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Executive Summary 

 

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 
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 secondary literature employing 
systematic review 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 the 
scoping/mapping review definition than with 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 (Tricco et al. 2015). 

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

Study eligibility criteria 
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 defined for Australia by 
the Australian Building Codes Board (ABCB). 

 

Study appraisal and synthesis methods 
We qualitatively summarised studies that fulfilled our 
inclusion criteria. The quality and risk of bias of these 
studies has been evaluated using the AMSTAR2 
checklist adapted from Shea et al. (2017). 

Results 
We included 10 systematic reviews, 3 meta-analyses, 
and 1 evidence-based review that fulfilled the inclusion 
criteria, for a total of 14 articles.  

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).  
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Limitations 
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 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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Introduction  

Rationale 
Since the last century, the intensity and frequency of 
urban heat waves have globally increased. The rate of 
increase is mainly dependent on factors like the warming 
of the atmosphere and the oceans which has resulted in 
reductions in snow and ice cover, changes in the global 
water cycle and eventually local climates. Due to human 
activities, urban areas typically experience higher 
temperatures compared to surrounding rural areas. This 
phenomenon is known as the Urban Heat Island (UHI) 
while, as reported, heat waves are magnified by the UHI 
(NASA, 2009). The UHI effect profoundly affects human 
life and health as a result of increasing temperature and 
air pollution levels during the daytime and reduced 
cooling during the night-time, contributing to general 
discomfort. 

As a result, numerous studies have been conducted with 
the aim to develop and assess urban cooling strategies 
under different climates. Mitigation of/adaptation to the 
UHI effect can be accomplished through the 
implementation of different strategies such as: (i) cool 
roofs and facades (mainly reflective), and cool 
pavements (either reflective or permeable) thus 
increasing the overall albedo of the urban environment; 
and (ii) green roofs, trees, and vegetative cover by 
utilizing smart growth practices. The role of each 
individual strategy and/or combination of strategies 
depends considerably on the topology and the design of 
urban areas. In high urban densities, the use and 
occupancy of the buildings may also have a noticeable 
impact on heating and cooling. It has been shown that, 
based on topology and urban design parameters, some 
strategies have been able to decrease the outdoor air 
temperature of a specific area by 3°C, while the 
application of other strategies has shown a marginal 
impact, decreasing temperature only by 0.1°C.  

Therefore, learning from the existing literature on the 
topic by exploring urban cooling techniques already 
implemented in the main climate zones of Australia and 
in developed countries located in similar climates is of 
vital importance if we are to draw the proper conclusions 
on the best practice techniques and identify the main 
gaps for Australia. Given the vast number of potentially 
relevant primary sources, there is a need to identify 
relevant, reliable, and unbiased secondary studies using 
systematic or meta-analytic review methodologies. 

 

 

 

 

 

 

 

 

 

Objectives 
The main objective of this rapid systematic review is to 
synthesize knowledge from the secondary literature 
employing systematic review and meta-analytic 
approaches on: (i) the existing techniques for urban 
cooling in the major climate zones in Australia and (ii) 
urban cooling techniques being used in developed 
countries in tropical, warm, and cool temperate climate 
zones. 

In this review, we applied a rapid review methodology to 
efficiently explore the existing literature collating 
evidence from primary sources. Rapid reviews generally 
use simplified systematic review methodology to speed 
up the review process, while still trying to minimise the 
risk of bias (Tricco et al. 2015). Our approach and aims 
also fit the definitions of a scoping and mapping review 
and meta-review / overview / umbrella review / scoping 
meta-review of systematic reviews, terms which are 
used across different disciplines to describe reviews of 
other reviews (Sarrami-Foroushani et al. 2015). 

The secondary objective of this project is to assess the 
time and resources needed to perform scoping / rapid 
meta-review on a topic related to the Built Environment. 
Thus, information relevant to the review team’s structure, 
review timeline, and associated workloads is also 
included in this report. 
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Methods 

Eligibility criteria 
The following study characteristics were used as 
inclusion criteria for the review: 

1. Publication year: studies published in and after 
2009 (last 10 years); 

2. Publication type: peer-reviewed articles; 
3. Publication language: studies published in 

English; 
4. Study type: secondary studies claiming to 

perform systematic review, rapid review, scoping 
review, systematic map, evidence map, meta-
analysis or equivalent, all from the family of 
systematic-type reviews (Moher et al. 2015); 

5. Study topic: the main focus of the study is on 
strategies and best practice techniques already 
implemented in the Australian context for 
reducing the UHI, such as: (i) cool (mainly 
reflective) roofs, cool facades and cool 
pavements (either reflective or permeable) thus 
increasing the overall albedo of the urban 
environment; (ii) green roofs, trees and 
vegetative cover; and (iii) smart growth practices 
(including development and conservation 
solutions able to improve the liveability of 
communities and protect the environment); 

6. Study geographical focus: the study’s primary 
focus should be on Australia and potentially on 
other developed countries in tropical, warm, and 
cool temperate climate zones (such as 
European countries, USA, and New Zealand); 
similar to those defined for Australia by the 
Australian Building Codes Board (ABCB): 
• Climate zone 1 - High humidity summer, 

warm winter; 
• Climate zone 2 - Warm humid summer, mild 

winter; 
• Climate zone 3 - Hot dry summer, warm 

winter; 
• Climate zone 4 - Hot dry summer, cool winter; 
• Climate zone 5 - Warm temperate; 
• Climate zone 6 - Mild temperate; 
• Climate zone 7 - Cool temperate; 
• Climate zone 8 - Alpine. 

7. Full text available. 

Information sources 
1. Search engines, Scopus, Web of Science, and 

Google Scholar; 
2. Snowballing (forward and backward reference 

screening) from the included studies using 
Scopus search engine and database. 

Literature search and study records  
The main online database searches (SCOPUS and Web 
of Science) were conducted on 29/04/2019. Two 
searches were run per database. One was to locate 
papers relevant to this rapid review topic and mentioning 

“Australia”/”Australian” in the paper title, abstract or 
keywords. The second search was conducted for other 
relevant papers, as defined by this rapid review scope. 

