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Abstract

Urban heat island (UHI) effects are evident in many cities globally. Studies have revealed that
UHI impacts air pollution and vice versa. However, it is observed that these two severe
problems are addressed independently instead of interrelatedly. The study seeks to provide
an in-depth understanding of the relationship between air pollution and heat and how they
constantly shape urban areas for planning and future research purposes. A global shift from
sustainable planning practices to building urban resilience exists in line with this. This study
delves further into identifying resilient approaches to combating UHI effects and air pollution.
The systematic review of existing literature revealed a complex relationship between air
pollution and urban heat islands. On one end, air pollution contributes to the heating of urban
areas. Similarly, urban heat island effects have an impact on air quality. These two threats
appeared to be significant contributors to climate change. The study recommends that
adopting resilient planning practices could play a vital role in mitigating these problems. The
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whole idea of resilience is to plan so that crises are anticipated, planned, and accounted for.
This can be done by addressing the root causes of these problems since they are interrelated
through adaptive planning, governance, and management.
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1. Introduction

Urbanization, an inevitable process of human growth, has been and continues to be an essential
global trend in the twenty-first century [1, 2]. It characterizes the rapid increase in a country's urban
population relative to its rural population. The world's urban population has increased from 30% in
1930 to 55% in 2018 and is expected to rise to 68% by 2050 [3]. [4] also predicted that two-thirds
of the world's population will reside in urban areas by 2030. Now, what is the motivation behind
this urban population acceleration? People tend to move to urban areas for better living conditions
and prosperity [5]. Henderson makes a case that a country is fully urbanized when 60 to 90% of its
national population resides in cities, using upper-middle income as a metric. Beyond the remarkable
shift in population from rural areas to urban areas, [6] posits that urbanization also preempts the
transition from agricultural production to industries and services - made possible through
urbanization agglomeration economies. This also represents increased production as well as
emissions and adverse effects. While urbanization is trailed by industrialization, [7] makes a case
with Africa and the Middle East, which have unarguably urbanized with minimal industrialization,
indicating that urbanization and industrialization are not metonymic. Demonstrably, urbanization
not only concerns population, industrialization, income brackets, geography, economy, and the
national definition of the ‘urban’ [6, 8]. Contemporarily, the rate at which cities are growing is seen
as a crucial development concern [9]. There have been extensive discussions on how urbanization
drives economic growth in countries globally. In this context, urbanization is depicted as an
inevitable progression of human societies [10]. It promotes infrastructure investment, expands
markets, and improves income levels and access to education [11]. In other assertions, the
continuous transition of cities has worsened rather than improved the standard of living migrants,
existing settlers, and the environment through the consumption of resources [12]. Urbanization
takes many forms and manifests in sprawls, growing poverty and inequality trends, crime and
violence, climate change and disasters, waste management issues, and environmental insecurity
[13]. Thus, it is arguably the major contributor to the numerous threats that cities face due to the
inability of city authorities to keep up with the rapid growth of their jurisdictions. Among these
threats are air pollution and urban heat island effects, which are the focus of this research.

