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Abstract

A city's ecology and energy use can be affected by an urban heat island
(UHI). However, its role in exacerbating populations' heat stress has been
extensively studied. This study reviewed and summarized the literature on
the UHI, its causes, and its effects. After that, the characteristics of population
heat stress vulnerability are examined. The results of studies on UHI, its
health effects, and potential mitigation tactics in existing settlements show the
necessity of examining various relationships between UHI and the locations
of susceptible populations and possible responses. By examining literature
from related domains, the present study intends to identify the research
potential and convince researchers about the necessity of such a study in the
urban area, especially in developing nations, since such case studies were
only a few. Further, the study highlighted the relevance of urban planning
to mitigate UHI. A fundamental examination of a city's urban climate can be
the initial step in creating urban design standards, followed by research and
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models considering socio-economic and environmental elements.

Introduction

An estimated 600 million people (40 percent)
will live in urban areas in India by 2031, and 850
million people (50 percent) will do so by 2051."
This urbanization trend for the last years has
brought challenges like an unprecedented demand
for affordable housing, urban infrastructure, jobs,
and essential services, including health services.
The ever-increasing demand for urban land is mainly
met by sacrificing the natural rural or peri-urban

areas. This results in transforming natural, open
spaces into vast impermeable built urban surfaces
showing the relevance of a decoupling effect
between population and resources.? Not only are
surfaces modified, but local climatic conditions are
also moderated, where a change in air temperature
is the most common noticeable phenomenon.

Also known as the urban heat island (UHI) effect,
it's a process where warm pockets develop
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in urban neighbourhoods with air temperatures
higher than the surrounding rural or sub-urban
areas (Oke, 1981). With climate change implications
everywhere now, urban areas may see a more
intense modification in climatic conditions.® Combine
UHI with heatwave conditions, which becomes
a health hazard for populations, creating severe
health implications.* Climate change will increase the
risk of heat-related events, and its adverse effects
on human health cannot be ignored.>¢ Summer
heat waves are predicted to become more frequent
and intense worldwide.” Acting on such predictions
can help prepare mitigation strategies best suited
for extreme heat events causing human mortality.
The 1995 Chicago heat wave that killed approximately
700 people is an example of one such occasion.®
A study in China ruled that socio-economic factors
account for between 12 and 20 percent of the
variability in UHI intensity. The contribution rate of
the urban economic scale is often higher than that
of the population and industrial structure variables.
Heat stress increases throughout the hot summer
due to urban economic growth.® Another study that
examines the major US cities provides a framework
for evaluating the intercity and intracity dispersal
of surface UHI (SUHI) intensity by race, wealth, and
age. They discovered that the pattern of daytime
(summer) SUHI intensity is worse for populations
of colour and the underprivileged compared to
the native white and economically well population
in nearly all major US cities." Another research
conducted in five East African cities spread in various
climate zones in 2003 and 2017 confirmed that SUHI
intensities were different for various neighborhoods.
Numerous urban residents, particularly those who
are most sensitive during heatwave occurrences,
have experienced increased heat stress as
a result of the mean annual daytime SUHI intensities
in most cities being more significant than the
mean night-time SUHI intensities." It is observed
that UHI studies have a great deal of relevance
in the environment, urban planning, and clinical
research fields."

Cities present a deadly combination of natural and
anthropogenic factors that interact to compromise
the health of urban populations.™ In exceptionally
hot weather, mortality and morbidity from air pollution
and infectious diseases also rise." It is observed
that temperatures in urban centres are higher than
in adjacent pockets due to the urban heat island

2908

because compact built-up areas have a higher
concentration of urban surfaces and fewer green or
permeable areas, even though periodic heat wave
occurrences in cities increase health problems
for the entire population.’® According to studies,
geographical traits that ordinarily have little impact
on health can readily become risk factors during
some extreme weather events. Clarke'® discovered
that the night-time effect of UHIs cannot be ignored
during a heatwave since it exacerbates heat stress
by denying urban people the cool relief found in
rural areas at night. His research on the New York
metropolitan area heatwave led to this discovery.
Sharma et al. examined how extreme heat events
are on the rise in the city and how UHI is observed
to increase the quantity, intensity, frequency, and
length of heat waves through research on the urban
climate of Delhi.”

