
Background 

Rapid global urbanization and the related increase of 
the Urban Heat Island (UHI) effect make ‘urban 
cooling’ a necessity and an opportunity to increase 
the liveability of cities. Urban cooling can be 
potentially achieved via the implementation of high-
quality urban design and a combination of mitigation 
and adaptation techniques, strategies, and solutions 
specifically designed in relation to local climate 
conditions. Numerous studies from all over the world 
can be found in the literature on the topic of UHI 
mitigation, but only a few have focused on the 
Australian context. Thus, this review is a scoping 
study of the relevant worldwide UHI 
mitigation/adaptation strategies and techniques 
which can be applied to Australian cities. It is not a 
meta-analysis, nor an attempt to systematically 
compare the effectiveness of different approaches to 
mitigate or adapt to the UHI. However, it provides 
insights that may help to explore and invest in more 
appropriate and effective UHI mitigation/adaptation 
approaches for Australian cities. 

Objectives of this rapid review 

The main objective of this rapid systematic review is 
to provide an international literature review of best 
practice techniques for urban cooling for the major 
climate zones in Australia.  

This has been done by synthesising knowledge from 
the secondary literature and employing systematic 
reviews and meta-analyses. This review collates the 
knowledge on the effectiveness of existing UHI 
mitigation/adaptation techniques and strategies able 
to enhance indoor and outdoor thermal comfort for 
urban residents and reduce annual building energy 
consumption.  

The commissioned review objective fits more with a 
scoping/mapping review definition than with the 
classical rapid review. However, given the 
methodology used to find, screen, and assess the 
studies, the “rapid review” label is also appropriate. 
Rapid reviews generally use simplified systematic 
review methodology to accelerate the review 
process, while still trying to minimise the risk of bias. 

Data sources 

Data sources include Scopus, Web of Science and 
Google Scholar, followed by snowballing from the 
included full-text articles. 

Study eligibility criteria and synthesis methods 

We selected peer-reviewed systematic reviews and 
meta-analyses focused on interventions and 
technologies aimed at mitigating the UHI 
phenomenon in climate zones similar to those 
available in Australia. We qualitatively summarised 
and apprised risk of bias of the studies that fulfilled 
our inclusion criteria. 

Included sources 

This rapid systematic review is based on 14 articles 
including 10 systematic reviews, 3 meta-analyses, 
and 1 evidence-based review that fulfilled the 
inclusion criteria.  
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Results 

Analysis of the secondary literature included in this 
rapid systematic review shows that some studies 
have investigated the impact of mitigation strategies 
on reducing outdoor air temperature and some have 
focused on the impact of mitigation/adaptation 
techniques on reducing indoor air temperature in 
cities. Additionally, a few studies report on the impact 
of strategies to reduce the surface temperature of 
buildings as well as other components of the urban 
matrix.   

The main strategies that focus on indoor air 
temperature reduction (called here indoor 
techniques) are: 

• Green roofs and vertical greening systems;  
• Cool roofs and high albedo materials 

(characterized by high solar reflectance and high 
thermal emissivity). 

The main strategies in the reviewed studies that focus 
on outdoor air temperature reduction (called here 
outdoor techniques) are listed hereunder: 

• Green spaces, such as ground vegetation, trees, 
and forests; 

• Blue spaces, such as lakes and rivers; 
• Solar canopy (mainly applied to improve outdoor 

thermal comfort). 

The main strategies mentioned in the reviewed 
studies that focus on reducing the surface 
temperature of buildings and urban components are 
listed hereunder: 

• Cool pavement instead of traditional asphalt; 
• Green facades. 

The reviewed studies indicate that the indoor 
techniques may not have a significant influence on 
mitigating UHI, but, as reported, intensive green roofs 
are able to decrease indoor temperature (e.g., by 2°C 
in a single-family house in Greece) and annual energy 
consumption of urban buildings (e.g., by 4-7% in the 
same single-family house in Greece), especially on the 
studied buildings that lacked good insulation. Based 
on the reviewed studies, outdoor techniques, either 
green or blue spaces, can be seen to reduce the local 
air temperature by 3°C. Some techniques, such as 
water features, can reportedly reduce outdoor air 
temperature by up to 6°C locally. However, it should 
be noted that the outdoor techniques will eventually 
be able to reduce indoor air temperature and energy 
consumption as well. Furthermore, some studies 
report the impact of green walls on surface 
temperature when applied in different climate 
contexts and have shown significant surface 
temperature reduction. The maximum surface 

temperature reduction has been recorded in Italy and 
corresponds to 20°C (Shooshtarian et al. 2018).  