Air pollution is a significant problem in many cities globally. According to [14] billions of people
live in areas where the air quality is below the World Health Organization standards and raises
various human health, environmental, and aesthetic concerns. As a global health threat, air
pollution accounted for 6.4 million deaths globally in 2015, 2.8 million from indoor air pollution, and
4.2 million from outdoor air pollution, increasing to about 7 million deaths in subsequent years [15,
16]. [15] posits that household air pollution began declining in the 1990s due to the lens of
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renewable energy; however, these successes are offset by accelerated urban growth,
industrialization, increased vehicular use, and the use of pesticides and other toxic chemicals. The
air quality in cities is primarily the result of a complex interaction between natural and
anthropogenic environmental conditions that have constantly shaped cityscapes and aggravated
the air pollution challenge. However, [17] makes a case that there are varied levels of urbanization
and air pollution in countries due to differences in science and technology, economic development,
culture, geography, and history. This is extensively discussed by [1, 18, 19] demonstrating how the
urbanization process encourages the expansion of construction sites and activities, intense
industrial activities, increased energy generation and consumption as well as vehicular movement
increment - all of which contribute to Particulate Matter (PM2.5), ultimately affecting human lives
negatively. These anthropogenic events like traffic, industries, power plants, significant land use
change, and trade account for the emission of gases that degrade air quality [8, 20, 21]. [19] classify
these pollutants into three groups: Heavy metals like lead, particulate matter, and persistent organic
pollutants, mainly exposed to humans through inhalation and ingestion. Inhalation particularly, on
the basis that particles produced by all combustion processes are small enough to be inhaled into
the lung as primary emissions or as secondary particles via atmospheric transformation like sulfate
particles [22]. These groups are possible due to further classifications based on their source,
chemical composition, means of release into the atmosphere, and size [21]. When exposed to it
(indoors or outdoors, for a short or long term), these air pollutants can cause severe respiratory and
cardiovascular diseases, as well as digestive and urinary infections and even complications during
pregnancy [19, 23-25].

Interestingly, not only do these emissions degrade the environment, but they also account for
the changes in these climatic conditions. Acommonly known phenomenon is global warming, which
refers to climate effects spurred on by emissions from human activities that serve as blankets over
the surface of the earth, absorbing infrared radiations that are emitted by both the land and the
ocean and keeping them warmer than they would otherwise be [26]. The Intergovernmental Panel
on Climate Change (IPCC) reported that global temperatures have increased by 0.85°C from 1800 to
2012 and are predicted to increase by 2.6°C by 2065, especially on surface lands [27]. The heating
of surface land and the worsening of air temperatures that has reportedly been happening in urban
areas is what we characterize as the urban heat island effect. Urban heat island (UHI), a
phenomenon in which urban areas are warmer than surrounding rural areas, is a problem in cities
that climatic changes have exacerbated. According to [28] these climatic changes are fueled by
urban expansions, constructions, and other human activities. Cities become hotter throughout the
day, becoming more noticeable after sunset as heat stored during the day is slowly released over
the night. Disturbingly, this cycle of increased temperature is at an all-time high during the summer,
implying that the effects of urban heat islands will also be significant during this period [29]. This
effect has resulted in uncomfortable living conditions in urban areas and, as a result, raises concerns
about public health and the environment. It is seen that these two human-induced effects are
interrelated. However, limited research discusses the heat and air pollution nexus.

As cities continue to urbanize, climate change effects are predicted to exacerbate [30-33].
Research has revealed that anthropogenic activities are the significant causes of climate change.
Attributing climate change impacts and human activities has been essential to climate change
research for decades [34]. Human activities such as deforestation, burning fossil fuels, waste
generation, and other human-induced events generate greenhouse gases (GHGs), which result in
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climate change. Thus, air pollution through anthropogenic activities correlates with urbanization
and is directly linked to global warming and climate change impacts. At the center of all these is that
human activities lead to the emission of harmful gases that degrade air quality and increase global
warming effects that account for the heating of urban areas [35, 36]. Unfortunately, little evidence
explains the interlinkages between these two risks through a lens of cause-effect relationships. This
research argues that understanding these human-induced effects (air pollution and urban heat
island effects) provides a clear framework for initiating measures to mitigate their impacts on
humans and the environment. Furthermore, resilient planning has been a contemporary approach
in dealing with numerous problems globally. To fit it into the study context, the research explores
resilient planning practices that have been or can be adopted to solve these complex, interlinked
societal threats to achieve a sustainable, livable, and resilient status globally. Therefore, to
contribute to the existing body of literature, this research addresses the following questions: How
are UHI effects and air pollution connected? What is the growing impact of these two threats? What
resilient approaches are available and have been implemented in dealing with UHI and air pollution
in cities? In an attempt to address these questions, the research relies on existing literature to
provide empirical explanations of air pollution, its causes and effects, and urban heat island effects.
The focus is on the factors that connect these two threats and how they fit into the broader climate
change cause. Ideally, the best way to address a problem is to understand the root causes of the
specific issue [37]. Establishing the nexus between heat and air pollution would play a significant
role in planning for resiliency in cities globally.