Through heat risk models, there have been
attempts to combine risk maps, such as the
UHI impact and environmental, demographic,
or physical characteristics. These models aid in
producing signals of risk variation within a city."”
Here we contend that there is a dearth of research
in developing-world cities with dry or semi-arid
climatic conditions exploring the health effects
of heat-related events. Low-adaptive capacity
cities may be particularly sensitive to the effects of
achanging climate. The U.S. Agency for International
Development (USAID) specifies that strategic urban
planning can decrease heat risks by including green
roofs and energy management.'® As presented
in another study involving hot and dry climates,
urban planning regulations are not just measures
to decide on the urban form. They also significantly
impact the microclimate in urban areas.” Urban
green space (UGS) distribution with greater spatial
equality could have a cooling effect on the city,
contributing to the urban environment's sustainable
growth.* From the planning aspect, UHI impact
can be easily mitigated through urban morphology,
where parameters like urban plan area density
and urban geometry influence airflows outside and
inside the building, thus directly affecting energy
consumption.?° The urban built environment impacts
the surface temperature equally as the urban green
areas.?' This study aims to analyze UHI's impacts
on populations' heat stress vulnerability. The inability
to recognize this vulnerability represents a massive
public policy failure for which the administration
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and planners must act proactively. This paper will
first present a basic understanding of UHI and the
existing methods in UHI research before presenting
the causes and effects of UHI. Furthermore, this
summarizes its interaction with the urban population
while discussing how UHI exacerbates heat stress
in vulnerable populations. Lastly, the perspective
of the UHI is addressed in terms of how the field
of urban planning has a significant role to play
in UHI mitigation.

Understanding Urban Heat Island

Climate change is causing an increased intensity
of Urban Heat Islands.?? Enormous studies have
been done to realize that the urban heat island
effect varies with geographical locations. Analysis
of a built model presented that a city's form, size,
and function are significant factors affecting UHI's
development and intensity.2® UHI is generally
measured as Surface UHI and Atmospheric UHI,
depending on the surface or air temperature. Surface
urban heat island (SUHI) is the intensity measured
at the urban surfaces, ground, pavements, roofs,
walls etc.?* Depending on the characteristics of the

MESOSCALE
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surface material, its intensity changes. Based on
production, observation, and influence, atmospheric
UHI, where we measure air temperature, may be
further explored as a canopy layer and boundary
layer. According to a few studies, atmospheric urban
heat islands can be low during the late morning and
become more noticeable after nightfall because of
the slow release of heat from urban infrastructure.?%2
However, the characteristics of urban surfaces and
the seasons affect the timing and duration of this
peak. According to Voogt,? canopy layer urban heat
islands (CLUHI) are found in the lower air people
breathe and live in. It reaches the roof level of built-
up areas, including trees, from a level not far off the
ground. As shown in figure 1, the boundary layer
urban heat island (BLUHI) begins where the cloud
top urban heat island (CLUHI) ceases and extends
up to the point when urban landscapes have no
impact on the atmosphere. In an urban situation,
this zone usually doesn't reach farther than 1.5
kilometres.? Processes in CLUHI are on the micro or
local scale and represent site-specific characteristics
in contrast with BLUHI, which has processes acting
on the mesoscale.

I
I
I
ROUGHNESS i
SUB-LAYER :

Fig. 1: Vertical subdivision of atmosphere and urban climate scales?

Approaches to Studying UHI

Scientists use direct and indirect methods as well
as numerical and empirical models to identify and
study urban heat islands.?” In addition to airborne
sensors, for a decade, researchers have used
remote sensing to estimate surface temperatures,
and this methodology is gaining immense popularity.
However, it is an indirect measurement technique.

