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The urban population is subjected to multiple exposures of air pollution and heat stress

and bear severe impacts on their health and well-being in terms of premature deaths

and morbidity. India tops the list of countries with the highest air pollution exposure

and hosts some of the most polluted cities in the world. Similarly, Indian cities are

highly vulnerable to extreme heat with the frequency of heatwaves expected to increase

several-fold in urban areas in India. It is reported that mitigating air pollution could reduce

the rural-urban difference of the incoming radiation thus resulting inmitigation of the urban

heat island effect. Since the interaction between urban heat and air pollution is dynamic

and complex, both these factors should be considered by the urban authorities in

designing mitigation strategies. Given the multi-functional nature and cost-effectiveness

of Nature-Based Solutions (NbS), they appear to be the most appropriate remedy for

environmental issues of urban areas, particularly in developing countries. In addition to

improving public health (through the reduction in air pollution and urban heat), NbS also

provides a wide range of co-benefits such as reducing energy cost and health costs as

well as conservation of biodiversity. This review is an attempt to understand the potentials

of NbS in co-mitigating air pollution and urban heat in Indian cities. A framework for

the planning and design of NbS in Indian cities is also proposed based on the review

that could help city planners and decision-makers in addressing these two issues in an

integrated manner.

Keywords: nature based solution, Urban Heat Island, air pollution mitigation, air pollution tolerance index,

co-mitigation

INTRODUCTION

As a rapidly urbanizing nation, India faces the challenge of developing its cities sustainably.
Most cities in India have been growing organically lacking prudent planning that often results in
degradation of their environment and ultimately resulting in various health implications for the
citizens. Urban planners and policymakers hence need to anticipate the various environmental
impacts of their plans and policies to ensure sustainable urbanization. The two major issues
that cities across the globe facing are: Air Pollution (Manisalidis et al., 2020) and the Urban
Heat Island (Ulpiani, 2021). Interestingly, the two phenomena are also intricately linked to each
other through positive feedback loops (Figure 1). The change in urban microclimate can affect
the pollutant dispersion, thus the air quality. The Short-Lived Climate Pollutants (SLCP) such
as ozone and black carbon can trap heat thus increasing the temperature. Both air quality and
urban microclimate are also affected by other urban characteristics such as urban morphology and
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FIGURE 1 | Inter-linkages between changes in urban micro-climate and air pollution.

green cover. Hence, it is important to study the two issues
together and understand their integrated exposure.

Rapid urbanization has resulted in significant changes in land
use and land cover which is affecting the environment in myriad
ways. Specific qualities of urban materials (e.g., low albedo and
high volumetric heat capacity of concrete asphalt) (Mohajerani
et al., 2017), urban morphology and design (decreased sky
view factor due to densely places tall buildings) (Dirksen et al.,
2019), along with the heat generated from energy usage and
other anthropogenic sources (Singh et al., 2020b) increases the
temperature in an urban area in comparison to the surrounding
suburban and/or rural areas. The phenomenon is termed as
Urban Heat Island or UHI (Oke, 1973). This works as positive
feedback for escalating energy consumption through increased
demands for cooling. UHI also tends to intensify the effect and
impact of extreme heat and heatwave events in cities (Rizvi
et al., 2019). Urbanization impacts are not only limited to
direct changes in land surface and air properties, but are also
characterized by increase in vehicular and industrial activities
that cause further deterioration in air quality (Manisalidis et al.,
2020). Rapid urbanization and industrialization also result in
increased anthropogenic activities which is the main cause for
the deterioration of air quality in many cities. Ample studies
on changes in Land Use Land Cover (LULC) and urbanization,
and its effect on urban temperature and air pollution are
available in India. However, there is a significant research gap on
understanding the combined exposure and mitigation of urban
heat and air pollution in urban areas. This is in spite of the fact
that India has a high potential for co-benefits of mitigation of air
pollution and climate change.

Considering the degradative nature of the current
urbanization and growth and development practices,
governments across the world are increasingly investing in
ecosystem-based approaches of development. Nature-based
Solutions (NbS) for city planning are hence, becoming popular
among policy makers and practitioners. NbS has found great
applications in water and energy security, disaster management
and risk reduction as well as improving social well-being
in urban areas. NbS aims to produce more resilient cities
through restoring nature which can support conventionally
built infrastructure systems (Bush and Doyon, 2019). Given
the multi-functional nature and cost-effectiveness of NbS, they
appear to be the most appropriate remedy for environmental
issues of urban areas, particularly in developing countries like
India. However, not enough steps have been taken toward
integrating NbS into the city planning process. This review is an
attempt to understand the potentials of NbS in co-mitigating air
pollution and urban heat in Indian cities. Based on this review, a
framework for the successful implementation of NbS in Indian
cities is also proposed. Such a framework could facilitate effective
and efficient city planning and decision-making while addressing
the two issues (discussed) in an integrated manner.

