mitigation in this paper 
have been formulated from key mitigation projects 
implemented internationally and at state, territory and 
local levels in Australia. The suggested strategies 
have also been informed by the CRCLCLôs research 
experience in this field to date.   

¶ Present and future policy directions: the role of 
Australian governments and Australian industry in 
urban heat mitigation. This discussion paper proposes 
that governments and industry could primarily support 
urban heat mitigation by (i) creating an enabling 
environment and (ii) by funding (co-funding) to deliver 
better outcomes for Australians. This paper also 
outlines potential policy challenges on urban heat 
mitigation as identified through research on the issue. 
It seeks views on potential ways that Australian 
governments and industry can act to address these 
challenges and achieve maximum environment and 
social benefits. 

Structure  

Following this Introduction, the paper is organised as 
follows:  

Chapter 2 presents the context of extreme heat events in 
Australia and the influence of climate change on the urban 
environment.  
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Chapter 3 discusses recent experimentation in identifying 
urban heat islands in Australia and the dynamic 
characteristics of these heat islands. 

Chapter 4 reviews the existing knowledge and recent 
studies to evaluate the impact of urban warming on 
energy, environment, health, comfort and the economy.  

Chapter 5 discusses recent developments and 
knowledge advances in mitigation strategies. It focuses 
on solar reflective technologies and components, urban 
greenery strategies and green infrastructure, and water-
based techniques.  

Chapter 6 presents an overview of the international policy 
landscape and best practice, as well as interventions by 
international organisations on urban heat mitigation 

Chapter 7 critically reviews existing policies and 
interventions on urban heat mitigation in Australia.  

Finally, the document ends with key recommendations 
and expected outcomes of the National Forum. This 
discussion paper will be updated after the forum with the 
conclusions reached and the policy recommendations for 
the different target groups, that is, policymakers and the 
built environment industry, to reflect the Forum 
discussions. 
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2. Warming in Australia 

Australia is a land of extremes, and more than ever in the 
21st century. The earthôs average temperature increased 
by approximately 0.7°C between 1910 and 2010, while 
Australiaôs average temperature increased by 0.9°C 
between 1910 and 2014, most of this increase 
(approximately 0.7°C) after 1950 (see Figure 1)  (CSIRO, 
2015).  Daily daytime maximum temperatures increased 
by 0.8°C, overnight minimum temperatures by 1.1°C 
(BoM, 2016a). Months that were recorded as very warm 
were recorded  just over 2 per cent of the time between 
1951 and 1980 were recorded  nearly 7 per cent of the 
time between1981 and 2010, and around 10 per cent of 
the time between 2000 and 2015  (CSIRO, 2015). From 
1951, the frequency of very cool months declined by 
around one-third. Looking at recent years more broadly, 
eight of Australia's 10 warmest years on record have 
occurred since 2002. The 10-year mean temperature for 
2006ï2015 was the second highest on record, at 0.53 °C 
above average (BoM, 2016a).  

Climate change projections for Australia suggest that 
temperatures are projected to rise by 0.6 to 1.5°C by 2030 
and ~ 4.5°C by 2100 under business as usual (BAU) 
scenarios  from a 1990 baseline, noting that between 
1910 to 1990, Australia warmed by only 0.6°C (CSIRO, 
2015). Even in an intensive carbon mitigation scenario, 
the mean warming will have risen by ~ 1.5°C in 2100 

(Bambrick et al., 2008). These changes are likely to result 
in a climate characterised by higher average, maximum 
and minimum temperatures, particularly in spring and 
summer, more frequent extreme temperatures (for 
example the number of days over 35°C), an increase in 
the number of very hot days and warm nights, and a 
decline in cool days and cold nights.  This is all noteworthy 
when we consider that the duration and frequency of very 
hot days (greater than 35 °C) have increased across 
many parts of Australia, based on daily temperature 
records since 1950 (Figure 2).  

Days when extreme heat is widespread across the 
continent have become more prominent in the past two 
decades (Figure 3). For example, the heatwave that 
engulfed Western Australia (WA) and New South Wales 
(NSW) in February 2017 saw heat records tumble. Most 
of these states experienced temperatures at least 12ϊC 

above normal for that time of year, and at places such as 
Richmond in NSW, temperatures soared to 47ϊC. Other 

extreme heat events include the 2004 heatwave when 
around two-thirds of continental Australia recorded 
temperatures above 39ϊC for a period of over three weeks 

and the unprecedented heatwaves of 2009 and 2014, 
when Melbourne recorded maximum temperatures above 
43ϊC and 41ϊC respectively for three consecutive days.  