Satellite data is collected to produce thermal images.
Unlike field observations, thermal remote sensing
techniques can measure spatial and temporal
temperature variations in urban areas.?**® Some
of the most popular approaches by researchers
have been described below. Figure 2 below presents
a flowchart about UHI measurement.
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Fig. 2: UHI measurements?’

Onsite Measurement Approach

The on-site measurement approach involves
the comparison of the rural-urban near-surface
temperature using a stationary or moving station
or a network of stations. These field measurement
approaches also include traverse studies using
moving vehicles in heterogeneous site areas to study
temperature trends.?! Though it is a simple approach
to studying UHI patterns, it has several limitations,
including installing a network of measurement
devices in a city or depending on the meteorological
stations planned by the administration. For example,
a study by Mohan et al. presented that the Delhi
NCR in India has been witnessing a warming trend
for three decades.® Their study did a temperature
analysis of historical temperature data (1968-2005)
provided by the Indian Meteorological Department
(IMD) for four meteorological stations in the
National capital region. Many studies use weather
stations or meteorological instruments at specific
field locations to conduct long-term or short-term
studies of temperature trends.'®3%3 Using the
field measurement approach using stationary
and transect measurement approach, greenery
infrastructure (G.l.) emerged as a key design
strategy for sustainable cities and communities
because it reduces urban heat islands.* Even with
data reliability, the field measurement approach
is time-consuming, provided a generous amount
of data is produced. Also, it has the other constraint
of being expensive due to the equipment involved.

Thermal Remote Sensing
With the new technological innovations, remote
sensing uses sensing reflective radiations to study

surface temperatures using satellites. Using software
like ArcGIS, we can generate maps presenting the
interrelationship between urban growth and surface
temperatures.*® This approach has proved to be
very beneficial in studying spatial variation in UHI
of urban regions.?® Voogt and Oke have detailed
the application of remote sensing to study UHI.
This strategy fails because satellite thermal sensors
only measure surface temperatures based on the
far-off sensor's upward heat radiation patterns.®”

Small-Scale Modelling

Small-scale modelling can examine how a building's
parameters affect its environment.®® In one such
study, a simple hardware model demonstrated how
urban geometry could influence the nocturnal urban
heat island effect.2 While it's straightforward to
replicate a simple set of the site, the main challenge
is experimentally generating thermal stratification
as close as actual and the disadvantage of the high
cost of modelling.

Simulation Approaches

Over the past two decades, academics have made
great strides in their ability to explain mathematical
models for even very large locations. This is only
possible due to the development of computer
techniques and equations.?® The equations can
be used to describe the processes which govern
changes in environment such as temperature,
humidity, wind velocity and pollutant concentration.
These phenomenon in an urban context can be very
complex to review otherwise.?
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Amongst these models, the two most reliable
and satisfactory approaches are energy balance
models and methodological techniques based
on numerical simulations of dynamical systems.
These two approaches involve providing a database
for the 3-D geometry of buildings and data on various
environmental variables.

Energy Balance Model

Oke was the first to look into this method, which
involves applying the principle of energy conservation
to a given location to determine how much energy
is transferred from one surface to another via
various heat fluxes, such as those caused by the
atmosphere, turbulence, and the velocity field. These
simulations take a lot of time and require a lot of
processing. Therefore, to ensure accurate results,
researchers choose very small-time steps, which
lengthen computation times but eliminate a vital
benefit of this strategy.

Computational Fluid Dynamics (CFD)

Due to its simple and well-optimized modelling
techniques, the computational fluid dynamics
(CFD) simulation approach plays a vital part in the
research.®® CFD can gather more accurate data
regarding UHI distribution inside and above the

building canopy than the energy balance models
discussed above because it solves all of the fluid's
leading equations at once within urban settings.
Nevertheless, it becomes computationally and
theoretically challenging to take into account intricate
details in addition to the complex atmospheric
dynamics of a city. The primary computing challenge
is the number of control sites needed to replicate
a metropolis.