Limitations of rapid review 

Only peer-reviewed secondary academic literature 
written in English was included in this review. As the 
search was not fully comprehensive (e.g., specialist 
databases were not searched), some relevant studies 
might have been omitted. Also, the included reviews 
were deemed to have occasional reporting and 
potentially methodological issues and their 
conclusions should be considered with care. 

Literature gaps and future research 

It should be noted that many literature gaps were 
found among the reviewed studies. Some studies 
have suggested future research accordingly. For 
example, Tsoka et al. (2018) have only concentrated 
on the evaluation of parameters influencing the 
outdoor thermal response of the pedestrians in their 
study, but the reported values are not analysed 
further. 

Most of the reviewed studies on greening strategies 
and technologies have identified knowledge gaps and 
the main research gaps are listed as follows: 

• Bartesaghi Koc et al. (2018) have stated that the 
general study of the combined effects of various 
vegetation characteristics is very challenging and 
needs additional research in the future;  

• Bowler et al. (2010) indicated that the principle of 
future research is to precisely examine green 
areas, to provide primary predictions of the 
impact of essential measures and spatial 
combinations of greening; 

• Bustami et al. (2018) recommended future 
studies into vertical greening to reconsider the 
interconnected dimensions of the system and the 
method of ascertaining its cost and effectiveness. 

One of the studies on the bluespace technique has 
also suggested future research: 

• Völker et al. (2013) suggested that the effect of 
urban bluespace on temperature is very 
dependent on the size of the space and its 
distance from the residential area. The diffusion 

The reviewed studies indicate that the 
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significant influence on mitigating UHI, 
but, as reported, intensive green roofs 
are able to decrease indoor 
temperature… and annual energy 
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of different urban blue space types needs to be 
addressed in future. 

Some of the reviewed studies, which have examined 
several of the adaptation/mitigation strategies or 
technologies, have recommended conducting more 
in-depth and multi-aspect studies: 

• Hintz et al. (2018) recommend a more 
comprehensive analysis of the relative 
effectiveness of connected or discrete solutions;  

• Kamarulzaman et al. (2014) have reported that 
further research is required on the "performance 
of thermal reduction and plant characteristics"; 

• Deilami et al. (2018) have stated that it is critical 
for future studies to identify the contributing 
factors of UHI in 3-D. 

Conclusions and implications 

Overall, the evidence suggests that not every strategy 
and technique to mitigate/adapt to UHIs is very 
effective everywhere across the globe. However, the 
appropriate approach(es) can be selected and applied 
only with respect to the geographical and climate 
features of a specific urban area. Applying the 
appropriate approach(es) not only contributes to 
mitigating or adapting to the UHI at the target urban 
area, but also contributes to lowering the annual 
energy consumption of local buildings. 

Australia has a wide variety of climate zones similar 
to those studied in the literature. For example, the 
tropical climate in the north of Northern Australia 
(NA) and Queensland (QLD) is similar to Singapore, Sri 
Lanka and Brazil, among the areas studied by 
Shahmohamadi et al. (2010); Tsoka et al. (2018); 
Semaan and Pearce (2016); Shooshtarian et al. 
(2018). The arid climate in the centre and south of NA, 
centre and west of QLD and New South Wales (NSW), 
and the north of Western Australia (WA) and South 
Australia (SA) is similar to the western states of the 
USA, major parts of China and Middle East, among the 
areas studied by Francis and Jensen (2017) and Hintz 

et al. (2018). The temperate climate in Tasmania 
(TAS) and the east of NSW is similar to many 
European countries and the eastern states of the 
USA, among the areas studied by Filho et al. (2017); 
Francis and Jensen (2017); Völker et al. (2013). Finally, 
the Mediterranean climate in Victoria (VIC) and the 
south of NA is similar to many of the countries in 
southern Europe, studied by Bartesaghi Koc et al. 
(2018); Gunawardena et al. (2017); Tsoka et al. 
(2018). 

However, only two studies among the reviewed ones 
have reported some specific results from Australian 
climate zones. Hintz et al. (2018), reviewing 21 case 
studies in Australia among others, has investigated 
the increasing frequency and intensity of urban heat 
waves, and Shooshtarian et al. (2018) has 
recommended trees and water bodies to mitigate the 
UHI in Australian climate zones. 

The lack of specific studies systematically reviewing 
urban cooling techniques applied in the Australian 
context makes it difficult to draw significant 
conclusions for this country. Moreover, there is no 
clear evidence of best practice techniques for urban 
cooling in the specific Australian climate zones which 
suggests a need for further research, especially 
utilising systematic review and meta-analytic 
approaches. 

Nonetheless, the conclusions and outcomes derived 
from the 14 included papers from the systematic 
review family and considering global evidence 
suggest several mitigation/adaptation strategies that 
may be improved or modified for application in the 
Australian context. 
. 
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