 

 

Figure 1 Time series of anomalies in sea-surface temperature and temperature over land in the Australian region (1910-2013) (Source: 
BoM, 2016a) 
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Figure 2 Number of days each year when the Australian area average daily mean temperature for the period 1910-2013 was above the 
99th percentile (Source: BoM, 2016b) 

 

 

Figure 3 Trends in the number of hot days (greater than 35°C) in Australia from 1950 to 2014. (Source: BoM, 2016a) 
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3. UHI Effect in Australia 

The context  

Australiaôs population increased from approximately 
260,000 in 1844 to 3.7 million in 1900, to 8.0 million in 
1950 and 23.1 million in 2013, with over 90 per cent of the 
total population living in urban areas. This rapid growth in 
urban population has come with greater urban sprawl, 
increased urban form density and changes in land use 
that exacerbate urban warming through the heat island 
effect. In fact, a long list of factors has contributed to the 
urban heat island (UHI) effect and hence higher urban 
temperatures. These include land use change at the local 
level, the diminution of green areas, anthropogenic heat 
emissions, pollution, energy consumption, lower 
evaporative cooling, increased heat storage by buildings 
and pavements, intensive land use and high urban 
density, increased use of low permeable materials, 
reductions in wind speed caused by the design and layout 
of the built environment, urban street canyon effects 
resulting in lower rates of long-wave radiation loss during 
the night, and the presence of low-albedo materials on 
buildings façades and road surfaces (OôMalley et al., 
2015; Santamouris, 2014a).  

Characteristics of the UHI effect 

UHI is a phenomenon of climate change where óa 
significant difference in temperature can be observed 
within a city or between a city and its suburbia and/or its 
surrounding rural areas, and areas of maximum 
temperature can expectedly be found within the densest 
part of the urban areaô (OôMalley et al., 2014,p.73). In 
simple terms, UHI is the characteristic óislandô of heat in 
urban areas surrounded by a óseaô of cooler rural areas. 
UHI significantly affects the thermal structure of the urban 
atmosphere and also results in extremely hot nights in 
urban areas (Alcoforado and Andrade, 2008). The 
intensity and magnitude of the UHI effect depends on the 
urban layout, the morphological, structural and physical 
characteristics of a city, the magnitude of anthropogenic 
heat release and the synoptic weather conditions.  

Identifying UHI characteristics requires knowledge of the 
spatial distribution of the ambient temperature. In most 
cases, a climate station usually located in a thermally 
undisturbed suburban or rural area is selected as the 
reference. The maximum difference between the urban or 
central business district (CBD) and the reference station 
is known as the heat island intensity and is used to 
characterise the local heating and overheating conditions 
(Santamouris, 2014b).  

Experimental data on the magnitude and characteristics 
of the UHI effect is available for several cities and regions 
around the world, including Australia (Santamouris, 
2015a). Details of all studies in Australia and the main 
results are given in Table 1. The reported values of the 
UHI intensity using standard measuring methods are 
given in Figure 4, while the corresponding values using 
mobile and other non-standard equipment are given in 
Figure 5.  

Analysis of the data shows that the magnitude of the UHI 
effect in Australian cities is quite significant, with the 
current average maximum intensity varying between 1.0 
to 7.0° C compared to a range of 0.5 to 3°C in the early 
1990s. The intensity of the UHI effect varies as a function 
of the experiment approach used. Studies using mobile or 
non-standard measuring methods present a significantly 
higher UHI intensity than corresponding studies using 
standard measuring stations. When mobile traverses and 
non-standard methods are used, the average UHI 
intensity is between 4.0°C and 7.0°C (Figure 5). On the 
other hand, when fixed weather stations are used, the 
magnitude of the average maximum, and the absolute 
maximum intensities are 1.0°C and 3.5°C respectively 
(Figure 6).  