2. Literature Review
2.1 Air Pollution: Causes and Effects

Cities across the globe are suffering from severe air quality problems due to the rising urban
population, combined with changes in land use activities [20]. Air pollution has been a significant
environmental concern in industrialized countries such as the United States and Europe. [38]
reflected on how Nitric oxide and Sulfur dioxide caused heavy acidification concentrated in the air
for long distances and the incidence of Ozone being a challenge in urbanized and industrialized areas
in the USA in the early 1970s. This viewpoint is also shared by [39], especially on releasing high
amounts of sulfurous smog into the atmosphere by industrialized areas in both countries. [39]
further detailed how the USA and Europe developed air quality standards to tackle this problem.
However, the slow implementation of these emission controls rendered it a lost cause. Due to these
human events, it is estimated that future air quality will be characterized by various factors,
including the adverse impacts of climate change, as the demands for energy, electricity, and other
emission-related activities keep growing [40]. Generally, air pollution is a mix of hazardous
substances of human-induced emissions from industrial, commercial, residential, transportation,
and agricultural land uses, as well as natural emissions such as smoke from wildfires, which people
often cause; ash and gases from volcanic eruptions; and gases, like methane, which is emitted from
decomposing organic matter in soils. [41] defined air pollution as the manipulation of the quality of
the air in natural or unnatural ways, which affects the health and well-being of humans and other
species. In simple terms, [42] postulates that air pollution is the eminent presence of unwanted and
harmful substances in the air in sufficient quantities to produce adverse effects. In the context of
this study, air pollution is defined as the release of toxic substances from anthropogenic and natural
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activities that constantly degrade the quality of the air we breathe, both indoors and outdoors, and
as a result, create undesirable health and environmental outcomes.

Air pollution has been linked directly to worsening health outcomes in numerous studies.
According to [42], air pollution is one of the prime public health hazards. [16] reported that air
pollution accounts for about 7 million deaths annually. The World Health Organization (WHO) also
revealed that 9 out of 10 (91%) people inhale air that exceeds the World Health Organization's clean
air guidelines, especially in low and middle-income countries [43]. This is a severe problem because
polluted air is arguably associated with developing non-communicable diseases, including cancer,
diabetes mellitus, chronic respiratory disease, stroke, and neurological conditions [41, 44]. About
4.2 million people die due to ambient air pollution, and 3.8 million premature deaths each year due
to exposure to smoke and cooking fires [43]. In addition, about 21 million deaths are recorded
annually due to cardiovascular diseases [22]. It is not just about presenting the statistics but
understanding the magnitude of which air pollution impacts human health. The causes of these
health disorders are attributed to the types of air pollutants that are being released or emitted. The
common pollutants include particulate matter (PM), sulfur dioxide (SO,), ground-level ozone (O3),
nitrogen dioxide (NO,), and carbon monoxide (CO) [45]. Most of these pollutants result from human
activities such as industrialization, power and energy generation, combustion, automobiles, wars,
and nuclear activities [41]. Ground-level ozone and particulate matter (PM) are common air
pollutants that seriously risk human health and the environment. The World Health Organization
estimates that PM contributes to approximately 800,000 premature deaths yearly and 6.4 million
lost years of healthy life in cities [23]. Chemicals like sulfates, nitrates, carbon, and mineral dust
comprise particulate matter (PM). PM is present in emissions from vehicles and industries from
fossil fuel combustion, cigarette smoke, and burning organic debris, such as wildfires. Fine
particulate matter (PM 2.5), a subtype of PM, is 30 times thinner than human hair. It can be
profoundly inhaled into lung tissue and cause significant health concerns. PM 2.5 is responsible for
most of the health impacts caused by air pollution and has received significant international
attention [42]. [42] further argues that exposure to PM 2.5 gives rise to chronic obstructive
pulmonary disease, respiratory tract infections, asthma, shortness of breath, and even COVID-19,
contributing to global mortality and morbidity toll. Other pollutants, such as volatile organic
compounds and polycyclic aromatic hydrocarbons, contribute to health problems and are primarily
found in particulate matter.

