
Vol.: (0123456789)

Landsc Ecol (2024) 39:152 
https://doi.org/10.1007/s10980-024-01937-6

RESEARCH ARTICLE

Disentangling associations of human wellbeing with green 
infrastructure, degree of urbanity, and social factors 
around an Asian megacity

Pramila Thapa   · Mario Torralba   · 
Nils Nölke   · Koushik Chowdhury   · 
Harini Nagendra   · Tobias Plieninger 

Received: 27 December 2023 / Accepted: 1 July 2024 / Published online: 8 August 2024 
© The Author(s) 2024

Abstract 
Context  Often called a ‘Garden city’, Bengaluru is 
renowned for its green infrastructure. However, the 
association of human wellbeing with the amount of 
tree cover (as an example of green infrastructure), 
degree of urbanization, and local people’s socio-
demographics has not been explored.
Objective  We investigated how human wellbeing 
is related to the amount of  tree cover at household 
and neighborhood levels, the degree of urbanity, and 
underlying social factors among respondents.
Methods  The study was conducted in 61 towns 
along the rural–urban gradient of Bengaluru, sur-
veying 836 respondents in total. Data on multiple 
dimensions of respondents’ wellbeing was collected 
between December 2016 and May 2017. The percent-
age of tree cover at the household and neighborhood 
levels was obtained based on WorldView-3 images. 

Logistic regression models were applied to assess 
correlations between human wellbeing and tree cover. 
Kruskal–Wallis tests, Mann–Whitney tests, and cross 
tabulation with chi-square tests were conducted to 
investigate relations of human wellbeing with the 
degree of urbanity, and with social factors.
Results  We found that several variables of human 
wellbeing were positively associated with tree cover. 
Measures of wellbeing also differed along the rural–
urban gradient and among social groups.
Conclusions  Though urbanization is often consid-
ered to promote material wellbeing, non-material 
aspects (e.g., community activities and social rela-
tionships) are also important components of overall 
human wellbeing in urbanizing landscapes. Holistic 
interactions among natural, spatial, and social factors 
should be considered while designing interventions 
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for equitable urban landscapes that promote human 
wellbeing and ecological restoration.

Keywords  Green spaces · Landscape sustainability 
science · Nature-based solutions · Remote sensing · 
Tree cover · Urbanization

Introduction

Although annual urban population growth rate is 
slowing globally (Vollset et  al. 2020) from 2.7% 
in the 1980s to 1.6% in 2022, it remains high in 
the Global South, especially in South Asia (2.3%, 
2022) and Sub-Saharan Africa (3.9%, 2022) (World 
Bank, 2023a). At least 56% of the world’s popula-
tion currently lives in urban areas, and that figure is 
expected to increase to 70% by 2050 (World Bank 
2023b). These elevated levels of rapid urban popula-
tion growth are putting pressure on land use and land 
cover (Genet 2020), and consequently on ecosystem 
services and human wellbeing (Thapa et  al. 2021). 
Therefore, environmental and societal benefits and 
harms are likely to be inequitably distributed, threat-
ening human wellbeing among urbanites (Liotta et al. 
2020).

Urban landscapes are commercial, institutional, 
and residential hubs that support people by providing 
employment, education, and entertainment oppor-
tunities. The availability of economic and social 
resources in cities is an important pull factor for 
immigrants (Ghafoor and Akbar 2022). However, cit-
ies also have some challenges, e.g., unhealthy urban 
lifestyles. Due to predominantly sedentary urban life-
styles, people tend to have more chronic health issues, 
such as diabetes and cardiovascular diseases. Res-
piratory diseases are other health challenges that are 
more common in urban areas with high levels of air 
pollution (Gryech et al. 2022). As for social aspects, 
despite the mostly increased access to social networks 
(Connell and Keen 2018), the less community-ori-
ented lifestyle in cities may reduce the social safety 
nets of urbanites, which can have implications in sev-
eral dimensions of human wellbeing. These negative 
impacts are particularly severe in unplanned cities, 
which commonly consist of dense urban slums with 
poor hygienic conditions, and which are especially 
abundant in the Global South. Exposure to flash 
floods, dirty ditches, and waterborne communicable 

diseases such as diarrhea, cholera, etc. are common in 
unplanned cities, making urbanites more vulnerable 
to poor health (Khan et al. 2024).

Green infrastructure, which has a great potential 
of fostering human wellbeing in cities, is defined as 
a network of natural and semi-natural elements of 
environmental features designed to deliver multiple 
ecosystem services to benefit people (de Macedo 
et al. 2021). It is one of the important components of 
sustainable urban landscapes and is known for its role 
of strengthening human-nature relationships among 
urbanites (Hoyle and Sant’Anna 2023). It brings a 
wide range of benefits to humans, including promo-
tion of physical and mental health (Grigoletto et  al 
2023), increase in social interaction among humans, 
climate regulation (Choi et  al. 2021), and overall 
improvement in life satisfaction (Jiang and Huang 
2022).