Mobile equipment and non-standard methods are 
frequently employed to measure ambient temperatures in 
dense urban areas, while standard meteorological 
stations are installed in quite undisturbed areas 
(Santamouris, 2015a). As a consequence, mobile and 
non-standard methods seem to capture the higher 
temperatures that have developed in urban zones 
whereas the thermal balance is much more positive in 
undisturbed areas, where standard meteorological 
equipment is installed (Santamouris, 2015a).  

 

Figure 4 Intensity of UHI in Australian cities and regions using 
standard measuring equipment (Source: compiled by authors) 

 

Figure 5 Intensity of UHI in Australian cities and regions using 

standard measuring equipment (Source: compiled by authors) 
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As shown, Sydney, Melbourne and Adelaide suffer the 
greatest impact while others have the advantage of sea 
breezes (Morris and Simmonds, 2000). In most cities in 
Australia, the peak UHI intensity occurs during summer, 
except in cities with humid climates where the maximum 
occurs during the dry season. The maximum local rise in 
temperature above ambient varies according to the time 
of day; in some cities, it is near midday, in others, during 
the late afternoon. UHI impacts may also be compound 
by carrying over partly into the next day. Faster flowing 
and cooler air-flows will lower UHI intensities. Coastal 
cities benefit from sea breezes, but a strong UHI can 
delay and even block the flow of the sea breeze into parts 
of the city. Sydney, for example, has much lower average 
UHI elevations in its east relative to its western suburbs 
(Figures 6 and 7). Central business districts (CBD) store 
considerable solar heat gain and sea breezes can 
dissipate Sydney CBDôs heat gain much faster than 
Parramattaôs CBD. 

 

 

Figure 6 UHI intensity in Sydney (Source: Santamouris, 2017) 

 

 

   

Figure 7 UHI intensity in Western Sydney 
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Table 1 Characteristics of UHI in Australian cities and regions (Source: compiled by authors) 

No. City  Intensity of the heat 
island (ϊC) 

Characteristics of the used climate data References  

1 Melbourne 1.4 annual difference Data from One urban and one rural weather 
stations 

(Chen et al., 
2012a) 

0.5-2 annual 
difference (depending 
on summer or winter) 

Data from one CBD and three surrounding non-
CBD area weather stations  

(van Raalte et al., 
2012) 

Average mean 
maximum intensity 4  

Data from mobile traverse from the western 
fringe, approximately 2 km south of the city 
centre, through the Central Business District 
(CBD) to the northern fringe 

(Torok et al., 2001) 

2 Adelaide  Average maximum 
intensity close to 4 

Data from vehicular traverses over a fixed route 
in the CBD and its surroundings  

(Clay et al., 2016) 

1.4 annual 
difference 

Data from two urban and two rural reference 
stations  

(Erell and 
Williamson, 2006) 

Maximum intensity 4.4 Data from mobile transect from urban centre to 
surrounding coast 

(Lyons, 1974) 

3 Brisbane  Maximum intensity 5.1  Data from spatial analytics of land use change  (Deilami and 
Kamruzzaman, 
2017) 

4 Sydney  7-8 annual difference  Data from spatial analytics of land use change  (Sidiqui et al., 
2016) 

5 Camperdown Average maximum 
intensity 1.2 

Data from mobile transect from a position in the 
rural area through town centre to a rural area on 
the other side of the town  

(Torok et al., 2001) 

6 Colac 

7 Hamilton  

8 Hobart  Maximum intensity 5.7 Data from mobile sensors   (Nunez, 1979) 
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4. Impacts of UHI  

It is evident that the UHI effect is a major climatic 
phenomenon in Australia and has a wide range of impacts 
on the economy, the environment, and society. This 
section focuses on the impacts of urban heat on life, 
community assets and the economy. An understanding of 
the relationship between urban warming and its impacts 
can help stakeholders assess the additional impacts of 
the UHI effect, to identify the relevant mitigation 
technologies and strategies, and to develop strategies, 
policies and programs for mitigation.  

Health and mortality  

Emergency Management Australia and other government 
institutions recognise that urban warming intensifies the 
impact of extreme heat events and causes serious risk to 
general well-being and public health. Heat-related illness 
can range from trivial heat injury, such as rash or cramps, 
through to heat exhaustion, and potentially life-
threatening conditions such as heat stroke. In addition to 
the physical results mentioned above (and generally 
cardiovascular, respiratory and thermo-regulation 
problems), exposure to extreme heat may also lead to 
cognitive (acquiring and retaining information) and 
emotional difficulties (motivation and negative feelings 
towards set tasks) (Williams et al., 2012b).  

