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A B S T R A C T   

The escalation of urbanisation contributes significantly to climate change and exacerbates environmental, health 
and social disparities, especially affecting impoverished and vulnerable communities in the urban periphery. 
However, few studies contrast the global disparities in multiple wellbeing from inequitable green infrastructure 
(GI) and cooling perspectives. Through a combination of systematic literature review and hierarchical archetypal 
analysis, this study examines 95 out of 3864 initial articles focusing on the interplay between inequitable GI and 
disparate cooling services, and their emphasis on both subjective and objective wellbeing. Our findings highlight 
an increasing interest on this topic since 2009, with a notable surge post-2015 focused on the application of 
nature-based solutions for urban cooling and associated inequity. The literature review reveals 43 wellbeing 
thematic categories based on four dimensions, of which we identify characteristics: (1) the most affected 
vulnerable individuals often based on financial status, population density, and access to public facilities; (2) 
geographic areas where wellbeing effects are most pronounced, linked to building attributes and high-density 
impervious surfaces; (3) health implications highlighting physical ailments; and (4) perceptions of GI empha-
sising residents’ GI demand. Afterwards, hierarchical analysis generated clustered archetypes that Archetype I 
and III mostly filled in North American, Archetypes II in Asia, and IV across Europe, Asia, and North America, to 
underscore substantial variances and similarities in wellbeing categories across continents. These archetypes 
characterise global pathways to enhancing cooling for wellbeing, including Archetype I of integrating GI in urban 
planning, Archetype II of retrofitting infrastructure to improve GI interaction, Archetype III of connecting 
disadvantaged groups with heat management, and Archetype IV of fostering public involvement in decision- 
making processes. The study’s findings provide insights to narrow ecological injustices arising from GI and 
research direction for further in theoretical, technological, and practical investigations to optimize cooling and 
wellbeing.   

1. Introduction 

According to United Nations Human Settlements Programme 
UN-Habitat (2015), over one billion people globally, especially in the 
Majority world, are living in inadequate conditions such as informal 
settlements (Thorn et al., 2021a) and these create significant challenges 
for implementing the new urban agenda (United Nations UN, 2017) and 
achieving the Sustainable Development Goals (United Nations UN, 
2015). Urban green infrastructure (GI) is increasingly recognized as a 

vital nature-based solution to enhance climate resilience and maximise 
human wellbeing in urban and peri-urban areas, particularly against the 
backdrop of escalating urbanisation and climate change (Giombini, 
Thorn, 2022; Zhao et al., 2016). The past decade has seen a shift in focus 
from merely integrating GI into urban landscapes to prioritising ’envi-
ronmental equability’, which emphasizes the equitable distribution of 
GI benefits across socio-demographic boundaries (Robert, 2000; Amaral 
et al., 2021; Pineda-Pinto et al., 2021). However, the understanding of 
how GI provide varied services, particularly in mitigating the Urban 
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Heat Island effect (UHI) and its unequal outcomes on humanity well-
being between continents, remains limited. This gap hinders our ability 
to envisage a more equitable future for urban welfare amidst global 
rising inequities. 

GI’s inequitable distribution is closely intertwined with human 
wellbeing, necessitating the protection of vulnerable populations’ rights 
and the equitable sharing of nature’s benefits (Mayne et al., 2016). 
Existing research on GI and human wellbeing primarily focuses on at 
least five dimensions. First, it characterises how access to natural urban 
spaces enhances residents’ wellbeing in basic-needs (Fedele et al., 
2021), security (Li et al., 2015), and healthy, for instance, reducing 
cardiorespiratory mortality (Moraisa et al., 2021), epidemics and 
chronic diseases in children (Dietz, 1998) and adults (Freedman et al., 
2007), and through spiritual benefits, relaxation, education, recreation, 
and interaction (World Health Organization WHO, 2001; Klemm et al., 
2015). Second, studies detail the significant disparities in wellbeing 
among social groups due to unequal greenspace access, particularly 
between ethnic minorities or marginalised communities and more 
affluent groups (Nesbitt et al., 2019). Third, research explores wellbeing 
through the lens of the (mis)match between residents’ demand for 
natural resources and the supply of ecosystem services (Soto et al., 
2018), especially in cities where dense transport networks fragment 
greenspaces (McConnachie, Shackleton, 2010). Fourth, studies investi-
gate human preferences for ecosystem service values, monitoring per-
ceptions of satisfaction and emotional states (Arnberger et al., 2017; 
Chen et al., 2020). Finally, research demonstrate how human welfare 
can be obtained based on GI services (Tuhkanen et al., 2022; Cinderby 
et al., 2021). 

Despite these insights, gaps remain. Firstly, much research has evi-
denced the benefits of GI services for single or multiple aspects of 
wellbeing (Tzoulas et al., 2007; Reyes-Riveros et al., 2021). For the 
interlinkages between multiple wellbeing and GI’s services, a global 
joint effect highlights them to evidence how people interact with nature; 
how nature system is valued by human; and how our dependence on 
cultural services supports human needs (Millennium Ecosystem 
Assessment MEA, 2005; Huynh et al., 2022). However, these studies on 
the multiple components of wellbeing with GI’s services insufficiently 
consider the temperature cooling service. Existing research on the GI’s 
cooling service to human wellbeing often relies on single wellbeing 
component, such as, the cooling benefits of green roofs to the margin-
alised communities (Venter et al., 2021), the shading role of natural 
urban elements for the elderly (Arnberger et al., 2017), and greenspace 
heat reduction in relation to temperature-related health impacts (Vargo 
et al., 2016). These studies on single issue of ‘who’ has access to nature 
(Kolosna, Spurlock, 2019) or ‘which benefits’ are being enhanced 
(Cinderby et al., 2021) at local and city scales (Nelson et al., 2021), 
rarely scale up the insights to encompass multiple angles through both 
subjective and objective lenses, systematically examining how, which, 
where, and for whom wellbeing has been impacted. 

Secondly, how GI impact cooling service on wellbeing is place-based. 
This place-based pattern occurs because of the varying effectiveness in 
(1) the UHI intensity and (2) GI’s cooling capacity. The UHI increases 
global average temperature by 6.4 ± 2.3 ◦C (mean ± SD), of which the 
degree of heating varies between latitudes and cities (Phelan et al., 
2015). For instance, Phelan et al. (2015) estimated short-term temper-
ature deviations in the excess of 7◦C for dense urban areas (i.e. Tokyo, 
Shanghai) and less than 4 ◦C for sparse cities (i.e. Sydney, Athens). 
Bastin et al. (2019) projected a shift in average temperature of the major 
cities for the future that cities in the tropical regions will experience 
smaller changes relative to the regions in higher latitudes. The estimate 
of the extent to which the GI cools urban environment varies considering 
the global social-biophysical disparity. For example, Chen et al. (2022) 
documented a contrasting difference of vegetation exposure level that 
the Majority world cities experience one third of level in Global North 
cities. United Nations Environment Programme UNEP (2021) showed a 
global gap in the cooling adaptation needs and actions, especially true in 

low-income countries where the expected costs are five to ten times as 
high as the current flows of public fundings. In this case, someone 
developed scenarios about the global graduate in temperature rising 
along the urbanization intensity, others simulated the temperature 
cooling extent based on nature-based solutions (Girardin et al., 2021). 
However, few studies narrate the outcomes of GI inequitable cooling 
effects on residents’ wellbeing at global scale, particularly lacking the 
contrast of their disparities between latitudes or continent. 