Energy Balance of Earth

The earth's energy balance starts with the
atmosphere's sun-earth relationship and radiative
properties. After being reflected, absorbed and
radiated from the atmosphere, the incoming
energy from the sun reaches earth and follows
the same energy exchange with urban surfaces?*
(As explained in Fig 3); the short-wave radiations
from the sun get reflected and absorbed by the
atmosphere and surfaces. Some are stored
as thermal energy in the surface materials.
The anthropogenic heat loads and a large portion
of the heat that returns to the atmosphere as long-
wave radiation create a positive energy balance in
these metropolitan regions resulting in the UHI effect.
In simple terms, it can also be explained as a balance
between incoming and outgoing energy.

SHORT-WAVE RADIATION

Fig. 3: Energy budget for urban areas, adapted®

Oke, through his scale model of urban and rural
settings, also established that, given the right
circumstances, rural/urban cooling rates and the
subsequent pattern of rise and fall of the heat
island represented by the model closely resemble
those found.?® This leads to the understanding

that the urban or rural climatic effects result
from landform and land use. Urbanization tends
to replace open, green permeable areas with
impervious manufactured materials, these urban
materials have very distinctive thermal and radiative
properties and are highly diverse. The urban
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surfaces also cause friction to the horizontal wind
flow and the tall buildings along an urban canyon,
creating a trap known as a radiation trap where the
re-radiated, reflected heat could not escape back to
the atmosphere.*’ Research shows that biophysical
causes of urbanization should be considered
when projecting future climate change trajectories,
evaluating urbanization effects and mitigating
urban heat.*!

Causes and Impacts of UHI

Environmental Protection Agency stresses that
the effect of UHI is equal on the environment and
humans. Increased air pollutants and greenhouse
gas emissions cause a decline in air quality,
adversely impacting human health and comfort.?*
There is a negative energy loop in urban areas where
the population uses more energy to counter the ill
effects of high temperatures.

Various researchers have established and
successfully quantified the social, economic and
ecological impacts of UHI in cities.*?-*” Oke, through
his work models, established that urban geometry
displays a crucial role in the development of UHI."®
Taha showed the effects of surface albedo, evapo
transpiration, and human heating on the near-surface
climate in his studies on urban climates and the
causes and consequences of urban heat islands.*®
His research using numerical simulations and field
observations suggests that reducing surface and
air temperatures can effectively be accomplished
by increasing albedo and vegetation cover.
Their investigation of low-rise urban street canyons
in the dry Negev region examined microclimatic
factors and the overall energy balance49. According
to their investigation, the openness or compactness
of canyons or these streets directly influences the
intensity of UHI, which keeps on varying throughout
the day. In their study of Atlanta's residential growth
patterns and urban heat island formation, Stone
and Rodgers concluded that four main elements
contribute to localized heat.’® These factors may
be summed up as

1. Reduced evaporative cooling

2. Minimal surface reflectivity

3. Presence of vertical surfaces, and
4. Waste heat generation.

Further, Yamamoto summarized that in addition
to anthropogenic heat and greenhouse gas
release, urban areas have a UHI effect due to
urban structures and urban surfaces/materials,
which replaced the natural cover.®' Another study
of annual minimum temperature trends for NCR,
India, established increasing warming trends
in the nocturnal temperatures.®? Their study
attributed it to land-use patterns changed over
time and additional anthropogenic heat following
the rapid urbanization of NCR. Another study for
the same region presented that variation in land
use and land cover ( LULC) due to the pressure of
urbanization plays a vital role in UHI development,
where a majority of permeable surfaces are being
converted into impermeable surfaces.>®* Numerous
studies have presented that changes in LULC due
to urbanization also cause surface temperatures to
rise over time.?*3%% However, land use and cover
cannot be considered the sole causative factors
for land surface temperature.>® The study finds that
land use, which can connect biophysical processes
to socio-economic activities, is more significant
than land cover in the influence of urbanization
on ecosystems at smaller scales. Various global
studies have established the impacts of UHI on the
environment through the modification of microclimatic
conditions, including outdoor thermal comfort. 95657
Low-albedo impervious surfaces, including
sidewalks, roadways, and parking lots, cover a
large portion of the urban surface and contribute
to UHI. Using cool pavements, such as highly
reflecting and permeable pavements, in urban
planning could improve urban microclimate.®®
EPA lists the impacts of UHI as

1. Increase in energy consumption

2. High emissions of greenhouse gases and
air pollutants

3. Compromised human health and human

thermal comfort
4. Degraded water quality.