Historically, heatwaves have killed more people in 
Australia than any other extreme weather events (Coates 
et al., 2014), and heat-related mortality numbers have 
particularly increased in the last two decades (Vaneckova 
et al., 2010; Williams et al., 2012b) (Table 2). Since 2000, 
numerous studies have revealed that increasing levels of 
ambient temperature in Australiaôs cities and urban areas 
amplify the risk of temperature-related mortality and 
morbidity (Bambrick et al., 2008; Loughnan et al., 2013). 
For example, the 2009 heatwave in Victoria and South 
Australia, including six consecutive days over 40ϊC, 
resulted in more than 200 extra deaths than would 
normally occur and an estimated 374 additional deaths in 
Victoria (Loughnan et al., 2013), while the heatwave of 
2014 in Victoria saw 167 more deaths than expected 
(Williams et al., 2012a). In Queensland, 22 extra deaths 
and 350 injuries were reported following the heatwave in 
January 2000, and an estimated 75 additional deaths 

occurred in Brisbane during the February 2004 heatwave 
(Tong et al., 2010).  

The elderly are reported to be more vulnerable to heat 
waves, although the vulnerability of younger age groups 
has also increased recently. For example, an increased 
number of deaths was reported for females aged 15 to 64 
years from 1993 to 2006 due to psychoactive substance 
use in heatwave periods compared to non-heatwave 
periods (Hansen et al., 2008), while higher hospital 
admissions were reported in the 15 to 64 year age group 
during heatwaves in Melbourne and Adelaide. During the 
2009 heatwave in Victoria, there was a 55 per cent 
increase in deaths of people aged 5 to 64 years compared 
to the summer months of the previous five years 
(Loughnan et al., 2013); excessive deaths in the Adelaide 
population during the 2009 heatwave were predominantly 
people in the 15-to-64-year age group (Nitschke and 
Tucker, 2007).  

The relationship between temperature and mortality 
exhibits a U- or V-shaped curve, with specific temperature 
thresholds above which mortality increases. Figure 8 
presents the relationship between threshold temperature, 
mortality and morbidity in major Australian cities and 
regions. When the ambient temperature exceeds 30ϊC in 
Melbourne, hospital admissions of patients suffering from 
myocardial infarctions increase by 10.8 per cent, while 
during short episodes of heat, hospital admissions 
increase by 37.7 per cent (Loughnan et al., 2010). In 
South Australia, it is characteristic that, when the ambient 
temperature exceeds 30ϊC, the mortality of patients 
suffering from heart failure increases by 10 to 15 per cent, 
while during short episodes of heat, hospital admissions 
increase by 30  per cent (Inglis et al., 2008). In Brisbane, 
heat-related deaths and emergency hospital admissions 
begin to rise at a temperature threshold of around 27ϊC 
(Tong et al., 2010b), while heat thresholds for mortality in 
Sydney, have been estimated in the range of 23ï26°C 
(Gosling et al., 2007). Studies of a similar nature have 
estimated temperature thresholds and temperature-
attributable mortality for other major Australian cities 
(Vaneckova et al., 2008; Williams et al., 2012a). In 
general, the studies find that heatwaves of three or more 
consecutive days of Ó35ϊC significantly increase rates of 

ambulance call-outs and hospital admissions, and that 
heat waves with temperatures over 30ϊC increase 

mortality in the Ó 65 year age group.  

Table 2 Deaths from extreme heat events in Australia (Source: Data from EM-DAT) 

Year Occurrence Total deaths Injured Affected Total affected 

1993 1 17 500 3,000,000 3,000,500 

1994 2 5 184 1,100,000 1,100,184 

1995 1 1 100 500,000 500,100 

2009 1 347 2,000 NA 2,000 

2014 1 139 NA NA NA 
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Figure 8 Threshold temperatures, mortality and morbidity in Australian cities (Source: Santamouris, 2017) 

The threshold temperature over which mortality and 
morbidity increases rapidly depends on a range of factors, 
such as the climate of each zone, and other specific local 
factors, such as the age of people, outdoor and indoor 
environment (e.g., air quality, ventilation), the 
physiological and socioeconomic characteristics of the 
population, infrastructure and a variety of resources 
(Burton et al., 2015; Santamouris, 2015b). For example, 
Bambrick et al. (2008) find that the threshold 
temperatures over which daily emergency hospital 
admissions increase changes with the season (Table 3). 
(Yu et al., 2011) find that, for all-cause mortality, urban 
heat effects were seen most strongly up to three days 
after heat exposure, resulting in the death of older people 
(>85 years), and of people dying from cardiovascular 
diseases.  