Urbanization is often aimed at the improvement 
of human wellbeing. The urban infrastructure such 
as transportation systems, residential buildings, 
communication systems, education systems, sewage 
and water systems, etc. are all are designed to foster 
human wellbeing. However, as a side-effect of urbani-
zation, soil sealing, densification of built-up areas, air, 
water and sound pollution, decrease of urban green 
infrastructure, etc. pose challenges to ecosystem func-
tionality and impoverish human wellbeing. Urbanites 
are likely to be more vulnerable to climate change 
impacts than rural dwellers (Ren et al. 2022). Urban 
heat islands have increased the number of illnesses, 
hospitalizations, and even deaths, especially among 
children and elderly people. Increasing green vegeta-
tion, especially tree cover, has potential to regulate 
urban pollutants and simultaneously to foster recrea-
tion, physical and social activities, which ultimately 
decrease health risks among the urbanites (Kraemer 
and Kabisch 2022).

Tree cover—one of the important elements of 
green infrastructure—has been considered as a 
nature-based solution to a wide range of societal chal-
lenges (Langemeyer and Baró 2021). It naturally reg-
ulates air and water by absorbing pollutants through 
gaseous, water, and energy exchange (Ren et  al. 
2018). The reduction of pollutants in air and water 
decreases air- and water-borne diseases, e.g., asthma, 
bronchitis, typhoid, and cholera (Hartig et al. 2014). 
Often, shades of larger canopy of tree cover can be a 
place for rest and physical recovery, especially on hot 
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days (Thapa et al. 2023). In some European countries, 
tree cover has helped reduce premature death asso-
ciated with urban heat island effects (Iungman et al. 
2023). Access to tree covers also offers opportuni-
ties for creativity and inspiration (Zhang et al. 2022). 
Regular access to tree cover for outdoor leisure and 
social activities in urbanizing landscapes promotes 
social cohesion, which ultimately fosters overall well-
being (Dallimer et al. 2012). Thus, tree cover appears 
to contribute to human wellbeing and to landscape 
sustainability along multiple dimensions, although 
these interactions have rarely been disentangled.

Human wellbeing is typically mediated by several 
social factors. For example, men particularly have 
better access to health, education, and employment 
facilities compared to women (Azad et al. 2020). As 
for occupation, the majority of farmers in the Global 
South are smallholders and  subsistence farmers 
(Bisheko and Rejikumar 2023). Though farmers seem 
to have a higher level of wellbeing than non-farmers, 
the growing uncertainty due to climate change, mar-
ket fluctuation, and technologies could have a particu-
larly strong influence on their wellbeing (Béné et al. 
2019). Similarly, in South Asian countries, such as 
Nepal, and India, caste-based inequalities are cultur-
ally deep-rooted and often shape access to resources 
and services (Sengupta et  al. 2021). Moreover, the 
number of years lived in a town can influence socio-
cultural integration, access to services, and expo-
sure to a lifestyle. Other factors such as community 
engagements and local agencies for community 
engagement can also contribute to the wellbeing of 
the residents (Atkinson et al. 2020).

Studies on the interactions between human well-
being and green infrastructure have mainly focused 
on the dimension of health (Sugiyama et  al. 2008; 
Helbich et  al. 2018; Kim and Miller 2019; Grigo-
letto et  al. 2023), and most of them were conducted 
in urban landscapes of the Global North. Fewer stud-
ies have focused on the links between human well-
being and green infrastructure in the Global South, 
and those that do exist (see, e.g., Mansor and Said 
2008; Gopal and Nagendra 2014) typically did not 
investigate multiple dimensions of wellbeing. To our 
knowledge, the roles of rural–urban gradients and 
underlying social factors to human wellbeing have 
also not yet been assessed in a single study. Such 
information may be of use for informing policies that 
foster urban landscape sustainability. By combining 

remotely sensed tree cover data with a social survey, 
this study aims to disentangle the associations of mul-
tiple dimensions of human wellbeing with the amount 
of tree cover, at household and neighborhood levels, 
while also considering the degree of urbanity and 
social factors. We examined the following specific 
research questions:

•	 How is human wellbeing associated with the 
amount of tree covers at household and neighbor-
hood levels in an urbanizing landscape?

•	 How is human wellbeing expressed along a rural–
urban gradient?

•	 How is human wellbeing associated with social 
factors such as gender, farming background, caste, 
and the number of years lived in the current town?

Methods

Study area

The study was conducted in Bengaluru (12°44′ 06″ 
N; 77° 24′ 05″ E to 13°12′ 48″ N; 77° 44′ 17″), the 
capital of the state of Karnataka in southern India. 
Bengaluru is India’s IT hub and is colloquially 
known as the ‘Silicon Valley of India’. It is a rap-
idly expanding megacity and is situated on the Dec-
can Plateau between the Western and Eastern Ghats. 
It has an altitude of approximately 920 m above sea 
level and a mean annual rainfall of between 700 and 
900  mm (Sudhira and Nagendra 2013). At the time 
of its establishment in 1537, Bengaluru was a small 
mud fort that continuously underwent changes due 
to its governance and geographical area during 
turnovers between the different rulers before India’s 
independence. The area of Bengaluru has since rap-
idly expanded, from 69 km2 to 741 km2 as of 2019 
(Ramachandra and Aithal 2019). Over the last two 
decades, the population density in Bengaluru has 
grown from 7,881 persons/km2 in 2001 (Ramachan-
dra and Kumar 2008) to 19,190 persons/km2 in 2024. 
As of 2024, Bengaluru has a total population of 14 
million inhabitants (World Population Review 2024).