 

1. Search string for the SCOPUS online database 
advanced search for studies mentioning/related to 
Australia:  

TITLE-ABS-KEY ( ( "meta-analy*"  OR  "meta analy*"  
OR  "metaanaly*"  OR  "meta-review*"  OR  ( 
systematic*  W/2  review* )  OR  ( systematic*  W/2  
map* )  OR  ( evidence  W/2  review* )  OR  ( evidence*  
W/2  map* )  OR  ( scoping  W/2  review )  OR  ( rapid  
W/2  review ) )  AND  ( urban*  OR  city*  OR  street* OR 
zone)  AND  ( heat*  OR  temperature*  OR  climat* )  
AND  ( cool*  OR  mitigat*  OR  countermeasure*  OR  
technique*  OR  technolog*  OR  strateg*  OR  solution* 
OR passive OR active OR “best practice”)  AND  ( 
australia* ) )  [15 records found] 
 

2. Search string for the SCOPUS online database 
advanced search, more general than Australia-related:  

TITLE-ABS-KEY ( ( "meta-analy*"  OR  "meta analy*"  
OR  "metaanaly*"  OR  "meta-review*"  OR  ( 
systematic*  W/2  review* )  OR  ( systematic*  W/2  
map* )  OR  ( evidence  W/2  review* )  OR  ( evidence*  
W/2  map* )  OR  ( scoping  W/2  review )  OR  ( rapid  
W/2  review ) )  AND  ( urban*  OR  city*  OR  street* OR 
zone)  AND  ( heat*  OR  temperature*  OR  climat* )  
AND  ( cool*  OR  mitigat*  OR  countermeasure*  OR  
technique*  OR  technolog*  OR  strateg*  OR  solution* 
OR passive OR active OR “best practice” ) )  [280 
records found] 
 

3. Search string for the Web of Science (WoS) online 
database advanced search for studies 
mentioning/related to Australia:  

TS = ( ( "meta-analy*"  OR  "meta analy*"  OR  
"metaanaly*"  OR  "meta-review*"  OR  ( systematic*  
NEAR /2  review* )  OR  ( systematic*  NEAR /2  map* )  
OR  ( evidence  NEAR /2  review* )  OR  ( evidence*  
NEAR/2  map* )  OR  ( scoping  NEAR /2  review )  OR  
( rapid  NEAR /2  review ) )  AND  ( urban*  OR  city*  
OR  street* OR zone)  AND  ( heat*  OR  temperature*  
OR  climat* )  AND  ( cool*  OR  mitigat*  OR  
countermeasure*  OR  technique*  OR  technolog*  OR  
strateg*  OR  solution* OR passive OR active OR “best 
practice”)  AND  ( australia* ) ) Indexes=SCI-
EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-
S, BKCI-SSH, ESCI, CCR-EXPANDED, IC 
Timespan=All years  [7 records found] 
 

4. Search string for the Web of Science (WoS) online 
database advanced search, more general than Australia-
related:  

TS = ( ( "meta-analy*"  OR  "meta analy*"  OR  
"metaanaly*"  OR  "meta-review*"  OR  ( systematic*  
NEAR /2  review* )  OR  ( systematic*  NEAR /2  map* )  
OR  ( evidence  NEAR /2  review* )  OR  ( evidence*  
NEAR/2  map* )  OR  ( scoping  NEAR /2  review )  OR  
( rapid  NEAR /2  review ) )  AND  ( urban*  OR  city*  
OR  street* OR zone)  AND  ( heat*  OR  temperature*  
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OR  climat* )  AND  ( cool*  OR  mitigat*  OR  
countermeasure*  OR  technique*  OR  technolog*  OR  
strateg*  OR  solution* OR passive OR active OR “best 
practice”) ) Indexes=SCI-EXPANDED, SSCI, A&HCI, 
CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-
EXPANDED, IC Timespan=All years  [148 records 
found] 

Records from the Scopus and Web of Science electronic 
databases were exported to Mendeley reference 
management software. Duplicated records were 
removed. After that, two reviewers (SJ, ML) 
independently screened the records (titles, abstracts, 
keywords) using the Rayyan platform (Ouzzani et al., 
2016) to identify relevant studies using a pre-defined 
decision tree reflecting the eligibility criteria described in 

the previous section. The included records were cross-
checked by a third reviewer (GP). 

Full papers were retrieved for studies deemed potentially 
relevant. Three reviewers (SJ, GP, ML) consecutively 
assessed full papers resolving any disagreements by 
discussion and cross-checking the final list of included 
studies and data extraction (for coding, see next 
section). Studies deemed suitable for inclusion were 
then used to perform additional snowballing searches 
(i.e. forward and backward reference screening) using 
the Scopus database. 

The overview of the search and screening process is 
presented in Figure 1. 

 
 

 

Figure 1. PRISMA diagram of the search and screening process 

Data items 
We extracted the following characteristics for each 
included study: first author and year of publication, study 
title, main topic, geographic scope (e.g., Australia, 
Europe, global), types of mitigation approach, main 
types of outcomes and key findings relevant to the 
reviewed question, study funding sources and conflict of 
interests (as stated by the study authors). For each 

study, we have also recorded overall conclusions 
relevant to the topic of this rapid review. 

Table 1 presents the main extracted variables and their 
values / codes (also used in Table 2 in the Results 
section). Data extraction was performed by one reviewer 
(SJ) and checked by another reviewer (GP). For each 
study, we have also provided quality assessment scores, 
risk of bias and overall comments (for details, see the 
“Risk of bias of individual studies” section below).
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Table 1. List of the main study variables extracted and coded for the included studies, with relevant values 

Study variable Description 

First Author_year Key (ID) of the article is created by concatenating the last name of the first author and the 
year published 

Title Title of the article 

Main topic Main topic addressed in the article 

Geographic scope Main countries/regions addressed in the article 

Mitigation type Main types of mitigation approaches considered in the article 

Outcome focus Main types of outcomes reported in the article 

Study funding; conflict of interests Funding sources declared in the article; conflicts of interests declared in the article 

 

Outcomes and prioritisation 
Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 

Risk of bias in individual studies 
A quality assessment of the secondary studies included 
in this review was performed using the AMSTAR2 
checklist (Shea et al. 2017) by one reviewer (ML). Table 
S3 presents the 16 questions used for this assessment 
process, with codes and explanations. 