The other major factor that affects heat-related mortality 
and morbidity is the temperature in the evening. If the 
temperature remains elevated overnight, there is an 
increase in deaths because the body becomes 
overwhelmed and does not get the respite it needs. Heat-
related illness is a serious concern for governments, and 
those most at risk include vulnerable members of the 
community such as the elderly, babies and young 
children, pregnant women, people with existing medical 
conditions, those on particular medications and people 
with heart problems, as well as mentally-impaired, 
socially-isolated and the low-income residents.  

Table 3 Hospitalisations: response functions to daily maximum 
temperature (Source:Bambrick et al., 2008,p.11) 

 Season  Threshold (ϊC) 

Sydney  Djf 21 

 mam - 

 jja 16 

 son 16 

Melbourne  djf 23 

 mam - 

 jja 17 

 son 25 

Note: djf: Dec-Feb; mam: Mar-May; jia: Jun-Aug; son: Sep-Nov 

Energy consumption and peak electricity 
demand 

Urban warming has a significant impact on the energy 
consumption of cities and peak electricity needs in 
Australia. Most studies find a positive correlation between 
an increase in ambient temperature and the peak energy 
demand. The results identify the threshold of daytime 
mean temperature at around 18ϊC, above which 
electricity demand for cooling purposes increases by 
between 0.45 and 4.6 per cent per degree of ambient 
temperature increase, while the heating requirement 
usually decreases (Guan et al., 2014; Santamouris, 
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2014b). This is close to 21W per degree of temperature 
rise. However, energy demand may be higher or lower in 
cooling or heating-dominated areas respectively, and 
may depend on several factors, such as the thermal 
quality of the building stock, the degree of air conditioning 
penetration, the assumed indoor comfortable temperature 
and the specific characteristics of the local electricity 
network. In parallel, studies investigating the relationship 
between electricity consumption and the ambient 
temperature have shown that hourly, daily or monthly 
electricity consumption increases between 0.5 per cent 
and 8.5 per cent per degree of temperature rise 
(Santamouris, 2015b).  

Along with overall peak electricity demand and electricity 
consumption, a few studies have investigated the energy 
impact of the UHI effect in terms of the different function 
types of buildings (e.g., office, commercial, public, 
industrial and residential) in Adelaide, Melbourne and 
Sydney (Chen et al., 2012b; Guan et al., 2014; Wang et 
al., 2012). Results from these studies show that the 
energy increase or decrease induced by the UHI effect 
varies as a function of the type of building, the 
characteristics of the local climate and the strength of the 
UHI phenomenon. On an average, the increase of cooling 
load on urban buildings as a result of the UHI effect 
compared to similar rural buildings, is 13 per cent 
(Santamouris, 2014b).  In Australia, with an average 
summer temperature higher than 27ϊC, the energy 
increase needed to cool residential buildings is much 
higher than the corresponding decrease in heating 
demand. Additionally, an analysis of energy data from 
cities around the Australian continent reveal that the 
average energy penalty per unit of city surface is 2.4 
kWh/m2, while the corresponding energy penalty per 
person and per person per degree rise of temperature is 
around 273 kWh and 70 kWh/p/K respectively 
(Santamouris, 2015b).  

A projection of future cooling energy demand in the 
building sector shows that by 2050, and considering all 
influencing factors, the expected cooling demand of the 
residential and commercial sectors may increase up to 
275 per cent (Santamouris, 2013a). Such an increase in 
the level of peak demand could have serious economic 
implications for energy suppliers in terms of their need to 
upgrade or build additional infrastructure to expand 
network capacity. Increasing energy consumption and 
peak electricity demand can of course also mean more 
frequent failures due to network overload.  