Air pollution also significantly impacts the environment through intricate interactions in the
atmosphere and the resulting outcome of changes in climatic conditions. Not only are greenhouse
gases (GHG) and air pollutants released from the same sources, but many air pollutants can affect
climate change owing to interactions with solar radiation. Climate change's impacts on air quality
have been extensively discussed in the literature [46, 47]. The changes in temperature and
atmospheric water vapor concentration, among other climatic variables, influence direct emissions
and the generation of secondary pollutants caused by climate change [48]. Furthermore, [49, 50]
opine that the changes in climatic conditions (weather patterns) increase and distribute air
pollutants, which contributes to an increase in poor air quality. For instance, according to [51],
allergic diseases from pollen and fungi are expected to increase as climate changes. In addition,
extremely hot and cold days were reported to raise cardiovascular mortality rates in China, with
females, older persons, and those with lower educational attainment being more vulnerable [52].
Also, anomalies in cold temperatures raised the risk of ischemic stroke, while anomalies in hot
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temperatures increased the chance of hemorrhagic stroke [53]. On the other hand, emissions from
anthropogenic activities contribute to the depletion of the ozone layer and consequently contribute
to climate change. [41] mentions that air pollution accounts largely for acid rain, which threatens
water and soil and damages trees, plants, and buildings. Global warming has become a prominent
issue in the 21st century because it affects humans and the environment. The emission of
greenhouse gases from human activities has constantly increased the protective temperature effect
(greenhouse effect) and, as a result, accounts for global warming, which is detrimental to humans
and the environment. For example, carbon dioxide (CO2) emissions globally from burning fossil fuels,
trees, solid wastes, and other biological materials. It is estimated that about 7,738 million metric
tons of carbon dioxide were produced from using fuel around 2015-2016 globally [54]. These gases
contribute primarily to the greenhouse effect, especially in urban areas. A familiar effect is the
heating of urban areas. A concept commonly known as the urban heat island effect, discussed in
the next section, is one of the many effects of global climate change. Even though greenhouse gases
do not pollute the atmosphere directly and, as a result, should not be linked to air pollution, these
gases, when emitted, go through many processes that end up depleting the air quality and
intensifying climate change effects.

2.2 Urban Heat Island Effects on Cities

The rapid growth and urbanization of cities have transformed them into heat islands. These
transformations are characterized by the replacement of vegetation and permeable surfaces with
concrete and asphalt surfaces (impervious/impermeable), which absorb and reflect energy
differently, as well as human activities that have exacerbated the release of particulate matter like
carbon monoxide [55, 56]. Moreover, it accounts for heat accumulation, making these areas hotter
than their surrounding rural landscapes [56]. The urban heat island (UHI) effect has become a widely
recognized phenomenon as heat accumulation continues to characterize urban climate, which is
caused by urban constructions and human activities [28]. [57] revealed that these urban
constructions absorb heat during the day and re-emit it after sunset, creating temperature
differences between urban and rural areas. Literature shows that many urban areas globally
experience the UHI effect, which is predicted to worsen if urbanization and urban development
continue [28]. This is consistent with the assertion of [58] that cities usually have higher air
temperatures than the countryside. Similarly, the IPCC estimates that as global temperatures
continue to rise due to climate change, the risk of extreme heat events is also predicted to rise [59].
[56] Bhargava et al. (2017) report that the annual mean temperature of a city with more than one
million inhabitants can be 1-3°C warmer than its surrounding rural areas. [60] also revealed that the
UHI effect can increase air temperature between 5-15°C. Numerous city studies have shown how
heat stress worsens, especially during the summer [28, 61-63].