In response to this knowledge gap, the study draws on a systematic 
literature review of the inequitable GI cooling services to capture their 
multiple focuses on the wellbeing, aiming to generate a global disparity 
in wellbeing categories based on archetypes analysis to understand their 
differences and similarities across continents. We focus our analysis 
around three key questions: (1) How do global publications on the 
inequitable GI with UHI cooling effects vary over time and space? (2) 
What thematic categories of wellbeing can be detected from these 
publications? (3) How do these wellbeing thematic categories interlink 
across continents? 

1.1. Human wellbeing dimensions from a GI cooling service perspective 

A narrow body of literature has explored GI cooling service impact 
on human wellbeing grounded in the capability approach (Sen, 1999), 
which is evidenced as one of the most effective ways conceptualising the 
wellbeing impacts of nature both on theoretical and practical grounds 
(Fig. 1) (Sangha et al., 2018; Chaigneau et al., 2019). First, goods and 
services are of interest to wellbeing as their characteristic enable people 
to obtain certain functions (Robeyns, 2005), of which GI for UHI miti-
gation effect is our focus, entered as the capability inputs. The aesthetic 
value, opportunities for recreation, relief from stress and anxiety, 
offered by GI relaxing residents, especially for urban dwellers, are 
entered as the capability inputs as well. Second, the above goods and 
services can be conceptualised as influencing people’s capabilities. 
Capability does not deduce a certain level of wellbeing from the avail-
ability of goods and services, rather, it refers to opportunities entailing 
their capabilities to derive those benefits (Sangha et al., 2018). Third, 
the specific conditions in which the person makes goods and services 
become “converted” wellbeing have to be considered, such as a set of 
‘conversion factors’ in terms of personal, social, and environmental 
contexts (Polishchuk & Rauschmayer, 2012). For example, the shade 
and health of GI offering for residents become ‘converted’ wellbeing via 
factors such as individual background, religious beliefs, activity pref-
erence, and social contact. This means the real human wellbeing effects 
from GI are diverse and cannot be concluded on a general level as people 
‘converted’ services from GI biases on individuals, such as people 
with/without a migration background, and different sets of social and 
environmental conversion factors (Hicks & Cinner, 2014). 

Based on Fig. 1, our analytical approach is summarised as: several 
personal, social, and environmental ‘conversion factors’ are instru-
mental for converting services into wellbeing. These contextual factors 
(only the parts of ‘who’ and ‘where’ factors explored in this study) shape 
people’s ability to gain access to goods and ecosystems, of which GI and 
cooling-associated services are our focus. Contextual factors also shape 
people’s values, which in turn are reflected in the: (a) perceptions about 
services, (b) the mechanisms through monetary, attendance, or experi-
ence that people mobilize in order to convert services into capabilities, 
and (c) the choices they make about which capabilities to pursue in 
order to satisfy their needs. Besides, the achieved functioning matters 
that determine individual circumstance in the circle. These taxonomies 
underscore our four ‘cooling-wellbeing’ constituents in terms of how, 
which, where, and for whom wellbeing is affected to structure synthesis 
of the literature documenting the tangible and intangible connections 
spanning subjective and objective wellbeing lens (Alatartseva & Bary-
sheva, 2015; D’Acci, 2011) (Fig. 1 and Table 1). We do not intend these 
as a theoretical framework for ‘wellbeing-cooling’ theory, the creation 
of which is beyond our scope, but rather a framework with which to 
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organize the literature. 

2. Methodology 

2.1. Systematic review screen 

The systematic review followed the approach established by the 
Centre for Collaboration of Environmental Evidence (Pullin et al., 2013), 
using the following six key steps (Fig. 2):  

• Step 1: Establish search parameters and define scope and keywords.  
• Step 2: Initial information mining through online sources.  
• Step 3: Removing duplicate articles.  
• Step 4: Screening titles, abstracts and full texts as to whether articles 

meet the inclusion criteria.  
• Step 5: Randolph free kappa analysing for reviewers’ agreement.  
• Step 6: Creating the article database after critical appraisal for 

quality based on five criteria. 

2.1.1. Scope and keywords 
To determine the most comprehensive search criteria, we tested 37 

strings of alternative search terms in Web of Science Core Collection TM 
(Table 1 in Appendix A). We then built a test library of 30 references to 
confirm that the search strings captured the most relevant literature 
(Table 2 in Appendix A), balancing specificity and sensitivity. After 
testing, the final search string using Boolean logic and wildcards was 
chosen, as follows: ((((TS=(“ecosystem services” OR “ ecosystem ser-
vices value” OR “wetland*” OR “green infrastructure*” OR “ green-
spaces” OR “green gallery” OR “green patch” OR “permeable surface*” 
OR “ecological infrastructure” OR “natural infrastructure” OR “parks” 
OR “nature-based solution*” OR “vegetation” OR “trees” OR “green 
roof*” OR “ecological habitat” OR “open space” OR “green wall”* OR 
“ecological corridor” OR “grass” OR “gardens” OR “habitat enhance-
ment” OR “shrub” OR “greenbelt” OR “verge*”)) AND TS=(“peri-urban” 

OR “peri urban” “suburb” OR “urbaniz*” OR “urban*” OR “informal 
settlement” OR “slum” OR “building area” OR “city” OR “town” OR 
“formal settlement” OR “household poor group” OR “built environment” 
OR “household*”)) AND TS=(“environmental inequality” OR “equity” 
OR “access” OR “environmental justice” OR “social equity” OR 
“equality” OR “environmental injustice” OR “race” OR “racial” OR 
“class” OR “ethno-racial” OR “community disparity” OR “uneven” OR 
“unjust” OR “just*” OR “inequality” OR “social distribution” OR 
“climate justice” OR “fairness” OR “justice” OR “procedure” OR “social 
vulnerability” OR “spatial equity” OR “right*” OR “benefit” OR “sta-
tus”)) AND TS=(“urban heat island*” OR “temperature*” OR “heat 
stress” OR “thermal stress” OR “thermal warm*” OR “earth surface” OR 
“land surface” OR “heat wave” OR “hot*”)). 

2.1.2. Bibliographic sources 
We accessed three bibliographic databases, Google Scholar (with the 

first 200 results), and fourteen grey literature databases (Table 2). These 
search sources were selected because they provide extensive coverage of 
the relevant journals and allow complex keyword strings for the litera-
ture search. Grey literature databases containing non-governmental 
organisations, public and research institutions and databases helped 
expand studies to individual research papers, reports, and conference 
proceedings. As a result, an initial pool of 3864 studies were found with 
no restriction on publication year (Fig. 2). Searches were conducted 
between 30th November 2021 and 18th January 2022. 

2.1.3. Removing duplicates and screening for inclusion criteria 
After removing duplicates, we screened for eligibility at title, ab-

stract, and the full text stages. We referenced the method in Thorn et al. 
(2020) to apply our judgement as to whether articles met the inclusion 
criteria. The geographic scope of the analysis was global without time 
limitation. Studies were included in the review if they do following: 
empirical cases research lensing on natural elements (i.e., parks, gar-
dens, forests) and GI temperature regulation services in social, 
social-ecological, or non-natural systems (e.g., urban-rural, (in)formal 

Fig. 1. Conceptual connection between GI’s cooling services and human wellbeing through capability approach analytic lens (Polishchuk and Rauschmayer, 2012; 
Chaigneau et al., 2019). 
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region) including diverse climates (e.g., semi-arid, desert, arid, tropical); 
and present their interlinks with stakeholders in terms of 
social-demographic characteristics, physical and psychological experi-
ence, thoughts, and judgement (Table 3 in Appendix A). Articles were 
excluded if they were not written in English due to the linguistic capa-
bility of the review team, or the full texts were not open access. We did 
not include studies that target conceptual theory or methodological 
improvements. For example, 304 articles were excluded at the full-text 
screening stage with 96 articles not written in English and 208 studies 
that did not meet the inclusion criteria (Fig. 2, Table 4 in Appendix A). 