METHODOLOGY

An electronic review was carried out for peer-reviewed research
articles using a combination of selected keywords (“nature-
based solutions,” “nature-based solution+ urban,” “nature-based
solutions + urban heat island,” “nature-based solution + air
pollution,” “nature-based solution + air pollution + urban heat

Frontiers in Sustainable Cities | www.frontiersin.org 2 October 2021 | Volume 3 | Article 705185

https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles


Menon and Sharma NbS for Co-mitigation

island”). The articles published in the last 10 years (2010–2020)
were retrieved from bibliographical databases (Google scholar,
Sciencedirect, Pubmed) and from the reference lists of selected
articles (Table 1). The articles that did not focus on urban areas
or cities and non-English articles were excluded. The two authors
independently went through the list of abstracts and finalized the
articles for review.

URBAN HEAT ISLAND EXPOSURE IN
URBAN AREAS

Urban Heat Island (UHI) is a phenomenon globally experienced
by urban areas, wherein the urban built-up areas exhibit
higher temperatures as compared to surrounding non-urban
or rural landscapes (Oke, 1973). The phenomenon has been
extensively documented in various cities across the world
including in China (Li et al., 2018), US (Ramamurthy and
Sangobanwo, 2016), Canada (Gaur et al., 2018), Australia
(Santamouris et al., 2017), countries of Europe (Arnds et al.,
2017; De Ridder et al., 2017), Turkey (Dihkan et al., 2018),
Iran (Haashemi et al., 2016; Weng et al., 2019), Sri Lanka
(Ranagalage et al., 2018), Malaysia (Qaid et al., 2016), Philippines
(Estoque and Murayama, 2017), and India (Mathew et al.,
2018) to mention a few with varying socio-economic and geo-
climatic factors.

UHI is studied as surface UHI (SUHI) and as atmospheric
UHI (AUHI). The intensity of SUHI is often measured using
remotely sensed Land Surface Temperature (LST) often derived
from Landsat thermal bands (Sagris and Sepp, 2017), MODIS
LST products (Sidiqui et al., 2016) and ASTER thermal data
(dos Santos et al., 2017). For measuring atmospheric UHI, air
temperature observations are used, which are either mobile
observations recorded with a moving vehicle mounted with
data logger (dos Santos et al., 2017) or the meteorological
station observations (Arnds et al., 2017). UHI varies both
in space and time, as a function of various factors including
canyon radiative geometry, thermal properties of materials,
anthropogenic heat, urban greenhouse, reduction of evaporating
surfaces, reduced turbulent transfer, climate, topography,
physical layout of the built environment as well as short-term
weather conditions (Golden and Kaloush, 2006; Shahmohamadi
et al., 2011; Santamouris et al., 2019). Understanding of
these factors is crucial for designing and implementing UHI
mitigation solutions.

Understanding the UHI phenomenon for a city becomes
crucial as it both directly and indirectly impacts human health
(Vargo et al., 2016; Heaviside et al., 2017) through increased heat
stress, and inflates the city’s energy demands for cooling (Lowe,
2016; Liao et al., 2017). UHI and heat stress increase the building
energy consumption by increasing the cooling demand in urban
spaces. Literature shows that UHI causes median increase of 19%
in cooling energy consumption (Li et al., 2019). However, there
are huge inter-city variations ranging from 10–120% increases.
Estimating this increase becomes essential given that India is
a tropical country. Kumari et al. (2021) observed that UHI
formation resulted in an increase of 2,600 GWh (i.e., 11.4%) in

TABLE 1 | Search results on the keywords from various databases.

Keywords Google scholar Sciencedirect PubMed

“nature based

solutions”

11,100 960 41

“nature based

solutions” + “urban”

7,830 727 16

“nature based

solutions” + “urban

heat island”

1,270 159 3

“nature based solution”

+ “air pollution”

408 161 0

“nature based solution”

+ “urban heat island”

+ “air pollution”

190 76 0

annual average electricity consumption in eight districts of Delhi
between April 2012 to March 2017.