Green infrastructure is an inherent part of Bengalu-
ru’s urban landscape. Bengaluru hosts trees in streets, 
home gardens, public parks, heritage parks, and 
sacred groves (Nagendra and Mundoli 2019). Thus, it 
has become known as a ‘garden city’. The practices 
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of planting trees and creating gardens in Bengaluru, 
both in private and public places, date back to the 
pre-colonial era. These practices were continued or 
even promoted by several different rulers for both 
their material and non-material benefits, and to pro-
tect Bengaluru from potential invaders (Nagendra 
2016). Though trees have been grown in Bengaluru 
for multiple reasons (e.g., food, wood, medicinal val-
ues, shade, air purification, and religious and spir-
itual purposes), they are currently most prominently 
appreciated for their aesthetic values and cooling 
effects (Thapa et al. 2023). Green infrastructure near 
houses is mainly of large canopy size, and domestic 
trees  are predominantly intended for fruit production 
(e.g., mango, jackfruit, guava, or drumstick trees). 
However, some green infrastructure is also grown 
for ornamental, aesthetic, and regulating values (e.g., 
bougainvillea) and medicinal values (e.g., neem). 
Other green infrastructures, such as silver oak and 
teak trees, are cultivated in the field margins, and rain 
trees, pongemia, and tamarind are mainly found along 
the margins of roads. Traditional sacred platforms 
and temples are also rich in tree species, particularly 
banyan, peepal, and neem. Thus, Bengaluru hosts 
green infrastructure both in private and public spaces 
at landscape scale (Thapa et al. 2023).

Concept of human wellbeing

Human wellbeing can be defined as a state in which 
the basic human needs for quality life are met. It 
includes resources and opportunities that can be 
objectively measured (Gilbert et al. 2016). However, 
studies such as Aguado et  al. (2018) and Atkinson 
et  al. (2020) have highlighted that wellbeing also 
has a subjective component. Subjective wellbeing is 
expressed in an individual’s life circumstances and is 
mediated by the cultural context (Gilbert et al. 2016). 
Moreover, comprehensive wellbeing—including both 
subjective and objective indicators—is often consid-
ered to better represent reality than a subjective or 
objective indicator used alone (Lambert et al. 2020). 
This study was designed around the wellbeing frame-
work proposed by Rogers et al. (2012), which covers 
eight dimensions: physical and economic security; 
material living standards; health; work and leisure; 
agency and political voice; social relationships; sta-
ble ecosystems; and education. To operationalize 
this framework, we considered at least one indicator 

variable per dimension, combining subjective and 
objective indicators (Table 1).

Selection of households

This study was based on a household survey con-
ducted between December 2016 and May 2017. 
The survey covered households within the two tran-
sects (Northern Transect: 77.5645° E, 13.0617° N; 
77.6100° E, 13.0614° N; 77.6112° E, 13.4072° N; 
77.5632° E, 13.4067° N and Southern Transect: 
77.5404° E, 12.9149° N; 77.58161° E, 12.8952° N; 
77.5385° E 12.7445° N; 77.4776° E 12.6677° N; 
774,058° E, 12.6676° N; 77.3946° E, 12.7548° N, 
Hoffmann et  al. 2017) along the rural–urban gradi-
ent of Bengaluru (Fig. 1). To account for the differ-
ences along Bengaluru’s rural–urban gradient, each 
transect was divided into three strata (urban, transi-
tional, and rural), according to the distance to the city 
center of Bengaluru and the proportion of built-up 
infrastructure (Hoffmann et  al. 2017). For a total of 
six strata (three in each transect), approximately 10 
towns per stratum (61 in total, or approximately 30% 
of the total towns located within the two transects) 
were selected for the survey. The household lists of 
each town were accessed through local child health 
care centres. These child health care centres, locally 
known as Anganwadi centres, are units that provide 
health and pre-school services for children under 
6 years of age. They are also responsible for main-
taining a list of households in their respective towns 
(Purushotham et al. 2022). Approximately 20 house-
holds per selected town were randomly surveyed. A 
total of 1,275 households were surveyed for the study. 
All the households were georeferenced. In the case 
that selected households were too close in proximity 
to one another, only one household within the group 
was included in the study. In the end, 836 surveyed 
households were considered in the analysis.

Household survey

The household survey collected information related 
to: A) socio-demographic information (gender of the 
household head, number of years lived in the town, 
caste, education level of the household head, and 
whether the household performs farming activities); 
and B) information on human wellbeing (Table  1). 
For each wellbeing dimension, indicator questions 
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were designed to reflect that dimension. For example, 
for the dimension of physical and economic secu-
rity, we asked: ‘How many people within and outside 
the town do you know who you could depend on in 
times of hardship?’ For the dimension of stable eco-
systems, we asked ‘How intensely do you experience 
climate shocks? (Response scale: 1. Severely, 2. Mod-
erately, 3. Mildly). Locally trained research assistants 
collected the responses. Questions were asked to 
the household heads and in the local language- and 
recorded in English. The survey began with an intro-
duction to the research study and its aim. Informed 

consent was collected from each respondent before 
beginning the survey.