The reduction in vegetation and evapotranspiration, absorption of shortwave radiations from
the sun in low albedo materials, air pollution, and anthropogenic heat release through combustion
processes are events that worsen UHI effects [59, 64]. [65] provides a similar assertion that the
constant increase in hard and heat-absorbing surfaces, the density of cities, and the depletion of
the natural environment are factors that are increasing urban heat island effects. Urban sprawl also
increases heat waves and more frequent extreme events than compact cities [64]. Thus, given that
urban areas are predicted to proliferate, UHI effects could escalate as these areas continue to get
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larger and denser. Furthermore, increased engineered materials in our cities influence UHI due to
their high heat storage capacity and low albedo [66]. Materials that contain hydraulic, radiative, and
thermal elements used in modern construction differ entirely from traditional construction
materials [67]. In addition, technological advancements have increased the need for heating,
cooling, and energy usage in general. The most significant are air conditioning systems, which,
although successful at boosting human comfort, intrinsically produce more heat [67]. Given today's
cities' density, more air conditioners are required to operate buildings properly. This increases the
electricity demand. [68] discovered that an increase in temperature by one °C tends to increase
electricity by 2-4%.

Today, the adverse effects of urban heat islands (UHI) are evident in many cities and have been
documented in the literature. For example, according to [69], urban heat islands contribute to rising
temperatures, global warming, and climate change through increased greenhouse gas emissions.
When there is a high energy demand, there is a high output of energy, which leads to a rise in the
usage of fossil fuels for energy production. Combusting fossil fuels releases pollutants into the
atmosphere, such as sulfur dioxide, nitrogen oxides, carbon monoxide, and carbon dioxide (CO,),
with CO, contributing significantly to the greenhouse effect, which contributes to global warming
as well as acid rain and smog [56]. Ground-level ozone depletion is also a crucial effect of UHI in
many cities. UHI arguably increases energy demand and consumption and contributes to health
disorders (discomfort, respiratory difficulties, heat cramps, non-fatal heat stroke) and heat-related
mortality [59, 70]. The heat island effect raises energy demand for air conditioning and strains the
electricity infrastructure during peak hours [71]. There are also linkages between UHI and water
guality issues. Excessive temperatures equally increase water temperature, affecting aquatic
species' metabolic and reproduction processes.

3. Methodology

Following the precedence that the study relied primarily on secondary data, the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) were adopted in conducting
an in-depth analysis of urban heat islands and air pollution. The rationale for adopting PRISMA stems
from the weaknesses of traditional literature review methods to ensure quality and in-depth
analysis. It is an evidence-based approach that includes a checklist and a flow chart (see Figure 1).
Numerous individuals and organizations have extensively accepted and applied it to increase quality
reviews. This approach helped streamline the most valuable studies for this study, ensuring that the
articles selected are of the utmost quality and provide relevant contributions to all research sections.
Efficiency was enabled while assisting in carefully keeping a record of all scholarly works included
or excluded in the final consideration of this study.
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Figure 1 PRISMA Flow chart. Source: Author’s Construct, 2022.
4. Discussions & Recommendations
4.1 Nexus Between Urban Heat Islands and Air Pollution

Understanding the relationship between urban heat islands and air pollution would play a
significant role in adopting measures to mitigate these challenges, as they are constantly shaping
cities and creating unsuitable living conditions for inhabitants. This study adopts a cause-effect
approach to investigate how these phenomena are related. Preliminary research has revealed
meaningful connections between them, explored in this section.