UHI has also been documented to increase the city’s exposure
to heatwaves under the global climate change scenario (Founda
and Santamouris, 2017).With the changing climate scenario,
many countries including India are becoming prone to more
intense and frequent heat waves. Cities in particular due to
the phenomenon of UHI, exhibit the synergies between urban
heat and heatwave, making the urban areas more vulnerable to
extreme heat. According to Sharma et al. (2019), frequency of
heat waves for urban areas in Delhi is expected to increase from
0.8 times each summer season in current time frame to 2.1 and 5.1
times in short- and long-term projections. In the past few years
researchers have focused on understanding the change in land
surface temperature (LST) and factors influencing urban areas
such as in Delhi (Mohan et al., 2012; Yadav and Sharma, 2018),
Ahmedabad (Mathew et al., 2018), Bengaluru (Sussman et al.,
2019), Jaipur (Mathew et al., 2018), Chennai (Swamy et al., 2017),
Kochi (Thomas et al., 2014), Lucknow (Singh et al., 2017) and
Mumbai (Dwivedi and Khire, 2018; Dwivedi et al., 2019).

Various measures for UHI have been explored particularly
with contribution from studies by Mat Santamouris (Yang and
Santamouris, 2018). These include, balancing the Albedo Effect
in urban area and reduction of concrete urban surface (Icaza
et al., 2017), planning and development of green belt and
increasing of green cover in urban area (Huang et al., 2008), and
installing green and white roofs (Detommaso et al., 2020).

AIR POLLUTION EXPOSURE IN URBAN
AREAS

The megacities have emerged as engines of economic growth
over the years but also as highly polluted urban sheds. The
global urban population is expected to grow by 1.5 % per
year between 2025 and 2030. Some of the highest levels of
outdoor air pollution in the world are recorded in Asian cities
belonging to China and India (World Health Organization
(WHO), 2016). Globally air pollution is a leading environmental
risk factor resulting in an estimated 5 million deaths per year
(Balakrishnan et al., 2019). According to WHO, about 80% of
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the urban population worldwide is exposed to air pollutant
concentrations above the prescribed limits. Air pollution and
related health impacts are critical in the urban environment due
to its high population density and heterogeneity in emission
sources resulting in pockets of very high pollutant concentration
called as hotspots. The unplanned development in cities has
led to the spatial variation in emission intensity which creates
these local air quality control regions or hotspots. Globally,
it is estimated that around 10% of the urban population
lives in such hotspots (Akhtar and Palagiano, 2017). Urban
air quality is largely affected by the micro-meteorology that
governs the pollutant transport and resulting in hotspots. Due
to the high spatial and temporal variability, the determination
of air pollution hotspots is always a challenge in urban areas.
Researchers have employed monitored data (fixed monitors,
mobile monitors and sensors) (Kumar et al., 2015; Menon and
Nagendra, 2018), satellite data (Chitranshi et al., 2015;Mahapatra
et al., 2019), modeling and combined approaches (Xie et al.,
2017; Mandal et al., 2020) to identify air pollution hotpots within
the cities.

Other than the air pollutant emission sources, factors like UHI
and climate change also affect urban air quality. Since climate
change can affect the factors that govern pollutant transport like
changes in chemical reaction rates and boundary layer mixing,
it can have a significant effect on the regional air quality (Ebi
and McGregor, 2008). According to Intergovernmental Panel on
Climate Change (IPCC), elevated temperatures can have various
other effects and can contribute to air pollution and related health
effects (IPCC, 2013). An increase in air pollution exposure has
been linked with a reduction in neighborhood greenery in the
urban areas and its association with various health impacts such
as cardiovascular diseases, premature mortality and children’s
health has been widely reported recently (Dadvand et al., 2015;
Yitshak-Sade et al., 2017; Crouse et al., 2019).

NATURE-BASED SOLUTIONS (NbS)

NbS are gaining popularity in recent years in tackling
environmental issues especially climate change and air pollution
due to its potential co-benefits. The European Commission
has defined NbS as “Solutions that are inspired and supported
by nature, which are cost-effective, simultaneously provide
environmental, social and economic benefits and help build
resilience” (European Commission, n.d.). NbS are sustainable
options to mitigate the harmful effects of climate change and
pollution, improving the health and well-being of city residents
at the same time benefiting biodiversity in the most resource-
efficient way. Raymond et al. (2017) has developed a framework
to assess the co-benefits of NbS emphasizing the need for a
cross-sectoral approach to environmental policy and planning.