Measurement of tree cover

The tree cover was mapped based on a WorldView-3 
image acquired in November 2016 under cloud-free 
conditions. A deep learning multi-class classifica-
tion method called U-Net (Ronneberger et  al. 2015) 
was employed to classify the WorldView-3 image 
into three classes: tree cover, impervious surface, and 
built-up areas. The U-Net employs a convolutional 
network architecture designed for image segmentation 

Table 1   Overview of dimensions of human wellbeing and indicators considered in this study

Dimension of wellbeing and its 
respective variables

Description Categories No. of 
responses

1. Physical and economic security
 Social safety net Number of people trusted within and outside the vil-

lage to depend upon in times of hardship
(1) Less than 10 people
(2) 10–50 people
(3) More than 50 people

815

2. Material living standards
 Land ownership Ownership of a piece of land (1) Land owners

(2) Landless
815

3. Health
 Physical health Absence of a physical disease among the household (1) Healthy

(2) Unhealthy
784

4. Work and leisure
 Employment Employment status of the respondent (1) Employed

(2) Unemployed
836

 Park visitation frequency Frequency at which the respondent visits a park (1) At least once a year
(2) At least once a month
(3) At least once a week

311

5. Agency and political voice
 Community participation frequency Frequency of respondent’s participation in community 

activities
(1) At least once a year
(2) At least once a month
(3) At least once a week

361

6. Social relationships
 Sense of belonging A psychological feeling of social or cultural connect-

edness to a group during the social interaction
(1) Not at all
(2) Slightly
(3) Moderately
(4) Quite a bit
(5) Very much

809

7. Stable ecosystems
 Climate shock intensity Experience of any climate-related shock in the past 

12 months, and its intensity
(1) Severe
(2) Moderate
(3) Mild

718

8. Education
 Formal education level Highest education level of the household head (1) No formal education

(2) Up to high school
(3) Diploma and above

799
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and has demonstrated efficacy in handling diverse 
image classification tasks leading to a better perfor-
mance in delineating boundaries and differentiating 
between complex classes in high-resolution satellite 
imagery.

The overall accuracy (OA) achieved was 89% for 
tree cover, 92% for impervious surface, and 87% for 
built-up areas. For this study, the class "tree cover" 
was extracted from the classified image (e.g., Fig. 2). 
Subsequently, the tree cover map was vectorized, 
resulting in polygons that were intersected with the 
household buffers to determine the proportional tree 
cover within the specified radius. Specifically, the 
amount of tree cover was extracted at the household 
level, considering a 60 m radius around each house, 

in accordance with the methodology employed by 
Netusil et  al. (2014). Additionally, tree cover was 
assessed at the neighborhood level incorporating a 
300 m radius around each house, as per the method 
described by Konijnendijk (2022). Pearson’s correla-
tion coefficient showed that tree cover at the house-
hold and neighborhood levels was moderately corre-
lated (r (835) = 0.42, p < 0.001) .

Data analysis

To assess associations between human wellbeing 
and tree cover, logistic regression models were run 
for each human wellbeing variable as a response 
variable, and with tree cover in a 60 m radius or tree 

Fig. 1   a Location of Bengaluru in the map of India. b Study 
areas showing clusters of surveyed households in orange dots 
(rural), brown dots (transitional), and black dots (urban), and 
within Northern and Southern transects along the rural–urban 

gradient of Bengaluru. The transects shown in green visual-
ize tree cover as derived from WorldView-3. c Exemplary tree 
covers at 60 m and 300 m radii from a household
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cover in a 300 m radius as an independent variable in 
each model. Binary logistic regression models were 
run for binary variables of human wellbeing and for 
the ordinal variables for which only three possible 
answers were given (after converting them to binary 
variables). For the ordinal variables with responses 
scored on five-point Likert scales, ordinal logistic 
regression was performed. We calculated Odds Ratio 
(OR) for both binary and ordinal logistic regressions. 
Odds ratio, in our case, presents the likelihood of 
association between the tree cover with the respec-
tive human wellbeing. Post correlation assessment 
such as pseudo R2, receiver operating characteristics 
(ROC), and Hosmer–Lemeshow (HL) test (Hosmer 
et al. 2013) were run. To assess if the distribution of 
human wellbeing was significantly different among 
urban, rural, and transitional areas, binary variables 
were cross-tabulated. For all ordinary variables, 
Kruskal–Wallis tests and post-hoc tests (with Bonfer-
roni correction) were performed, investigating well-
being variables by urban, rural, and transitional town 
groupings. To understand the association between 
human wellbeing variables and social factors, cross-
tabulation between binary wellbeing variables and the 
given social factors was performed. For the ordinal 
variables, Mann–Whitney U tests were run for gen-
der and farming backgrounds, and Kruskal–Wallis 
tests and post hoc tests (with Bonferroni correction) 
were run for caste and the number of years lived in 

the current town. All analyses were performed using 
IBM SPSS Statistics Version 29.0.1.0 (171).