Data Synthesis 
No quantitative assessment was performed due to the 
heterogeneity and the small number of included studies. 
A qualitative summary is provided in the form of tables 
and a narrative description of the patterns and gaps 
observed in the secondary literature that was reviewed. 

Meta-bias(es) 
Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 
 

Results 
The final study list including the 14 articles that fulfilled 
our inclusion criteria is presented in Table 2. 

 

 

Overview of the included studies  
The included reviews were published between 2010 and 
2019. They reviewed between 12 and 4051 primary 
studies, and usually had global coverage. Out of the 14, 
10 were claiming to be systematic reviews of the 
literature, 3 to be meta-analyses, and 1 to be an 
evidence-based review (also belonging to a systematic 
review family of secondary studies). In terms of the 
topics of the reviews, the focus of 3 of the included 
reviews was primarily on the strategies to reduce indoor 
temperature and building energy consumption (Bustami 
et al. 2018; Semaan and Pearce 2016; Shahmohamadi 
et al. 2010); 5 reviews focused on techniques to reduce 
outdoor temperature (Filho et al. 2017; Gunawardena et 
al. 2017; Hintz et al. 2018; Lamb et al. 2019; Völker et al. 
2013), while the remaining 6 focused on both indoor and 
outdoor strategies and techniques (Bartesaghi Koc et al. 
2018; Deilami et al. 2018; Bowler et al. 2010; Francis 
and Jensen 2017; Shooshtarian et al. 2018; Tsoka et al. 
2018). Among the reviewed studies, some have also 
investigated strategies/techniques to reduce the surface 
temperature of the land and the building envelope 
(Deilami et al. 2018; Shooshtarian et al. 2018; Filho et al. 
2017). 

The reviews on reducing outdoor temperature have 
mainly investigated the cooling performance of green 
and blue space to mitigate the UHI intensity (e.g., 
Gunawardena et al. 2017 who concluded that urban 
greening is more effective and practical when urban 
arrangement is dispersed rather than compact). The 
cooling effects clearly attributable to urban blue space 
(ponds, lakes or rivers) are shown to be significant, but 
are also limited by surrounding environmental conditions 
including wind speed, wind turbulence, wind direction, 
temperature, humidity, type and arrangement of 
surrounding built-up areas (Völker et al. 2013). However, 
most of the studies have investigated the cooling effect 
of specific green spaces on wider urban areas and yet 
there is no evidence that the achieved cooling effect is 
due to the green spaces alone (e.g., Bowler et al. 2010 
reported on the effect of parks and trees on reducing 
temperature in urban areas). 
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The studies which have focused on reducing indoor 
temperature and energy use in cities have investigated 
the application of two major techniques: (i) cool materials 
on the building envelope, such as cool roofs and 
facades (mainly reflective) and cool pavements (either 
reflective or permeable); (ii) green roofs, trees and 
vegetative cover; and (iii) smart growth practices 
(including development and conservation solutions able 
to improve the liveability of communities and protect the 
environment). Shahmohamadi et al. 2010, concluded 
that green roofs and facades also have the ability to cool 
the surrounding air through the daily dew and 
evaporation cycle.   

Overview of the excluded studies 
Table S2 lists the studies excluded from this review after 
full-text screening, together with the reasons for 
exclusion. Most of these studies were excluded because 
they did not specifically focus on UHI mitigation 
strategies/techniques. One study has been excluded 
because it is written in Chinese and one study was too 
old (from 1971) to be still relevant.  

Despite being excluded, some of these papers may still 
provide useful insights that are relevant to the urban 
cooling techniques. For example, Liu et al. (2017) claims 
that urban green space (parks), as an essential 
component of urban natural landscapes, plays an 
important role in mitigating the UHI intensity. 

Quality, risk of bias and confidence in 
cumulative evidence 
Table 3 summarises an assessment of the quality and 
risk of bias of the included systematic reviews and meta-
analyses. More detailed results of AMSTAR2 
assessment are provided in Table S4. Overall, 9 of the 
included reviews were deemed to have some 
reporting/methodological issues (score B = tentatively 
moderate quality). The remaining studies had major and 
multiple reporting / methodological issues (score C = 
tentatively low quality; Table S4). The noted issues were 
mostly due to not following established best practice for 
conducting and/or reporting systematic reviews and 
meta-analyses, such as not being preceded by a 
registered protocol, and then not reporting sufficient 
details of search, screening and data extraction process, 
and not assessing quality of the reviewed studies. For 
the same reasons, 8 of the included reviews were 
deemed to have a moderate potential risk of bias and 
the remaining reviews have, potentially, a high risk of 
bias. Overall, the results of the quality assessment of the 
included reviews suggest that in the future reviews more 
care should be taken to follow guidelines on conducting 
and reporting on reviews claiming to belong to the 
systematic review family. 

Rapid review limitations 
Our literature search conducted for the purpose of this 
rapid review was not fully comprehensive and some 
relevant papers might have been missed. We included 

only peer-reviewed studies that were claimed to be 
systematic reviews or meta-analyses of literature (or 
similar). Thus, we did not include studies from the grey 
literature (e.g., theses, reports, reviews of technology or 
case studies) or comprehensive, but non-systematic 
reviews that could potentially yield additional insights. 
We also only included studies published in English and 
within the last 10 years. 

Summary and conclusions   
The purpose of this rapid systematic review was to draw 
on secondary literature that employs systematic review 
and meta-analytic approaches in order to determine the 
best practice techniques for urban cooling investigated 
under Australian local climate zones and similar climate 
conditions in other countries. The specific conclusions of 
individual included reviews are presented in Table 3.  

Techniques which can reduce indoor temperatures, such 
as green roofs/walls/façades and high albedo material 
(characterized by high solar reflectance and high thermal 
emittance), may not have a significant influence on 
mitigating UHIs, but are effective in reducing indoor air 
temperature as well as reducing building energy 
consumption for cooling. An assessment compiling 7 
studies has compared the benefits of intensive green 
roofs in three different types of climates and reported 
that using green roofs in Greece has resulted in an 
indoor air temperature decrease of 2°C and an annual 
energy demand decrease of 4-7% (Semaan and Pearce, 
2016). 