2.1.4. Validation 
We ran a Randolph free kappa analysis to assess agreement in 

screening between three reviewers who are experienced in geography 
and ecology research. A total of 25% of all articles at title, abstract, and 
full contents level were screened. The kappa result indicated 0.91 level 
of agreement, which falls above the normal agreement range of 0.6–0.7 
(Randolph, 2008). This result indicates that there was sufficient agree-
ment across reviewers. 

2.1.5. Quality assessment 
Following screening, the full texts for remaining papers were 

retrieved and assessed as to whether they were of quality for inclusion, 
based on a critical appraisal where five quantitative quality criteria: (1) 
data collection methods are thoroughly explained, clear, replicable; (2) 

sample size is well explained and representative of population; (3) 
qualitative or quantitative analytical methods are thoroughly explained, 
clear, replicable; key terms are well defined; (4) results and conclusion is 
logically derived and supported by presented evidence; (5) limitations 
and implications of study are well considered and explained in discus-
sions (Thorn et al., 2020, Gutiérrez Rodríguez et al., 2016). A quality 
assessment score of 0–5 – based on the sum of scores for each quality 
criterion (yes=1, no=0). Only studies with total scores of 3–5 were 
considered eligible for further data extraction. Finally, a total of 95 
studies were included in this review (Table 1 in Appendix B) for further 
analysis (Fig. 3) 

2.2. Identifying wellbeing thematic categories 

Scanning the remaining 95 articles, we used inductive, iterative 
coding to record the diverse wellbeing variables. The procedure of 
scanning and capturing was repeated three times by reviewers to 
guarantee verifiability and consistency. A total of 315 individual well-
being variables were detected (Table 2 in Appendix B). These variables 
dominate 43 wellbeing thematic categories (Table 3 in Appendix B), 
emphasising subjective and objective practices with four ‘wellbeing- 
cooling’ dimensions in terms of how, where, which and for whom 
wellbeing has been influenced (Fig. 1 & Table 1). Subsequently, the 
frequency of wellbeing thematic coverages and their temporal and 
spatial trends were mapped by the function of heatmap in R Studio 

Table 1 
Four dimensions of inequitable GI and cooling effect on residents’ wellbeing (cooling-wellbeing framework) applied in this study.  

Wellbeing dimensions Cooling-wellbeing 
dimensions 

Examples of wellbeing-cooling categories Description Examples of references 

Objective 
(material resources and 
social-demographic 
attributes) 

Who? Vulnerability 
of individuals 

Income, race, age, gender, education, 
education, occupation, migration, public 
facilities, settlements, property, commute, 
vulnerable index 

GI is suited near (dis)advantaged individuals in terms 
of demographic and socio-economic characteristics. 

Li et al., 2015;  
Sanchez & Reames, 
2019; Wang et al., 
2019 

Where? 
Environment of 
vulnerable residents 

Building attributions (i.e. high-dense, 
low-open), impervious surface rate 

Distribution of GI varies across community settings in 
terms of building height and density, resulting in 
different impacts on residents who live in different 
communities/streets/blocks. 

Perini & Magliocco, 
2014 

Topography (i.e. elevation), morphology 
(i.e. community size, sky view factor), 
climate types (i.e. tropical) 

Greenspaces cooling capacity and impact on residents 
are relatively discrepant between settlements with 
different landscape, morphology, topography, and 
climate zones. 

Vailshery et al., 2013,  
Lin et al., 2012 

Greenery policy, urban extend direction Urbanization influences greenspace evolution 
direction, planning policy, and green space access 
resulting in different wellbeing outcomes. 

Nguyen, et al., 2020;  
Koprowska et al., 2020 

Traffic flows Daily thermal exposure and greenspace access is 
unusual for communities with more traffic flows or 
transport options of individuals’ movements from 
their homes to parks. 

Wang & Qiu, 2018 

Nature dependency level The wellbeing for community where people depend 
the most on natural resources for their basic needs is 
pronounced once nearby nature sources being 
changed. 

Fedele et al., 2021 

Subjective 
(internal experience 
and perception by self- 
judgement) 

How? 
Residents’ 
perception of GI 

GI perception, preference, and demand Individual circumcentre drives personal perception, 
preferences, and demand profiles on GI , resulting in 
wellbeing differences. 

Arnberger et al., 2017; 
Venter et al., 2021 

Perception of greenspaces on business 
change 

Greenspace establishment and mainstream influence 
communities economic/business. 

Cinderby & Bagwell, 
2018 

Will to attend Residents’ GI visiting level affects psychological and 
physical health. 

Saw et al., 2015 

Willingness to pay Willingness to pay for using a park influences 
greenspace attendance and experience, resulting in 
wellbeing differences. 

Chen et al., 2020 

Which? 
Health issues 
residents experience 

Anxiety, stress, emotion, suicide, criminal Impact of unequable GI on residents’ psychological 
health. 

Potgieter et al., 2019 

Satisfaction, happiness, pleasure Status of satisfaction, happiness, pleasure for adults or 
children could be influenced when interacting with 
natures. 

Saw et al., 2015 

Brain activity Effect of interacting with greenspace on people’ brain 
functioning. 

Neale et al., 2020 

Physical diseases, risks, and mortality Risks of obesity, chronic, epidemic, and heat-related 
diseases and mortality are influenced by natures. 

Freitas et al., 2021  
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(version 4.1.2) (R Development Core Team, 2019). 

2.3. Generating hierarchical archetypes 

Following Thorn et al. (2021b) and Hunt et al. (2012), a hierarchical 
archetypal analysis was performed based on the NbClust package in 
RStudio (R Development Core Team, 2019), aiming to generate arche-
types in which global disparity in multiple wellbeing can be detected. 
Archetypal hierarchical analysis is a common iterative clustering and 
machine learning algorithm, aiming to build a tree diagram that places 
most similar objects on branches close together (Charrad et al., 2014). In 
our study, the archetypal hierarchical analysis employed 43 thematic 
categories of wellbeing to aggregate a tree diagram that places the most 
similar articles closer. The method of Ward (1963) was used to identify 
the numbers of clusters/archetypes in this tree, which has been 
considered as one of the most outstanding methods when creating a 

small number of homogeneous clusters with data across multiple 
countries or cities (Punj and Stewart, 1983). Afterwards, a heatmap 
visualized the tree diagram with the number of archetypes using the 
pheatmap function in RStudio as Appendix C (Hummerl et al., 2017). 

2.4. Presenting archetypes heterogeneity 

The value of each wellbeing thematic category within archetype was 
standardised into a fixed scale of 0–1 (Eq.1) based on their frequency to 
present archetype heterogeneity: 

Y = (X − Min)/(Max − Min) (1)  

where Y is the value after standardisation, and X is the frequency of each 
wellbeing category before normalisation. The Min and Max are the 
maximum and minimum frequency of the samples, respectively. Results 

Fig. 2. PRISMA diagram of the reviewed papers identified in the steps through the systematic literature review process following Moher et al. 2009.  
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were presented by the radial function graphic by the metafor package in 
RStudio (Viechtbauer, 2010). 

2.5. Analysing the difference between archetypes 

A paired sample T-test of k independent samples was conducted by 
the IBM SPSS Statistics version 28.0, aiming to understand the degree of 
differences and overlap between archetypes (Wang et al., 2021a). The 
first step was to determine the general difference across 43 wellbeing 
thematic categories through T-test of k independent samples to confirm 
which categories are significant (p<0.05). Secondly, a T-test of any two 
independent samples (paired archetypes) was conducted based on the 
categories that have been identified as significant in the first step, 
clarifying the overlap level between archetypes through the 95% con-
fidence. A higher number of differences implies a lower degree of 
overlap between archetypes. 