Results

Association between tree cover and human wellbeing 
dimensions

Several of the variables of human wellbeing were 
positively associated with tree cover (Table  2). 
For example, in regard to physical and economic 
security, the higher the tree cover, higher was the 
(medium-sized) social safety net both at the house-
hold (OR = 1.01, p < 0.01) and neighborhood levels 
(OR = 1.02, p < 0.05). As for the dimension of mate-
rial living standards, the percentage of households 
owning land was significantly higher in areas of 
higher tree cover, both at the household (OR = 1.03, 
p < 0.05) and neighborhood levels (OR = 1.04, 
p < 0.05). In terms of health, households in which all 
members were reported to be physically healthy were 
positively associated with tree cover at the house-
hold (OR = 1.17, p < 0.01) and neighborhood lev-
els (OR = 1.27, p < 0.05). For the work and leisure 
dimension, being employed was not correlated with 
tree cover. However, park visitation frequency was 
higher in areas of higher tree cover, at both the house-
hold (OR = 1.09, p < 0.01) and neighborhood levels 

Fig. 2   Two images illustrating higher (left) and lower (right) degrees of tree cover in Bengaluru. The false-color satellite images are 
WorldView-3 images with 30 cm resolution
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(OR = 1.28, p < 0.01). Likewise, in terms of agency 
and political voice, a monthly community participa-
tion frequency was correlated with areas of higher 
tree cover at both the household (OR = 1.03, p < 0.05) 
and neighborhood level (OR = 1.05, p < 0.05). In con-
trast, households in which the head of the household 

had a high school education level were negatively 
correlated with tree cover at the household level 
(OR = 0.98, p < 0.05). The dimensions of  work and 
liesure and stable ecosystems were not associated 
with tree cover at either the household or neighbor-
hood levels.

Fig. 3   The distribution of human wellbeing along the rural–
urban gradient a graph representing the percentage of binary 
wellbeing variables: employment, physical health, and land 
ownership b graph of mean value of three-point Likert-scale 
wellbeing indicators. c graph of mean value of five-point Lik-

ert-scale wellbeing indicator. Significant difference levels indi-
cated with **p < 0.01 and ***p < 0.001; and differences with 
and the different alphabets on top of the bars a, b, and c (same 
alphabets mean not different), with Chi-square test for binary 
indicators and Kruskal–Wallis H tests for ordinal indicators
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Differences in wellbeing along the rural–urban 
gradient

Several wellbeing variables differed between urban, 
transitional, and rural landscapes (Fig.  3). The per-
centage of households owning land was higher 
in rural and transitional areas than in urban areas 
(Χ2 = 171.98, p < 0.01). Physical health was simi-
larly distributed along the gradient. Employment lev-
els were higher in transitional areas than in rural or 
urban areas (Χ2 = 216.85, p < 0.01), and park visita-
tion rates were highest in urban and transitional areas 
(H = 44.38, p < 0.001). Community participation fre-
quency was higher in rural areas than in urban and 
transitional areas (H = 18.93, p < 0.001). We did not 
find statistically significant differences for the remain-
ing indicators.

Social factors related to human wellbeing

Some of the wellbeing dimensions were mediated by 
the sociodemographic backgrounds of the respond-
ents (Table  3). A higher proportion of male-headed 
households had all family members in a physi-
cally healthy state as compared to female-headed 
households (Χ2 = 7.22, p < 0.01). Similarly, males 
had a stronger sense of belonging than females had 
(Mann–Whitney U = 63,102.50, p < 0.05). Only one 
indicator—the social safety net—was higher among 
non-farming households than among those with a 
farming background (Mann–Whitney U = 70,789.00, 
p < 0.05). As for caste and number of years lived in 
the current town, we did not find strong associations 
with the wellbeing variables.

Discussion

Landscape sustainability science (LSS) focuses on 
the dynamic relationships between landscape-specific 
ecosystem services and human wellbeing, using spa-
tially explicit methods to understand and improve 
these relationships (Wu 2013). Thus, LSS research 
aims at investigating how landscape patterns shape 
the long-term dynamics of human–nature interac-
tions and foster human wellbeing (Wu 2012, 2021; 

Opdam et al. 2018). Current knowledge in urban sus-
tainability science is mostly dominated and shaped 
by examples and researchers from the Global North 
(Nagendra et al. 2018). Green infrastructure is often 
prioritized in the Global North as a key component of 
LSS strategies to support human wellbeing in urban 
environments (Liberalesso et  al. 2020). Though cit-
ies of the Global North and the Global South are dis-
tinctly different (Nagendra et al. 2018), there is strong 
evidence that green infrastructure plays a paramount 
role in terms of both landscape structures and ecosys-
tem services and ultimately in human wellbeing also 
in the Global South (Thapa et al. 2023). However, a 
specific contextualization of green infrastructure in 
the Global South is needed because green infrastruc-
ture designed and implemented in the Global North 
does not per se fit into the context of the Global South 
(Nagendra et  al. 2018). In the current era, urbaniza-
tion is a major process of change that is relevant to 
landscape sustainability. As it pertains to green infra-
structure, urbanization often poses threats of degrad-
ing green infrastructure and associated ecosystem 
services (Miroshnyk et  al. 2022). Green infrastruc-
ture, however, is an integral part of urban ecology, as 
it contributes to urban ecological system and makes 
cities livable (Thapa et al. 2021; Konijnendijk 2022). 
This exploratory study by its nature found associa-
tions of human wellbeing with green infrastructure, 
spatial degree of urbanization, and social factors, tak-
ing the rapidly urbanizing city of Bengaluru as a case 
study.