NbS for Urban Heat Mitigation and
Adaptation
Vegetation cover has a larger effect in controlling temperature
especially in urban areas as reported in various studies (Chen
et al., 2020). Improving the vegetation cover/greenery is

suggested as a way to mitigate UHI and air pollution as well as
improving thermal comfort in urban areas. Native plant species
tolerant to pollution with higher cooling potential are ideal
choices as a common solution for the problem of air pollution
and UHI. Thus, planners not only need to focus on the area
under green cover, the spatial distribution of green cover but also
the plant species that need to be planted when working on the
mitigative solutions for air pollution and urban heat.

Green spaces have both local and global adaptation as
well as mitigation impacts for climate change. They help in
reducing the UHI effect at the city scale as well as reinforce
carbon sequestration contributing to the mitigation of global
climate change. These are often projected as a “soft engineering”
strategy for climate adaptation (Kitha and Lyth, 2011) and also
help in climate change adaptation and disaster risk reduction
by providing ecosystem services (Munang et al., 2013). Such
ecosystem-based approach is often widely reported as a cost-
effective tool in climate adaptation.

In addition, green cover and spaces offer numerous
environmental advantages. They help improve the hydrology
by preventing surface runoff (Zhang et al., 2015), as well as
providing ground water recharge (Ramaiah and Avtar, 2019).
These could also act as buffer to extreme events such as floods
and help in providing climate adaptation by acting as natural
storm water drains, thus reducing climate related disaster risks
for cities (Bai et al., 2018). In terms of morphology, large green
spaces areas with single composition have greater cooling
effects (Kong et al., 2014). Various landscape matrices have
been explored to understand the significance of morphology
of the urban greens. LSI or the Landscape Shape Index is an
important defining factor of the morphology of a green area
in the city. For small sized green spaces with complex shapes,
cooling intensity is usually limited or even negative in some
instances (Jaganmohan et al., 2016). Apart from size, the shape
of the green areas also influences their capacity to cool. For
instance, circular green space has been observed to dissipate
more heat than the square one (Yu et al., 2018). In addition,
the vegetation configuration is also observed to influence the
cooling capacity of the green spaces. Green spaces with trees
have stronger cooling effect than grass. Moreover, in London,
cooling distance has been found to positively influenced by the
canopy height (Monteiro et al., 2016).

NbS for Improving Air Quality
Nature-based approaches could be effectively adopted as a
cheaper and sustainable option in reducing exposure to particle
and gaseous pollution in urban areas. can be used for monitoring
air quality as well as mitigating air pollution. Some of the
sensitive species such as lichens, algae, and trees have been
used as bio-indicators of air quality. At the same time, some
of the plant species have the potential to reduce air pollution
through mechanisms such as bioaccumulation and deposition.
The tolerance and sensitivity of the plant species vary depending
on the type of stress (pollutant) and plant physiology. Air
pollution Tolerance Index (APTI) is a measure developed by
Singh and Rao to access the plant’s tolerance to air pollutants
(Singh and Rao, 1983). The plant species with high APTI
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value can be used to mitigate air pollution and the species
with low APTI value can be used as bio-monitors due to their
high sensitivity. Other than APTI, several other factors need to
be considered depending on the requirement such as canopy
structure, type of habitat, economic value etc. The trees with a
good canopy and laminar structure can capture more dust and
would be useful in removing dust. This is especially important
in dusty environments such as roadsides. Tree species such
as Dalbergia Sissoo and Polyalthia longifolia have good canopy
structure as well as moderate to high APTI value. Meanwhile,
tree species such as Mangifera indica and Azadirachta indica
have economic value as well. Some of the studies have explored
the possibility of estimating a new index taking into account all
these factors which would help in identifying the ideal species
(Pathak et al., 2011; Pandey et al., 2015a). The potential of some
of the plant species in accumulating pollutants such as heavy
metals has also been studied (Kumar et al., 2021). The metal
accumulation species can be used in the green belt development
in highly polluted areas such as industrial areas. Hence the careful
selection of plant species based on their tolerance, physiological
characteristics, and habitat will help in the mitigation of air
pollution to a greater extent (Barwise and Kumar, 2020). Some
of the commonly studied tree species for their air pollution
tolerance and sensitivity in urban and industrial areas are given
in Table 2.