3. Results 

3.1. Temporal and geographic scope of published papers 

The earliest studies originate from 2009, with an exponential growth 
in the number of studies published with initially one study in 2009 and 
27 studies by 2021. The overwhelming majority (96.8%) of studies were 
published since 2013, and the number of publications increased since 
2015 (Fig. 4). Studies have been conducted over 30 countries, spanning 
five continents (Table 3). Asia has received the most attention (n=31, 
33%), followed by North America (n=26, 30%), and Europe (n=24, 
25%). There remain significant gaps in knowledge in Africa, Oceania, 
Latin America and Caribbean, with studies published in four countries in 
Africa (n=6, 6%), two countries in Latin America and Caribbean (n=2, 
2%), and none in Oceania. Most studies (94%) have been conducted at 
the national or subnational scale, while 6% have spanned multiple 
countries. 

3.2. Human wellbeing thematic categories 

Results show a trend of increased interest in this topic with time 
(2009–2022). The frequency in dimension of ‘who’ (n=196, 62%) 
expanded since 2013; the same year as the dimension of ‘where’ (n=50, 
16%), but two years earlier than when interest grew in 2015 on the 
dimension of ‘what health implications residents have’ (n=44, 14%) and 
‘how residents perceive GI’ (n=28, 9%). Dimension of ‘who’ is the most 
common focus, based on the outcome of the Nonparametric-Test, and 
the dimension of ‘how residents perceive GI’ is of least commonly 
studied (p<0.01). Among them, the most cited wellbeing categories for 
four dimensions are financial status (n=31, 10%), building attributes 
(n=24, 8%), physical disease (n=15, 5%), and GI demand (n=8, 3%), 
respectively. 

3.3. Emergent archetypes 

A wide range of thematic categories of wellbeing was valued in the 
global literature, though their frequencies varied. Hierarchical analysis 

Table 2 
Databases searched in the systematic review (website links were updated on the 
21 March 2023).  

Sources Engine or institution Website 

Bibliographic 
databases 

Web of Science core 
collection 

https://www.webofscience.com/ 
wos/woscc/basic-search 

Scopus https://www.scopus.com/ 
search/form.uri? 
display=basic#basic 

Chinese National 
Knowledge Infrastructure 
Scholar 

https://oversea.cnki.net/index/ 

Google scholar Google Scholar https://scholar.google.com/ 
Grey literature 

databases 
Urban Know https://www.urban-know.com/ 
C40 https://www.c40.org/ 
NATURA https://natura-net.org/ 
Stockholm Environment 
Institute 

https://www.sei.org/ 

FRACTAL https://www.fractal.org.za/ 
Environmental Injustice 
Foundation 

https://ejfoundation.org/ 

Global Platform for 
sustainable Cities 

https://www.thegpsc.org/ 

UN FAO Urban Forest https://www.fao.org/forestry/ 
urbanforestry/en/ 

UN Habitat https://unhabitat.org/ 
Local Government for 
Sustainability 

https://iclei.org/ 

Conservation 
International 

https://www.conservation.org/ 

Slum Dwellers 
International 

https://sdinet.org/ 

Urban biodiversity Hub https://www.ubhub.org/ 
City Alliance https://www.citiesalliance.org/  

Table 3 
List continents and countries in the systematic review.  

Continents Country and number of studies Total 
studies 

Asia China (22), India (4), Israel (2), Iran (1), 
Singapore (1), Bangladesh (1) 

31 (33%) 

Northe America United States (24), Canada (2) 26 (30%) 
Europe United Kingdom (9), Norway (2), Italy (2), 

Germany (2), Netherlands (2), Austria (1), 
Czech (1), Spain (1), France (1), Poland (1), 
Portugal (1), Sweden (1) 

24 (25%) 

Latin America and 
Caribbean 

Brazil (1), Chile (1) 2 (2%) 

Africa South Africa (3), Kenya (1), Tanzania (1), 
Somalia (1) 

6 (6%) 

Oceania None 0 (0%) 
Studies conducted 

across multiple 
countries 

Global (2), Thailand and Kenya (2), Korea 
and Japan (1), United Kingdom, Sweden, 
Estonia, Kenya and Thailand (1) 

6 (6%) 

Total  95  

Table 4 
The difference of wellbeing categories across the four archetypes.  

Categories A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 

Sig. <.001* .229 <.001* .001* <.001* <.001* .030* .884 .415 .005* .762 
Categories A12 A13 A14 A15 A16 A17 B1 B2 B3 B4 B5 
Sig. .333 .631 .638 .005* .019* .937 <.001* .048* .573 .631 .023* 
Categories B6 B7 B8 B9 C1 C2 C3 C4 C5 C6 C7 
Sig. .013* .195 .937 .937 .182 .449 .449 .535 .828 .839 .839 
Categories C8 C9 D1 D2 D3 D4 D5 D6 D7 D8  
Sig. .839 .937 .450 .885 .631 .839 .839 .839 <.001* .937  

Note: * represents a significant difference at a level less than 0.05. 

R. Han et al.                                                                                                                                                                                                                                     



Urban Forestry & Urban Greening 97 (2024) 128372

7

demonstrated their distance as Fig. 6 that four optimal clusters were 
determined with the first archetype dominated by the wellbeing the-
matic category of building attributes; the second by access to public 
facilities; the third by financial status; and the fourth by physical disease 
risk and GI demand (Fig. 7a). 

3.4. Geographic distribution of archetypes 

In terms of the geographic distribution, Archetype I (50%) and 
Archetype III (56%) mainly fell within North America; Archetype II 
majorly (80%) within Asia; and Archetype IV randomly across Asia 
(38%), Europe (33%), and North America (20%). However, blind plots 
existed in archetypes for Africa and Latin America and Caribbean 

(Fig. 7b). 

3.5. Heterogeneity and overlap across archetypes 

A T-test for k independent samples revealed general differences in 
fourteen wellbeing thematic categories (p<0.05) (Table 4). More spe-
cifically, a T-test for two independent samples comparing six pairs of 
archetypes (I-II, I-III, I-IV, II-III, II-IV, III-IV) highlighted in Table 5 
shows that access to public facilities category difference is most pro-
nounced among the four archetypes, with noticeable pairwise differ-
ences in five out of six pairs. Conversely, the categories of age, 
occupation, property right, and impervious surface rate show consis-
tency in at least one pair (pairwise differences in one out of six pairs). 

Fig. 3. Methodological outline of this study.  

Fig. 4. Year and continent of the 95 studies with an exponential growth trend as shown by the polynomial regressions.  
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The degree of overlap between archetypes can be gauged by the 
difference across the 14 significantly different wellbeing categories 
(p<0.05). There are 42 samples when considering the wellbeing of any 
one archetype compared to the other three (e.g., the three paired ar-
chetypes of I-II, I-III, and I-IV times 14 wellbeing categories whose dif-
ference was confirmed before). A higher number of differences implies a 
lower degree of overlap. Thus, Archetype I shows the most overlap with 
others (15 out of 42 pairs exhibit significant differences), while Arche-
types III and IV exhibit the least overlap (18 out of 42 pairs demonstrate 
significant differences) (Table 5). 

4. Discussion 

Our assessment is structured around several key areas. Initially, we 
provided fresh insights covering four ‘cooling-wellbeing’ dimensions: 
vulnerability of individuals, residents’ living locations, health issues 
faced by residents, and perceptions of GI. This approach allows us to 
investigate who, where, which, and how aspects of wellbeing are 
impacted by unequal cooling services, and to examine the thematic 
coverage and temporal scope of studies across these dimensions. Sub-
sequently, human wellbeing archetypes using hierarchical analysis 
explored global disparities in ‘cooling-wellbeing’ to identify similarities 
and differences across continents. Lastly, we assess the implications of 
these archetypes and the field research in the future. 