Relationship between human wellbeing and tree 
cover around households

Tree cover, as an example of green infrastructure, 
is an important natural element in urban planning 
(Kanniah 2017). Bengaluru has deep-rooted and mul-
tifaceted associations with trees, indicating that they 
act as nature-based solutions in diverse pathways 
(Dhyani et  al. 2021). Trees are appreciated for their 
regulating services, livelihoods, and cultural sig-
nificances in the context of Bengaluru (Thapa et  al. 
2023). Our results indicated positive relationships 
between tree cover and various indicators of wellbe-
ing, such as social safety net, physical health, park 
visitation frequency, and community participation 
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frequency. People often sit at the bases of large 
canopy trees to avoid the scorching sun during sum-
mer days, when the average daytime temperature is 
approximately 36  °C. The tree bases have also been 
important places for small local businesses and social 
cohesion, with people often setting up their com-
mercial activities of bicycle repair and maintenance, 
clothes sales and tailoring, fruit sales, etc. at the base 
of trees (Basu and Nagendra 2020). Several recrea-
tional and social activities such as group exercise, 
doing yoga, drinking tea, etc. are often hosted near 
the base of a large tree. Together, these activities pro-
mote social cohesion and improve social safety nets 
(Dhyani et al. 2021). This finding is in line with those 
of Wan et al. (2021) who reported in their review that 
the social cohesion and safety net increased with the 
availability of tree cover as a green infrastructure. 
Despite the benefits that trees provide in cities, the 
amount of tree cover is globally degreasing (except 
in Europe) due to urban expansion and densification 
(Nowak and Greenfield 2020). Moreover, with the 
increase of built-up and impervious surfaces, urban 
soil quality and fertility usually deteriorate, which 
negatively affects the growth, development, canopy 
cover, and functioning of remaining trees. The Leave 
area index of trees is also usually lower in urban areas 
ecological functioning such as carbon sequestra-
tion and cooling effect of the trees (Ren et al. 2018). 
Given the (potential) consequences of urbanization, 
the extent of global urban tree cover changes are still 
to be explored. Understanding such changes could 
help guide sustainable urban policies and improve 
environmental management for livable cities (Nowak 
and Greenfield 2020).

 We found that increased tree cover at both house-
hold and neighborhood levels was associated with 
higher community participation frequency. This may 
be because the greenery often encourages people to 
go out into nature and engage in community events, 
such as cleaning the community, performing com-
munal homages (e.g. community feasts, worship of 
family deities (Mundoli et  al. 2017)), performing 
and maintaining a community plantation (Nagendra 
2016), or organizing public meetings and petitions 
at community levels (Trentanovi et  al. 2021). With 
tree cover, people are also motivated to interact with 
each other, as well as with domestic pets, and wildlife 
(Taylor and Hochuli 2015). Birds and other wild ani-
mal species are common in Bengaluru, which are also Si
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supported by natural spaces such as Bannerghatta 
National Park and Lal Bagh Royal Garden. Such 
spaces act as refuges for urban wildlife (Jaganmohan 
et al. 2018), and people are often attracted to visiting 
such parks during their leisure time. This is also con-
firmed by our finding that park visitation frequency 
was higher with increased tree cover. However, the 
relationship between park visitation and tree cover 
could be bidirectional, i.e., tree cover could be both 
an inspiration for or a result of increased park visi-
tation. People may be more motivated to visit a park 
if the amount of tree cover is high, which are often 
a hotspot for biodiversity and a place of knowledge. 
Conversely, those who visit a park more frequently 
may have stronger incentives for increasing the exist-
ing cover. However, parks in the urban landscapes 
of the Global South are frequently gated. Especially, 
people with minority backgrounds often dispropor-
tionately experience barriers to accessing green infra-
structure (Hamstead et al. 2018). In addition, absolute 
tree cover and tree cover per capita are decreasing in 
cities of the Global South (Zhang et al. 2023). Thus, 
we recommend that city governments should prior-
itize such nature-based solutions not only to promote 
ecological restoration but also to foster just human-
nature relations. Care should be taken to ensure equi-
table access to green infrastructure and tree cover, 
supporting participation in community events and fre-
quent park visits across different societal groups.

Our results highlight a positive association 
between tree cover and land ownership. This could 
also be a two-way association, as those who own 
a piece of land have a clear motivation for planting 
trees on it. Given the dry and hot summer weather 
conditions in Bengaluru, people often desire to own 
land that has trees or is near to trees, to enjoy their 
multiple benefits such as shade, air purification, water 
regulation, aesthetic values, and provision of fresh 
seasonal fruits and vegetables. Thus, planting trees 
or owning land with trees on it appears to be asso-
ciated with higher overall wellbeing. Katusiime and 
Schütt (2020) similarly reported in their review that 
tree cover and land ownership were positively related. 
However, this was not always the case. In Chicago, 
USA, land ownership rather improved general veg-
etation cover but decreased amount and quality of 
mature tree cover (Gobster et  al. 2020). We found 
that formal education level was negatively associated 
with tree cover at the household level. This might be 

because in our study area educated people generally 
live in highly urbanized areas where space for plant-
ing trees is limited. On the other hand, Li et al. (2019) 
found that formal education level was positively asso-
ciated with tree cover; in their study, more students 
opted for higher education in areas with greater tree 
cover. These cases show that tree cover has been posi-
tively associated with various indicators of human 
wellbeing. Therefore, cities should have an adequate 
amount of tree cover to foster the comprehensive 
wellbeing of locals (Wu et al. 2023).