Also, elevated air temperatures increase the rate
at which ozone formation happens at ground
level. Yamamoto explains that urban areas are
uncomfortable zones to live in depending on
geographic location in summer because of higher
temperatures during the daytime and an increasing
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number of sweltering nights. The resultis an increase
in demand for air conditioning, resulting in increased
energy consumption which in return causes the
release of photochemical oxidants. During winter,
inversion layers are formed due to the radiative
cooling of calm, clear cold nights and ascending
air currents created by warm urban areas. Mixed
layers and the development of dust domes, which
worsen air pollution, are the end outcome. Urban
heat islands may become more intense globally
due to climate change, which could impact local air
quality, heat stress, mortality, and energy demand.%°

UHI and interaction with urban populations
Another essential term while understanding
health effects on the urban population in
changing environment is vulnerability. As per the
Intergovernmental panel for climate change (IPCC)
valuations, "Vulnerability is defined as the propensity
or predisposition to be adversely affected by any
event or person "3 While studies present various
aspects of the population's vulnerability due to
biophysical components, the social vulnerability
components also need emphasis. As Cutter, Boruff
and Shirley put it, the Social Vulnerability Index
(SoVI) used with biophysical risk data can help to
put concentrated efforts of mitigation and relief to
the most vulnerable groups in a city.®® Thus, SoVI
can assist local decision-makers in highlighting
those factors that threaten the sustainability of the
community. Using this index in conjunction with
the study of biophysical risk data, authorities can
help mitigate efforts to target the most vulnerable
groups. Recent studies show a complex but the
clear connection between urban pollution, UHI, and
declining human health.0.6162

A study in Phoenix by Jenerette et al. presented
that socio-economic factors also contribute to
the impact of UHI in an urban neighborhood.*?
The study explained that surface temperature impacts
primarily through vegetation cover modifications.
The research combined population and topographic
data from the United States with early summer
surface temperature and vegetation data acquired
from satellites. The research results from London
neighbourhoods provided knowledge of temperature
and UHlI-related effects on human health that were
intended to support policy formulation to increase
health benefits and reduce adverse effects.®
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The risk to residents (75 and older) increased as the
UHI effect became more pronounced.

Even in areas where heatwaves were previously
uncommon, extreme events are predicted to become
more common under climate change scenarios.5
This study stresses that mitigation measures for heat
stress incidents should primarily target the elderly,
women, children, and those with chronic respiratory
diseases. Heatwaves in areas already struggling
with high temperatures make it a health hazard for
populations, creating severe health implications.
Empirical research from cities across the globe
suggests that vulnerability to heat stress is unequal
across society. 214456566 \\/jth the evaluation of land
use and socio-economic patterns, a Baltimore—D.C.
metropolitan area study found that fast socio-
economic development areas can easily correlate
with high percentages of impervious surfaces.
The impervious surface results in high mean surface
temperature and high UHI intensity.®”

Further, a study evaluated the relationship between
UHI and the economy at the neighbourhood scale for
25 cities worldwide.'® They came to the conclusion
that impoverished communities typically endure
increased heat exposure. Socially vulnerable
populations in urban areas are disproportionately
affected by the urban heat island effect, and
rising temperatures during heat waves brought on
by global climate change.®

Heat Stress Vulnerability and Role of UHI

The unequal vulnerability in the populations
against any environmental factor is considered
fundamentally unjust by social parameters.®
Therefore, the authors need to identify heat
vulnerability indicators in population arising from
UHI. A section of the population is said to be
vulnerable to heat when they have limited abilities to
cope with or mitigate heat hazards due to social or
economic reasons. "Vulnerability" is the propensity
of a system or a person to be adversely affected by
any hazard.?® The probability that a severe climatic
event may occur and harm people, infrastructure,
services, and ecosystems is another such way the
IPCC defines "hazard."