4.1. Scope of wellbeing thematic coverage and temporal variation 

4.1.1. Evolution of GI studies: Aligning human wellbeing with ecosystem 
services and urban sustainability goals 

Since 2009, there has been a notable increase in studies focusing on 
GI inequity and cooling services. This trend aligns with a growing in-
terest in ecosystem services, as evidenced by key international assess-
ments and agreements. For instance, the Millennium Ecosystem Services 
report in 2005 highlighted the benefits humans derive from ecosystems 
(Millennium Ecosystem Assessment MEA, 2005). In 2010, the Nagoya 

Protocol under the United Nations Environment Programme outlined 
effective strategies for benefit-sharing related to genetic resources, a key 
objective of the Convention of Biological Diversity (United Nations 
Environment Programme UNEP, 2010). Additionally, the establishment 
of the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services in 2010 significantly enhanced work on biodiversity 
and ecosystem service matters and the policy-science interface (Díaz 
et al., 2019). 

The surge in GI inequity and cool studies, particularly from 2015 
onwards, coincides with major global initiatives for sustainable urban 
development, such as the launch of the Sustainable Development Goals 
(United Nations UN, 2015), the Paris Agreement (United Nations 
Framework Convention on Climate Change UNFCCC, 2015), and the 
New Urban Agenda (United Nations UN, 2017). This period marks a shift 
in research focus towards human wellbeing, particularly in urban and 
peri-urban settings. A two-year lag observed between the studies on 
subjective wellbeing (emphasising ’who’ and ’where’) since 2013, and 
those on objective wellbeing (focusing on ’which’ and ’how’) since 
2015, suggests a progression from objective to subjective aspects of 
wellbeing in research. Initially, studies concentrated on objectively 
identifying beneficiaries or losers of ecosystem services, gradually 
shifting to subjective outcomes such as perceptions and health impacts. 
These trends indicate a burgeoning interest in human wellbeing, espe-
cially subjective wellbeing, which may dominate future research in this 
field. 

4.1.2. Who? Vulnerability of individuals 
Key themes emerging as critical for identifying vulnerable groups 

include financial status, population density, and age. These factors are 
often highlighted due to their availability in public databases like the 
World Bank. Besides, an inequitable distribution of GI, often situated 
near socially disadvantaged groups (Nelson et al., 2021), given that 
socially disadvantaged groups encompass a diverse array of influential 
actors depending on factors such as income, age, ethnicity, race, 
disability, education, occupation, historic injustices, and access to public 

Fig. 5. Rank frequency of wellbeing categories.  
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services. Advantaged groups often control decisions related to the GI 
access, considering factors like the costs, planning and maintenance of 
trees, which can sometimes outweigh their benefits (Holt & Borsuk, 
2020; Vogt et al., 2015; Conway, 2016). However, the impact is context 
specific. For example, some contrasting findings narrative that the 
vulnerable groups received more greenspace than socially advantaged 
population (Xiao et al., 2017); Vegetation coverage is linked to varying 
rates of cardiorespiratory mortality across social groups, peaking among 
the elderly (Moraisa et al., 2021); Heat exposure hotspots for the elderly 
differ between cities, as seen in Tokyo and Seoul (Park et al., 2021). 
Contrastingly, some studies focus on the paradox of GI’s marginal value, 
observing that increased living costs due to GI improvements force 
residents in urban peripheries to relocate (Anguelovski et al., 2018; 
Haase et al., 2017). In response, Wolch et al. (2014) and Friedman et al. 
(2018) propose ’just green enough’ strategies, advocating for smaller 
parks targeted at serving long-term residents while maintaining 
affordable housing and curbing speculative development. Thus, themes 
categorise of vulnerable groups in GI access prioritise projects to 

enhance their resilience against the UHI. 

4.1.3. Where? Environment of vulnerable residents 
Urban expansion affects residents’ GI access, creating new vulner-

able areas for thermal environments. For instance, Shanghai’s rapid 
urbanisation and expansion, characterised by increased transportation 
networks has cut off residents’ access to greenspace (Fan et al., 2017). At 
a micro-scale, impervious surfaces contribute to thermal pressure in 
different building environments. For instance, a study by Chatterjee 
et al. (2019) found temperature regulation differences in open low-rise, 
compact low-rise, and mid-rise residential areas, with temperature 
variances of 2.8–3.1 ◦C, 2.2–2.8 ◦C, and 2.8–2.9 ◦C, respectively. 
Whereas certain anticipated themes crucial for understanding urban 
evolution and characteristics, such as urban traffic flow (e.g., bus flows), 
city climate types (e.g., arid, tropical), and topography (e.g., elevation), 
have received minimal attention in the literature. Similarly, themes 
related to the level of urban nature dependency and the dominant effects 
of policy, have furthermore been largely neglected in studies. 

Fig. 6. Heatmap of four emergent clusters using hierarchical analysis.  
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4.1.4. Which? Health issues residents experience 
The most frequently cited health theme is the risk of physical dis-

eases. This review has been evidenced in heat-caused ambulance calls 
(Graham et al., 2016), the Chikungunya epidemic (Freitas et al., 2021), 
cardiorespiratory mortality (Moraisa et al., 2021), and series chronic 
diseases. Studies have also explored psychological health aspects, 
including emotional status, stress levels, suicide rates, crime, mortality, 
happiness, and children’s pleasure for interaction with nature (Fig. 5). 

However, two significant knowledge gaps persist. Firstly, there is a lack 
of exploration into the direction of causality. While some studies have 
examined the spatial scale of GI inequity with socio-demographic 
boundaries (Nesbitt et al., 2019), and others have assessed the impact 
of GI on health outcomes (Milošević et al., 2017), they rarely perform 
cross-sectional analyses to infer causality between these factors. Sec-
ondly, the breadth of relationships between GI engagement and human 
health remains underexplored. How the different types (e.g., trees vs. 

Fig. 7. Mapping global pattern of four archetypes: (a) the average value for each wellbeing thematic category under their archetype, and (b) the geographical 
distributions (one pot presents one article whose study area conducted in single city). 

Table 5 
The difference between the paired archetypes.  

Pair A1 A3 A4 A5 A6 A7 A10 A15 A16 B1 B2 B5 B6 D7 

I-II  .187  .034  1.00  .596  .104  .530  .404  .005  1.00  .001  1.00  .266  .005  .001 
I-III  .004  .005  .070  .042  .125  .167  .238  .317  .045  .001  .272  .094  1.00  1.00 
I-IV  .069  .001  .400  .017  .019  .592  .229  1.00  1.00  .001  .025  .086  .782  1.00 
II-III  .422  .001  .160  .061  .003  .701  .067  .020  .121  .399  .395  .012  .002  .001 
II-IV  .004  .001  .541  .267  .817  .256  .906  .001  1.00  .762  .103  .010  .002  .001 
III-IV  .001  .192  .001  .001  .001  .004  .001  .120  .002  .256  .193  .763  .710  1.00 

Note: bold represents a significant difference at a level of p<0.05. 
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grassland), qualities (e.g., abundance) and belonging (e.g., public vs. 
private) of greenspaces influence residents’ access and preferences, 
resulting in different health outcomes, has not been thoroughly 
investigated. 