There are shreds of evidence from the literature that explains how air pollution relates to urban
heat island effects. Air pollution, as mentioned previously, refers to the release of harmful
substances from anthropogenic and natural activities that constantly degrade the quality of the air
we breathe indoors and outdoors, creating undesirable health and environmental outcomes.
Depleting the air quality is attributed to human activities that emit pollutants such as particulate
matter (PM), sulfur dioxide (SO,), ground-level ozone (0s), nitrogen dioxide (NO;), and carbon
monoxide (CO), [72] as well as natural emissions. Air pollution is directly linked to human health
concerns, global warming, and climate change. On the other hand, urban heat islands are instances
where urban areas experience intensive heat temperatures compared to their rural landscapes. This
effect emanates from the continuous urbanization and sprawling of cities, depletion of the
vegetation cover and an increase in impervious surfaces, air pollution, and technological
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advancements. Similarly, urban heat island effects raise crucial health concerns and contribute to
global warming, climate change, and ecosystem depletion. Based on these, it can be inferred that
there is a correlation/linkage between these issues. Thus, from one perspective, air pollution
appears as a cause and effect of urban heat island effects. From another angle, urban heat islands
contribute significantly to air pollution. The common thing that emanated from the literature is that
these two threats are triggered by urbanization and anthropogenic activities and account for global
warming and climate change. To better present these findings, a cause-effect framework was
developed to conceptualize the relationship between air pollution and urban heat islands (Figure 2).

K

Air pollution

Urban heat
island effects

Core Issues

‘ Causes

‘ Direct & Indirect Effects

Figure 2 Relating Air Pollution with Urban Heat Island Effects Using a Cause-Effect
Framework. Source: Author’s Construct, 2022.

The framework provides a conceptual understanding of air pollution and urban heat island
effects. A complex relationship emanates from understanding these two concepts. Air pollution
appears to be a contributing factor to urban heat islands. Air pollution caused by emissions from
various sources, both anthropogenic and natural, contributes to the urban heat island threat
through high ozone concentration levels, which prevent warm air/heat from rising, and those
worsen heat island effects. [73] reported that urban areas could warm up to 0.70 + 0.26°C at night
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because of air pollution. The potential exists to increase the longwave radiation energy received at
the urban land surface due to the atmospheric pollutants' superior ability to absorb and emit
radiation compared to water vapor and greenhouse gases in the longwave atmospheric window
during the night. Similarly, [74] confirmed in a study conducted in the United States about crop yield
reduction that continuous air pollution has consequently contributed to warmer temperatures and,
as aresult, affected crop yields. These assertions confirm [57] findings on the need to mitigate urban
heat island effects by addressing air pollution and its causes.

Also, it can be revealed that similar factors account for these issues, such as human-induced
emissions and the reduction in vegetation cover. This is primarily because these two threats fall
under the broader cause of rapid urbanization and urban sprawl. Rapidly growing cities tend to
increase emissions through numerous activities and degrade the natural environment (accounts for
an increase in impervious surfaces). These are two primary causes of air pollution and rising heat
concentration in urban areas. It has been argued that the natural environment could minimize
pollution because trees function as filters. In addition, the effect of urban heat islands is an increase
in energy consumption and generation, which circles back to air pollution because energy
generation in cities globally relies on fossil fuels, a significant contributor to air pollution.
Furthermore, air pollution and urban heat island effects contribute to global warming and climate
change and have health-related risks of morbidity and mortality.

About the framework, it is evident that there is an inexhaustible comparison between these two.
Based on this assessment and findings, the study recommends that air pollution and urban heat
island effects be considered inextricably linked. Thus, implementing mechanisms to mitigate urban
heat islands could incorporate air pollution and vice versa. The study goes further to propose the
adoption of resilient approaches to reduce these risks. A brief overview of some of these practices
is highlighted in the next section.