The studies of UHI mitigation strategies in outdoor areas 
show a general trend of reduced outdoor temperature 
due to the presence of green (vegetation) and blue 
(water) spaces. Cooling effects of 2.5°C and 0.94°C are 
respectively reported as due to the presence of urban 
blue sites (Völker et al. 2013) and parks (Bowler et al. 
2010) in meta-analysis. A review by Francis and Jensen 
(2017) lists 17 studies that have reported a cooling effect 
of 0.03–3°C in the street outside the buildings where 
trees were planted. However, it should be noted that the 
cooling effect of green and blue spaces is often context 
dependent (Gunawardena et al. 2017; Völker et al. 
2013). Outdoor techniques are also shown to be 
effective in reducing the energy consumption of adjacent 
urban buildings (Shooshtarian et al. 2018).  

Application of a white surface, with high solar reflectance 
and thermal emittance, curtailed the thermal difference 
between ambient temperature and surface temperature 
by 5°C. The surface temperature of high-albedo coatings 
was only about 5°C warmer than air, whereas for 
conventional gravel with a lower albedo it was about 
30°C warmer than air.  

Using green facades in Chicago have reduced ambient 
temperature by 0.8–2.1°C on hourly average. Their 
thermal benefits depend from the time of the day and 
orientation of walls (Shooshtarian et al. 2018). 

The research on the impact of green walls on surface 
temperature has suggested a thermal reduction of 1.9 – 
20°C in in different countries (Shooshtarian et al. 2018). 
Francis and Jensen (2017), reviewing 41 primary 
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studies, have also reported on building energy 
consumption. Twenty of these studies were comparable 
and indicated an increase of 7 - 90% in annual energy 
consumption reduction. 

While 14 included papers have reported on global 
conditions, only 2 papers reported results relating to the 
Australian context. Hintz et al. (2018) investigated the 
increasing frequency and intensity of urban heat waves 
over the last half-century across the globe and included 
21 case studies on urban heat waves in Australia. 
Shooshtarian et al. (2018) has suggested that in 
Australia, trees and water bodies are highly 
recommended as a climate mitigation strategy.  

This rapid review of the existing literature may therefore 
help to identify the current gaps on the topic of urban 
cooling techniques in Australia (such as the limited 
range of secondary literature and monitored results of 
mitigation and adaptation strategies) and provide subject 
areas for future research in this area. 
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Table 2. A list of the included studies and their main characteristics  

First 
Author_year 

Title Main topic Number of 
reviewed studies 
[included study 
publication 
years] 

Geographical 
focus 

Types of mitigation 
approaches 
considered 
(strategies and 
techniques) 

Types of 
outcomes 
considered 

Study funding; Conflict of 
interests 

Bartesaghi 
Koc_2018 

Evaluating the cooling 
effects of green 
infrastructure: A 
systematic review of 
methods, indicators and 
data sources 

Urban greening; 
urban heat island; 
urban climatology; 
temperature 
mitigation 

165 studies on 
38 countries 

[2010-2017] 

East Asia, 
Europe and 
North America 

Green spaces; 
green roofs; 
vertical greening 
systems; blue 
spaces 

Indoor /outdoor 
outcomes:  

Various measures 
of urban cooling 
effectiveness 
(including 
temperature, 
humidity, wind)  

Australian Government 
Research Training Program 
Scholarship; Graduate 
Research School UNSW 
(UIPA); CRC for Low Carbon 
Living (Top-up scholarship) 

Bowler_2010 Urban greening to cool 
towns and cities: A 
systematic review of the 
empirical evidence 

Urban greening 
interventions; 
urban heat island; 
temperature 
mitigation 

648 studies on 
different 
countries 

[2003-2010] 

Global  

(531 sites 
around the 
world) 

Green roofs; 
ground vegetation; 
trees; forests 

Indoor /outdoor 
outcomes:  

Various measures 
of urban cooling 
effectiveness  

 

Natural England 

Bustami_2018 Vertical greenery systems: 
A systematic review of 
research trends 

Urban heat island; 
living wall; passive 
cooling 

166 studies 

[2008-2017] 

Global Vertical greenery 
systems 

Indoor 
outcomes:  

Passive cooling 

 

University of South Australia 

Deilami_2018 Urban heat island effect: A 
systematic review of 
spatio-temporal factors, 
data, methods, and 
mitigation measures 

Urban heat island; 
land surface 
temperature 

75 studies 

[2011-2017] 

Global Vegetation; water 
body 

Indoor /outdoor 
outcomes:  

The link between 
spatio-temporal 
factors and UHI 
effect, and the 
effects of these 
factors on UHI 

Not reported 

Filho_2017 An evidence-based review 
of impacts, strategies and 
tools to mitigate urban 
heat islands 

City planning; 
environmental 
health; public 
health; climate 
change  

12 studies 

 [2008-2016] 

USA; UK; 
Belgium; 
Netherlands; 
Germany; India; 
Japan 

 

Green cover; 
vegetation 
surface; blue 
space 

Outdoor 
outcomes:  

Health impacts of 
UHI 

Climate Proof Cities: 
Consortium of the Knowledge 
for Climate research project 
(part of the Inter-University 
Sustainable Development 
Research Programme and the 
International Climate Change 
Information Programme) 
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Francis_2017 Benefits of green roofs: A 
systematic review of the 
evidence for three 
ecosystem services 

Air pollution; 
energy 
consumption; 
green 
infrastructure 

17 studies 

 [2009-2016] 

USA; China; 
France; 
Australia; Japan; 
Germany; 
Netherlands 

Vegetation; green 
roof coverage 

Indoor /outdoor 
outcomes:  

Maximum cooling 
effect of green 
roofs; annual 
energy saving  

By the strategic partnership 
Water in Urban Areas (Vand I 
Byer) and the Technical and 
Environmental Administration, 
City of Copenhagen 