4.1.5. How? Residents’ perception of GI 
This group has garnered the least attention, primarily due to the 

complexities and uncertainties in measuring residents’ perceptions 
(Fedele et al., 2021; Naidoo et al., 2019). Key themes within this group 
include GI demand, perceptions of changes in environmental quality and 
GI quantity. These themes indicate a growing trend in developing sci-
entific methods for measuring perception. Some trials have been started, 
for instance, a study in Guangzhou, utilized questionnaires to gauge 
consumer demand for GI cooling services, revealing a mismatch be-
tween demand and supply (Chen et al., 2020). Inversely, the themes on 
perception of heat change, business change, will-to-pay, and attendance 
frequency have seldom been investigated but they are interlinked and 
important. For instance, will-to-pay drives investment in park land-
scapes, features, and equipment, ultimately influencing visitation fre-
quency. In this case, how to develop feasible, plausible, and applicable 
methodologies to quantify people’s perception and how this influences 
the environment and economy, not only to pay, is a valuable tool to 
identify strategies for improving GI implementation and maintenance 
(Soto et al., 2018; Bokaie et al., 2016). 

4.2. Understanding global disparities in wellbeing based on archetypes 

Hierarchical findings reveal sets of wellbeing categories consistently 
appeared across different archetypes. These consistent appearance of 
wellbeing categories underscores archetypes similarities. Here, we 
defined sets of wellbeing categories consistently appeared in different 
archetypes as the term ‘bundle’ that has been applied in many cases of 
synergies and trade-off analysis (Zoderer et al., 2019, Wang et al., 
2021a), for example, cultural services are often bundled with regulation 
services across different urban parks in Rotterdam (Derkzen et al., 
2015). In our study, the wellbeing categories of financial status, access 
to public facilities, age, race, occupation, and impervious surface rate – 
are noticeably bundled (p<0.05) across four archetypes spanning mul-
tiple continents. This bundle represents a diverse array of influential 
actors influencing GI access is universal concerns. 

Even through, other issues diverge regionally based on continents’ 
biophysical and socioeconomic contexts (Table 4 & Table 5). Firstly, in 
developing countries, urban priorities addressing poverty, infrastructure 
adequacy, housing affordability, informal settlement upgrading, youth 
unemployment, and secondary city development. In Archetype II, pre-
dominantly found in Asia, the wellbeing categories in combination of 
public facilities, population, and finance underscores the growing con-
flicts arising from rapid urbanisation, inadequate infrastructure, and 
increasing populations across the most urbanizing cities in Asia (Valente 
de Macedo et al., 2021). Plenty projects (e.g., Chinese Sponge City 
Program) are ongoing integration of green and blue infrastructure for 
infrastructure updating and ecological restoration in urbanising coun-
tries in Asia (Jia et al., 2017). Asia with averaged temperature at 
29.13◦C almost double than Northern Europe at 15.92◦C (Choi et al., 
2022) requires more preparations for a dynamic and unpredictable 
future while transitioning to more sustainable, just, green, resilient, and 
healthy futures. 

Conversely, in Archetypes I and III, predominant in North America, 
the dominant wellbeing categories are - for example, finance, age, race, 
education, and building attribution - highlighting the social-economical 
conflicts of urban priorities include managing cultural diversity, mod-
ernising ageing infrastructure, addressing shrinking cities, and catering 
to an ageing population amidst entrenched gentrifications in developed 
countries. These archetypes emphasise the importance of including 
diverse voices into decision making for equitable wellbeing rather than 
gentrifications. 

Archetype IV is characterised by a balance of synergies in different 
wellbeing categories across Asia, Europe, and North America. This is 
consistent with the results in Zhang et al. (2020) that the studies in 
ecosystem services and individual health found across the multiple 
continents but most pounced in Europe, North America, and Asia where 
the territories are highly densely populated (Pappalardo et al., 2023). In 
particularly Archetype IV includes ‘health’ implications and individual 
‘perception’, supporting the opinion that the globe spontaneously starts 
to act on individual perception. It also emphasises the necessity of 
“bottom-to-top” management to engage public participation into sus-
tainable policies (O’Brien et al., 2016, de Jesus Crespo & Fulford, 2018). 

The wellbeing gaps persist in most countries in Oceania, Africa, and 
Latin America and the Caribbean. This pattern is aligning with previous 
studies (Brink et al., 2016; Valente de Macedo et al., 2021), for example, 
the least studies in greenspace and health from 1950s to 2010s were in 
the continents of Sub-Saharan Africa and the Latin America and Carib-
bean (Zhang et al., 2020). Sub-Saharan Africa, in particular, faces the 
highest multidimensional poverty rates (29%, 11 times higher than the 
Latin America and Caribbean), and poverty is on the rise in close to 
one-third of the countries (United Nations Human Settlements Pro-
gramme UN-Habitat, 2022), challenging in achieving the Sustainable 
Development Goals by 2030 and the Africa Agenda by 2063. Therefore, 
within the Decade of Action (2020–2030), substantial efforts on cooling 
service and multiple wellbeing in terms of instigation, investments, and 
plantation are comprehensively imperative to address socio-economic 
structures and ensure policy coherence. 

Previous studies exploring wellbeing (Western & Tomaszewski, 
2016; Tomyn et al., 2013), or focusing on single wellbeing linkages with 
multiple greenspace services (Pitman et al., 2015) are reported from 
Oceanian, while the links between urban GI and different components of 
human wellbeing are emerging but still rare (Reyes-Riveros et al., 2021). 
Our study found no published papers from Oceania because it consid-
ered the multiple wellbeing components with the single GI service 
simultaneously. However, new research is emerging quickly, for 
instance, Patton & Pojani (2022) focusing on multiple wellbeing with 
unequitable GI cooling effects was found in Oceania when we repeated 
our search in 2024. The relatively few studies reported from Oceania 
probably relate to diverse contexts, such as a focus on national 
nature-based solutions plans, and a comparatively historically lower 
population in 1950 that continued through to 2009–2020 (0.33% of 
global population) compared with other continents (United Nations 
Human Settlements Programme UN-Habitat, 2022). Research on 
nature-based solutions has surged post-2015 when the Paris Agreement 
was launched, and particularly from 2015 to 2021 as revised Paris 
Agreement climate pledges (nationally determined contributions) that 
involved nature-based solutions into their urban climate mitigation. 
However, this momentum is rare from Oceania and absent in Australia 
(Seddon, 2022), where the slight urban heat island extremes are located 
(Mentaschi et al., 2022). 

4.3. Implications for wellbeing management based on archetypes 

This study offers practical implications by analysing wellbeing cat-
egories and their associated bundles. The dominant wellbeing categories 
for each archetype characteristics their effective pathways to manage GI 
for UHI and wellbeing: 

Archetype I: Maintaining GI into urban planning 
Archetype I emphasises building attributes, for example, the density 

and height of buildings influences urban outdoor thermal comfort 
(Perini & Magliocco, 2014), that reveals effective and space-saving 
cooling strategies of retrofitting urban structures by integrating GI 
(Perini & Magliocco, 2014; Lino & Tony, 2019). For example, Chatterjee 
et al. (2019) shows green pavements, green roofs and green walls can 
reduce diurnal air temperature at the neighbourhood scale by 0.7 ◦C, 0.8 
◦C and 1.1◦C. This is because vegetation reduces thermal radiation by 
reflecting and absorbing incoming short-wave solar radiation (Brown & 
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Gillespie, 1995), the temperature of the leaves and the surrounding air 
decreases when vegetation transpires (Lai et al., 2019) sheltering areas 
under the crowns (Milošević et al., 2017). Vegetation changes wind 
speed through increasing the roughness of the building surfaces (Oke 
et al., 2017). Additionally, the magnitude of cooling capacity varying 
across different urban settings should be consider, for instance, average 
cooling capacity for urban areas reaching 4.52 ◦C in Changchun, China 
(Ren et al., 2013), and 6.82 ◦C in Nagoya, Japan (Cao et al., 2010), 
whereas another based on 89 studies suggests cities cooling of 1.5–3.5 ◦C 
in Netherlands, Sweden, Portugal, and Israel (Saaroni et al., 2018) and 
elsewhere of 24 studies covering tropical climates indicating smaller 
cooling of 0.94 ◦C (Bowler et al., 2010). 