Dimensions of human wellbeing along the rural–
urban gradient

Urbanization is a key aspect of landscape develop-
ment processes. Urbanization also influences life-
styles. We found that the  degree of urbanization was 
related to some dimensions of human wellbeing. Our 
study revealed differences in land ownership, employ-
ment, park visitation frequency, and community 
participation frequency along the rural–urban gradi-
ent. Another study reported higher levels of wellbe-
ing being perceived in rural areas in countries of the 
Global North, and in urban areas in countries of the 
Global South (Requena 2016). Thus, it is important to 
consider the particular world region when assessing 
wellbeing along the rural–urban gradient. Ecosystem 
services are major factors that contribute to human 
wellbeing. Often unplanned urbanization happening 
in cities of the Global South comes at the cost of local 
landscape quality and ecosystem services (Davoren 
and Shackleton 2021). Though ecosystem services 
along the rural–urban gradient have been studied 
extensively (Kroll et al. 2012; Larondelle and Haase 
2013; Baró et  al. 2017; Thapa et  al. 2023), human 
wellbeing along this gradient has rarely been studied. 
Materialistic lifestyles and market-driven consump-
tion patterns are some of the generally perceived 
characteristics of urban life (Aguado et al. 2018). Our 
study aimed to expand beyond the limited material 
dimension of wellbeing. It found that urbanites val-
ued also non-material aspects such as visiting parks 
more than people in rural and transitional areas. This 
finding is in the line with Zhu et  al. (2020). Given 
the higher amount of tree cover in urban Bengaluru, 
people might have been motivated to visit parks more 
often than those in rural areas during their leisure. In 
rural Bengaluru, people are more engaged in farming 
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activities, which often keep people connected to 
nature, which may be why they feel less motivated 
to visit parks. In contrast to our finding, Shores and 
West (2010) found that park visitation frequencies 
were lower in urban areas than in rural areas. This 
finding suggests that urbanites are not limited to 
material wellbeing in Bengaluru but also enjoy non-
material benefits such as recreation from green infra-
structure. As for land ownership, fewer urbanites than 
rural people owned land in our case. The observed 
difference in land ownership rate between urban and 
rural people could be due to the higher price of urban 
land relative to rural land as was also shown to be the 
case in India in general (Binoy et al. 2022).

Community participation frequency was also 
higher in rural areas than in urban areas. Despite evi-
dence that urbanization promotes material wellbeing 
(Chen et  al. 2020), it is important to also consider 
non-material aspects, such as community participa-
tion and a sense of belonging, which are crucial com-
ponents of human wellbeing. It is often expected 
that with more options for community engagement 
in urban areas, an urban lifestyle could support more 
frequent community engagement, but this was not the 
case in Bengaluru. Bengalurians have more frequent 
community engagement in rural areas than in urban 
areas. In contrast, in Nova Scotia (Canada) com-
munity engagement was relatively low in rural area 
mainly due to limited budget and ageing rural popula-
tion (Reid and Howard 2016). The findings of Rus-
sell et al. (2023) in the USA, the UK and Guatemala 
also indicated less community engagement among 
rural people. Higher rates of unrecognized mental 
health, and physical health  issues such as alcohol-
ism and smoking observed in rural areas might have 
also reduced the frequency of community participa-
tion in rural areas in those countries (Tolonen et  al. 
2018). In Bengaluru, the relatively slow pace of life 
in rural areas might have motivated people to par-
ticipate in community events, which might also have 
fostered a wider social safety net. We also found a 
higher employment rate (e.g., in crop and livestock 
farming sectors) people in rural areas. Though urban 
areas usually have better employment opportunities, 
the larger populations in urban areas may quickly fill 
the vacant positions, resulting in a relatively higher 
unemployment rate in urban areas than in rural areas. 
On the other hand, rural people in Bengaluru  can 

often engage themselves in farming activities rather 
than simply stay idle.

In terms of the physical health dimension, we 
didn’t find differences along the rural–urban gradi-
ent. However, in cities of the Global South, urban-
ites often have multiple lifestyle-related health issues 
(e.g., diabetes, cardiovascular diseases, etc.). Despite 
the existence of health facilities in urban Bengaluru, 
a considerable share of households had at least one 
family member with a disease, especially in better-off 
neighborhoods. In worse-off neighborhoods such as 
slums, the health of urbanities is threatened particu-
larly by infectious diseases due to poor hygiene, e.g., 
HIV, tuberculosis, or diarrhea (Flies et al. 2019).

Relationship between human wellbeing and 
underlying social factors

Our results indicated that social factors were asso-
ciated with some of the variables of human wellbe-
ing. Gender and farming backgrounds are among the 
social factors that were associated. Starting with gen-
der, higher percentages of male-headed households 
had all family members physically healthy compared 
to female-headed households. Our findings agree with 
those of Lebni et  al. (2020), who found relatively 
lower levels of health among household members in 
female-headed households. The typically lower lev-
els of formal education and health awareness among 
women in Bengaluru could be a potential explanation 
for this trend (Lebni et al. 2020). In Bengaluru, there 
is also a gendered pattern in diseases. Females tend 
to have more communicable diseases, while males 
tend to have more non-communicable diseases such 
as diabetes and cardiovascular diseases (Geetha et al. 
2021). Male respondents also reported a higher sense 
of belonging than females did. In a patriarchal society 
as is the case in Bengaluru, males have more freedom 
of choice to go out and learn in general; this might 
lead to have their higher sense of belonging to the 
given ranges of settings than females have. However, 
a study by Pilarska (2017) did not uncover differences 
in sense of belonging between males and females.