Gunawardena 
_2017 

Utilising green and blue 
spaces to mitigate urban 
heat island intensity 

Urban heat island; 
urban climatology; 
temperature 
mitigation  

Not available 

[1972-2016] 

Global (a few 
studies are from 
Asia, most are 
from Europe and 
N. America) 

Green spaces; 
green roofs; 
vertical greening 
systems; blue 
spaces 

Outdoor 
outcomes:  

Various measures 
of urban cooling 
effectiveness 
(including 
temperature, 
humidity, wind) 

Not reported 

Hintz_2018 Facing the heat: A 
systematic literature 
review exploring the 
transferability of solutions 
to cope with urban heat 
waves 

Urban heat waves; 
urban heat island 

75 studies 

[2000-2015] 

Asia; Middle 
East; Africa; 
North America; 
Europe; 
Australia 

Green and blue 
infrastructure; grey 
infrastructure; 
human behaviour  

Outdoor 
outcomes:  

Social, 
environmental, 
economic and 
health benefits 

Not reported 

Lamb_2019 Learning about urban 
climate solutions from 
case studies 

Climate mitigation; 
greenhouse gas 
(GHG) emissions; 
energy 
consumption 

4051 studies Global Not specified Outdoor 
outcomes:  

Energy 
consumption 
reduction; CO2 
emission 

Not reported 

Semaan_2016 Assessment of the gains 
and benefits of green roofs 
in different climates 

Green roofs; 
climate; GDP 

7 studies 

[2004-2012] 

Singapore; 
Brazil; Greece; 
France; Canada; 
Sweden; USA 

Green roofs Indoor 
outcomes: 

 Benefits of green 
roofs in three 
different types of 
climates  

Not reported 

Shahmohamadi
_2010 

Reducing urban heat 
island effects: A 
systematic review to 
achieve energy 
consumption balance 

Energy 
consumption; 
quality of life; 
urban heat; heat 

Not specified North America; 
Europe; UK; 
Singapore; 
Japan; Sri Lanka 

Horizontal green 
spaces; albedo 
materials; cool 
roofs; white 
pavement instead 
of asphalt; natural 
ventilation 

Indoor 
outcomes:  

Strategies to 
minimise air 
pollution and 
energy 
consumption 

Not reported 
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Shooshtarian_2
018 

A comprehensive review 
of thermal adaptive 
strategies in outdoor 
spaces 

Thermal comfort; 
mitigation 
strategies 

 

584 studies 

[2001-2017] 

Australia; USA; 
UK; Spain; 
Japan; Italy; 
Singapore; 
Canada; Hong 
Kong; New 
Zealand; 
France; Greece 

Green spaces; 
shade; water 
bodies; wind 
funnelling; cool 
covering materials; 
cooling vest; green 
roof; green 
facades; 

Indoor /outdoor 
outcomes:  

Temperature-
reduction in urban 
areas 

Not reported 

Tsoka_2018 Analysing the ENVI-met 
microclimate model's 
performance and 
assessing cool materials 
and urban vegetation 
applications-A review 

Urban 
microclimate; 
energy 
performance; 
outdoor thermal 
comfort; urban 
greenery; cool 
materials 

280 studies 

[1998-2017] 

Brazil; China; 
UK; Malaysia; 
USA; Greece; 
Italy; 
Netherlands; 
Germany; 
Nigeria; Sri 
Lanka; Hong 
Kong; Canada; 
China; Spain 

Green wall; 
vegetation; 
albedo; cool roofs; 
cool pavements 

Indoor /outdoor 
outcomes:   

Temperature 
reduction due to 
different mitigation 
strategies 

Not reported 

Völker_2013 Evidence for the 
temperature-mitigating 
capacity of urban blue 
space - a health 
geographic perspective 

Climate change; 
environmental 
health; 
temperature 
mitigation; urban 
heat island 

27 studies 

[1991-2012] 

East Asia; 
Europe; North 
America 

Urban blue space; 
green spaces 

Outdoor 
outcomes:  

Temperature-
mitigation; health 
effects 

Fritz and Hildegard Berg 
Foundation, Essen (Germany) 
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Table 3. Summary of conclusions and assessments of the included studies. 

Quality scores based on AMSTAR2 assessment tool: A – minor concerns only; B – moderate review quality with several 
concerns; C – many concerns, often low reporting quality. 

First 
Author_year Study conclusions 

Claimed 
review type 

Quality 
score / Risk 
of bias  

Bartesaghi 
Koc_2018 

Vegetation, irrigation and cooling requirements for tropical, semi-arid, and 
desert climates are substantially different to those of temperate climates. 

The dynamic temporal and spatial heterogeneity, the connectivity, and the 
multi-functionality principles of green infrastructure have been overlooked in 
most of the literature. 

A correlation between irrigation and evapotranspiration rates with air and 
surface temperature reductions in urban areas needs to be investigated 
and their effects need to be quantified in future studies.  

Systematic 
review 

B / medium 

Bowler_2010 An urban park can reduce the local temperature by about 1°C compared 
with surrounding non-green sites. 

Trees have a contribution to make in temperature reduction by both 
providing shade and evaporation. Unshaded green sites may also play a 
role in reducing the temperature by evaporative cooling. 

Systematic 
review 

B / medium 

Bustami_2018 The installation of VGS on walls receiving high solar radiation can provide 
cooling benefits. The maximum cooling benefits were achieved when VGS 
were installed on walls. 

The performance of a VGS is partly dependent on the selection of 
appropriate plant species. 

Multidisciplinary research into VGSs is needed in future to consider the 
different aspects of the system such as cost and effectiveness. 

Systematic 
review 

B / medium 

Deilami_2018 An important factor that contributes to the UHI effect is urban growth and 
land cover changes.  

Vegetation can play a significant role in cooling the urban environment; 
indeed different studies have reported a temperature reduction ranging 
between 4°C and 24°C. 

Vegetation is more effective in dry land as it is reported that vegetated 
areas can reduce the temperature of dry urban surfaces under a clear sky 
by 70°C. 

Systematic 
review 

B / high 

Filho_2017 UHI causes health problems and fatal incidents during times of thermal 
extremes. 