In recent years, the term Green Infrastructure (GI) has
been largely used by researchers referring to the introduction
of vegetation into the urban landscape in the form of parks,
green roofs, and walls and its effectiveness in reducing air
pollution through various processes such as dispersion and
deposition and climate change mitigation and adaptation. The
World Health Organization(WHO) has recommended a green
space per capita of 9 sq.m per person to improve the citizens’
quality of life. Several countries such as UK and Malyasia
have adopted standard-based approaches in ensuring green
space availability. However, India lacks any stringent norms
or standard-setting the minimum required green space per
capita in urban areas. The urban Greening Guidelines 2014
by the Ministry of Urban Development suggested steps for
the protection of trees and integrating green spaces in urban
planning and development phases. Rapid urbanization has
resulted in a considerable reduction of green cover in major
Indian cities over the years. While some of the cities like Delhi
have taken significant measures in restoring green spaces, most
of the other cities still show a decreasing trend in their green
cover. The green spaces in urban areas can be planned either
by (a) using/restoring existing green areas or (b) designing new
areas to meet the specific purpose in the form of parks, gardens,
urban forests, roadside avenues, or vertical greening systems and
green roofs.

Vertical Greening Systems (VGS)
VGS are structures where the vegetation is allowed to grow
and spread over a wall or building. The potential of VGS in
reducing the temperature, improving thermal comfort, energy
savings and air pollution mitigation has been studied widely
in the recent past (Pérez et al., 2014; Pandey et al., 2015b;

Bustami et al., 2018). VGS such as green facades and green
walls can reduce the temperature by passive cooling and has
been identified as a solution for urban heat islands. VGS will
further help in energy savings by providing thermal insulation
through its shade effect (reducing solar radiation), cooling effect
(evapotranspiration of plants) and insulation effect (due to
insulation of different layers) (Price et al., 2015). Based on the
type of plants selected, these systems can mitigate air pollution
as well. Some of the climber species with high APTI have been
identified as ideal plant species for the development of VGS
for air pollution mitigation (Pandey et al., 2015b). Thus, if
carefully selected and designed, VGS can provide solutions to
both climate change and air pollution in urban areas. Vertical
gardens or VGS have recently gained much attention with most
of the Indian cities installing them in highly polluted areas such
as roadsides.

Green Roofing
Green roofing refers to the vegetation grown over the roof of
a building. Green roofs can mitigate air pollution, UHI and
noise, reduce energy consumption and, manage runoff water
(Vijayaraghavan, 2016; Abhijith et al., 2017). Studies have shown
that green roofs can substantially sequester carbon in plants
through photosynthesis reducing ambient CO2 concentrations
(Rowe, 2011).

Need for an Integrated Approach
Cities have a key role in resolving the sustainability challenges
which have to be addressed through all the three pillars
of sustainability—(Social) people, planet (Environmental) and
profit (Economic). An integrated framework should be in place
for assessing exposure, based on the atmospheric environmental
quality of the cities and to identify vulnerable areas. This would
require an understanding of the spatial and temporal distribution
of thermal stress and air pollution in the city. It has been reported
that India a has high potential for co-benefits of mitigation of air
pollution and climate change. However, the knowledge on the
interplay between these variables is still unclear. With intricate
linkages between urban climate and air quality, it becomes
important to understand their integrated exposure which could
be of great interest for researchers in both health and climate
studies. From practitioners’ perspectives, such data could be
of great help for urban planners in planning and designing
sustainable cities.

Proposed Framework for Implementing
NbS in Urban Areas
Identifying priority areas that require immediate attention is the
major and foremost step. Both UHI and air pollution are reported
to exhibit spatial as well as temporal (diurnal and seasonal)
variations in urban areas. The large temperature variations in
urban areas were attributed to various anthropogenic activities
such as industries, transportation, air-conditioning and the urban
design/geometry leading to changes in land use land cover (Gogoi
et al., 2019). Air pollutants show large spatial and temporal
variability depending on pollution sources, meteorology, micro-
climate and other factors. Hence hotspot mapping of air
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TABLE 2 | Air pollution tolerance and sensitivity of commonly studied plant species in Indian cities.