Archetype II: Retrofitting public facilities for GI interaction 
Archetype II, dominated by access to public facilities, suggests 

enhancing GI access through such as improving transportation networks 
allowing residents easy access to nature. For example, Wang & Qiu 
(2018) indicates that people who have convenient transportation ser-
vices are highly likely to go to parks. Even though residents mostly 
prefer parks near their homes (Poppe et al., 2022), others further away 
could be attractive if transportation is accessible (Saif et al., 2019). Liu 
et al. (2017) goes on to highlight the importance of investment in grants 
to establish parks and transportation (i.e., metro systems) easier access. 

Archetype III: Linking disadvantaged groups to heat management 
Archetype III implicates us linking diverse demographic groups (by 

age, race, education, and occupation) to heat management, with special 
attention to areas of high thermal stress. For example, the Public Health 
England (2018) mentioned several special groups at higher risk of 
heat-related illness, older citizens (>75 years) being among the most 
vulnerable. Sanchez & Reames (2019) working in Detroit revealed green 
roofs were found mostly in the affluent part of the city, where the 
population is predominantly white. Mitchell et al., 2021 in North Car-
olina examined disease risks that were relatively higher within higher 
population communities with the lesser greenspace, lower education, 
and lower income. Therefroe, emerging suggestions emphasize where 
people do not have enough space or budget, e.g., live in informal set-
tlements without yard and gardens, could be priority in the projects of 
installing green roofs/walls for houses that can raise surface albedo, 
increase evapotranspiration, reduce heat risks, and have cost savings. 

Archetype IV: Engaging participants health and perception into decision- 
making 

Archetype IV, one the one hand, concerning disease risk, underlines 
the importance of integrating health considerations into cooling stra-
tegies, particularly as climate change manifests in more frequent, 
intense, and long-lasting extreme weather events in cities. For instance, 
more approaches involving not only traditionally spatially explicit land 
surface temperature reduction but mainstreaming temperature, green-
space, and health reports into evaluations together are needed. This 
aligns with the Health in All Policies (HiAP) ideas advocated by the 
World Health Organization and Europe Union (Leppo & Ollila, 2013). 
On the other hand, participant perception is also a key theme in 
Archetype IV, underscoring the need for catering public preferences in 
urban greenspace design. For example, Arnberger et al. (2017) con-
ducted a visual discrete choice experiment with 193 elderly people to 
analyse their perceptions and preferences for greenspaces during hot 
days. They found most people preferred greener elements, if they pro-
vide more shade, cooler, and easier accessible at neighbour scale. Fedele 
et al. (2021) employed more than five million household interviews in 
85 countries and showed that 1.2 billion people across tropical countries 
are highly dependent on nature for their basic life and cooling needs. 
This approach also necessitates maintaining trust and transparency be-
tween government and civil society, avoiding corruption and shocks 
across vertical and horizontal scales. 

4.4. Insights for the further investigation in theory, technology, and 
implementation 

Our systematic literature review offers several practices ranging 
from theory and technology to implementation for further research in 
this field. 

Theory: Our assessment provides fresh insights in the inequitable GI 
cooling effects. It also investigates the multiple components of wellbeing 
through the subjective and objective emphasis around four key cooling- 
wellbeing aspects in terms of how, which, where, and for whom well-
being has been impacted. This framework can serve as a benchmark 
foundation of a wide range of future research. 

Technology: The hierarchical analysis and bundle method in this 
study provide a way to the multiple components of wellbeing assess-
ment. This methodology can be used to fill in data gaps, using reasonable 
assumptions when no other information is available for instance. For 
example, our study shows residents who have lower income often with 
less greenspace, have a higher likelihood of heat-related health issues 
(Meacham et al., 2022). 

Implementation: Firstly, the types, qualities, and access to green-
spaces vary in their proximity to people. Therefore, integrating spatially 
explicit greenspace data and demographic attributes (e.g., boundaries of 
informal settlements) into databases could prove beneficial. Secondly, 
although there are existing publications linking health with heat or 
greenspace, comprehensive systems that narratively integrate greenery, 
heat, and health to establish the direction of causality and map resilient 
or risk zones for analysing future scenarios are rare (Venter et al., 2020). 
Thirdly, traditional methods such as questionnaires and interviews for 
assessing residents’ perceptions are challenging to implement on a large 
scale due to the consumption of time and resources. The application of 
media data, such as Volunteered Geographic Information, facilitates 
access to large volumes of data and public participation, which we 
believe plays a crucial role in future analyses. Fourthly, wellbeing 
analysis identifies the gap between the perceived services of greenspaces 
and the actual supply of these services. By comparing people’s perceived 
wellbeing with the design intentions of parks, researchers can under-
stand why certain services may not be adequately translated into well-
being (Dou et al., 2020; Arslan & Kaymaz, 2020), aiming to prevent 
recurrence of such issues (Larson et al., 2016). Fifthly, people’s exposure 
to environments beyond their homes is a daily occurrence. The human 
mobility database is a direction for future real-time wellbeing assess-
ments. Finally, our study demonstrated the individual contexts with the 
unequal cooling effects, while community wellbeing—such as social 
contact, cohesion, and culture—deserve further attention (Atkinson 
et al., 2017). 

4.5. Limitations 

Our study faces several limitations. Firstly, it focuses exclusively on 
English reports, leaving other languages unexplored. Secondly, the 
scope of search keywords is constrained by search engine limitations, 
potentially introducing biases in the number of studies identified. 
Thirdly, the literature reviewed consists solely of empirical case studies, 
excluding conceptual theories, methodological notes, and literature re-
views. Despite these limitations, our results are robust. We employed a 
broad range of search terms across various search engines to capture as 
much relevant material as possible, minimising the risk of omitting 
important information. The validation process, conducted at the title, 
abstract, and full-text levels by experienced reviewers, ensured the in-
clusion of high-quality literature. Additionally, a validation test using 
final search strings in the Web of Science™ Core Collection, without 
language restrictions, showed a 96.9% overlap with our English-limited 
results, strongly supporting the efficacy and comprehensiveness of our 
approach. 
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5. Conclusions 

This research evaluates the interaction between GI equity with 
disparate cooling services and wellbeing. Utilising a systematic review, 
we analysed 95 global studies, identifying the temporal trends and 
global distribution of work in this space, in terms of wellbeing ther-
motical categories to understand the effectiveness of GI inequity and 
their impact on wellbeing, considering factors like locations and target 
population. We identified wellbeing archetypes, each offering insights 
into global similarities and differences. These archetypes unveil four 
sustainable and resilient strategies for enhancing wellbeing through GI 
functions. The study’s findings in our study can assist in the design and 
planning of diverse nature-based cooling solutions, narrowing ecolog-
ical injustice, and highlight research cold-pot areas to direct further 
investigation in theoretical (cooling-wellbeing framework), technolog-
ical (bundle approach), and practical insights (e.g., human and green-
space database, greenery-heat-health system, Volunteered Geographic 
Information application, gaps of perceived wellbeing with parks design 
intentions, human mobility, community wellbeing) to foster more 
effective, inclusive governance to unpin sustainable development in 
expanding urban areas. 
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Íñiguez, C., Åström, C., Indermitte, E., Lavigne, E., Mayvaneh, F., Acquaotta, F., 
Sera, F., Orru, H., Kim, H., Kyselý, J., Madueira, J., Schwartz, J., Jaakkola, J.J.K., 
Katsouyanni, K., Diaz, M.H., Ragettli, M.S., Pascal, M., Ryti, N., Scovronick, N., 
Osorio, S., Tong, S., Seposo, X., Guo, Y.L., Guo, Y., Bell, M.L., 2022. Effect 
modification of greenness on the association between heat and mortality: A multi- 
city multi-country study. EBioMedicine 84, 104251. 