Another association was identified between farm-
ing background and social safety net. Social safety 
nets are social risk management tools that one can rely 
upon during periods of hardship. These were found to 
be larger among non-farming households than among 
farming households. However, farmers—the majority 
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of whom are smallholders in Bengaluru—are often 
so vulnerable to poverty that they hardly invest in 
creating and maintaining social safety nets for them-
selves. Even (poor) farmers in the Global North rarely 
make efforts to establish social safety nets (Gunderse 
and Offutt 2005). Policy level acknowledgment and 
accounting larger operating systems and societal fac-
tors in which farmers are imbedded may foster social 
safety net among farmers (Becot and Inwood 2020).

Surprisingly, we did not find an association 
between caste and any wellbeing dimension. How-
ever, associations between caste and wellbeing have 
been reported by Fontaine and Yamada (2014), 
who found that the wellbeing of people from higher 
castes was three times greater than that of lower-
caste people. Members of the Scheduled Tribes 
(ST) and Scheduled Castes (SC) have few social net-
works to rely upon during hardships. In India, where 
health and education services are relatively expen-
sive, lower-caste people often have poor access to 
resources and cannot afford access to high-quality 
health and education. Lack of good education and 
good healthcare often keeps them out of job markets, 
and also prevents them from maintaining social safety 
nets (Beegle et al. 2018). It seems that strong dispari-
ties exist among castes in Bengaluru, which is nega-
tively impacting the wellbeing of those from lower 
castes. People from lower castes are often stuck in 
a vicious cycle referred to as a poverty trap (Kumar 
2022). However, in urbanizing contexts, the caste sys-
tem tends to melt; marginalized caste people are often 
supported with income-generating activities by differ-
ent organizations and the government so that they can 
uplift themselves from the poverty traps. This may be 
a reason why we did not find strong differences in the 
wellbeing among people from caste groups. Similarly, 
we did not find any relations between human well-
being variables and the number of years lived in the 
current town, also known as ‘groundedness’. Bahno 
et  al. (2023) argued that groundedness depends not 
only on time but also on the shared values of the peo-
ple. When people have a shared ethnicity or language, 
they often stand together and enjoy a larger safety net 
and higher levels of perceived wellbeing, even in a 
town in which they have only lived for a short time. 
Bengaluru is a multicultural and multilingual city 
with different groups of people from several native 
origins. People with shared cultural, lingual, and 

native backgrounds often tend to support each other 
and foster a better quality of life.

Limitations

Our study combined remote sensing data with soci-
oeconomic survey data in a new way. The combi-
nation of the two datasets came with certain com-
promises. We had to fit the design into suitable 
analytical approaches based on the data we had. 
This may be a reason why we found limited asso-
ciations between the variables of wellbeing and the 
other factors we considered. Another limitation is 
that tree cover was only considered quantitatively; 
we didn’t consider qualitative aspects of tree cover 
such as configuration and density. Qualitative 
characteristics of tree cover could be important in 
revealing multidimensional aspects of human well-
being, such as social background of the people (Wu 
et  al. 2023) because higher tree cover per se may 
not mean a higher level of wellbeing. In addition, 
considering and assessing time series data on tree 
cover in relation to human welling would be helpful 
since amount tree cover is rapidly changing (mostly 
decreasing) with time and with urban expansion 
(Dong et al. 2020).

Conclusion

Trees are a valuable component of green infrastruc-
ture and play a critical role in landscape sustain-
ability. Our study comprehensively investigated link-
ages of human wellbeing with tree cover, as well as 
spatial and social factors across multiple wellbeing 
dimensions in an urbanizing landscape. The results 
revealed associations between tree cover and mul-
tiple human wellbeing dimensions such as material, 
health, social, and recreational ones. We found that 
hiland ownership gher degrees of tree cover were 
related to material possessions such as land owner-
ship, better physical health, more frequent park vis-
its, and more frequent community engagement. Land 
ownership, park visitation frequency, and community 
engagement frequency differed along the rural–urban 
gradient. Gender and farming backgrounds were 
important socio-demographic characteristics that 
showed associations with human wellbeing. Trees 
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could thus provide important nature-based solutions 
to urban sustainability challenges. While designing 
such nature-based solutions, the multifunctionality 
of trees should be promoted both at household and 
neighborhood levels. In the process, inclusivity of 
diverse social groups should be prioritized to foster 
equitable and sustainable human-nature relationship 
in cities. For a sustainable urbanizing landscape, non-
material wellbeing such as sense of belonging to the 
landscape and community engagement is also impor-
tant (Demuzere et  al. 2014; Loveridge et  al. 2020). 
The number and amount of urban trees, forests, and 
protected areas should be increased and made acces-
sible to all existing social groups. To design sustain-
able urban landscapes that promote comprehensive 
human wellbeing and ecological restoration, it is vital 
to consider the holistic interactions among tree cover 
and dynamic dimensions of wellbeing, including con-
sideration of factors such as the rural–urban gradient 
and underlying socio-demographic characteristics of 
locals. Such understanding of nuances in interactions 
among these ecological, spatial, and social elements 
may inform sustainable urban policies and improve 
environmental management for livable cities.
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