A wide variety of parameters, methods, tools and strategies are studied, it 
is recommended that the diagnosis or solutions be standardized. 

Planners and designers need to understand the importance of UHI and 
assure that they are part of adaptation strategies. 

Evidence –
Based Review 

C / high 

Francis_2017 There are many factors which can change the effectiveness of urban 
planning on UHI mitigation. Analysis of the identified studies has shown 
that some parameters are more important in this regard, but further 
research is required for clarification of the complex relation between those 
influencing parameters and ecosystem service effectiveness. 

Systematic 
review 

B / medium 

Gunawardena 
_2017 

“Green space loss is more critical and likely than blue space.” 

Urban greening is more effective and practical when urban arrangement is 
dispersed rather than compact. Indeed, in a compact urban form, where 
height-to-width ratios are high, sheltering is increased. 

“For both green space and blue space, thermal effects are influenced by 
scale, geometry, spread and interval of interventions, surface roughness, 
fetch length and morphology and materiality of the context.” 

Meta-analysis C / high 
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Hintz_2018 City administration and local governments are essential actors for 
adaptation to urban heat waves.  

Some recommendations are formulated to increase transferability of 
solutions to urban heat waves. 

Systematic 
review 

B / medium 

Lamb_2019 A database of 4,051 case studies has been made available for systematic 
assessments in the future.  

The systematically underrepresented cities in the literature are those that 
present the future highest mitigation potential.  

Systematic 
review 

B / medium 

Semaan_2016 Many factors influence the adoption of green innovations and the 
development of relevant policies.  

Benefits of green roofs with regard to policies is explored and documented 
in a few different climate zones. 

In different case studies in Greece and France the implementation of green 
roofs has resulted in an indoor air temperature decrease of 2°C and an 
annual energy demand decrease of 4-7% from 30 June to 17 August 2000. 
There was also an indoor air temperature decrease of 2°C and an annual 
energy demand decrease of 6% for the study period June – July 2003. 

Meta-analysis C / high 

Shahmohamadi
_2010 

“Three important strategies can help to minimise the impact of UHI on 
energy consumption: providing an appropriate landscape; using appropriate 
materials on external surfaces of buildings; and urban areas and promoting 
natural ventilation.” 

Systematic 
review 

C / high 

Shooshtarian_2
018 

The solar canopy could reduce maximum Ta (ambient temperature) by up 
to 2°C and the shade from a building and a concrete shelter could reduce 
PET by 6.3°C and 3.8°C (UTCI by 10.3°C), respectively.  

Water features can reduce Ta by 2–6°C.  

Application of a white surface with high albedo curtailed the thermal 
difference between Ta and Ts (surface temperature) by 5°C. 

In a case study (in Chicago), a series of green facades proved to reduce Ts 
by 0.7°C on hourly average and 12.6°C on hourly maximum, Ta by 0.8–
2.1°C on hourly average. In other case studies, the research on the impact 
of green walls on Ts has suggested thermal reduction of 1.9–8.3°C in 
Greece, 11.6°C in Singapore, 15.2°C in Spain, 18°C in Japan and 12–20°C 
in Italy. 

Systematic 
review 

C / high 

Tsoka_2018 Most of the ENVI-met studies have evaluated the model’s performance in 
summer rather than in winter. 

“Adding urban green elements has been found to be the most commonly 
investigated mitigation technology.” 

19 ENVI-met studies have demonstrated that the median of the maximum 
Ta at summer peak drops by 1°C by adding extra street trees and hedges. 

“Applying high albedo materials on building roofs does not have an 
important cooling effect at street and pedestrian level while their potential 
becomes even less pronounced as a function of the roof’s distance from 
the ground.” On the other hand, highly reflective pavements seem to have a 
higher Ta cooling effect. 

Based on 36 studies, the median of the maximum Ta drops by 0.50°C, 
1.45°C, and 11.25°C respectively when cool roofs are applied, pavements 
are applied and when cool materials are applied both on the ground and on 
vertical building surfaces. 

Meta-analysis  B / medium 

Völker_2013 During the warmest months on northern hemisphere, a cooling effect of 
2.5°C has been attributed to urban blue sites.  

“The cooling effects clearly attributable to urban blue space are limited by 
surrounding environmental conditions like microclimate, urban 
development, wind velocity, wind turbulence, wind direction, temperature 
and humidity.” 

Systematic 
review 

B / medium 
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Resources, workload and timeline 

 

 

Figure 2. Review team members    

 

 

 

Stage April 2019 May 2019 June 2019 July 2019 

Stage1                 

Stage2                 

Stage3                 

Stage4                 

Figure 3. Review timeline 

(Stage1 – Question refinement and protocol preparation; Stage 2 – Searching and screening literature, data extraction 
from selected papers; Stage 3 – Writing conclusions and summary; Stage 4 – Review and finalization) 
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Table 4. Workloads (in hours) of the team members for each main review stage 

Review tasks  GP ML SJ JB  Total Comments 

Team formation  4.50 1 1   6.50  

Question refinement  0 2 2   4  

Protocol preparation  0.75 7 16   23.75  

Search and 
screening  7.75 9 16   32.75  

Data extraction and 
double check  9 9 24   42  

Synthesis / Report 
writing 

 13 12 18   43  

Revisions  5 2 1    14  22  

Total  40 42 78 14  174  
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Supplementary Information 
 

Table S 1. Table of snowballing results 

 

  

Snowballing from: 
First Author_year 

Snowballing from: Title No. citing 
papers 
screened 

No. cited 
papers 
screened 

No. total 
screened 

Bartesaghi 
Koc_2018 

Evaluating the cooling effects of green infrastructure: A 
systematic review of methods, indicators and data sources 10 235 245 

Bowler_2010 Urban greening to cool towns and cities: A systematic review 
of the empirical evidence 648 75 723 

Deilami_2018 Urban heat island effect: A systematic review of spatio-
temporal factors, data, methods, and mitigation measures 13 189 202 

Filho_2017 An evidence-based review of impacts, strategies and tools to 
mitigate urban heat islands 5 104 109 

Francis_2017 Benefits of green roofs: A systematic review of the evidence 
for three ecosystem services 16 100 116 

Gunawardena 
_2017 

Utilising green and blue spaces to mitigate urban heat island 
intensity 97 52 149 

Liu_2017 A review on the urban green space cooling effect based on 
field measurement of air temperature 3 84 87 

Semaan_2016 Assessment of the gains and benefits of green roofs in 
Different Climates 3 26 29 

Shahmohamadi_20
10 

Reducing urban heat island effects: A systematic review to 
achieve energy consumption balance 27 26 53 

Völker_2013 Evidence for the temperature-mitigating capacity of urban blue 
space - a health geographic perspective 21 72 93 

Total:    1806 
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Table S 2. List of excluded studies at the full-text screening stage, with reasons   

First Author_year Title PDF 
available 

Reason for exclusion 

Davies_2017 Urban green infrastructure in Europe: Is 
greenspace planning and policy compliant? 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. 