The physical stress caused by heat waves on humans
is called heat stress. Heat vulnerability is linked to
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the physical and psychological characteristics
of individual persons. In India, National Disaster
Management Authority (NDMA), summarizes the
vital factors influencing heat vulnerability. These are
the quality of the built environment, local geography,
individual lifestyle, and social factors.®® The intent is
to study how UHI exacerbates heat-related stress
in populations. The table summarizes various
global studies exploring the relationship between
UHI and heat stress in urban populations and its
consequences in chronological order. A deliberate
effort was made to concentrate on studies that
offered numerical estimates of the UHI effect's
effects on human health. The authors studied
targeted epidemiology, geography, meteorology,
and urban planning literature. They concluded that
UHI is a significant parameter in studying heat stress
in populations and is a direct variable in mitigation
planning. This presents how much significance this
interrelation holds. However, it should be noted
that urban heat waves causing heat stress cannot
be compared to any natural hazards since these
have associated anthropogenic causes.®® These
also include impacts due to high urban density
and changes in land cover and land use. Since
projected consequences of climate change and
concerns about heat-related mortality have achieved
more significant public health significance in recent
decades, the authors need to explore the domain
of UHI from a public health perspective.?

Mitigating UHI Through Urban Planning

Urban planners have a huge role in designing
thermally efficient cities. Further, studies
exploring biophysical and socio-economic factors
contributing to UHI can help planners benefit
by designing and developing suitable mitigation
strategies.®® Yamamoto also presented the concept
of "wind path" as a UHI mitigation measure from
the perspective of urban planning to be used
in cities of Japan.5' Urban ventilation is facilitated
by wind path developments, and such strategies
must be included in land use and urban planning.
A study in Singapore analyzed day and night time
temperatures for an urban pocket for six land uses
and calculated variation in temperature patterns for
each land use. They abstracted that with strategic
land use planning, the UHI effects could be
managed.” In a research review, a study concluded
that re-radiated heat from built-up plays a vital role

in UHI intensity.”" With appropriate planning and
design measures, the intensity can be reduced.
In the context of cities and changing climate,
scientific approaches that provide information on
current and future climate and better knowledge
of UHI-reduction measures can aid policy and
investment decisions. The World Bank report (2020)
highlights the need to enhance public understanding
of urban heat consequences on individuals and
society and emergency preparedness.

Optical remote sensing technology and ground-
based survey may work together to monitor
citizens' health and improve urban management,
delivering valuable data at a cheap cost and in a
timely manner.?® Further, these models can help
optimize the whole planning process making it
more effective.”? One of the strategies can be
utilizing statistical analytic techniques to design
and implement a methodology for defining land-
use patterns that aid in mitigating the Urban Heat
Island (UHI). For example, preserving green space
within developed regions will improve location, and
land-use planning decision-making processes.”
Wei and Fang examined the effects of climate
change on the urban economic system in one
review article.” They concluded that it is essential
to prioritise energy efficiency in buildings, energy
savings in transportation, and renewable energy
sources to mitigate UHI and climate change. A study
in the USA used gridded temperature records to
assess the urban heat island intensities of the 50
most populated cities in the country and evaluated
their urban morphological characteristics.

The research concluded that urban density
moderated through planning and design is a viable
UHI mitigation strategy.”® Many studies globally are
exploring urban planning considerations to ascertain
if parameters of urban geometry can influence UHI
intensities in urban areas.'®%:577677 Throwing some
significant perspectives regarding urban planning
as a mitigation and adaptation tool against extreme
heat events, a report by Raven et al. explains that
urban planning and design strategies play a critical
role in managing climate change ramifications.” The
study summarizes methods used by urban planners
and urban designers to promote integrated climate
change adaptation and mitigation in cities. These are
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1. Urban System and Efficiency