4.2 Resilience Planning and Practices

Resilience planning is increasingly becoming an essential concept in planning urban
environments for the future. In contrast with sustainable planning practices that offer vague
approaches to dealing with urban problems, [75] argues that resilience thinking and planning
provide strategic and novel mechanisms in planning for urban areas. The concept is still gaining
ground in current planning practices and has been synthesized in some cities' planning and
development processes. [76] also argues that the resilience planning approach encompasses both
mere responsiveness and readiness for crises. Thus, we do not have to wait for a problem to happen
before we solve it but rather prevent it from happening. This is in tandem with the position of [77]
that predictions on the impacts of phenomena like urban heat islands on indoor and outdoor air
quality are necessary to devise strategies and policies while necessarily retrofitting spaces and
buildings for safe use. An essential aspect of resilience planning is that it is systematic and proposes
that transformation happens at more minor scales. This nascent field has been proven effective in
steering cities through strengthening adaptive governance and management [78] by fostering
learning, participation, and understanding of complex socio-ecological interactions [79]. Numerous
studies like [80] explain the role of resilient planning in building sustainable, livable, and resilient
cities. In the context of this study, concentration is put on the resilient planning practices that can
be adopted to mitigate air pollution and urban heat island effects in cities.
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Resilient planning practices suggest that all relevant stakeholders should be at the forefront of
every process that is being taken to curb such a challenge [81]. It further requires that planning at
more minor scales tends to be effective [82]. Given that the causes and effects of air pollution and
UHI are closely related, developing policies and programs, socio-ecological systems on the grounds
of adaptation and collaboration, as well as clarifying and controlling resource use and desirability,
could be effective ways of dealing with these intertwined problems [83]. In addition, planning at the
local or site scale should be given ample importance [84]. Aside from informing policies and
programs geared toward improving urban environments, specific resilient approaches should be
utilized. For instance, implementing nature-based solutions, including green infrastructure projects
and programs, should be vital for mitigating air pollution and UHI effects [85]. Nature-based
Solutions (NBS) are the best solution for mitigating urban heat islands [86]. In 2015, the European
Commission defined NBS as solutions inspired and supported by nature, which are cost-effective,
simultaneously provide environmental, social, and economic benefits, and help build resilience.
Such solutions bring more wide-ranging nature and natural features and processes into cities,
landscapes, and seascapes through locally adapted, resource-efficient, and systemic interventions
[87]. These solutions are intended to re-nature cities and sustain them in the face of natural and
anthropogenic factors [88].

According to [89], there are three types of NBS: Ecosystem-Based Adaptation (EBS), Green
Infrastructure (Gl), and Ecosystem-Based Services. Green Infrastructure and ecosystem-based
adaptation provide the best results for urban heat islands. Gls are intended to mimic the natural
environment, thus restoring the ecological system of urban areas [90]. It is regarded as a resilient
approach because of its characterization as a “safe-to-fail” approach to planning [91]. Gls are
effective in many cities globally and are contributing to resolving complex urban issues. It also
successfully integrates social, economic, and environmental factors into its design, thus portraying
the multifunctional ability of these projects [92]. For example, NBS such as linear parks, green
streets or street trees, and green squares can be implemented. Linear parks are swaths of green
public land that run alongside roads, rivers, and canals, among other things [93]. Greening streets
and squares can also help regulate the city's microclimate [94]. Green infrastructure, such as urban
forests, may also be explored for shading and evaporative cooling in urban areas.