Thermal comfort and low-income communities 

Heatwaves can cause thermal discomfort and illness, 
both physiological and psychological. Humans are most 
comfortable at an ambient temperature of about 28ϊC 

(and a skin temperature of 29-33ϊC). The further we are 

away from that temperature (either cold or warm), the 
more uncomfortable we feel. The relationship between 
thermal comfort ï both outdoors and indoors - and 
ambient temperature is very strong and is discussed in a 
considerable number of studies. Most of the studies 
evaluating the relationship between thermal comfort 
conditions in Australian cities and the UHI effect conclude 
that higher urban temperatures substantially lower 

specific comfort levels, although some argue that thermal 
comfort is determined by a range of meteorological 
factors (e.g., air temperature, humidity, and air 
movement), personal factors (e.g., insulation and clothing 
value), and rate of metabolism, which in turn is affected 
by age, gender, and body (Jamei and Rajagopalan, 
2017).  Lam et al. (2016) conducted a sample survey of 
outdoor thermal comfort during a heatwave in Melbourne, 
and found that people felt significantly hotter when 
temperatures exceeded 36ϊC and also wore less 
clothing. Similar results from another study conducted in 
Melbourne showed that pedestrian thermal comfort at 
street level dropped by 14 per cent to 40 per cent with a 
1ϊC-2ϊC rise in ambient temperature (Jamei and 
Rajagopalan, 2017). Studies on indoor thermal comfort 
find the same. For example, a study in Melbourne found 
that in a non-air conditioned indoor environment, ambient 
temperature above a threshold temperature of 27 ºC was 
likely to lead to increased mental stress and heightened 
difficulty with sleeping at night (van Raalte et al., 2012).  

The problem is further intensified in poor and low-income 
housing characterised by low thermal protection 
standards, high infiltration levels, poor indoor 
environment quality, and where the necessary resources 
to maintain buildings in comfortable conditions (e.g., 
better housing conditions and access to air conditioning) 
may not be available. However, a limited research has 
investigated the impact of extreme weather conditions on 
the low-income urban communities in Australia (Zografos 
et al., 2016), in particular indoor environmental quality, 
thermal comfort, and energy consumption. The CSIRO 
(2013) estimates that low-income households in 
Adelaide, Sydney, Melbourne and Brisbane typically live 
in city areas with the highest land surface temperatures, 
and as a result, are most vulnerable to heat-related 
impacts. The concentration of poorer people in hotter 
places is known as óthermal inequityô. Recent studies find 
that this is a real concern in Australiaôs major cities, and 
an important agenda item for government policy (Byrne et 
al., 2016).  

There is also evidence that poor construction practices in 
low-income housing increase serious indoor discomfort 
during heat waves. In contrast, a 6-star home will have an 
internal temperature of 18-28ϊC for 80-85 per cent of the 
time and above 30ϊC for 3.5 per cent of the time, while a 
9- or 10-star house in the same climate would deliver 
more ócomfortô hours (85-95 per cent) and would be above 
30ϊC less than 2 per cent of the time (Stephan and 
Crawford, 2013).  

Economy and productivity  

Urban warming has significant economic impact and 
affects work and productivity, with research calculating 
that a 5ϊC increase causes the Gross National Product 
(GNP) to fall by at least 1.3 per cent a year (Garnaut, 
2011). A study by Zander et al. (2015) shows that 7 per 
cent of Australiaôs population did not go to work on at least 
one day in a year because of heat stress. 70 per cent went 
to work but thought they were less efficient. On an 
average, people were less productive at work because 
they felt heat stressed on 10 days per year and 
cumulatively lost about 27 hours per year. When the 
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sample is extrapolated to the entire working population, 
heat stress costs the nation A$7.92 billion per year in lost 
productivity. The results of existing studies on the 
economic cost of extreme heat events vary considerably, 
with estimations anywhere between A$1.8bn and $7bn. 
Of the total heat impact, the UHI effect costs 
approximately A$300 million in current terms. These 
losses put the cost of heat stress on a par with the cost of 
chronic health conditions. In fact, the losses will be much 
higher if the economic costs associated with mortality, 
hospitalisations and years of economically active life lost 
(YLL) are considered (Figure 9).  

A series of articles by Kjellstrom and colleagues have 
shown that productivity loss during extreme heat events 
in Australia is particularly high among the outdoor working 
population (Hanna et al., 2011; Kjellstrom et al., 2009), 
such as the construction and industrial labour. Indoor 
workers are not completely immune to high temperatures 
either. The problem is exacerbated in cities and regions 
with high humidity levels. Darwin experiences an 
extremely humid wet season from December to April, 
while cooler places, such as northern Tasmania, 
experience high humidity all year round, thanks to its 
proximity to the ocean between mainland Australia and 
that state.  