Plant species APTI value Use Location Reference

Urban areas

Mangifera indica High AP mitigation, Green belt development Allahabad, UP Kuddus et al. (2011)

Nanded, Maharashtra Yannawar (2014)

Varanasi, UP Pandey et al. (2016)

Azadirachta indica High to moderate AP mitigation,

High dust deposition due to good

foliage

Allahabad, Gujarat Kuddus et al. (2011)

Nanded, Maharashtra Yannawar (2014)

Ahmedabad, Gujarat Chaudhary and Rathore (2019)

Eucalyptus Moderate to sensitive Can be used as bioindicator Nanded, Maharashtra Yannawar (2014)

Haridwar, Uttarakhand Swami and Chauhan (2015)

Ficus religiosa High Moderate dust removal capacity,

Green belt development

Excellent performer based on API

(anticipated pollution index)

Allahabad, UP Kuddus et al. (2011)

Nanded, Maharashtra Yannawar (2014)

Gandhinagar, Gujarat Chaudhary and Rathore (2018)

Varanasi, UP Pathak et al. (2011)

Pandey et al. (2015a)

Ahmedabad, Gujarat Chaudhary and Rathore (2019)

Dalbergia sissoo Moderate High dust removal capacity Gandhinagar, Gujarat Chaudhary and Rathore (2018)

Industrial areas

Mangifera indica Moderate Good dust capturing capacity,

Phytoextractor of copper

Jamshedpur, Jharkhand Roy et al. (2020)

Azadirachta indica Moderate Tolerant to AP Jamshedpur, Jharkhand Roy et al. (2020)

Ficus religiosa High Tolerant to AP, Good dust capturing

capacity, Phytoextractor of copper

Talkatora Industrial Area, UP Bharti et al. (2018)

Jamshedpur, Jharkhand Roy et al. (2020)

Eucalyptus globus High Tolerant to AP Talkatora Industrial Area, UP Bharti et al. (2018)

Bougainvillea sp High Tolerant to AP Manali, Chennai Ranjan et al. (2015)

Shorea robusta High Tolerant to AP and good metal

accumulation capacity

Bankura, West Bengal Karmakar and Padhy (2019)

pollution also becomes imperative for understanding its spatial
and temporal patterns and to identify Poor Air Quality (PAQ)
pockets within the urban area. Spatio-temporal UHI maps
(urban and non-urban pockets delineated using Local Climate
Zones [LCZ]) and air quality maps (spatial distribution of air
pollution) will help in identifying city hotspots for combined
exposure to thermal stress and air pollution. In order to design
appropriate adaptation strategies, it is essential to further the
understanding of the city’s vulnerabilities to the risks under
consideration. Physiological heat stress affects productivity which
could further decrease the adaptive capacity of vulnerable
population. Hence, the vulnerable areas also need to be
identified based on the socio-economic characteristics of the
population. The selection of potential implementation areas
and NbS in the identified priority location should go hand
in hand and requires detailed planning (Albert et al., 2020).
Various stakeholders including researchers, urban planners,
ecologists and social scientists should be actively involved in
the planning stage as the successful implementation depends
on the landscape and land use characteristics, cost-effectiveness,
funding, other societal and practical challenges as depicted
in Figure 2.

The selection of NbS strategy mainly depends on the
location characteristics such as major air pollution sources,
urban/street morphology, aesthetic use and other benefits such
as erosion prevention, noise mitigation, economic value etc.
To start with, a database of trees for a particular city has
to be developed which could be further classified based on
tree physiological characteristics, APTI value and thermal
performance. This will help in identifying and designing tree
forms to achieve the required reduction in pollution and
urban heat.

Air Pollution Characteristics
The plant species for green space development can be selected
from the database based on the air pollution characteristics at
the location. For example, if industrial pollution is prominent
in the location, then pollutant-specific tolerant species can
be selected for the development of the green belt. To curb
vehicular pollution along the roads, the plants with good dust
capturing potential and canopy could be selected along with
high pollution tolerance. Vegetation can also be designed as a
barrier to protect and separate people from pollution (Abhijith
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FIGURE 2 | Technical framework for NbS design in urban areas for co-mitigation of air pollution and urban heat (EQ- Environmental Quality).

et al., 2017; Barwise and Kumar, 2020). However, vegetation
can sometimes hinder dispersion, thus building up pollutant
concentration (Janhäll, 2015). A careful selection of plant species
and design parameters as well as meteorological conditions play
a major role in the successful mitigation of air pollution in urban
areas (Leung et al., 2011).