2. Form and Design

3. Heat-Resistive Building Materials
4.Increase in Natural Cover

A study in Singapore developed a GIS-based
modelling tool to enhance urban planning decision-
making. Starting with a neighbourhood-scale
computational parametric study to evaluate
urban morphology's impact on heat dispersion.”
They concluded that to mitigate UHI and manage
climate change, it is important to prioritize
energy efficiency in buildings, energy savings

in transportation, and increase usage of renewable
energy sources. These solutions may significantly
impact the urban thermal environment.® The authors
of this paper believe that urban planning and urban
design deriving inputs from other disciplines can
provide extremely significant measures to inform
systems, policymakers and management for
thermally resilient cities and a sustainable future
for urban populations. Understanding the physical
causes of UHI is important for public health, and
this study aids urban planners, public health
professionals, and city decision-makers.

Table 1: Overview of Studies on UHI and Heat Stress

Study area Findings of the Study References
Baltimore, The risk of death is higher in the elderly, children, and 12
USA underprivileged population. There is also a link between
mortality and ambient temperature.
Delhi, Amongst a comparative analysis of heat-related mortality 81
Sao Paulo between cities, London leads to excess mortality due to
& London heat stress. The risk of death is higher in the elderly,
children, and underprivileged population. There is also a
link between mortality and ambient temperature.
Phoenix Populations in warmer climates are more vulnerable to 14
heat stress as few social and material coping resources.
Asian cities Differences in vulnerability between populations depend 65
on climate, culture, infrastructure
Shanghai, Impact of UHI on heatwaves: UHI increased the intensity 82
China of heatwaves and mortality rates.
Birmingham Centre-city residents fall into the vulnerable category 45
UK (because of age or co-morbidities), while high-risk
neighbourhoods are dispersed throughout the city.
Phoenix The heat vulnerability index is sensitive to the 83
Chicago scale and context of urban areas.
Ahmedabad, Heat-related mortality: Significant all-cause 84
India death rise during heatwave periods.
London, UK Each 1°C increase in the air UHI caused an extra 33 63
(west Midland) and 77 (Greater London) elderly deaths
in summer per year
Rome, Italy Heat stress mitigation: 60% decrease in population 85
affected by heat risk through the cool roof, white
pavements, green parks
Delhi, India Climate change: The intensity of heatwave increases 7
from 40° to 45°C in the near and 49°C in the far future
Global At least 20 days a year, almost 30% of the world's 86
population is subject to fatal heat events.
Tallinn and Harju Areas with lower real estate prices and higher population 87

County, Estonia

density are more exposed to extreme heat events.
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Conclusion

There is an urgent need for evidence-based
policymaking to address the challenges of UHI
effectively and efficiently. The literature review
suggested that morbidity and mortality related to
heat stress cannot be ignored, especially in cities
with warmer climates. The authors also deduced
from the Review that heatwave vulnerability
becomes more prevalent in urban areas where
pre-existing UHI conditions are found. Also, it was
seen that the UHI impact is not equally distributed
in a city because of physical and socio-economical
differences. Identification of the level of vulnerability
for each type of land use in a city is made possible
by interpolating vulnerability and risk values with
information on land use. When studies related to
heat stress are correlated with public health studies,
the authors believe that strategic and effective
interventions applicable in the early stages of the
summer season can effectively lower the percentage
of vulnerable populations across the city and reduce
the damage done by heat waves. Mapping studies
can help identify areas of heat vulnerability and
provide meaningful information when combined
with demographic and socio-economic data; for
example, hospital records can be mapped together
with mortality and morbidity data for a particular area.
Urban planners and decision-makers must also
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design adaptation strategies against UHI-coupled
heat stress at the neighbourhood level. Judicious
urban planning involving land use and cover,
incorporating green and blue infrastructure, and
managing wind circulation can help counter the UHI
effect in cities. But the planning regulations cannot
just be a blind copy of any other zone. A basic study
of the urban climate of that zone can be the first step
towards forming urban planning guidelines followed
by research and models that focus not only on the
impacts of land-use patterns but give due regard
to socio-economic and environmental variables.
Also, there is a clear requirement to focus on this
intervention area, especially in developing nations
like India, with high economic targets for 2050.
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