To calculate the limits between which it is safe for people 
to work in extreme heat, scientists rely on a measure of 
wet-bulb globe temperature (WBGT) that considers both 
heat and humidity. At wet-bulb temperatures higher than 
35ϊC, human skin can no longer cool itself through 

evaporation. Peak wet-bulb temperatures in Australia are 
around 30-31ϊC. While this value is less than the 35ϊC 

threshold, it applies to a healthy, fully hydrated person in 
the shade who is not engaged in labour. Modelling using 
just the WBGT data suggests that labour productivity in 
Australia, particularly among younger people, still in the 
work force, will decline by up to 20 per cent by 2050 as 
the average temperatures creep up (Lemke and 
Kjellstrom, 2012).  Queensland, the Northern Territory 
and Western Australia can expect substantial loss due to 
impacts on active YLL. By the end of the century, 
Queensland will experience a loss of workdays about 
seven times the loss it would have without climate 
change, the Northern Territory about eight times and 
Western Australia about double (Bambrick et al., 2008). 
These calculations of lost productivity do not consider 
likely reduced workplace productivity on a day-to-day 
basis from, for example, increased fatigue, that may occur 
as the climate warms. Given that labour productivity is 
one of the keys to economic growth, rising temperatures 
can be viewed as a substantial and increasing threat to 
the Australian economy.

 

Figure 9 Workforce participation in Australia (Source: data from Bambrick et al., 2008)

Higher ambient temperatures and extreme heat events 
affects various other sectors or aspects of the economy, 
including transport and social behaviour. A study of the 
impact of higher urban temperatures on the transport 
system of Melbourne show that, during heat wave 
periods, disruptions to train, tram and bus services occur 
mainly because of air-conditioning system failures and 
power outages (van Raalte et al., 2012). According to 
another study, the cost of the 2009 Australia-wide heat 
wave is estimated at A$800 million due to power outages 
and transport disruptions, resulting in 25 per cent of metro 
train services being cancelled, traffic signals 
malfunctioning, and major motorways lifting and cracking 
(Chhetri et al., 2012). Industries most affected would be 
those that conduct their activities largely outdoors, such 
as the building sector, agriculture, and tourism. 

In parallel, anti-social behaviour can result in direct 
economic costs through damages afflicted on people and 
property (e.g., organised crime, assault, domestic 
violence or burglary), public funding of crime prevention 
and policing, as well as to maintain the justice system, 
including courts and correctional facilities. In relation to 
ambient temperatures above 32.2ϊC in Melbourne, the 

correlation between the ambient temperature and the 
probability of collective assaults and domestic crimes is 
positive and linear (van Raalte et al., 2012). However, as 
anti-social behaviour is related to human actions (either 
individual or group), and their relationship to external 
social and environmental factors, it is difficult to monetise. 
Moreover, research into temperature-related behaviour 
effects on the Australian economy is found to be 
extremely limited. 
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5. UHI Mitigation Strategies and Technologies   

To compensate high urban temperatures and 
counterbalance their impacts on cities, appropriate 
mitigation technologies are developed (Figure 10). 
Appropriate mitigation techniques include any 
intervention designed and applied by human beings to 
reduce the strength of the sources and enhance the 
potential of the temperature anomaly sinks. Relevant 
technological measures create thermally balanced cities 
by increasing the reflectance of urban areas, decreasing 
the anthropogenic heat, and dissipating the excess urban 
heat. This section presents the developments and 
achievements regarding two major promising clusters of 
mitigation technologies:   

¶ Mitigation technologies decrease absorption of the 
solar radiation in an urban environment and keep 
urban surfaces cool. Important applications, such as 
cool roofs and cool pavements, increase solar 
reflectance, decrease urban surface temperatures 
and minimise heat release to the atmosphere.   

¶ Mitigation technologies that increase 
evapotranspiration in an urban environment include 
green infrastructure, like urban parks, street trees, 
green roofs and walls, and water-permeable 
pavements.  

 

 

Figure 10 Urban Heat Island Mitigation and Co-benefits (Source: Bosomworth et al., 2013) 
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