Thermal Reduction Potential
The thermal performance of the selected plant species should
be evaluated to determine the heat reduction potential (HRP)
or cooling potential. This could be determined based on
various indicators such as air temperature, thermal comfort or
surface temperature. A recent study evaluated a methodological
framework to select the trees for urban heat mitigation through
parametric ENVI-met simulations using thermal comfort as an
indicator for assessing the cooling potential of trees (Morakinyo
et al., 2020). The study results indicated that a significant
reduction in urban heat can be achieved by selecting right tree
at the right place.

Urban Morphology
Urban morphology also has a greater role in the successful
implementation of NbS strategies. The type of NbS strategy that
could be adopted largely depends on the configuration of the
urban area i.e., land use, available space, street configuration etc.
As mentioned above, tall trees/vegetation is not recommended

in street canyons as it can hinder free flow of air thus increasing
air pollution and temperature (Janhäll, 2015). At the same time,
properly designed green spaces could effectively mitigate UHI by
improving natural cooling and, air pollution. In case of space
constraints, other strategies such as VGS, green roofing, moss
wall (a wall covered with moss) could be implemented. The
reclamation of wastelands, landfills and dump yards in the form
of parks/gardens are also commonly practiced widely in urban
areas. Some of the examples from India include cities such as
Delhi, Kolkata, and Bangalore.

Longevity/Sustainability
As vegetation is highly influenced by environmental stress,
climate and various other factors such as soil type, water
requirement etc, the suitability of plant species to each site
determines its longevity (Barwise and Kumar, 2020). The
native plant species exhibiting tolerance to environmental
stresses experienced by the site as well as other factors as
discussed above ensures sustainability and effectiveness of
NbS strategies.

Barriers in NbS Implementation
Even though there has been an increased interest in NbS based
approaches in recent years with a growing number of studies
indicating its co-benefits, it is currently lacking actions at the
implementation level. Governance plays a major role in the
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successful implementation of NbS (Li et al., 2021). Due to
its multifunctionality, a participatory process is required with
multi-stakeholder involvement and proper financial mechanisms
to fund such approaches. In rapidly urbanizing nations like
India, inadequate financial resources and space constraints are
identified as major factors hindering its implementation (Singh
et al., 2020a). The rapid developmental projects put immense
pressure on cities in terms of space availability compromising the
green spaces in urban areas. A recent report by UNEP estimated
that globally, ∼USD 133 billion/year is currently invested into
NbS (using 2020 as the base year), which is considerably less
than that flows to climate finance (United Nations Environment
Programme, 2021). For countries like India, internationally
comparable data on NbS financing is not available. The national-
level policies in India on air pollution and climate change have
individually allocated some funds for greening activities (under
NCAP, INR 60.5 million is allocated for greening activities in
28 identified non-attainment cities), but lacks strategic planning.
As NbS strategies are largely dependent on the local knowledge
as well as socio-political conditions, adaptive governance is
required based on the local knowledge and culture. This limits
the decision-makers and funders from investing in this approach
as they are not confident on its success and scalability. To
address this challenge, recently the International Union for
Conservation of Nature (IUCN) has established NbS global
standard and self-assessment tool that will help to assess the
effectiveness of NbS approaches (IUCN, 2020). IUCN has
established a governance structure through an International
Standard Committee and multistakeholder involvement. This
will help in the effective mainstreaming and upscaling of NbS
approaches into developmental planning and policies.

CONCLUSION

NbS have great potential in mitigating the harmful impacts
of climate change and air pollution. However, to maximize
the potential of NbS for combined mitigation of UHI and
air pollution, proper planning in the implementation of these
strategies is needed. NbS should be adapted to local conditions to
be successful and effective. Recently greening strategies have been
increasingly promoted through various schemes and programs
on air pollution and climate change such as the National
Mission for Green India as a part of the National Action Plan
on Climate Change (NAPCC) and city clean air action plans
and smart city plans, but lack a strategic approach to green
space planning and management. Also, there is a need for
developing strong evidence base on the effectiveness of NbS, its
co-benefits, and successful integration of green infrastructures
into the city planning process, especially for a rapidly urbanizing
country like India. Equitable access to green spaces has to
be ensured for the sustainable and inclusive growth of cities.
For example, socially disadvantaged groups are more prone
to the negative impacts of air pollution and urban heat and
likely to live in less green neighborhoods. Hence, NbS has
to be integrated into the urban planning agenda providing
a systematic approach including all the relevant stakeholders
especially the citizens.
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