Djamila_2016 A study of Koppen-Geiger system for comfort 
temperature prediction in Melbourne city 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. 

Houghton_2019 Associations between Green Building Design 
Strategies and Community Health Resilience to 
Extreme Heat Events: A Systematic Review of 
the Evidence 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. The focus of the study is on 
health benefits. 

Liu_2017 A review on the urban green space cooling effect 
based on field measurement of air temperature 

yes In Chinese. 

Lwasa_2015 A meta-analysis of urban and peri-urban 
agriculture and forestry in mediating climate 
change 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. 

Naing_2017 Green Roof Retrofitting: Assessment of the 
Potential for Academic Campus 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. The  study focuses on the 
potential for green roof retrofits. 

Perotti_2018 Can urban metabolism models advance green 
infrastructure planning? Insights from ecosystem 
services research 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. The focus of the study is on 
urban ecosystem services and benefits 
provided by green infrastructure in urban 
settings. 

Phair_1971 Boulder Creek Batholith, Colorado Part III. 
Fingerprinting discordant zircon ages in a 
complex intrusion 

yes Too old. 

Roy_2012 A systematic quantitative review of urban tree 
benefits, costs, and assessment methods across 
cities in different climatic zones 

yes This paper does not have a specific focus 
on urban heat island mitigation strategies / 
techniques. The focus is mainly on 
characterizing urban trees, but not as 
urban cooling strategy. 
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Table S 3. Quality assessment tool. 

An adapted AMSTAR (Burda, Holmer, and Norris 2016; Shea et al. 2007) and AMSTAR2 (Shea et al. 2017) checklists, 
used to assess the quality of and risk of bias in, individual systematic reviews / meta-analyses included in the meta-
review. 

Question (recommendations) Decision rules and comments 

Q1. Are the research questions and 
inclusion criteria for the review clearly 
delineated? 

1 = “Yes” = Who (Population/Subject), What (Intervention, Comparator 
group, Outcome), Where and When described, as relevant to the review 
questions. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = research question and inclusion criteria not outlined in detail.  

Q2. Did the report of the review contain 
an explicit statement that the review 
methods were established prior to the 
conduct of the review and did the report 
justify any significant deviations from 
the protocol? 

1 = “Yes” = The authors state that they had a written protocol or guide that 
included ALL the following: review question(s), a search strategy, 
inclusion/exclusion criteria, risk of bias assessment. 

0.5 = “Can’t answer / not sure / partially” = The authors state that they had 
a written protocol or guide that included ALL the following: review 
question(s), a search strategy, inclusion/exclusion criteria, a risk of bias 
assessment. 

0 = “No” = no mention of a priori design of the systematic review, as listed 
above. 

Q3. Did the review authors explain their 
selection of the study designs for 
inclusion in the review? 

 

 

1 = “Yes” = explicit justification of the study designs/types included in the 
review. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one supplementary 
source. Cannot decide between “yes” and “no”, basing on the information 
provided in the paper. 

0 = “No” = explicit justification of the study designs/types included in the 
review. 

Q4. Did the review authors use a 
comprehensive literature search 
strategy? 

 

1 = “Yes” = searched at least 2 databases (relevant to research question), 
provided key word and/or search strategy, justified publication restrictions 
(e.g. language), AND searched the reference lists / bibliographies of 
included studies, searched trial/study registries, included/consulted content 
experts in the field, where relevant, searched for grey literature, conducted 
search within 24 months of completion of the review. 

0.5 = “Can’t answer / not sure / partially” = searched at least 2 databases 
(relevant to research question), provided key word and/or general search 
strategy, justified publication restrictions (e.g., language). 

0 = “No” = no information on search strategy, or not fulfilling criteria for 
“Yes” and “Partially”. 

Q5. Did the review authors perform 
study selection in duplicate? 

 

1 = “Yes” = either ONE of the following: at least two reviewers 
independently agreed on selection of eligible studies and achieved 
consensus on which studies to include OR two reviewers selected a sample 
of eligible studies and achieved good agreement (at least 80%), with the 
remainder selected by one reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 
description how many reviewers participated in study selection. 
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Q6. Did the review authors perform data 
extraction in duplicate? 

1 = “Yes” = either ONE of the following: at least two reviewers achieved 
consensus on which data to extract from included studies OR two reviewers 
extracted data from a sample of eligible studies and achieved good 
agreement (at least 8 %), with the remainder extracted by one reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 
description how many reviewers participated in data extraction. 

Q7. Did the review authors provide a list 
of excluded studies and justify the 
exclusions? 

1 = “Yes” = provided a list of all potentially relevant studies that were read 
in full-text form but excluded from the review AND justified the exclusion 
from the review of each potentially relevant study. 

0.5 = “Can’t answer / not sure / partially” = only provided a list of all 
potentially relevant studies that were read in full-text form but excluded from 
the review, but not justified the exclusion from the review of each potentially 
relevant study that were read in full-text.   

0 = “No” = No list of studies excluded at a full-text stage. 

Q8. Did the review authors describe the 
included studies in adequate detail? 

1 = “Yes” = ALL the following: Who (Population), What (Intervention, 
Comparator group, Outcome), Where and When described in detail. 