Cinderby, S., Archer, D., Mehta, V.K., Neale, C., Opiyo, R., Pateman, C.M.M.R., 
Adelina, C., Tuhkanen, H., 2021. Assessing inequalities in wellbeing at a 
neighbourhood scale in low-middle-income-country secondary cities and their 
implications for long-term livability. Front. Sociol. 6, 729453. 

Cinderby, S., Bagwell, S., 2018. Exploring the co-benefits of urban GI improvements for 
businesses and workers’ wellbeing. Area 50 (1), 126–135. 

Conway, T.M., 2016. Tending their urban forest: Residents’ motivations for tree planting 
and removal. Urban For. Urban Green. 17, 23–32. 

D’Acci, L., 2011. Measuring well-being and progress. Soc. Indic. Res. 104 (1), 47–65. 
https://doi.org/10.1007/s11205-010-9717-1. 

Derkzen, M.L., van Teeffelen, A.J.A., Verburg, P.H., 2015. Review: quantifying urban 
ecosystem services based on high-resolution data of urban green space: an 
assessment for Rotterdam, the Netherlands. J. Appl. Ecol. 52, 1020–1032. 

de Jesus Crespo, R., Fulford, R., 2018. Eco-Health linkages: assessing the role of 
ecosystem goods and services on human health using causal criteria analysis. Int. J. 
Environ. Res. Public Health 63, 81–92. 

Díaz, S., Settele, J., Brondízio, E.S., Ngo, H.T., Guèze, M., Agard, J., Arneth, A., 
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McPhearson, T., 2021. Interactive spatial planning of urban GI – Retrofitting green 
roofs where ecosystem services are most needed in Oslo. Ecosyst. Serv. 50, 101314. 

Venter, Z.S., Krog, N.H., Barton, D.N., 2020. Linking GI to urban heat and human health 
risk mitigation in Oslo, Norway. Sci. Total Environ. 709, 136193. 

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J. Stat. 
Softw. 36 (3), 1–48 http://www.jstatsoft.org/v36/i03/.  

Vogt, J., Hauer, H.J., Fischer, B.C., 2015. The costs of maintaining and not maintaining 
the urban forest: a review of the urban forestry and arboriculture literature. Arboric. 
Urban For. 41 (6). 

Wang, H., Qiu, F., 2018. Spat. disparities Neighb. Public tree Cover.: Do Modes Transp. 
Matter? Urban For. Urban Green. 29, 58–67. 

Wang, J., Kuffer, M., Sliuzas, R., Kohli, D., 2019. The exposure of slums to high 
temperature: Morphology-based local scale thermal patterns. Sci. Total Environ. 
650, 1805–1817. 

Wang, Z.F., Miao, Y., Xu, M., Zhu, Z., Qureshi, S., Chang, Q., 2021a. Revealing the 
differences of urban parks’ services to human wellbeing based upon social media 
data. Urban For. Urban Green. 63, 127233. 

Ward Jr., J.H., 1963. Hierarchical Grouping to Optimize an Objective Function. J. Am. 
Stat. Assoc. 58, 236–244. https://doi.org/10.1080/01621459.1963.10500845. 

Western, M., Tomaszewski, W., 2016. Subjective wellbeing, objective wellbeing and 
inequality in Australia. PLoS ONE 11 (10), e0163345. 

Wolch, J.R., Byrne, J., Newell, J.P., 2014. Urban greenspace, public health, and 
environmental justice: The challenge of making cities ‘just green enough. Landsc. 
Urban Plan. 125, 234–244. 

World Health Organization (WHO), 2001. Geneva macroeconomics and health: investing 
in health for economic development-report of the commission on macroeconomics 
and health. Commission on macroeconomics and health, digital design group, 
Newton, MA USA, 2001. https://apps.who.int/iris/handle/10665/42435. 

Xiao, Y., Wang, Z., Li, Z., Tang, Z., 2017. An assessment of urban park access in Shanghai 
– Implications for the social equity in urban China.Landscape Urban. Plan 157, 
383–393. 

Zhao, S., Liu, S., Zhou, D., 2016. Prevalent vegetation growth enhancement in urban 
environments. Proc. Natl. Acad. Sci. USA 113 (22), 6313–6318. 

Zoderer, B.M., Tasser, E., Carver, S., Tappeiner, U., 2019. Stakeholder perspectives on 
ecosystem service supply and ecosystem service demand bundles. Ecosyst. Serv. 37, 
100938. 

Zhang, j, Yu, J., Zhao, B., Sun, R., Vejre, H., 2020. Links between green space and public 
health: a bibliometric review of global research trends and future prospects from 
1901 to 2019. Environ. Res. 15, 063001. 

R. Han et al.                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref82
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref82
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref82
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref83
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref83
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref84
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref84
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref84
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref84
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref85
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref85
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref85
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref86
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref86
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref87
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref87
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref88
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref88
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref88
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref89
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref89
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref89
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref90
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref90
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref90
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref90
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref91
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref91
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref91
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref92
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref92
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref92
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref93
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref93
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref93
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref94
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref94
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref94
https://unfccc.int/process-and-meetings/the-paris-agreement
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref95
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref95
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref95
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref96
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref96
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref96
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref97
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref97
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref97
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref98
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref98
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref98
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref99
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref99
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref100
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref100
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref101
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref101
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref101
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref102
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref102
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref103
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref103
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref103
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref104
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref104
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref104
https://doi.org/10.1080/01621459.1963.10500845
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref106
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref106
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref107
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref107
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref107
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref108
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref108
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref108
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref109
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref109
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref110
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref110
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref110
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref111
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref111
http://refhub.elsevier.com/S1618-8667(24)00170-5/sbref111

	Global disparities in wellbeing from green infrastructure cooling services: A systematic review
	1 Introduction
	1.1 Human wellbeing dimensions from a GI cooling service perspective

	2 Methodology
	2.1 Systematic review screen
	2.1.1 Scope and keywords
	2.1.2 Bibliographic sources
	2.1.3 Removing duplicates and screening for inclusion criteria
	2.1.4 Validation
	2.1.5 Quality assessment

	2.2 Identifying wellbeing thematic categories
	2.3 Generating hierarchical archetypes
	2.4 Presenting archetypes heterogeneity
	2.5 Analysing the difference between archetypes

	3 Results
	3.1 Temporal and geographic scope of published papers
	3.2 Human wellbeing thematic categories
	3.3 Emergent archetypes
	3.4 Geographic distribution of archetypes
	3.5 Heterogeneity and overlap across archetypes

	4 Discussion
	4.1 Scope of wellbeing thematic coverage and temporal variation
	4.1.1 Evolution of GI studies: Aligning human wellbeing with ecosystem services and urban sustainability goals
	4.1.2 Who? Vulnerability of individuals
	4.1.3 Where? Environment of vulnerable residents
	4.1.4 Which? Health issues residents experience
	4.1.5 How? Residents’ perception of GI

	4.2 Understanding global disparities in wellbeing based on archetypes
	4.3 Implications for wellbeing management based on archetypes
	4.4 Insights for the further investigation in theory, technology, and implementation
	4.5 Limitations

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