Green roofs can equally be considered a mitigation strategy for urban heat islands. Green roofs
increase the process of evapotranspiration in urban areas through soil and plants on rooftops, which
transmit available energy within these sections into latent heat [95]. Vertical gardens are another
effective alternative to mitigating urban heat islands as they help improve indoor and outdoor air
quality. They provide much green space, and the plants can absorb gas, airborne dust, and carbon
dioxide [96]. This is especially relevant as they are more effective in absorption than street trees,
which may be meters apart- circulating polluted air better and faster [97]. Urban forests or parks
are green areas within an urban area. According to [98], these areas have a lower air and surface
temperature and thus form a PCI [99, 100]. Essentially, these urban forests have a constant cooling
effect regardless of their size, which is something to pay attention to. Suppose these urban forests
can provide the urban setting with continuous and faster cooling and air circulation. In that case,
they must be conserved and increased to serve the metropolitan area even more. [101] agrees with
this assertion, stating that urban forests decrease urban air temperatures by providing tree canopies
- a key determinant in temperature reduction.
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Aside from these, green corridors, also known as healthy corridors, may be explored. These are
planned and connected linear spaces that connect several cities. They are typically designed to host
a variety of uses, such as recreational, microclimate regulation, and cultural, among others, to
ensure the sustainable use and preservation of the urban landscape [102]. Stakeholders and the
entire citizenry of these metropolitan areas must be engaged in developing and maintaining all the
aforementioned NBS. Despite their proven importance, some cities still rely on grey infrastructures
(due to path dependency) and are reluctant to switch to Gls [103]. It can be attributed to the
understanding of the importance and need for Gls. This is regrettable as, according to [104], grey
infrastructure provides short-term benefits but may not cope with the increased escalation of
climate change hazards. This emphasizes the importance of implementing more mitigating and
adaptive, resilient, cost-effective, sustainable, and environmentally friendly strategies when
planning and designing sustainable cities. There is also the need to implement measures to bridge
the knowledge gap to encourage adoption and implementation. The above-mentioned nature-
based solutions and others not mentioned and yet to be discovered can effectively solve these
urban problems.

Ideally, designing policies, programs, and projects geared toward resolving air pollution and UHI
effects should target the root causes while mitigating the existing impacts of these challenges. Thus,
resiliency means more than just adaptation. It involves putting suitable measures in place to prevent
future crises. This can only be done if the causes of these problems are targeted and addressed. An
effective revision of the planning process is to foster adaptive, solid, and collaborative measures
and incorporate the vital aspects of resilience planning approaches. It is important to note that
resiliency is not a plan. However, an approach to planning those stresses developing novel and prior
crisis approaches through effective collaboration and coordination of small-scale and large-scale
activities. Also, this study suggests that resilient planning efforts should target the most vulnerable
population.

5. Conclusions

Air pollution and urban heat islands are challenges constantly shaping urban areas globally. These
issues create unsuitable living conditions for the urban populace. To address these issues, the study
argues that understanding the interlinkages between these two problems is worth understanding.
Providing a conceptual understanding could contribute to planning for urban resilience. Based on
this, the study sought to understand the connection between air pollution and heat in urban areas
through a cause-effect lens. The study further explores the role of resilience planning in mitigating
these threats. Findings from the study revealed a complex connection between air pollution and
UHI effects. Primarily, these risks result from rapid urbanization and urban sprawl, which tend to
increase anthropogenic activities that contribute to releasing harmful substances. Air pollution
appeared to be a significant cause of urban heat island effects. These problems are similar because
they account for global warming, climate change, and health issues (morbidity and mortality).
Furthermore, the study discovered that adopting resilient planning practices could play a vital role
in mitigating these problems. The whole idea of resilience is to plan so that crises are anticipated,
planned, and accounted for. This can be done by addressing the root causes of these problems since
they are interrelated through adaptive governance and management. Future research could build
upon understanding the complex relationship between these two concepts. The causes and effects
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highlighted in this research can be extended and carefully examined. Also, resilient planning
approaches can be explored in-depth to understand how they can be appropriately integrated with
contemporary planning practices.

6. Limitation

The study focused on providing a concise understanding of the relationship between air pollution
and urban heat island effects and the role of resilience planning and practices in mitigating these
threats. Despite the in-depth and quality analyses, the study reserves room for future research
considerations. It was identified that specific nuances surrounding resilience planning and practices
and how they can effectively reduce the impacts of these two phenomena, even as the world
continues to urbanize, need to be more adequately addressed in the literature. This is a gap that
further studies may investigate as a way of continuously revising approaches that serve to remedy
these challenges.
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