0.5 = “Can’t answer / not sure / partially” = Who (Population), What 
(Intervention, Comparator group, Outcome), Where and When briefly 
described, or only some of these described in detail. Cannot decide 
between “yes” and “no”, basing on the information provided in the paper. 

0 = “No” = no, or partial description of the included studies 

Q9. Did the review authors use a 
satisfactory technique for assessing the 
risk of bias (RoB) in individual studies 
that were included in the review? 

 

 

1 = “Yes” = specifically mentions RoB assessment of individual included 
studies. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. RoB mentioned 
or not sufficiently assessed (e.g. if multiple sources of bias potentially 
present, but not all assessed). 

0 = “No” = no mention of RoB assessment of individual included studies. 

[RoB sources:  from confounding, from selection bias, from exposure bias, 
from selective reporting of outcomes, selection of the reported result from 
among multiple measurements or analyses of a specified outcome]. 

Q10. Did the review authors report on 
the sources of funding for the studies 
included in the review? 

 

1 = “Yes” = Must have reported on the sources of funding for individual 
studies included in the review. Note: Stating that the reviewers looked for 
this information but it was not reported by study authors, also qualifies. 

0.5 = “Can’t answer / not sure / partially” = sources of funding mentioned for 
individual studies included in the review, or reported only for some of the 
included studies. Cannot decide between “yes” and “no”, basing on the 
information provided in the paper. 

0 = “No” = no report of the sources of funding for individual studies included 
in the review.  

Q11. If meta-analysis was performed 
did the review authors use appropriate 
methods for statistical combination of 
results? 

 

1 = “Yes” = The authors justified combining the data in a meta-analysis 
AND they used an appropriate technique to combine study results and 
adjusted for heterogeneity if present AND investigated the causes of any 
heterogeneity or adjusted for heterogeneity or confounding if present. 

0.5 = “Can’t answer / not sure / partially” = Requirements for “Yes” only 
partially fulfilled. Cannot decide between “yes” and “no”, basing on the 
information provided in the paper. 
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0 = “No” = no justification of meta-analysis or inappropriate statistical 
methods were used for quantitatively combining and analysing the data, 
heterogeneity not assessed. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q12. If meta-analysis was performed, 
did the review authors assess the 
potential impact of RoB in individual 
studies on the results of the meta-
analysis or other evidence synthesis? 

 

1 = “Yes” = included only low risk of bias studies OR the authors performed 
analyses to investigate possible impact of RoB on summary estimates of 
effect. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no assessment of the potential impact of RoB. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q13. Did the review authors account for 
RoB in individual studies when 
interpreting/ discussing the results of 
the review? 

 

1 = “Yes” = included only low risk of bias studies OR the review provided a 
discussion of the likely impact of RoB on the results. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no discussion of the potential impact of RoB in individual studies. 

Q14. Did the review authors provide a 
satisfactory explanation for, and 
discussion of, any heterogeneity 
observed in the results of the review? 

 

1 = “Yes” = There was no significant heterogeneity in the results OR if 
heterogeneity was present the authors performed an investigation of 
sources of any heterogeneity in the results and discussed the impact of this 
on the results of the review. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = No explanation or discussion of heterogeneity present in the 
results. 

Q15. If they performed quantitative 
synthesis did the review authors carry 
out an adequate investigation of 
publication bias (small study bias) and 
discuss its likely impact on the results of 
the review? 

 

1 = “Yes” = The authors performed graphical or statistical tests for 
publication bias and discussed the likelihood and magnitude of impact of 
publication bias. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one supplementary 
source. Cannot decide between “yes” and “no”, basing on the information 
provided in the paper. 

0 = “No” = The authors did not perform any tests for publication bias and 
did not discuss potential impact of publication bias. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q16. Did the review authors report any 
potential sources of conflict of interest, 
including any funding they received for 
conducting the review? 

 

1 = “Yes” = The authors reported no competing interests OR the authors 
described their funding sources and how they managed potential conflicts 
of interest. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = The authors did not provide statement on competing interests 
and funding sources, and how they managed potential conflicts of interest. 
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Table S 4. Responses to quality assessment questions from Table S3 coded for each of the included studies. 

The responses to each question were coded numerically and color-coded as following: green = 1 = “Yes”; yellow = 0.5 = 
“Can’t answer / not sure / partially”, red = 0 = “No”, grey = N/A = “Not Applicable”, * denotes item relevant to risk of bias. 

First Author_year Q1 Q2 

* 

Q3 Q4 Q5 

* 

Q6 

* 

Q7 Q8 Q9 

* 

Q10 

* 

Q11 

 

Q12 

* 

Q13 

* 

Q14 Q15 

* 

Q16 

* 

Bartesaghi Koc_2018 1 0 1 1 0 0 0 1 0 0 NA NA 0 1 NA 1 

Bowler_2010 1 0 1 1 0.5 0 0 1 0 0 0.5 NA 0.5 1 0 1 

Bustami_2018 1 0.5 0.5 0.5 0 0 0 0.5 0 0 NA NA 0 1 NA 1 

Deilami_2018 1 0 1 1 0 0 0 1 0 0 NA NA 0 1 NA 0 

Filho_2017 1 0 0 0 0 0 0 1 0 0 NA NA 0 1 NA 1 

Francis_2017 1 0 0.5 0.5 0 0 0.5 1 0 0 NA NA 0 1 NA 1 

Gunawardena _2017 0.5 0 0 0 0 0 0 1 0 0 NA NA 0 1 NA 0 

Hintz_2018  1 0.5 1 0.5 0 0 0 1 0 0 NA NA 0 1 NA 0 

Lamb_2019 1 0 1 0.5 0 0 0 0.5 0 0 NA NA 0 1 NA 1 

Semaan_2016 0.5 0 0 0 0 0 0 1 0 0 NA NA 0 1 NA 0 

Shahmohamadi_2010 0.5 0 0 0 0 0 0 0 0 0 NA NA 0 0 NA 0 

Shooshtarian_2018 1 0 0.5 0.5 0 0 0 0.5 0 0 NA NA 0 1 NA 0 

Tsoka_2018 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 

Völker_2013 1 0.5 0.5 1 0 0 0 1 0 0 0 0 0 0.5 0 1 
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